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shown  t h a t  W e s t  Af r ican  D. chrysippus are poor  s torers  
of cardenol ides  compared  w i t h  D. plexippus a n d  E a s t  
Af r i can  D. chrysippus. These  workers  d e m o n s t r a t e d  a 
genet ic  e l e m e n t  in  t he  re la t ive  fai lure  of D. chrysippus to  
s tore  cardenol ides  e s t ab l i sh ing  t h a t  th i s  was no t  mere ly  
a ref lec t ion of the  cardenol ide  c o n t e n t  of t h e i r  food p lants .  
In  v iew of t he  pa r t i cu l a r l y  poor  cardenol ide  s torage 
capac i t y  of "West Af r i can  D. chrysippus, ROTHSCHILD 
et  al. 26 were led to w o n d e r  how  these  bu t t e r f l i e s  r e t a i n  
t he i r  aposema t i c  l ife-style and  t h e y  suggested  t h a t  some 
o the r  d e t e r r e n t  factor ,  a p a r t  f rom cardenol ide  s torage  in 
the  a d u l t  bu t t e r f ly ,  is involved .  Th i s  o the r  d e t e r r e n t  m a y  
be t he  pyr ro l iz id ine  a lkaloids  s tored  p r imar i l y  b y  male  
but te r f l ies .  

Our  resu l t s  (Tables I I I  and  IV) indicate ,  a t  leas t  in t he  
case of D. plexippus, t h a t  female  dana ines  are capab le  of 
s to r ing  pyr ro l i z id ine  alkaloids.  H ow eve r  females  ra re ly  
feed on  pyr ro l iz id ine  a lka lo id -con ta in ing  p l a n t s  so t h a t ,  

in areas  where  t he  bu t t e r f l i e s  lack cardenol ides  and  
requi re  pyr ro l iz id ine  a lkaloids  for d is tas tefulness ,  t h e y  
m a y  depend  on t h e i r  s imi la r i ty  to  t he  males  for protec-  
t ion  f rom preda tors .  I n  these  areas  a scarc i ty  of Ba t e s i an  
mimics  m i g h t  be expec ted  since t he  u n p a l a t a b l e  males  
would  be  less able  to  s u p p o r t  a p o p u l a t i o n  of p a l a t a b l e  
mimics  as well  as conspecif ic  females.  This  m a y  help to 
exp la in  the  a p p a r e n t  scarc i ty  of D. chrysippus mimics  in 
W e s t  Afr ica  2~, 27. 

The  re la t ive  i m p o r t a n c e  of pyr ro l iz id ine  a lkaloids  and  
ca rdeno l ides  in confer r ing  d i s tas te fu lness  on the  D a n a i n a e  
r ema ins  to  be assessed. Genet ic  se lect ion favor ing  pyr-  
rol iz idine s torage (and pe rhaps  female  feeding) m a y  oc- 
cur  in  areas  where  a h i g h  p r o p o r t i o n  of l a rvae  feed on 
p l an t s  lacking cardenol ides .  In  these  regions the  a lkaloids  
m a y  c o n t r i b u t e  s ign i f i can t ly  to  t he  u n p a l a t a b i l i t y  of the  
bu t t e r f l i e s  while  in o the r s  t h e y  m a y  serve on ly  to a u g m e n t  
t h a t  confer red  b y  cardenol ides .  

I n v e s t i g a t i o n s  o n  the  T o x i c  E f f e c t s  of B a y e r  73 ( B a y l u s c i d  W P )  o n  E g g s  and  Y o l k - S a c  L a r v a e  of 
Tilapia leucosticta ( Cichlidae) 
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Summary. The  toxic  effect  of B a y e r  73 on  l a rvae  of Tilapia leucosticta shows a s h a r p  increase f rom the  day  of h a t c h i n g  
to t he  end  of t he  yolk-sac stage.  Di f fe ren t  degrees  of d e f o r m i t y  a p p e a r  in t he  course  of deve lopmen t .  

I n  m a n y  t rop ica l  waters ,  B a y e r  73 is used to c o m b a t  
Bilharziosis .  I t  kills t he  i n t e r m e d i a t e  hos t s  (snails, snai l-  
spawn) a n d  also t he  pa ra s i t e  in i t s  d e v e l o p m e n t a l  stages.  
The  p r e p a r a t i o n  is i n t r o d u c e d  d i rec t ly  in to  t he  w a t e r  
( concen t r a t i on  1 p p m  ~, 3 and  4 -8  p p m .  h4). U n f o r t u n a t e l y  
i t  also effects t he  f ish popu la t ions ,  an  i m p o r t a n t  food 
supp ly  for t he  peopleS-L Since t he  effect  of molluscicides 
on f ry  is no t  ye t  known,  I h a v e  e x a m i n e d  the  toxic  effect  
of B a y e r  73 on  eggs and  va r ious  d e v e l o p m e n t a l  s tages  
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Fig. 1. LC-50 and LC-100 values of the dipping tests with eggs and 
yolk-sac larvae of Tilapia leucosticta. Arrow = hatching day. 

of Tilapia. For  th i s  purpose ,  t h e  fer t i l ized eggs were 
r e m o v e d  f rom the  m o u t h  of t h e  b rood ing  female  and  
ar t i f ic ia l ly  i n c u b a t e d  (25~ T h u s  t he  d e v e l o p m e n t  of 
more  t h a n  2000 eggs and  yolk-sac l a rvae  could be tes ted .  
As ear ly  as the  5th  d a y  af te r  t he  fer t i l izat ion,  t he  em- 
b ryos  ha t ch .  On the  14 th  day  the  yolk-sac l a rvae  become  
alevins.  Be tween  t he  3rd and  14th  day  ba t ches  of 20-40 
eggs or yolk-sac l a rvae  were d ipped  for 60 min  in to  well- 
o x y g e n a t e d  glass t u b e s  con ta in ing  d i f fe ren t  concen t ra -  
t ions  of Baye r  73 (0.5-15 ppm) ,  t h e n  r insed  w i t h  dist i l led 
w a t e r  and  p u t  b a c k  in to  t he  i ncuba to r .  There  the  f u r t h e r  
d e v e l o p m e n t  was  obse rved  for 15 days  and  the  dead  and  
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Fig. 2. a Regular development; b-d progressive malformation. 

crippled individuals  counted.  To eva lua te  the  results the 
LC-50 and LC-100 methods  were used respect ively.  The 
toxic  effect is represented in Figure  1. I t  was seen tha t  
the fertil ized eggs (as long as the  egg membrane  is intact)  
are re la t ively  insensi t ive;  3-day-old eggs showed LC-50 
values  be tween  8.4 and 11.4 ppm and LC-100 values  be- 
tween 12 and 15.3 ppm.  As deve lopment  progresses, the 
sensi t iv i ty  increases as early as the  4th day (LC-50 
7.3-11.4 ppm, LC-100 10.1-14.5 ppm). The toxic  effect 
shows a sharp increase on the  5th day  (day of hatching),  
when concentra t ions  as low as 3-3.9 ppm are sufficient 
to kill 50~ of t he  yolk-sac larvae wi th in  15 days. In  the 
course of the ear ly  deve lopment  of the  yolk-sac-larvae,  
the  sensivi ty increases fur ther  and reaches a m a x i m u m  
(LC-50 1.5 ppm, LC-100 2.0 ppm) at  about  the  14th day 
wi th  the  end of the  yolk-sac stage. 

In  all exper iments ,  different  degrees of de fo rmi ty  ap- 
peared in the  course of development ,  which in serious 
cases resulted in dea th  even before the  end of the  sac-fry 
stage. The deve lopmenta l  abnormal i t ies  appeared in the 
region of the  abdomina l  ver tebrae  (curvature,  coale- 
scence of ver tebrae,  absence of entire groups of ver tebrae)  
and in the  region of the  anal  and caudal  fins (Figure 2). 
F r o m  the  eggs or yolk-sac larvae dipped on the 3rd, 4th 
and 5th days of development ,  up to 37, 31 and 690/0 of 
deformed fish respect ively  emerged, depending on the 
concent ra t ion  of the  molluscicide. I n  some cases, even  
among  these deformed fishes, breeding and reproduct ion  
was successful. 

The young (F1 and F2 generation) developed in a 
complete ly  normal  way. The growth of the  fish wi th  
serious abnormal i t ies  lagged significantly (p < 0.0002) 
behind tha t  of the  control  fish. The exper iments  show tha t  
there  is a high mor t a l i t y  risk for Tilapia immedia te ly  
after  ha tch ing  and during the following days, if they  
come into con tac t  wi th  the  molluscicide. The  egg mem- 
branes prove a t  first to be a protec t ive  barrier.  Embryos  
art if icially r emoved  from the egg membranes  and exposed 
to the  molluscicide, showed an increased mor t a l i t y  com- 
pared wi th  d ipped eggs of the  same age and wi th  the 
controls (untreated,  normal  eggs and embryos  removed 
from the  egg membranes) .  The  applicat ion of the  mol- 
luscicide should not, therefore,  take  place dur ing the 
early deve lopment  of the  fry in regions where the breeding 
of Tilapia is carried out  on a commercia l  basis. 
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Summary. Preweaning malnut r i t ion  pe rmanen t ly  reduced bra in  size and cellular con ten t  bu t  in spite of changes  in 
the  adrenocort ical  stress response no learning deficit  was observed. Different ial  rearing envi ronments  did not  influence 
the  effects of malnutr i t ion.  

Malnut r i t ion  retards  brain growth and produces be- 
hav ioura i  abnormal i t iesa-L In  man  undernut r i t ion  is 
inev i tab ly  accompanied by  poor envi ronmenta l  condi- 
t ions which m a y  be de t r imen ta l  to future development .  
Animal  studies have  shown tha t  env i ronmenta l  factors 
induce biochemical  changes in the bra in  and al terat ions 
in learning abi l i ty  s. FRAI~KOVfi~ 9, LGVITSKY and BARNES 10 
and BLIZARD and RANDT 4 have demonstrated that such 
variables influence activity and exploration in malnour- 
ished rats. We therefore decided to examine the inter- 
action of malnutrition and environment on brain growth 

and learning abili ty.  The  long- term effects of ear ly  maI- 
nut r i t ion  in rats  and subsequent  rehabi l i ta t ion  by  re- 
feeding and env i ronmenta l  manipula t ion  are reported.  

P regnan t  "vVistar rats  whose t ime of concept ion was 
determined by  the  examina t ion  of dai ly vagina l  smears 
were r andomly  al located to control  and exper imenta l  con- 
dit ions and placed on a diet  containing 23% protein,  56~ 
carbohydrate ,  11~ fat, together  wi th  salts and vi tamins,  
and wi th  a calculated caloric value  of 4.1 calories per 
g ram 11. Malnutr i t ion,  consisting of 50% food restr ic t ion 
established by  pair-feeding techniques,  was imposed from 


