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alone is less t h a n  0.001. In  cont ras t ,  the  preference  of the  
females  r ema ined  unchanged  over  t he  3 trials,  so we can 
conclude t h a t  adul t  males  of th is  select ion line, bu t  no t  
females,  can  be condi t ioned  to  go towards  the  med i u m 
on which t h e y  were reared,  Such sex differences in beet les  
on a learning t ask  have  been r epo r t ed  in ano the r  selection 
e x p e r i m e n t  involving running  speed 9. 
This resul t  can be conf i rmed by  a l te r ing  the  m e d i u m  on 
which  t h e y  were  reared,  so for G4, where  the  s t a n d a r d  
med ium was used and  where larger samples  (150 of each 
sex) were available,  the  table  shows t h a t  few males  now 
prefer red  the  garlic med ium on the  1st t r ial  and  none  
on the  2nd. So few females wen t  to the  garlic med i u m 
on the  I s t  t r ia l  t h a t  there  was an insuff ic ient  n u m b e r  
for a 2rid trial .  
These resul ts  can  be con t r a s t ed  wi th  those  ob ta ined  for 
D. melanogaster, where  flies had  to choose be tween  a 
b lank and a geraniol -bai ted  tube.  There, no evidence was 
ob ta ined  for condi t ioning (defined by  an increased pro-  
por t ion  going toward  the  normal ly  aversive geraniol) a t  
the  larval  or a t  the  adul t  stage,  b u t  only  for hab i t ua t i on  
(defined by  li t t le or no increase in preference  p red ic ted  
on successive trials). An exp lana t ion  based on hab i tua -  
t ion is sufficient  here to account  for the  GO preference  
and the  G3 and the G4 preferences  of the  females  in the  

garlic line, however ,  condi t ion ing  m a y  expla in  the  per-  
fo rmance  of the  GO and  the  G3 and  G4 males  of t h e  
no rma l  line. Thus,  w h e t h e r  or no t  a preference  indica tes  
condi t ion ing  or h a b i t u a t i o n  depends  on genet ic  back-  
g round  and  sex. Considering the  biological r e s t ra in t s  on 
learning in th is  s i tua t ion  10, we migh t  expec t  condi t ion ing  
to occur more  s lowly in the  Garlic line because  of the  
avers iveness  of the  medium,  and  this  tall ies wi th  the  
ve ry  rap id  changes  in preference  b e t w e e n  G3 and  G4 
when  the  m e d i u m  was changed.  I t  is no t  clear w h y  the  
sex difference should occur, bu t  it  m a y  involve the  fac t  
t h a t  the  female uses the  m e d i u m  as an ov ipos i t ing  site 
and no t  jus t  as food. In  view of the  cu r r en t  in t e res t  in 
the  genet ics  of learning in insects  n,  and since a wide 
va r i e ty  of an t en n a l  m u t a n t s  of Tribolium are avai lable,  
food-seeking and  select ion being med ia t ed  t h r o u g h  these  
recep tors  6, the  p resen t  t echn ique  which combines  selec- 
t ion wi th  t r a in ing  m a y  offer a conven ien t  model  for the  
s t u d y  of learning.  
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Summary. Specimens of the  green toad,  Bu/o viridis, f rom Morocco to Kirgizis tan,  have  identical  DNA a m o u n t s  per  
e ry th rocy t e  nucleus. 1 specimen from Kirgiz is tan  is a te t raploid .  Of 3 closely re la ted  species, B. calamita and  B. 
brongersmai have  abou t  the  same DNA a m o u n t  as B. viridis, while B. latastii f rom Afghan i s tan  has 36% more  D N A  
per  nucleus. 

The DNA con t en t  of the  genome appears  to be a c o n s t a n t  
for every  p l an t  and animal  species, while it varies con- 
s iderably  even among closely re la ted  species wherever  it 
has  been studied.  This var ia t ion  is no t  r andom,  bu t  ap- 
pears  to be re la ted to adap t ive  charac te rs  of morpho logy  
and physiology.  F r o m  all indicat ions,  the  mere  a m o u n t  
of DNA in a genome is a decisive genetic d e t e r m i n a n t ' ,  2. 
Since the var ia t ion  wi th in  amy species seems to be so m u c h  
less t h a n  interspecif ic  var ia t ion,  changes  in DNA a m o u n t s  
dur ing  speciat ion could be large and rapid  ( ' sa l ta tory  
changes ' ) ,  and  genome size w i th in  any  species migh t  be 
sub jec t  to regula tory  influences.  There  is ve ry  li t t le in- 
fo rmat ion  on the  evo lu t ionary  dynamics  of the  change in 
DNA conten t ,  and very  few species have  been inves t iga ted  
t h roughou t  the i r  geographical  range for DNA amounts .  
Therefore  we wish to  p resen t  a set  of measu remen t s  on the  
nuclear  DNA con ten t  of green toads  cover ing near ly  the  
whole d is t r ibut ional  area of th is  widespread  species. These 
measu remen t s  show tha t ,  w i th in  the  accuracy of de ter -  
mina t ion  (10%), Bu/o viridis has  the  same nuclear  DNA 
con t en t  th roughout .  1 of 2 specimens  f rom Kirgiz is tan  has 
twice this  a m o u n t  in e r y t h r o c y t e  nuclei. 2 re la ted  species, 
B. calamita and B. brongersmai f rom Morocco 3, where it is 
sympa t r i c  wi th  B. viridis, have  essent ial ly  the  same D N A  
amount ,  while B. latastii f rom Afghan i s tan  4 has 36% 
more  DNA in its e ry th rocy tes .  

Material and methods. Blood was ob ta ined  f rom living 
spec imens  s by  punc tu r ing  the  angular  vein of the  m o u t h  
wi th  a mic rop ipe t t e .  Blood smears  were f ixed in 10% 
formalin,  t hen  air-dr ied and s tored d ry  for up to a few 
days  before s ta ining.  Feulgen s ta in ing was p receded  by  
var ious  m e t h o d s  of DNA hydrolys is  in order  to exclude 
sys t ema t i c  errors s t e m m i n g  f rom the  p r e p a r a t i o n  8. Dye 
c o n t e n t  of Feu lgen-s ta ined  nuclei was  d e t e r m i n e d  a t  
558 n m  using a Barr  and  St roud In t eg ra t ing  Microdensi to-  
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Relative nuclear DNA amounts in various species and subspecies of 
the green toad group and in Bu]o bu]o 

Species Source Relative SD SE Speci- 
DNA mens 
amount 

B. viridis turanensis Frunze, Kirgizistan 211 19 8 (5) 1 
B. viridis turanensis Frunze, Kirgizistan 120 27 13 (4) 1 
B. viridis arabicus Haifa, Israel 105 10 4 (6) 2 ~ 6  
B. viridis Viridis Izmir, Turkey 98 7 4 (3) 1 
B. viridis ssp. Corsica 103 7 3 (6) 2c~2 
B. viridis viridis Germany 106 8 4 (4) 1 ~2 
B. viridis boulengeri Tafraoute, Morocco 109 6 3 (3) 2 ~  

B. viridis, 
all diploid data 107 14 3 (26) 
B. brongersmai Tafraoute, Morocco 104 10 5 (4) 2 ~  
B. latastii Afghanistan 145 14 6 (6) 3 juv. 
B. calamita Germany, Holland 100 5 2 (6) 2 ( ~  
B. bu]o Northern Spain 138 6 2 (6) 2~c~ 

m e t e r  t y p e  GN-5.  Series of spec imens  were p r e p a r e d  
s imul t aneous ly ,  a n d  all  r e l a t ive  a b s o r p t i o n  va lues  were 
c o n v e r t e d  to  t h e  same  scale. 
Resul t  and discussion. T he  resu l t s  of these  m e a s u r e m e n t s  
are compi led  in t he  tab le .  E x c e p t  for 1 spec imen  of B. 
vir idis  f rom Frunze ,  Kirg iz is tan ,  all  B. viridis  h a v e  t he  
s ame  nuc lea r  D N A  c o n t e n t  w i t h i n  t he  l imi t s  of experi-  
m e n t a l  error.  The  re l a t ive ly  h igh  ave rage  d e t e r m i n a t i o n  
in t h e  diploid spec imen  f rom F r u n z e  seems to be  due to  
t h e  p r e p a r a t i o n ,  p a r t i c u l a r l y  since t he  va lue  for t h e  o the r  
spec imen  is v e r y  close to  twice  t he  ave r age  va lue  for all  
B.  viridis .  Thi s  spec imen  u n d o u b t e d l y  is a t e t r ap lo id ,  even  
t h o u g h  the re  is no cy to logica l  con f i rma t ion .  The  ex is tence  
of t e t r a p l o i d  ' p o p u l a t i o n s '  w i t h i n  diploid  a n u r a n  species 
is a f r e q u e n t  occur rence  and  has  also been  d o c u m e n t e d  
for Bu[o 7. 
The  re l a t ive  D N A  values  of tile t a b l e  c an  be  c o n v e r t e d  to  
a p p r o x i m a t e  abso lu t e  va lues  in  pg  of D N A  b y  c o m p a r i n g  
t h e m  to p u b l i s h e d  d a t a  for B.  viridis,  B.  calamita a n d  
B. bulo 8, 9. These  d a t a  h a v e  been  r e p e a t e d l y  s t a n d a r d i z e d  

aga ins t  va r ious  species in our  l abora to ry .  Our  c a l i b r a t i on  
leads to  h i g h e r  va lues  t h a n  those  ca lcu la ted  b y  Olmo10, 
which  a p p e a r  a b i t  too low. Bes t  ava i l ab le  e s t ima tes  for 
the  diploid  nuc lea r  D N A  a m o u n t s  are :  B. viridis 11.8 pg, 
B. calamita 11.4 pg, B. bu[o 14.8 pg  (da t a  sources  in  
OImol0). Therefore ,  to  o b t a i n  d ip lo id  nuc lea r  D N A  
a m o u n t s  f rom the  re la t ive  va lues  of our  tab le ,  t he  d a t a  
should  be  d iv ided  b y  9.0. Our  d a t a  add  2 species of Bu[o 
to  t he  l is t  of 20 for w h i c h  specific nuc lea r  D N A  a m o u n t s  
h a v e  been  p u b l i s h e d  to d a t e :  B. brongersmai, 11.4 pg, a n d  
B. latastii ,  16.0 pg. A va lue  of a b o u t  11 pg seems to  be  
typ ica l  for Bu[o. The  lowest  recorded  va lues  are 8.9 pg  
for B.  koyanoiensis  ( reca l ib ra ted  a f t e r  Olmo 1~ a n d  B. 
regularis 9. B. regularis is 1 of t he  Afr ican  species h a v i n g  
on ly  20 ch romosomes  i n s t e a d  of 22 in t he  diploid  comple-  
m e n t  11. 
B. latastii,  w h i c h  was h i t h e r t o  usua l ly  confused  w i t h  B. 
viridis,  has  t he  h ighes t  nuc lea r  D N A  va lue  recorded  ye t  
for a d iploid  Bu[o species. This  is the  green  t o a d  species 
of t he  Cen t ra l  As ian  m o u n t a i n  sys tems  sha r ing  a r e l a t ive ly  
low t e m p e r a t u r e  p re fe rence  a n d  r e l a t ive ly  large e r y t h r o -  
cy tes  w i t h  B. bu[o*, which  also ha s  a h igh  nuc lea r  D N A  
a m o u n t .  The  t e t r a p l o i d  F r u n z e  spec imen  of B. viridis  
(23.4 pg) ha s  one of t he  h ighes t  a n u r a n  D N A  a m o u n t s .  
I t s  e r y t h r o c y t e s  are larger  t h a n  those  of diploid B. viridis,  
b u t  on  ave rage  smal le r  t h a n  those  of large-sized B. latasti i  
spec imens  4. 
Our  d a t a  con f i rm  the  o b s e r v a t i o n  t h a t  t he  specific nuc lea r  
D N A  c o n t e n t  is a cons t an t ,  and  t h a t  closely re la ted  species 
m a y  h a v e  s imi la r  or ve ry  d i v e r g e n t  a m o u n t s .  The re  is no 
ev idence  of a c o n t i n u o u s  va r i a t ion ,  p a r t i c u l a r l y  no  evi-  
dence  for a g r adua l  c l inal  change  of genome size across t he  
range.  Such  a change  h a s  been  found  b y  Miksche  for 
severa l  species of conifers  13, b u t  t h e r e  is no  d o c u m e n t e d  
case of i t  for a n  a n i m a l  species. 
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S u m m a r y .  Based  on  c h r o m o s o m a l  loca t ion  d a t a  of genes encoding  28 b iochemica l  sys t ems  in a l lohexaplo id  whea t ,  
Tr i t i cum aest ivum L. (genomes A A B B D D ) ,  i t  is conc luded  t h a t  t he  p r o p o r t i o n s  of sys t ems  con t ro l l ed  b y  t r ip l ica te ,  
dup l ica te ,  a n d  single loci are 57%,  25%,  a n d  18% respect ive ly .  

Fer r i s  a n d  W h i t t  1 h a v e  r ecen t l y  p r e s e n t e d  compel l ing  evi- 
dence  of an  ex tens ive  loss of dup l i ca t e  gene express ion  
a f t e r  po lyp lo id iza t ion  in Ca t o s t om i dae  f ish:  3 5 % - 5 0 %  
of dup l i ca t e  genes  expressed  in t he  m o s t  a d v a n c e d  t e t r a -  
p lo id  c a t o s t o m i d s  a n d  5 5 % - 6 5 %  in t he  m o s t  p r i m i t i v e  
species. T h e y  h a v e  also s u m m a r i z e d  t h e  p rev ious  f indings  
conce rn ing  t h i s  aspec t  of po lyp lo id  evo lu t i on  in fish. W e  
r e p o r t  here  t h i s  t y p e  of ca l cu la t ion  for  a l lohexap lo id  
w h e a t ,  Tr i t i cum aest ivum L. (genomes  A A B B D D ) ,  a m e m -  
be r  of t he  we l t -known p l a n t  po lyp lo id  complex  Aegilops-  
T r i t i cum.  
The  loss of r e d u n d a n t  gene expres s ion  in w h e a t  was re- 
al ized qu i t e  early.  R i l ey  3 p o s t u l a t e d  t h e  diploid- l ike s t a t u s  
of some sys t ems  in t e t r a p l o i d  w h e a t  on  t h e  basis  of indi-  
r e c t  evidence.  Some of us 3, �9 s u r v e y e d  t h e  d i s t r i b u t i o n  of 

genet ic  v a r i a n t s  of 2 b iochemica l  sys tems  (genes for s terol  
es te r i f ica t ion  a n d  the  pu ro th ion in s )  in  22 species of the  
Aeg i lops -Tr i t i cum group  a n d  conc luded  t h a t  r e d u n d a n t  
genet ic  a c t i v i t y  h a d  been  lost  in 25% and  50% of t he  
cases, respec t ive ly .  All  t he  observed  losses seemed to  oc- 
cur  in  a n o n - r a n d o m  fashion,  a f fec t ing  the  a d d i t i o n a l  
genomes  a n d  n o t  the  so-called p ivo t a l  ones. 
The  d e v e l o p m e n t  b y  Sears  5,~ of t he  c o m p e n s a t e d  nul l i -  
t e t r a s o m i c  series a n d  o t h e r  aneup lo ids  of t he  T. aest ivum 
cv. Chinese  Sp r ing  has  p e r m i t t e d  severa l  groups,  inc lud ing  
ours, to  i nves t i ga t e  the  c h r o m o s o m a l  loca t ion  of genes 
t h a t  con t ro l  d i f fe ren t  b iochemica l  sys tems.  These  da ta ,  
wh ich  are  s u m m a r i z e d  in t he  tab le ,  p e r m i t  no t  o n l y  t i le  
e s t i m a t i o n  of t h e  p e r c e n t a g e  of gene t r ip l i ca t ion  a n d  du-  
p l i ca t ion  expressed,  b u t  also to d iscern  where  t i le pre-  


