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Summary. The hypo thes i s  of the  prefer red  X-ch rom0s0me  loss in elder  h u m a n  females  was reeva lua ted  in the  golden 
hams t e r :  ear ly  cas t r a t ion  of females  p roved  t h a t  the  increase of aneuploid  cells is corre la ted  w i t h  the  loss of the  ovaries.  
B u t  here, and  in old females,  aneuplo idy  consis ted  of r a n d o m  loss or excess of chromosomes ,  in no case an X-ch romo-  
some. 

P. A. Jacobs  and  co-workers  I were the  f i rs t  to discover  
t h a t  h u m a n  somat ic  cells, especial ly those  of elder 
individuals ,  show a t e n d e n c y  towards  aneuploidy.  This  
p h e n o m e n o n  increases  w i th  age and  b e c o m e s  mos t  
ev iden t  in w o m e n  af ter  onse t  of menopause .  
As the  ove rwhe lming  ma jo r i t y  of abe r r an t  cells w a s  
found  to be monosomic  for a ch romosome  of group X-C, 
the  loss of an X - c h r o m o s o m e  was suspected.  A r g u m e n t s  
for th is  a s sumpt ion  were the  synch rony  observed  wi th  
the  decreasing func t ion  of the  ovaries,  as well as the  fact  
t h a t  in the  indiv idual  as a whole m o n o s o m y  of an auto-  
some is no t  compa t ib le  w i th  life. F r o m  th is  observa t ion ,  
the  conclusion was d rawn  as to the  v iabi l i ty  of single, 
n o n m a l i g n a n t  cells. 
F u r t h e r  research  2-s has  no t  ye t  been able to  es tabl ish  
conclusively  w he the r  t he  hypop lo idy  in th is  specific case 
is a t t r i bu t ab l e  to  the  loss of an X - c h r o m o s o m e  or not .  
Materials and methods. For  an expe r imen ta l  approach ,  
female Syr ian h a m s t e r s  (Mesocricetus auratus) offered 
2 appropr i a t e  qual i t ies :  the i r  r ep roduc t ive  span  ends  
a t  1 year  of age and  t h e y  possess morpholog ica l ly  
ident i f iable  X-ch romosomes .  In  th is  species, the  X-  
ch romosome  is a me tacen t r i c  and the  largest  of the  whole 
c o m p l e m e n t  (2n = 44). The expe r imen t  was conduc ted  
wi th  3 d i f fe rent  groups  of female h a m s t e r s :  
A. The 1st as con t ro l  group,  aged 1 m o n t h  (earliest 
ovula t ion  a t  the  age of 28 days) ,  
B. the  2nd group were  ovar iec tomized  at  the  age of 
10 weeks in order  to  es tab l i sh  whe the r  the  p h e n o m e n o n  
of aneup lo idy  increas ing wi th  age is caused by  a decrease 
of sexual  hormones .  The  ch romosome  examina t i on  of 
these  an imals  was done  8 m o n t h s  later,  
C. the  3rd group,  cons idered  senile, inc luded hams t e r s  of 
22 and 36 m o n t h s  of age. 
Chromosome p repa ra t i ons  were made  f rom bone  mar row 
of the  femora.  The m o s t  i m p o r t a n t  innova t ion  of our  
shor t  t e r m  cul ture  cons is ted  of the  use of v incr is t in ,  as 
the  Syr ian h a m s t e r  has  p roved  to  be r e s i s t an t  to colchi- 
cine or i ts  de r iva t ive  colcemide ~-n. Sachs 1. and  Dar-  
l ington 18, referr ing to  the  sympa t r i c  d i s t r ibu t ion  of 
Mesocricetus auratus and  Colchicum autumnale, have  p u t  
forward  the  h y p o t h e s i s  t h a t  th is  m a m m a l  became  
te t rap lo id  (most  h a m s t e r  species have  2n a round  22) by  
feeding on the  p l an t  w i t h  i ts  spindle  inh ib i t ing  sub-  
s tance  ! 

The yield of wel l -spread metaphase - f igures  has  been  very  
meagre  w i t h  colcemide;  so v incr is t in  was used. The bes t  
resul ts  were achieved wi th  0.5 ml  of a 0.004% solut ion 
added  to 5 ml  of the  bone  mar ro w  suspension.  Approxi -  
ma te ly  50 me taphase s  of each an imal  were examined  
unde r  t he  microscope,  the  ch romosomes  coun ted  and  the  
ab e r r an t  cells p h o t o g r a p h e d  and  analysed  again. The 
percen tages  of ab e r r an t  cells in re la t ion to t he  to ta l  n u m -  
bers  of cells were calcula ted and compared  among  the  
group.  
Results and discussion. The f r equency  of ab e r r an t  cells 
in the  cont ro l  group of young  females  measured  1.60%, 
in t h a t  of the  old animals  16.95%, i.e. 10 t imes  as much.  
The ovar iec tomized  h ams t e r s  had  a ra te  of 13.23% of 
aneuplo id  cells. The increased ra te  of abe r r an t  cells in 
the  ovar iec tomized  and  in the  old females  was main ly  
caused by  hypop lo idy  (table). 
The t w o  Categories of h y p o m o d a l  and  h y p e r m o d a l  cells 
were no t  Caused by  the  loss of any  specific chromosome.  
There  was  no case of an X - m o n o s o m y  or a X - t r i s o m y  a t  
all. E r ro r s  in th is  case are h a rd l y  possible,  since the  
X-ch romosomes  are immed ia t e ly  recognizable  due to  
the i r  conspicuous  size, as men t ioned  above.  
The fu r the r  ques t ion  is which  fac tors  or mechan i sms  lead 
to  th is  s ignif icant  loss of chromosomes .  If  the  cause were 
nondis junc t ion ,  one would  expec t  equal  number s  of 
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Group Number Total number Total of 
of animals of cells aneuploid cells 

counted 
n % 

Hypoploid Cells with Hyperploid Cells with 
cells 43 chromosomes cells 45 chromosomes 

n % n % n % n % 

A: 1 month 5 250 4 1.60 
B: ovariectomized, 15 703 93 13.23 
10 months 
C: 22 or 36 months 17 755 128 16.95 

3 1.20 3 1.20 1 0.40 1 0.40 
55 7.82 51 7.25 38 5.39 33 4.68 

103 13.64 89 11.78 25 3.31 19 2.51 
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cells w i th  43 and 45 chromosomes .  As far as the  ovariec-  
tomized  animals  were concerned,  the  ~r conf i rmed 
this  a s sumpt ion  as the  resul t ing p < 0.2 is not  significant.  
As t h e  old hams te r s  showed a p r edominance  of ceils w i th  
43 ch romosomes  over  such with_ 45 the  resuIt ing p < 0.001 
p roved  to be a h ighly  s ignif icant  devia t ion .  This  po in t s  
to  the  fact  t h a t  nond i s junc t ion  alone c a n n o t  be respon-  
sible for the  hypop lo idy  descr ibed above.  
One i m p o r t a n t  exp lana t ion  would be the  lack of female 
sexual  hormones .  I t  has  been men t ioned  t h a t  a sudden  
increase of aneuploid  cells can  also be observed  in h u m a n  
females  along wi th  the  ceasing of sexual  hormones .  Like- 
wise the  hams te r s  of group II  showed a s ignif icant  increase 
of a b e r r a n t  cells compared  to the  cont ro l  group,  close to 
the  group of senile animals .  Wi th  these  hams t e r s  of 

group B, a cond i t ion  comparab le  to menopause  h a d  been  
p r e m a t u r e l y  induced  by  ty ing  off the  ovaries  (explora t ion 
a t  the  t ime  of c h r o m o s o m e - p r e p a r a t i o n  showed comple te  
a t rophy) .  This  appea r s  to be s t rong  evidence  for t he  fac t  
t h a t  sexual  hormones ,  in some way  ye t  unknown,  keep 
cells f rom dev ia t ing  in to  aneuploidy.  Several  d i f fe ren t  
factors  migh t  be responsible  for th is  res t ra in ing  e f fec t :  
i t  m i g h t  be caused by  a t ime  regula tor  cont ro l l ing  
divis ional  f r equency  genetical ly,  and  th is  p r e v e n t i n g  
prec ip i tous  cell-divisions which are a lways  accompan ied  
wi th  the  risk of nondis junc t ion ,  as is k n o w n  to  be the  
case wi th  tumors .  Other  possibi l i t ies  m i g h t  be h o r m o n a l  
c o m p o n e n t s  also ac t ing  as a regula t ive  cont ro l  in a 
fashion yet  unknown.  In  any  case, one should no t  accuse 
the  X-chromosomes ,  because t h e y  were no t  lost. 

Evidence for rapid speciat ion in African cichlid f i shes  
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Summary .  E x t r e m e l y  rapid  d ivergence among  7 species of African cichlid fishes is suggested by  high e s t ima tes  of 
al lozymic similari ty,  Signif icant  differences in gene frequencies  among  sympa t r i c  popula t ions  suppor t  r ep roduc t ive  
isolat ion of these taxa .  

E x t r e m e  examples  of adap t ive  rad ia t ion  and c o m m u n i t y  
complex i t y  occur a m o n g  African fishes of the  family Cich- 
lidae. In  Lake  Malawi, Africa, app rox ima te ly  300 cichlids 
are endemic .  I t  has  been sugges ted  t h a t  th is  level of tax-  
onomic d ivers i ty  m a y  have  been achieved by  fair ly rapid 
ra tes  of speciation2-4. In turn ,  rapid speeia t ion has sug- 
ges ted a va r i e ty  of novel  modes  of divergenceS-L To 
examine  re la t ive ra tes  of speciat ion in th is  fauna,  genetic 
s imi lar i ty  es t imates  among 7 endemic  Malawi cichlids were 
examined  by  electrophoresis .  E x t r e m e l y  rapid  speciat ion 
is suppo r t ed  by  the  low degree of genet ic  d i f ferent ia t ion  
among  these species. 
The species examined  (table 1) are the  mos t  commo n  
m e m b e r s  of the  Mbuna  complex  a p r e s u m a b l y  mono p h y -  
letic group of app rox ima te ly  30 species general ly  res t r ic ted  
to the  rocky l i t toral  zone. This  par t icu lar  complex  is of 

in te res t  to s t u d e n t s  of evolut ion  because i t  occurs in an 
area  which lacks obvious phys ica l  barr iers  usual ly  as- 
sociated w i t h  a l lopat r ic  specia t ion 2. A m i n i m u m  of 16 
a l lozyme loci encoded  by  10 pro te in  sys tems  was examined  
by  s t a n d a r d  m e t h o d s  of s t a rch  gel e lec t rophores is  f rom 
t issue ex t r ac t s  of fish collected sympa t r i ca l ly  near  Monkey  
Bay, Malawi s. Genet ic  similari t ies were c o m p u t e d  f rom 
es t imates  of allele frequencies  by  Nei 's  Coefficient  of 
I d e n t i t y  (I)9. This s ta t i s t ic  can vary  f rom 0 to 1, wi th  1 
ind ica t ing  comple te  genet ic  ident i ty .  In terspecif ic  simi- 
lari t ies in fishes va ry  widely, bu t  are genera l ly  I < 0.90 
(Sarichl~ Similari t ies among  the  7 endemic  cichlids 
ranged f rom 0,85 to 0.99 (table 1; mean  0.934 •  
Genet ic  d is tance  be tween  species is a p p a r e n t l y  a s imple 
funct ion  of e lapsed t ime since divergence f rom a c o m m o n  
ancestor11, 12. Unfor tuna te ly ,  accura te  ra te  cons t an t s  de- 

Table 1. Genetic similarities (I)9 among 7 endemic Malawi cichlids 

A B C D E F G 

Petrotilapia 
tridentiger A - 0.956 0.973 0.983 0.955 0.919 0.906 
Labeotropheus 
1ulleborni B - 0.903 0.932 0.919 0.864 0.856 
Pseudotropheus 
tropheops C 0.978 0.994 0.923 0.931 
P. auratus D - 0.966 0.923 0.899 
P. zebra E 0,912 0.938 
P. elegans F - 0.991 
P. livingstoni G 

Horizontal starch gel electrophoresis was performed on tissue 
extracts in a standard manner s. At least 28 individuals were ex- 
amined for each species. Genetic similarities were calculated from 
observed allele frequencies at loci encoded by the following proteins : 
aminopeptidase, esterase (EST), aldolase, general protein (GP), 
lactate dehydrogenase (LDH), malate dehydrogenase, phospho- 
glucose isomerase (PGI), phosphoglueomutase, sorbitol dehydro- 
genase, superoxide dismutase, and xanthine dehydrogenase. 
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