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Table III. Etfects of fraetionated exposures of acceierated electrons 
on different types of aberrations (2 • 2 krads) 

Time intervals (see) 

0 10 20 30 40 50 60 70 120 

Breaks 10.5 15.5 14.0 11.5 8.5 11.0 7.5 8.5 7.5 

Asymmetrical exchanges 
Interchanges 16.5 18.0 17.0 10.5 11.0 13.5 11.5 10.5 16.5 
Intraehanges 7.5 7.5 7.0 5.5 2.5 3.5 4.0 2.0 4.5 
Milmtes 14.0 12.5 10.5 5.5 10.0 5.5 9.5 10.0 4.5 

Percentages of aberrations (10 root meristems/20 metaphases per 
meristem). 

p roved  t h a t  these  processes also opera te  af ter  accelera ted  
electrons.  The fact  t h a t  the  m i n i m u m  delay before t he  
drop  is shor te r  t h a n  af ter  7-rays (20 sec ins tead of 2 mill 
10 sec) could be due to  differences of exper imenta l  con- 
dit ions,  especially the  higher  dose ra te  in the  case of 
accelera ted  electrons.  

The two chela t ing agents  react  in the  same m a n n e r  as 
af ter  7- i r radia t ions  i.e. by  suppress ing  the  decrease 
ob ta ined  in t he  series w i thou t  chela t ing agents.  The 
decrease of t he  damage  is general ly  t h o u g h t  to be due to 
the  p reponde rance  of res t i tu t ions .  Some "of those  ' resti-  
t u t e d  breaks '  could no t  pa r t i c ipa te  in exchanges,  which  
explains the  decrease of the  n u m b e r  of aberra t ions .  In  the  
p resen t  exper iments ,  th is  s t a t e m e n t  was conf i rmed since 
the  p ropor t ion  of incomple te  exchanges  was cons iderably  
decreased af ter  the  cri t ical  t ime  interval .  This  re la t ive  
decrease of incomple teness  would be a biased es t ima te  of 
the  chromosome break  res t i tu t ion .  

The resul ts  of the  th i rd  series are given in the  Table  II.  
This shows t h a t  decrease occurs be tween  20 and  30 sec 
t ime  in terval  (F 20-30 sec = 21.7"*) and no decrease 
appears  af ter  chela t ing agent  t r e a t m e n t s  (contrariwise,  a 
sl ight increase for D I E C A  is seen be tween  the  same t ime  
intervals) .  

Table  I I I  shows t h a t  all k inds of aber ra t ions :  breaks  
and  exchanges  are involved in the  decrease.  Minutes  
( f ragments  smaller  t h a n  0.5 ix) were classified separately ,  
owing to  the  unce r t a in ty  of the i r  origin. Symmet r i ca l  
exchanges  were no t  t aken  into considera t ion  on account  of 
the  diff icul ty  of de tec t ion  of such lesions. In  tile class of 
d icentr ic  chromosomes ,  the  p ropor t ion  of dicentr ics  
accompanied  witt l  2 acentr ic  f ragments  can be general ly 
considered as an index  of incomple te  rejoining. This 
p ropor t ion  was s ignif icant ly  m u c h  lower af ter  the  critical 
interval .  A score of 100 dicentr ics  yie lded the  p ropor t ion  
20% before, agains t  4% af ter  (;r = 10.7, p _~ 0.001). 

Discussion and conclusion. The t ime  in terval  af ter  7- 
rays  (2 min  10 sec) is the  m i n i m m n  delay  necessary  for the  
suppress ion of in te rac t ion  be tween  b o t h  exposures  due to  
fast  re joining processes ~. In  the  p resen t  exper iments ,  we 

Rdsumd. Des graines (~s~ches~) de nigelles on t  6t6 
irradi6es par  des doses Iract ionn6es (2 • 2 krads) d'61ec- 
t rons  acc614r6s (34 MeV). Une  d iminu t ion  tr~s signifies- 
t i r e  des t a u x  de routes  les 16sions chromosomiques  a lieu 
ent re  les interval les  de t e m p s  20 et  30 see. Apr~s un trai-  
t e m e n t  des graines par  2 agents  de ch61ation (DP et  
DIECA),  il y a suppress ion de l 'effet.  
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E v o l u t i o n  in a C o s m o p o l i t a n  Spec ies :  Genet ic  Lat i tudina l  Cl ines  in Drosophila melanogaster 
Wild P o p u l a t i o n s  

Drosophila melanogaster, a widespread  cosmopol i tan  
species, if of ten  considered of low in te res t  for evo lu t ionary  
studies.  This  is ma in ly  due to  the  fact  t h a t  these  flies are 
ecologically l inked to  h u m a n  agricul tural  act ivi t ies  1,~. 
I t  is general ly assumed t h a t  melanogaster was in t roduced  
by  m a n  in m a n y  countr ies  and  t h a t  genet ic  exchanges  
be tween  foreign popula t ions  are still favored by  frui t  
t r anspor t s .  Thus,  recen t  in t roduc t ion  in m a n y  countr ies  
and p e r m a n e n t  mix ing  of popula t ions  should leave l i t t le 
t ime  for the  appearance  of geographic  divergences  and  
the  fo rma t ion  of locat races. We  leave open the  ques t ion  of 
t he  ex t en t  of m a n ' s  influence on melanogaster genetics,  
bu t  show t h a t  s t rong la t i tud ina l  selection exis ts  among  
these  flies. 

TEISSIER et  al. 3-s showed t h a t  q u a n t i t a t i v e  b iometr ica l  
differences d i s t inghish  F rench  and  Japanese  strains.  This 
conclusion resul ted  f rom the  s t u d y  of numerous  strains,  
bu t  the  f requency  d i s t r ibu t ions  of d i f fe rent  s t ra ins  
of the  same geographic  origin over lapped  great ly  so t h a t  
it  was no t  possible to  de te rmine  the i r  indiv idual  origins. 
The reason for th is  now appears  to be a genet ic  dr i f t  

which  art if icial ly increased var iab i l i ty  be tween  s t ra ins  
kep t  under  l abora to ry  condi t ions  for several  years  9,1~ 
For  mos t  q u a n t i t a t i v e  b iometr ica l  characters ,  f reshly  
caught  flies show less he te rogene i ty .  

More recent ly ,  s t ra ins  f rom t ropical  Africa reared  in 
s t an d a rd  25~ l abora to ry  condi t ions  were found to  be 
m u c h  smal ler  and to have  fewer ovarioles thai1 F rench  

1 TH. DOBZHANSKY, in The Genetics o/Colonizing Species (Eds. H. G. 
BAKER and G. LEDYARD STEBBINS; Academic Press, New York 
1963), p. 533. 

2 p. A. PARSONS and J. A. MeKE~r Evolution. Biol. 5, 87 (1972). 
3 j .  OKSENGORN-PROUST, C.r. Acad. Sci., Paris 238, 1356 (1954). 
4 G. TEISSIER, Proe. int. Genet. Syrup. Tokyo-Kyoto (1956), p. 502. 
5 G. TEISSIER, Annls G4n4t. 7, 2 (1958). 
6 M. GUILLAUMIN, Annls G4n4t. 3, 17 (1961). 
7 j .  p .  MELOU, Annls G4n4t. 3, 25 (1961). 
8 j .  CALS-USCIATI, Annls G6n4t. 7, 56 (1964). 
9 C. BOCQUET, J. DAVID and M. DE SCHEEMAKER-LOuIS, Archs 
Zool. exp. g4n. 77d, 475 (1973). 
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Comparison of quantitative biometrical characters of strains from temperate and tropical countries 
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Strain origin Maie weight Female weight Ovariole number n 

Temperate France 91.54 • 0.69 122.99 • 0.62 47.44 :t_ 0.41 28 
North America 90.49 -- 2.81 123.39 • 4.53 48.07 • 1.26 5 

Tropical Africa 76.51 -4- 0.93 101.95 4- 0.95 39.27 4- 0.99 12 
Anleriea 75.96 ~ 0.97 102.59 :t_ 1.01 39.59 :~ 0.56 6 

All differences between strains from temperate and tropical countries are highly significant (p < 10 3). Differences between strains from France 
and North America or from tropical Africa and tropical America are not significant (weight expressed in irig • 100; n, number of strains). 

s t ra ins  H,12, Differences were clear and  large enough  to 
allow de t e rmina t i on  of s t ra in  origin. These observa t ions  
raise the  ques t ion  of t he  genet ic  p roper t ies  of s t ra ins  f rom 
in t e rmed ia t e  la t i tudes ,  t h a t  is be tween  the  equa to r  and  
the  45th parallel .  Flies were  thus  collected in sou th  
Morocco (30 ~ l a t i t ude )  and  R6union  I s land  (20 ~ South  
la t i tude) .  Da ta  for 2 b iomet r ica l  characters ,  female fresh 
weigh t  and ovariole number ,  are given in the  Figure.  
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Weigh t  and  ovariole n u m b e r  increase l inearly wi th  
la t i tude.  Popu la t ions  f rom in te rmed ia te  la t i tudes  are 
i n t e rmed ia t e  be tween  t ropical  and t e m p e r a t e  s t ra ins  in 
b o t h  characters .  A l though  France  and Morroco are in the  
n o r t h e rn  hemisphere ,  La  R6union is in the  southern .  
The da t a  therefore  suggest  t h a t  the  l a t i tud ina l  cline 
observed in the  E t h i o p a n  region is symmet r i c  wi th  
regard  to  the  equator .  

The above observa t ions  suggest  the  following ques t ion :  
are l a t i tud ina l  clines to  be found  in o ther  pa r t s  of the  
world ? St ra ins  f rom the  F ren ch  W e s t  Indies  were found  
to be s imilar  to Afr ican t ropical  strainsla.  More recent ly ,  
we compared  Amer ican  t ropical  (Guiana, Columbia,  
Ecuador)  s t ra ins  to those  f rom N o r t h  Amer ica  (USA and 
Canada).  Da ta  in the  Table  show large and  h ighly  
s ignif icant  differences be tween  the  two groups, as wi th  
s t ra ins  f rom France  and  t ropical  Africa. These observa-  
t ions  indicate  t h a t  l a t i tud ina l  clines in Amer ican  wild 
popu la t ions  exist .  

The  regular i ty  of these  l a t i tud ina l  var ia t ions  in 
D. melanogaster and the  probable  exis tence  of a s imilar  
p h e n o m e n o n  in the  sibling species D. s imu lam ~4 show 
t h a t  a cl imatic  a d a p t a t i o n  factor  opera tes  on the  genet ics  
of these  flies. 

Small  ovariole n u m b e r  has  been shown to  be corre la ted 
wi th  a low reproduc t ive  po ten t i a l  n,  is. Sizes of t ropical  
popula t ions  are s table  all year  round,  so t h a t  selection for 
r eproduc t ive  po ten t i a l  m a y  be less i m p o r t a n t  in the  tropics.  
A direct  exp lana t ion  of the  weight  differences is ha rde r  
to find. However ,  as emphas ized  by  PARSOI~S zs, m a n y  
physiological  pa r ame te r s  showing genet ic  var iab i l i ty  in 
na tura l  popula t ions  are corre la ted wi th  b o d y  weight.  Thus  
weight  is undoub t ly  an i m p o r t a n t  t r a i t  in an ind iv idua l ' s  
fi tness.  

The posi t ive  correla t ion be tween  female weigh t  and 
ovariole n u m b e r  in the  Figure  and  the  Table  is no t  
a lways found,  however .  For  example ,  wild t y p e  popula-  
t ions  f rom J a p a n  are r emarkab le  bo th  by  a high weight  
and a small  ovariole number4,  s-~~ Cont inuing invest iga-  
t ion of t h e  influence and significance of th is  l a t i tud ina l  
selection is therefore  necessary.  

Available da t a  on D. melanogaster show the  in te res t  of a 
cosmopol i tan  domest ic  species for evo lu t ionary  s tudies  

Regression of female fresh weight and ovariole number on latitude 
of origin of the strains (strains from: e ,  France; A, South Morocco; 
II, La R6union; • tropical Africa). Regression parameters (r: 
correlation coefficient; b : slope; a: intercept) are : female weight : 
r = 0.93; b = 0.503 • 0.029; a = 100.01 ~= 1.05; ovariole number: 
r = 0.77; b = 0.179 -E 0.021; a = 39.46 4- 0.76; male weight: 
r = 0.86; b = 0.360 -E 0.030; a = 75.30 4- 1.07 (male curve, which 
is similar to that for females, is not shown). 

11 j .  DAVID, C.r. Acad. Sci., Paris 272, 2191 (1971). 
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13 j .  DAVID, C.r. Acad. Sci., Paris 276, 93 (1973). 
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on a world scale and the  p robab le  a d a p t a t i v e  value of 
t ra i t s  hav ing  a polygenic  de t e rmin i sm 17-20. 

Rdsumd. Chez Drosophila melanogaster, les souches 
p r o v e n a n t  d 'Af r ique  t ropicale  sont  plus 16g6res et  ont  
moins  de tubes  ovar iens  que les souches fran~aises. 
Des mouches  p r o v e n a n t  de la t i tudes  in term6diai res  

p r6sen ten t  des caract6r is t iques  g6n6fiques in term6dia i res  
pour  les deux  caract6res.  Des clines l a t i t ud inaux  ex i s t en t  
donc en t re  l 'E u ro p e  et  la r6gion 6thiopienne.  Un  ph6no- 
mgne semblable  est  re t rouv6 sur le con t inen t  am6ricain.  
La r6gularit6 de ces var ia t ions  prouve  qu'el les correspon-  
den t  tr6s p r o b a b l e m e n t  ~ une a d a p t a t i o n  cl imatique.  
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Chromosomes of Three Species of Asian Tree Squirrels, Callosciurus (Rodentia: Sciuridae) 

Tree squirrels of the  genus Callosciurus occur widely  in 
sou theas t e rn  Asia, f rom Nepal  eas tward  th rough  sou thern  
China to  Formosa ,  and sou thward  t h rough  Malaysia and  
Indones ia  to the  Celebes and  the  Phi l ippine  Islands.  13 
species are recognized 1, and  according to  ELLERMAN 2, 
'This  genus is second in n u m b e r  of n a m e d  forms to  Rat tus  
only in the  order ' .  Moreover,  the  t r ibe  Callosciurini 3, 4, to  
which  the  genus belongs,  along wi th  11 or 12 o ther  genera, 
is a ve ry  diverse one morphologica l ly  and  ecologically, and  
re la t ionships  to  o ther  squirrel  t r ibes  wi th in  t he  family  
Sciuridae are no t  well unders tood  4. 

The chromosomes  of 3 species in t he  t r ibe  have  been 
descr ibed 5. Menetes berdmorei had  a diploid n u m b e r  (2n) 
of 62, the  largest  2nf any  sq ouirrel so far described.  

Fig. 1. Karyotype of a male Callosciurus notatus (2n = 40) from 
Malaysia (2n = 40). The sex chromosomes are the pair at the far 
right, bottom row, and the satellited aerocentrie pair is in the middle 
of the bottom row. 

Dremomys  ruf igenis  possessed 2n = 38, and Callosciurus 
f lav imanus ,  2n = 40 ; Dremomys  was fur ther  charac te r ized  
by  possession of a pai r  of acrocentr ic  ch romosomes  wi th  
p r o m i n e n t  satelli tes.  

The presen t  paper  repor t s  a new spec imen of C. 
f lav imanus  and  specimens  of previous ly  un repor t ed  C. 
/ in laysoni  and  C. notatus, and compares  Giemsa (G-band) 
p a t t e rn s  of satel l i ted acrocentr ics  w i th  those  found  in 
Xerus  rut i lus  f rom Africa. 

Materials  and methods. The following spec imens  were 
s tud ied :  Calloseiurus notatus (BoddaerL), Malaysia,  
Kuala  Lampur ,  2 males;  Indones ia ,  Djakar ta ,  1 female 
and  1 male;  Callosciurus f lav imanus  (I. Geoffroy), 
Thai land,  1 male ; South  Vie t  N a m  : 1 male  5; Callosciurus 
]inlaysoni (Horsfield), Thai land,  1 male.  Mitot ic  chromo-  
somes were examined  f rom mar ro w  cell suspensions  6, 
or f rom skin biopsies t h ro u g h  the  cour tesy  of Dr. T. C. 
Hsu ,  Anderson  Hospi ta l ,  Hous ton ,  Texas.  G-band  prepa-  
ra t ions  were made  using the  m e t h o d  of SEABRIGHT 7. 
Voucher  specimens  are p resen t ly  in the  possession of Dr. 
W .  PRYCHODKO, W a y n e  s t a t e  Univers i ty ,  Detroi t ,  
Michigan. 

Results.  Callosciurus notatus (Figure 1), C. f lav imanus  
f rom Thai land,  and C f in laysoni  all have  2n = 40 and  
ka ryo types  compr ized  of 6 pairs  of metacen t r ic ,  10 pairs  
of submetacen t r ic ,  and  3 pairs  of acrocentr ic  autosomes,  
one of which  bears  satell i tes.  A large submetacen t r i c  and  a 
small  submetacen t r i c  cons t i tu te  the  X and Y chromosomes  
respect ively.  C. f lav imanus  r epor ted  previous ly  f rom 
South  Viet  N a m  exhib i ted  a k a r y o t y p e  similar  to  t h a t  of 
the  specimen repor ted  here  f rom Tha i land  excep t  for t he  
fact  t h a t  satell i tes were no t  recognized in the  former  and  
the  otherwise  comparab le  pa i r  was classified wi th in  the  
submetacen t r i c  category.  

Ef for t s  to ob ta in  G-band  p a t t e r n s  in C. notatus f rom 
Kuala  L a m p u r  and  D j ak a r t a  were only par t i a l ly  success- 
ful, bu t  it  was cons i s ten t ly  possible to  iden t i fy  t he  p a t t e r n  
of the  satel l i ted acrocentrics.  These ch romosomes  were 

Fig. 2. Giemsa band patterns of satellited acrocentric autosomes from 
a) Callosciurus notatus compared with those of b) Xerus rutilus and 
c) an ideogram derived from both species. 
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