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Fig. 5. A schematic model of the cell divisions that result in the
16 cells of a tsetse-fly egg-chamber and its ring-canals. The numerical
numbering follows that in Figure 4; the alphabetical numbering
indicates A, first cell division; B, second division; C, third division;
and D, fourth division. The sizes of the cells in the diagram give an
{exaggerated) indication of the size differences between the various
cells of the egg-chamber towards the end of the yolk-deposition
stage.
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to each other, and each ring-canal is simply a short tube
projecting into the 2 adjacent cells (Figures 2 and 3).

There are in all 15 such ring-canals in each egg-chamber.
Two cells (including the oocyte) have 4 ring-canals, 2 cells
have 3, 4 cells have 2, and 8 cells have 1 ring-canal each
(Figure 4). Taking into consideration this very precise
location of ring-canals, and the suggestion that ring-
canals are a result of arrested cytokinesis®?, a model has
been constructed to indicate the manner in which the
cells comprising the egg-chamber may have been derived
by mitosis (Figure 5). It is clear then that the 16 cells arise
from the division of all the 8 third-generation cells.

It is not certain what the function of the ring-canals is
in insect egg-chambers. There is some suggestive evidence
that cytoplasmic contents flow through this canal: (1) cyto-
plasmic contents apparently stain similarly on either side
of a ring-canal®; (2) large or distinctive cytoplasmic
organelles are often seen within the canal?-?; and (c) radio-
autographic studies of the incorporation of injected triti-
ated uridine demonstrates that the labelled RNA appears
in the cytoplasm adjacent to a ring-canal before it is noted
in the cytoplasm of the adjoining celll®. However, the
intercommunication through ring-canals and the manner
in which this is regulated has still to be unequivocally
demonstrated .

Zusammenfassung. In der Ovariole der Tsetsefliege
werden 15 Trophozyten und eine Oozyte festgestelit, die
in wohlgeordneter Weise durch 15 Ringbildungen mitein-
ander verbunden sind. Eine Anordnung, welche die Re-
konstruktion der vorausgegangenen Mitosen dieser 16
Zellen méglich macht.
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COGITATIONES

Chromosomes and Systematics of some North American Species of the Genus Marmota (Rodentia:

Sciuridae)

The North American members of the genus Marmota,
the marmots, were last revised by A. H. Howrrrl. He
recognized 3 groups of species: the woodchuck, M. monax
(Linnaeus); the yellow-bellied marmot, M. flaviventris
(Audubon and Bachman); and the hoary marmot group,
consisting of the hoary marmot, M. caligata (Eschscholtz),
the Olympic marmot, M. olympus (Merriam), and the
Vancouver Island marmot, M. vancouverensis Swarth.
Subsequently, a new form was described 2 from the Brooks
Range of northern Alaska as a race of the hoary marmot,
M. c. broweri Hall and Gilmore. ELLERMAN? retained
these latter forms in the caligata group, and added the

black-capped marmot, M. camischatica (Pallas), of eastern
Siberia to it. He then went further4 submerging the entire
caligata group within the M. marmota group, which as he

1 A. H. HoweLL, N. Am. Fauna 37, 80 (1913).

2 E. R. Harr and R. M. GiLmorE, Can. Fld Nat. 48, 57 (1934).

3 J. R. ELLERMAN, The Families and Genera of Living Rodents
(British Museum, Natural History, London 1940), vol. 1.

4 J. R. ELLermaN and T. C. S. MorrisoN-Scort, Check List of
Palaearctic and Indian Mammals: 1758 to 1946 (British Museum,
Natural History, London 1951).
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understood it, also included the Alpine marmot, M. mar-
mota (Linnaeus}, and the Central Asian gray marmot,
M. baibacina (Kastschenko), and Menzbier's marmot,
M. menzbieri (Kashkarov). Rauscu?b, following this lead,
arranged all of the North American forms of the caligata
group as races of M. marmota, although some authorities®
still retained M. caligata, M. olympus, and M. vancouver-
ensis as distinct species. The different karyotypes sug-
gested, as did other evidence, that M. broweri was
specifically distinct from M. caligata, and that M. olympus
and M. vancouverensis might not be as closely related to
M. caligata as formerly supposed.

Chromosomes have previously been studied from speci-
mens of M. monax preblorum Howell, 238, by Cousgr
et al.”, and from Marmota c. caligata (Eschscholtz), 2n42,
M. c. broweri Hall and Gilmore, 2#36, M. olympus (Mer-
riam), 2140, and M. flaviventris avara (Bangs), 2n42, by
Rausca and Rausca®. Karyotypes have not been re-
ported from M. flaviventris and M. olympus and there are
no published descriptions of chromosomes from Palearctic
Marmota. Finally, except for the discussion pertaining to
the taxonomic status of M. broweri and M. caligata®, there
has been no correlation of chromosome characters with
other lines of taxonomic evidence.

The purposes of this report are to describe the karyotype
of M. flaviventris, to confirm the diploid number of
M. caligata by examination of a specimen from an un-
studied part of its geographic range and to correlate the
chromosomes of North American Marmots with a revised
systematic concept of the genus Marmota®.

Materials and methods. Chromosomes were analyzed
from the bone marrow of a male M. flaviventris luteola
Howell collected at Isabell Glacier Cirque, Boulder Co.,
Colorado and from the testis of a male Marmota caligata
nivaria (Howell) collected at Logan Pass, Glacier National
Park, Montana.

A colchicine-hypotonic-citrate-cell-suspension technique
was used to examine the mitotic chromosomes?i®; testis
tubules were placed in 1% Na citrate for 1 h, fixed in
MCP, hydrolyzed for 14 min in 1N HCl at 60°C, Feulgen
stained, and squashed.

Results. The diploid chromosome number of the Colo-
radan M. flaviventris luteola is 42, which agrees with the
number reported for M. f. avara from British Columbia8,
The karyotype (Figure} contains 22 metacentrics and
submetacentrics, 18 acrocentrics, a metacentric X and
minute Y chromosome. Comparison of this karyotype
with that of M. caligata® indicates their autosomes are
indistinguishable; flaviventris and caligata differ only in
X chromosome morphology, caligata having a submeta-
centric X chromosome.

The testis preparations of M. caligate nivaria from
Montana at the southern extreme of the species’ range

Chromosome characteristics of some North American Marmots

Specialia

741

display 20 autosomal bivalents and a sex bivalent, thus
confirming the 2x of 42 from Alaskan M. ¢. caligata, from
the northern extremes3.

The Table summarizes the known chromosome char-
acters of Marmota. The data suggest that M. flaviventris
and M. caligata with 2n42 and indistinguishable auto-
somes comprise a group of closely-related species; they
may also share a relationship with M. olympus, 2n40, and
perhaps M. vancouverensis whose chromosomes have not
been analyzed. In contrast, M. monax and M. broweri
have successively lower diploid numbers and appear less
closely related cytologically to the flaviventris-caligata
group.

Discussion. Although the various species of Marmota
exhibit different diploid numbers, they all share the same
FN (number of autosome arms) which suggests the
different karyotypes are interrelated by a series of
Robertsonian centric fusions or fissions. It is impossible
conclusively to differentiate fusion from fission cyto-
logically in mammals but fusion is traditionally con-
sidered the more plausible mechanism of karyotype
evolution; this problem is discussed elsewhere with pres-
entation of indirect evidence for centric fission or dis-

IR RD &% A% K ua

L LT
‘8 Aa ‘.

N0 MAANANRA MO
NG AP A

Karyotype of a male Marmota flaviventris lutecla. x 2000.

% R. L. RauscH, Arctic 6, 91 {1953).

¢ E. R. Hawr and K. R, KgLsown, The Mammals of North America
(Ronald Press, New York 1959}, vol. 1.

7 W. Couser, P. SarcenT, L. E. BRownniLL and K., BENIRSCHKE,
Cytologia 28, 108 {1963).

8 R. L. Rauscu and V. R. Rauscn, Chromosoma 76, 618 {1965).

? R. S. Horrmann, Systematics and evolutionary history of the
genus Marmota, in manuscript.

18 C, F. NapbLER, Syst. Zool. 75, 199 {1966},

Autosomes Sex chromosomes

Species 2n M &S A X Y FN References

M. caligata 42 22 18 S minute 62 RavuscH and Rauscu®
M. flaviveniris 42 22 18 M minute 62 RauscH and Ravuscu®

and present paper

M. olympus 40 - - - - - Rausch and Rauscu?®
M. monax 38 26 10 M A (small) 62 Couskr et al.?

M. broweri 36 28 6 M minute 62 Rauscu and Rauscu?®

M, metacentric; S, submetacentric; A, acrocentric; FN, fundamental No, of autosomal arms (metacentrics contain 2 arms and acrocentrics

contain 1 arm).
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sociation of chromosomes in evolution of the prarie dog
(Cynomys) karyotypelt,

1f fusion of acrocentrics to produce metacentrics had
occurred during evolution of marmot species, then
M. flaviventris and M. caligata could be regarded as cyto-
logically more ancestral than M. monrax and M. broweri.
Conversely, if dissociation or fission of metacentrics with
resultant production of acrocentrics were operative M.
broweri and M. monax could be considered the more
primitive species. Correlation of the chromosome data
with other lines of evidence is required to clarify the
question concerning directions of evolution within Mar-
mota. Using gross morphological, ecological, and zoogeo-
graphic information, an integrated evolutionary hypo-
thesis with several alternatives can be proposed.

The genus Marmota appeared in the early Pliocene in
North America, perhaps evolving from large, terrestrial
ground squirrel-like forms (Profospermophilus)®. In late
Pliocene, Marmota was present in eastern Euragia'®14,
and reached western Eurasia in the Pleistocene$, The
fossil record thus clearly indicates that the marmots arose
in North America, and subsequently migrated across the
Bering land connection into Eurasia in the Pliocene, con-
trary to the suggestion of MooRre®. The least specialized,
ecologically, of the North American marmots is M. monax,
which lives in a variety of habitats!?-2 throughout its
range, the largest in the genus. Moreover, M. marmota of
the Alps and Carpathians morphologically most resembles
M. monax, as HoweLL himself pointed out?; M. marmota
also is not ecologically specialized, although commonly
thought of as an inhabitant of the alpine zone?®.. Thus,
the primitive North American marmot that migrated into
Eurasia probably resembled M. monax and M. marmota
morphologically, and was a eurytopic species.

Subsequent ecological specialization in the genus has
been in 2 directions. In Eurasia, the bobac group® includes
species that have become adapted to colonial life in open
grassland (M. bobac, M. siberica, M. himalayana in part),
or to alpine tundra (M. camischatica), as well as one
(M. baibacina) which is relatively unspecialized in choice
of habitat, though found mainly in rocky or mountainous
country®®. In North America, the open grassland niche
has been pre-empted by prairie dogs (Cymomys), but
M. caligaia is adapted to alpine habitats"?0, The relict
species, M. olympus and M. vancouverensis, with very
small ranges, are generally thought of as alpine marmots
also?2%, but in fact appear adapted to an even narrower
ecological niche, whose habitat component is within the
high subalpine to alpine zones of the belt of very high
precipitation along the Pacific Coast?® 2. Like M. batbacina
in Central Asia, M. flaviventris occupies a variety of
habitats within mountains and ‘badlands’®. Finally, the
alpine M. broweri of northern Alaska is morphologically
and ecologically very similar to M. camischatica of eastern
Siberia, and clearly represents a late Pleistocene (Wurm-
Wisconsin) remigration into North America®,

The primitive marmot of the Pliocene, according to the
above analysis, probably had 38 diploid chromosomes.
Subsequent Pleistocene evolution of Marmota in Eurasia
then led to the more specialized marmots of the bobac
group with 2136, by centric fusion; M. broweri represents
the recent penetration of this principally Old World
group of marmots into North America. Elsewhere in
North America during the early Pleistocene, the marmots
became separated into eastern and western populations.
The eastern group remained unspecialized, and evolved
into M. monax, retaining 2138, but the western group
became more adapted to mountainous terrain, and by
centric fission, 2»n became 40. This chromosome number
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is retained in the relict species M. olympus (and perhaps
M. vancouverensis), which as a result of environmental
pressures of the later Pleistocene, became very much
restricted in range and habitat. Finally, late Pleistocene
evolution of this western group led, by further centric
fission, to M. caligata and M. flaviventris, 2n42. M. caligata
became a highly specialized alpine marmot of the northern
and north-central Rocky Mountains, Cascades, and Coast
Ranges; M. flaviventris, while remaining a specialized
rock-dwelling marmot, did not become so narrowly re-
stricted in other aspects of its habitat requirements.

Alternatively, the primitive Pliocene marmot may have
had 2#40, and M. monar, while remaining close to its
original morphology and ecology, may have evolved 2x238
by centric fusion, and M. caligata and M. flaviventris
evolved 2n42 by centric fission, M. olympus retaining the
primitive number. In Eurasia, the M. bobac group would
have evolved 2#36 by centric fusion, as in the first alter-
native, but from a diploid number of 40, rather than 38.
In either case, the morphological, ecological, and zoo-
geographic evidence indicates that both fission and fusion
are involved in the evolution of the genus Marmota.

The alternatives to this hypothesis may be tested by
determining the karyotypes of the remaining species of
marmots, especially the Old World forms. Marmota
maymota should have 2%38 (Alt. 1) or 40 (Alt. 2). Marmota
vancouvevensis should be 2»n40. The hypothesis does not
include the Central Asian M. menzbieri or M. caudata, but
determination of their karyotypes should permit their
integration into this evolutionary scheme?s.

Zusammenfassung. Die Zahl der diploiden Chromosomen
von Marmota caligata und M. flaviventris ist 42 in Bevolke-
rungen der noérdlichen und siidlichen Verbreitungsgebiete
beider Spezies. Ein Vergleich zwischen den bisher ver-
offentlichten Informationen iiber Marmota-Chromosomen
mit Angaben iiber ihre Morphologie, Ekologie, Zoogeo-
graphie legt nahe, dass die urspriingliche Chromosomen-
zahl 2n 38-40 war.

R. S. Horrmany and C. F. NADLER

Depariment of Zoology, University of Montana, Missoula
(Montana 59807} and Department of Medicine,
Novthwestern University Medical School,

Chicago (Illinois 60617, USA), 19 February 19686.

¢, F. Naprer and K, E. Harris, Experientia 23, 41 (1967).

12 C. C. Brack, Bull. Mus. comp. Zool. Harv. 730, 109 (1963).

13 1. M. Gromov, D. I, BiBikov, N. I. KaLABukroV and M. N. MEIER,
Fauna SSSR 2 (1965}, in Russian.

4 N. K. VERESHCHAGIN, personal communication.

15 ¥, E. ZEUNER, The Pleistocene Period {Hutchinson, London 1959).

16 1, C. Moorg, Am. Mus. Novit, 244, {1961).

17 I. McT. Cowan and C. J. GuicueT, Br. Col. Prov. Mus., Hdbk.
No, 77 (1956).

¥ W, J. HamiLtow jr., The Mammals of Eastern United States
(Comstock Publ. Co., Ithaca, N.Y. 1943).

18 R, L. Peterson, The Mammals of Eastern Canada (Oxford Univ.
Press 1966).

20 1. D. Soper, The Mammals of Alberta (Queen’s Printer, Edmonton,
Alta 1964).

2D, MoLLER-UsING, Z. Sdugetierk. 79, 166 (1954).

2 W, W. DarLguest, Univ. Kans. Publs. Mus. nat. Hist. 2, 1 (1948).

2 G. A. Harpy, Br. Col. Prov. Mus. Rept. 7954, 24 (1955).

B, R. HavL, Mammals of Nevada (Univ. Calif. Press 1946).

2 Supported by National Science Foundation Grant Nos. GB-3251
and GB-5428, and by a National Academy of Sciences US-USSR
Exchange Fellowship. We thank Dr. D. L. PaTTIE for generously
providing the specimen of M. flaviventris and Mrs. GABRIELE
FoRrRRESTER for preparation of the M. c. nivaria chromosomes.



