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Table 2. Curve-fitting and test of goodness of fit : X = time and Y = percent of breakage of chromosomes 

Concentration level (%) Regression equation Z 2 Remarks 

0.1 Y ~ - 1.78 + 1.61 x 2.19 (2 df) not significant 
0.2 Y = - 5.83 + 10.59 X 0.84 (3 df) not significant 
0.3 Y ~ - 5.60 + 18.57 X 6.15 (4 df) not significant 
0.5 (a) , / Y  = - 4.82 + 29.34 X 22.71 (4 df) highly significant 
0.5 (b) IY = -36.41 + 71.76 X -9.51 X ~ 3.045 (3 df) not significant 

*The 2 equations are the line and parabola respectively, fitted to data by the 'method of least squares'. 

duced  b r eak ag e  a t  f requenc ies  wh ich  b e c a m e  inc reas ing ly  
i m p o r t a n t  as a f u n c t i o n  of t he  dose and  of t he  d u r a t i o n  of 
t r e a t m e n t .  At  0 .1%,  b r eakage  was  f i rs t  obse rved  a f te r  
3 h of t r e a t m e n t ;  a t  0.5% a f t e r  1 h a l ready .  
F r o m  s ta t i s t i ca l  ana lys i s  ( table 2) it  was  found  t h a t  a more  
or less l inear  r e l a t ionsh ip  ex i s t s  be tween  t ime  a n d  t he  
p e r c e n t a g e  of b r eakage  induced  by  colchicine a t  0.1, 0.2 
a n d  0.3~ concen t r a t i ons .  However ,  a t  0.5~ c o n c e n t r a -  
t i on  level the  r e l a t ionsh ip  is no longer  l inear  b u t  it  is 
parabol ic .  I t  shou ld  also be m e n t i o n e d  here  t h a t  no o the r  
t y p e s  of c h r o m o s o m a l  abe r r a t i ons  excep t  c h r o m o s o m e  
b reak s  were obse rved  in t he  co lch ic ine- t rea ted  mate r i a l .  
Ear l i e r  workers5 7 found  t h a t  the  b r eaks  caused  by  col- 
chic ine  are n o t  a t  r a n d o m  b u t  are conf ined  to t he  cen t ro-  
mer ic  region.  For  ins tance ,  L e v a n  and  R h o a d e s  5 obse rved  
t h a t  ce r ta in  c h r o m o s o m e s  in maize  broke  a t  t he  cen t ro-  
me re  an d  gave  rise to i soch romosomes .  D a r l i n g t o n  6 m a d e  
s imi la r  obse rva t ion  in Fritillaria camschatcensis a n d  K a r -  
pechenko7  in bar ley .  The  p r e s e n t  r e su l t s  show t h a t  t he  
c h r o m o s o m e  b reaks  m a y  occur  a t  r a n d o m  and  are no t  
conf ined  to the  cen t romer i c  region alone.  One  of t he  
r ea sons  w h y  r a n d o m  b reaks  were de tec t ab le  in V./ischeri 
m a y  be t h a t  th is  ma t e r i a l  ha s  m u c h  larger  c h r o m o s o m e s  
t h a n  those  wh ich  earl ier  workers  dea l t  with.  
T h e  p r e sen t  r e su l t s  m a y  exp la in  w h y  co lch ic ine- induced  
' r aw '  po lyplo ids  are i n v a r i a b l y  sterile. These  re su l t s  led 
us  to bel ieve t h a t  colchicine,  bes ides  dup l i c a t i ng  the  chro-  
m o s o m e  n u m b e r ,  also d a m a g e s  ce r ta in  c h r o m o s o m e s  in 

t he  c o m p l e m e n t ,  the  d a m a g e  in m o s t  cases  be ing  un -  
de tec tab le .  F u r t h e r  ind i rec t  ev idence  t h a t  colchicine m a y  
cause  d a m a g e  to c h r o m o s o m e s  ha s  been  ob t a ine d  in t he  
eo lch ic ine- t rea ted  seedl ings  of the  Asia t ic  co t ton ,  Gos- 
sypium arboreum, where  1 o u t  of 100 t r e a t e d  seedl ings  did  
n o t  show c h r o m o s o m e  dup l i ca t i on  u p o n  m a t u r i t y  a nd  y e t  
it  was  c omple t e ly  steri le  w i t h  no bolls 1.. Pol len m o t h e r  
cells of th i s  u n r e s p o n s i v e  diploid p l a n t  showed  regu la r  
meios i s  of 13 b iva l e n t s  a t  m e t a p h a s e  I, and  wel l s ta ined  
pol len grains .  Such  an  o b s e r v a t i o n  ind ica tes  t h a t  colchi-  
cine m a y  cause  d a m a g e  to c h r o m o s o m e s  wi th  or w i t h o u t  
c h r o m o s o m e  dup l i ca t i on ;  t h u s  u n d e t e c t a b l e  c h r o m o s o m e  
d a m a g e  could p e r h a p s  be t he  m a i n  cause  for seed s ter i l i ty .  
I t  is poss ib ly  for th i s  r ea son  t h a t  the  s p o n t a n e o u s l y -  
ar iz ing polyplo ids  are more  fertile t h a n  the  colchicine-  
i nduc e d  ones.  
In  t he  l igh t  of t he  above  r e su l t s  it is sugges t ed  t h a t  a) w h e n  
used  to induce  dup l i ca t i on  of p l a n t  c h r o m o s o m e s ,  colchi-  
cine shou ld  be used  on ly  in low c o n c e n t r a t i o n s  (if a less 
tox ic  po lyp lo id i s ing  a g e n t  is no t  ava i lab le  for t he  purpose)  
a nd  b) it  shou ld  no t  be used  in the  t r e a t m e n t  of g o u t  
d u r i n g  p r e g n a n c y  as the re  is l ikel ihood of c onge n i t a l l y  
defec t ive  b i r t h s  f rom the  pro longed  a d m i n i s t r a t i o n  of th i s  
drug .  

11 Unpublished work of the first author in collaboration with his 
students in Sind University, Pakistan. 

In terac t ion  of g e n o t y p e  and l e a r n i n g  in the  food pre ference  of the  f lour  beet le ,  T r i b o l i u m  c a s t a n e u m  
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Summary. Select ion was  c o m b i n e d  w i t h  t r a i n i n g  to s t u d y  l ea rn ing  in t he  f lour  beetle,  Tribolium castaneum. The  re- 
sponse  was  rap id  w h e n  se lec t ing  for b o t h  n o r m a l  (N) a n d  gar l i c -avers ive  (G) food preference  - w h ic h  inc reased  for N 
and  decreased  for G. N a d u l t s  can  be cond i t i oned  to go t o w a r d  the  m e d i u m  on w h ic h  t h e y  were raised.  Preference  of G 
females  is exp la ined  b y  h a b i t u a t i o n  a n d  t h a t  of N ma le s  b y  condi t ion ing .  Th i s  s u g g e s t e d  t h a t  cond i t i on ing  or h a b i t u a -  
t ion  d e p e n d s  on t he  genet ic  b a c k g r o u n d  and  sex.  

T he  a t t r a c t i o n  of a n i m a l s  t o w a r d s  specific foods  or odour s  
m a y  d e p e n d  on e i the r  inhe r i t ed  or l ea rned  p re fe rences  1. 
Gene t ic  v a r i a t i o n  in preference  h a s  been  d e m o n s t r a t e d  
b y  m a n y  select ion s tud ies ,  e.g., t ho se  for e t h a n o l  pre-  
ference  in r o d en t s  2. B u t  in insec ts  t he re  is a s i t u a t i o n  
where  l ea rn ing  can  impede  t he  response  to  selection.  Th i s  
is t h e  p h e n o m e n o n  of ' p r e - imag ina l  cond i t i on ing '  w h e r e b y  
insects ,  reared  on a n o r m a l l y  ave r s ive  m e d i u m ,  lose the i r  
avers iona ,  m a k i n g  it  v e r y  diff icul t  to  select  for inc reased  
avers ion .  I n  Drosophila melanogaster, s u c h  ' p r e - i m a g i n a l  
cond i t i on ing '  h a s  been  exp la ined  as h a b i t u a t i o n  to  t he  

p resence  of t he  ave r s ive  s u b s t a n c e ,  r a t h e r  t h a n  as con-  
d i t ion ing  t h r o u g h  a n  assoc ia t ion  of t he  s u b s t a n c e  w i t h  
t he  food m e d i u m * .  The  p r e s e n t  e x p e r i m e n t  i nvo lved  a 

* MHS would like to thank I. M. Lerner and T. M. Alloway for 
reading and commenting on an early draft of the manuscript. 

1 P. Rozin, Adv. Stud. Behav. 6, 21 (1976). 
2 G. Lindzey, J. Loehlin, M. Manosevitz and D. Thiesen, A. Rev. 

Psychol. 22, 39 (1971). 
3 W . H .  Thorpe, Learning and Instinct in Animals, 2nd ed. 

Methuen, London 1973. 
4 A. Manning, Nature 216, 967 (1967). 



330 Specialia EXPERIENTIA 34/3 

Learning to distinguish standard and garlic supplemented media at different generations of selection for either medimn 

Generation Sex Garlic line Normal line 
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 

0 41% (7.3) 67% (12.1) 36% (17.0) 58% (7.1) 87% (7.0) 94% (5.9) 

3 ~c~ 71% (17) 100 % (0.0) 100 % (0.0) 93 % (4.7) 100 % (0.0) 100 % (0.0) 
~7 71% (9.9) 64 % (12.8) 67 % (15.7) 93 % (6.6) 100 % (0.0) 100 % (0.0) 

4 c~c~ 9% (2.3) 0% (0.0) - 98% (0.9) 98% (1.1) 99% (0.9) 
~ 2 % (1.3) - 97 % (1.2) 99 % (0.9) 96 % (2.3) 

Percentages are based on number of beetles selecting the given medium out of the number of beetles leaving the source arm. The value 
in brackets is the SD calculated as in the figure. 

selection s t u d y  wi th  Tribolium castaneurn where  condi-  
t ioning,  and  no t  jus t  hab i tua t ion ,  occurs and  where  this  
condi t ion ing  in te rac t s  w i th  the  genet ic  preference.  
Methods. Beetles  were selected over  4 genera t ions  for a 
preference  e i ther  for the  s t a n d a r d  m e d i u m  (95% whole 
whea t  f lour and  5% dried yeast)  or for a garlic m e d i u m  
(s tandard  med ium s u p p l e m e n t e d  wi th  40 % garlic powder) .  
The la t t e r  cons t i tu tes  an aversive m e d i u m  in t h a t  i t  is 
f r equen t ly  avoided by  T. castaneum and has  deleter ious 
effects on fer t i l i ty  and  viabil i ty.  Similar  effects were 
previous ly  observed  in beet les  for  ano the r  odouran t ,  
pheny l - th io -ca rbamide  5. 
All beet les  were incuba ted  at  30~ and 70% R H  and  
were less t h a n  1 week old when  tes ted .  They  were s t a rved  
for 24 h before being in t roduced  in groups of no t  more  
t h a n  50 into the  e m p t y  a rm (source arm) of a Y-shaped  
maze,  descr ibed elsewhere in detai lK The beet les  selecting 
the  a rm of the  maze  t h a t  con ta ined  the  s t a n d a r d  med i u m 
(normal line) in the  init ial  generat ion,  GO, and in sub- 
sequent  genera t ions  were reared on t h a t  medium.  Beet les  
selecting the  o the r  a rm of the  maze  wi th  the  garlic med ium 
(garlic line) were bred on  garlic up to  G3, when  viabi l i ty  
became  so low t h a t  the  s t anda rd  med ium had  to be used 
for G4. In  each genera t ion  af ter  the  maze trial ,  the  
selected insects  were left  on the  appropr i a t e  med ium for 
3 days,  a t  which  t ime  eggs were collected over  the  n e x t  
24 h. Males and  females  were tes ted  separa te ly  in G3 
and G4. 
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Response to artificial selection for preference for either standard 
Tribolium medium (solid line) or medium supplemented with 40% 
garlic powder (dashed line). The bars represent 1 SD above and be- 
low the actual value and were calculated from the formula SD = 
V~100-P)/N,  where P is the percentage of beetles choosing a given 
medium out of N, number of beetles that left the source arm. N varies 
between 29 and 261 depending upon viability with an average 
of 105.1. 

Results and discussion. The results  of the  selection are 
shown in the  figure. Despi te  i ts  effects on viabil i ty,  the  
garlic med ium did no t  decrease locomotor  act iv i ty ,  the  
average  pe rcen tage  of beetles leaving the  source a rm being 
82.4% compared  wi th  73.1% for the  normal  line, averaged  
over  all generat ions .  The figure shows t h a t  the  preference 
of the  normal  line for the  s t an d a rd  med i u m increased f rom 
an init ial  50% in GO to 90-100% in G3 and  G4. The g~Crlic 
line has  a more co mp l ex  response  wi th  a decreased prefer-  
ence for garlic in G 2, and  a subsequen t  s ignif icant  increase 
in the females in G3. The fact that this preference de- 
creased again in G4 when a standard medium had to be used, 
suggested that 'pre-imaginal conditioning' or some learn- 
ing in early adulthood may have made the G3 females 
less aversive to garlic. Although not previously described 
in the  flour beetle,  Tribolium, r e t en t ion  of learning f rom 
larva  to  adul t  is known  in the  grain beetle,  Tenebrio 
molitor 7. 
An explana t ion ,  based  on condi t ioning,  of the  differences 
be tween  genera t ions  and be tween  sexes in the  garlic line 
requires  some addi t iona l  evidence of a sex difference in 
learning in the  G3 beet les .  This  is p rov ided  by  tes ts  
carr ied out  on addi t iona l  beet les  in GO, G3 and G4, there  
being insuff ic ient  n u mb er s  in G1 and  G2. These beet les  
were  run  th rough  the  maze 3 t imes,  each tr ial  using only  
the  beet les  t h a t  had  chosen the  specified med ium on the  
previous  tr ial ;  24 h res t  was given be tween  each trial .  
These  d a t a  are given in the  table.  Because of the  rap id  
response  to selection in the  normal  line, by  G3, a lmos t  all 
beet les  prefer red  th is  med ium in the  init ial  t r ia l ;  so we 
f ind an increased preference  over  tr ials only  in GO. Because 
the  s t a n d a r d  med i u m was a lways p resen ted  in the  same 
a rm of the  maze, t he  resul ts  in GO could e i ther  be ex- 
p la ined  in te rms  of learning to  t u rn  in a par t i cu la r  
d i rec t ion  (the beet les  associat ing the  tu rn ing  and /o r  
the  smell  wi th  t he  accus tomed  food medium) or due 
to some beet les  hav ing  an inna te  bias to t u rn  in a 
specific d i rect ion 8. The l a t t e r  is unl ikely because the  
garlic line in GO showed no increased preference  over  
the  3 trials.  If  a tu rn ing  bias were impor t an t ,  an equal  
increase in bo th  lines would have  been expected.  The 
mos t  in te res t ing  resul ts  are those  in G3 and G4 of the  
garlic line (table). In  G3 few males were available for t es t -  
ing and  the i r  init ial  t r ial  gave a preference  for garlic which 
is a lmos t  (p = 0.1) s ignif icant ly  h igher  t h a n  t h a t  of t he  
larger sample  in the  selection exper imen t .  However ,  on 
the  2nd and  3rd t r ia ls  all males  wen t  to the  garlic medium,  
a resul t  of which p robab i l i t y  of occurrence by  chance  

5 M.H. Soliman, Ent. exp. appl. 17, 454 (1974). 
6 M.H. Soliman, J. stor. Prod. Res. /1,203 (1975). 
7 T.M. Alloway, Am. Zool. 72, 471 (1972). 
8 D.A. Hay Nature 257, 44 (1975). 
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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.  

9 I.M. Lerner and N. Inouye, in: Haldane and Modern Biology, 
p. 51. Ed. K. R. Dronamraju, John Hopkins, Baltimore 1968. 

10 R. A. Hitlde and J. Stevenson-Hinde, Eds., Constraints on 
Learning. Academic Press, London 1973. 

11 W.G. Quinn and Y. Dudai, Nature 262, 576 (1976). 
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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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