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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. 
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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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sc r ib ing  t he  r e l a t i onsh ip  b e t w e e n  e lec t rophore t i c  d i s tance  
a n d  t i m e  are c u r r e n t l y  unre l i ab le  13. Never the less ,  t he  rela-  
t ive  degree of t e m p o r a l  i so la t ion  b e t w e e n  species can  be 
a p p r e c i a t e d  w h e n  c o m p a r e d  to levels of d i f f e r en t i a t i on  
b e t w e e n  conspecif ic  p o p u l a t i o n  s. For  example ,  s imi lar i t ies  
a m o n g  geograph ic  samples  of c o n t i n u o u s l y  d i s t r i b u t e d  
N o r t h  A m e r i c a n  fishes t yp i ca l l y  h a v e  I = 0.95-0.98:0,  :4,15 
I n  Lake  Malawi,  s imi lar i t ies  a m o n g  3 geograph ic  samples  
of Labeotropheus /uUeborni ( tab le  1, B) r a n g e d  f rom I = 
0.940 to  0.977. 8 s epa ra t e  compar i sons  b e t w e e n  endemic  
c ichl ids  e x h i b i t e d  I >0 .95 ,  3 of wh ich  h a d  I in excess of 
0.980 ( table  1, A - D ,  C-E ,  F - G ) .  A ga i n s t  t h e  b a c k g r o u n d  
of in t raspec i f ic  d ivergence ,  m o s t  in terspeci f ic  d i f ferences  
are  t r i v i a l  and  sugges t  v e r y  r ecen t  genet ic  con t i nu i t y .  This  
idea  is cons i s t en t  b o t h  w i t h  e l ec t rophore t i c  e s t ima te s  in 
o t h e r  c ichl id  f ishes (Kornf ie ld ,  R i t t e ,  R ich le r  a n d  W a h r -  
man ,  in p r epa ra t i on )  as well  as w i t h  s t r a t i g r a p h i c a l  esti-  
m a t e s  of d ive rgence  (5000 years)  for t he  endemic  c ichl ids  
of Lake  N a b a g a b o o ,  Uganda3 .  

Table 2. Allele frequencies from endemic Malawi cichlids collected 
in sympatry at 2 localities* 

Locality 1 Locality 2 

Locus Allele A B C D E F G 

PGI-1 1.00 1.0 0.89 1.0 1.0 0.99 0.83 0.99 
1.05 0.1I 0.01 0.17 0.01 
n 80 97 90 102 111 48 100 

1.00 0.69 1.0 1.0 1.0 1.0 1.0 1.0 
1.10 0.31 
n 26 44 74 80 96 62 96 

1.00 1.0 1.0 1.0 1.0 1.0 0.79 1.0 
1.05 0.04 
0.95 0.17 
n 52 46 74 102 96 56 100 

0.85 0.23 
0.90 0.61 0.09 0.21 0.52 
0.95 0.11 0.55 0.38 0.06 0.01 
1.00 0.10 0.10 0.40 0.08 
1.05 0.02 0.86 
0.00 0.05 0.26 0.29 0.02 0.05 
n 48 90 97 102 108 

1.00 0.44 0.64 
1.10 0.56 0.36 
n 64 98 

GP-I 

GP-3 

EST-1 

LDH 

*Locality 1 (14 ~ 02'00" S; 34 ~ 54' E); Locality 2 (14 ~ 17' S; 34 ~ 56" 
E). Species and loci abbreviations as in table 1. 

The  h i g h  degree of s imi la r i ty  a m o n g  these  fishes m a k e s  i t  
i m p e r a t i v e  t h a t  specific s t a t u s  be  c r i t ica l ly  es tab l i shed .  
Viab le  h y b r i d s  c an  be  a r t i f i ca l ly  p r o d u c e d  b e t w e e n  some 
M b u n a  16, b u t  h y b r i d s  in t he  lake are  unknown2 .  The  7 
Malawi  endemics  differ  in  b reed ing  co lo ra t ion  a n d  mor-  
pho logy  :7, a n d  m o s t  species are ecological ly d i s t ingu i sh-  
able  2. However ,  morpho log ica l  a n d  ecological  d i s t i nc tness  
m a y  be  mis leading .  I n  New W o r l d  cichlids,  d iscre te  eco- 
m o r p h o t y p e s  m a y  ex is t  s y m p a t r i c a l l y  w i t h i n  a single 
species of Cichlasoma is. T h o u g h  some ev idence  ha s  cas t  
d o u b t  u p o n  th i s  i n t e r p r e t a t i o n  :9, 20, r e c e n t  e thologica l  ob- 
s e rva t ions  s u p p o r t  conspec i f ic i ty  of t r o p h i c  m o r p h s  (Tay- 
lor, pe r sona l  c o m m u n i c a t i o n ) .  
Morphologica l  p o l y m o r p h i s m  m u s t  be cons idered  for  t he  
Lake  Malawi  cichlids.  If  a n y  of these  endemics  were con- 
specific, allele f requencies  a t  al l  loci wou ld  be  t h e  same  
for  m o r p h o t y p e s  col lected s i m u l t a n e o u s l y  a t  a n y  local i ty.  
T h a t  is, p a n m a x i a  would ensure  allelic u n i f o r m i t y  a m o n g  
morphs .  Allele f requencies ,  however ,  di f fer  s i g n i f i c a n t l y  
a m o n g  species col lected s y m p a t r i c a l l y  in Lake  Malawi  
( table  2). This  genet ic  ev idence  f u r t h e r  suppor t s  r ep roduc-  
t ive  i so la t ion  a m o n g  these  species. 
Severa l  r ecen t  s tud ies  h a v e  also r epo r t ed  h igh  s imi lar i t ies  
a m o n g  r e p r o d u c t i v e l y  i so la ted  t a x a  :0,14, ~1. The  a p p a r e n t  
d i s c r epancy  be tween  such  s imi la r i t i es  a n d  those  p re sum-  
a b l y  t yp i ca l  of m o s t  o the r  species emphas izes  t h a t  a gen-  
eral  t i m e t a b l e  for  t a x o n o m i c  d i f f e r en t i a t i on  m a y  no t  be 
real is t ic .  T h a t  is, r a t e s  of spec ia t ion  m a y  differ  d r a m a t i -  
ca l ly  a m o n g  t a x o n o m i c  g roups  ~2, 23. T h o u g h  s t r u c t u r a l  
genes  p rov ide  c o n v e n i e n t  b e n c h m a r k s  to  assess t h e  ra tes  
of phy l e t i c  evo lu t ion ,  the  s t r u c t u r a l  loci are a p p a r e n t l y  
n o t  i nvo lved  in spec ia t ion  pe r  se. 
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Summary. 2 k inds  of i n t e r r e l a t i o n s h i p  b e t w e e n  cucumis  v i rus -3  a n d  p o w d e r y  mi ldew fungus  in b o t t l e  gourd  were 
no ted .  The  funga l  conid ia  t r a n s m i t t e d  t he  mosaic  v i rus  in fec t ion  f rom in fec ted  to  h e a l t h y  b o t t l e  gourd  p l a n t s  w i t h  
ease. T h e  t r a n s m i s s i o n  r e l a t i on  was found  to  be  ex te rna l .  P o w d e r y  m i l d e w  s y m p t o m s  were r e s t r i c t ed  on mosaic  in- 
fec ted  leaves  a n d  a p p e a r e d  late,  whi le  v i rus  s y m p t o m s  a p p e a r e d  precoc ious ly  in mi ldew infec ted  p lan t s .  

Vi ruses  a n d  fungi  i n t e r a c t  in  m a n y  ways  in t h e i r  h o s t  
p l an t s .  F u n g a l  t r a n s m i s s i o n  of p l a n t  v i ruses  ha s  been  
e s t ab l i shed  b e y o n d  d o u b t  a n d  fungus  v e c t o r - v i r u s  re- 
l a t i o n s h i p  ha s  been  e x t e n s i v e l y  s tud ied  1. S y n e r g i s m  or 
a n t a g o n i s m  b e t w e e n  v i ruses  a n d  n o n - v e c t o r  funga l  p a t h o -  
gens  in p l a n t s  ha s  also been  desc r ibed  b y  m a n y  workers  2-n.  
However ,  t he  i n t e r a c t i o n  b e t w e e n  t he  v e c t o r  fungus  a n d  
t he  t r a n s m i t t e d  v i rus  in  r e spec t  of disease d e v e l o p m e n t  

h a s  n o t  been  suf f ic ien t ly  explored.  Moreover ,  t he  m a j o r i t y  
of t h e  examples  of t r a n s m i t t i n g  fungi  a re  found  in soil- 
b o r n e  g roup  where  t h e  in fec t ion  is b r o u g h t  t h r o u g h  hos t  
roots .  T h e  p r e s e n t  i n v e s t i g a t i o n  revea ls  b o t h  t he  aspects  
of r e l a t i onsh ip  b e t w e e n  t he  2 leaf  p a t h o g e n s ,  n a m e l y  
Oidium sp. (powdery  mildew) a n d  cucumis  v i rus-3  (mo- 
saic) of b o t t l e  gou rd  (Lagenaria siceraria Mol. Standl . ) .  


