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I t  h a s  b e e n  s h o w n  t h a t  cel l  s u r f a c e  c a r b o h y d r a t e s  a r e  
i n w f l v e d  in  b o t h  i n t e r c e l l u l a r  a n d  s u b s t r a t e  a d h e s i o n  o n  
t h e  p a r t  of  p r o c a r y o t i c  a n d  e u c a r y o t i c  cel ls  ~4,15, t h o u g h  
n o  Clear r e l a t i o n  b e t w e e n  a d h e s i o n  a n d  C o n A - b i n d i n g  s i t e s  
h a s  y e t  b e e n  d e m o n s t r a t e d  a, t~ 

O u r  f i n d i n g s ,  h o w e v e r ,  s u g g e s t  t h a t  t h e  c a r b o h y d r a t e -  
c o n t a i n i n g  s u r f a c e  p r o t e i n  t h a t  b i n d s  C o n A  is p r i m a r i l y  
r e s p o n s i b l e  for  t h e  a d h e s i o n  of T. vaginalis t o  g l a s s  s u r f a c e s .  
T h e  i n f l u e n c e  of  o t h e r  f a c t o r s ,  h o w e v e r ,  s u c h  as  t h e  a c t i v e  
p r o t r u s i o n  of f i l opod ia ,  o r  m o v e m e n t s  of  t h e  cell  p e r i p h e r y  
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m e d i a t e d  b y  c y t o c h a l a s i n  B - s e n s i t i v e  m i c r o f i l a m e n t s ,  
m u s t  n o t  be  o v e r l o o k e d  17. 

T h e s e  r e s u l t s  a re  in  l ine  w i t h  t h e  h y p o t h e s i s  t h a t  s u g a r -  
c o n t a i n i n g  p r o t e i n s  a r e  i n v o l v e d  in c e l l u l a r  i n t e r a c t i o n s  
a n d  p a r t i c u l a r l y  in  c e l l - t o - s u b s t r a t e  a d h e s i o n  p h e n o m -  
e n a  a, 15, Is, 19. 

Summary .  T r e a t m e n t  of  Trichomonas vaginalis  w i t h  
E D T A  r e m o v e s  t h e i r  a b i l i t y  t o  a d h e r e  to  g l a s s  s u r f a c e s  
a n d  c h a n g e s  t h e i r  a f f i n i t y  t o  C o n c a n a v a l i n  A (ConA) b y  
a d i f f e r e n t  d i s t r i b u t i o n  of  t h e i r  s u r f a c e  s t r u c t u r e s .  F i l t r a t e s  
of  t h e  E D T A - t r e a t e d  Trichomonas p a s s e d  t h r o u g h  a f f i n i t y  
c h r o m a t o g r a p h y  c o l u m n s  ( C o n A  b o u n d  to  S e p h a r o s e  4B)  
s e p a r a t e  i n t o  2 f r a c t i o n s ,  o n e  f r a c t i o n  w a s  b o u n d  t o  t h e  
C o n A - S e p h a r o s e  b e a d s ,  t h e  o t h e r  w a s  no t .  T h e  C o n  A - 
b o u n d  f r a c t i o n  a p p e a r s  t o  be  a g l y c o p r o t e i n  w h i c h  r e s t o r e s  
in  a spec i f i c  w a y  t h e  a b i l i t y  o f  t h e  E D T A - t r e a t e d  p r o t o z o a  
t o  a d h e r e  t o  g lass .  
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Environmenta l  Factors  Control the Periodical  Reproduct ion of Tropical  Electric Fish 

W e a k l y  e l ec t r i c  f i sh  ( G y m n o t o i d e i ,  M o r m y r i f o r m e s )  
h a v e  s i nce  t h e  t i m e  of  t h e i r  d i s c o v e r y  t b e e n  m o r e  a n d  
m o r e  t h e  o b j e c t  o f  i n t e n s i v e  s t ud i e s~ .  T w o  i m p o r t a n t  
t op i c s ,  h o w e v e r ,  s e x u a l  b e h a v i o u r  a n d  e m b r y o l o g y ,  c o u l d  
n o t  as  y e t  be  s t u d i e d  s y s t e m a t i c a l l y .  

L i t t l e  is k n o w n  a b o u t  t h e  r e p r o d u c t i o n  of  t h e s e  
f i shes .  A p a r t  f r o m  a n  i s o l a t e d  c h a n c e  s u c c e s s  w i t h  
Petrocephalus hovel a, w e a k l y  e l ec t r i c  f i sh  h a v e  n e v e r  
b e e n  b r e d  in  c a p t i v i t y .  T h e  G y m n o t o i d e i ,  w h i c h  l ive  in  
t r o p i c a l  C e n t r a l  a n d  S o u t h  A m e r i c a ,  b r e e d  d u r i n g  t h e  
r a i n y  s e a s o n  4 as  do  m o s t  of  t h e  A f r i c a n  m o r m y r i d  f i she s  5, 6. 
T h e  f a c t o r s  w h i c h  c o n t r o l  t h e  p e r i o d i c a l  r e p r o d u c t i o n  o f  
:fishes in t h e  t r o p i c s  in r e l a t i o n  to  d r y  a n d  r a i n y  s e a s o n  
were ,  h o w e v e r ,  n o t  k n o w n L  I t  h a s  n o t  t h e r e f o r e  b e e n  

p o s s i b l e  u p  t o  n o w  to  i n d u c e  g o n a d  g r o w t h  in  t h e s e  
f i she s  in  t h e  l a b o r a t o r y .  

E i g e n m a n n i a  virescens w a s  c h o s e n  for  m o s t  of  t h e  
e x p e r i m e n t s  b e c a u s e  t h e y  a r e  t r a n s p a r e n t  a n d  t h e  g r o w t h  
of  t h e  g o n a d s  c o u l d  be  c o n t i n u o u s l y  o b s e r v e d .  A p r o l o n g e d  
se r i es  of  e x p e r i m e n t s  h a s  p r o v e d  t h a t  a c o m b i n a t i o n  of  
e n v i r o n m e n t a l  f a c t o r s  i n d u c e  t h e  g r o w t h  of g o n a d s  in  
Eigenmannia :  p H  a n d  c o n d u c t i v i t y  of  t h e  w a t e r  w e r e  
c o n t i n u o u s l y  d e c r e a s e d .  A t  t h e  s a m e  t i m e ,  t h e  w a t e r  
l eve l  w a s  i n c r e a s e d .  S i m u l a t e d  r a i n  (8 h / d a y )  a n d  a 
c o n s t a n t  p h o t o p e r i o d  (L D 13: 11) c o m p l e t e d  t h e  s y s t e m .  
A f t e r  a b o u t  2 m o n t h s  u n d e r  t h e s e  c o n d i t i o n s ,  t h e  a n i m a l s  
s h o w e d  m a t u r e  g o n a d s  ( F i g u r e  1). T h e s e  f i s h  a r e  s i m i l a r  
in  a p p e a r a n c e  to  m a t u r e  f i s h  c a u g h t  in S o u t h  A m e r i c a  
d u r i n g  t h e  r a i n y  s e a s o n  4. I f  t h e  a b o v e  c o n d i t i o n s  a r e  
c h a n g e d  in  t h e  o p p o s i t e  d i r e c t i o n ,  t h e n  m a t u r e  E. vires- 
cens r e d u c e  t h e i r  g o n a d s  in  4 to  6 w e e k s .  

Fig. 1. Female of E. virescens with entirely reduced ovary (a), and 
the same fish 87 days later after induction of ovarian growth (b) by 
simulating the rainy season (Figure 2). 
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I n  a special  b r eed ing  expe r imen t ,  i t  was  shown  t h a t  
t h e  descr ibed  e n v i r o n m e n t a l  fac tors  also regu la te  t h e  
r e p r o d u c t i o n  of these  f ish b y  induc ing  gonad  g r o w t h :  
m a t u r e  f i sh  f i r s t  s p a w n e d  a b o u t  2 m o n t h s  a f t e r  t h e  
b e g i n n i n g  of t he  e x p e r i m e n t  (Figure  2). T he  3 spawnings  
wh ich  h a v e  t a k e n  place,  showed  t h a t  t he  f ish la id  on ly  
30-80 eggs each  t ime .  M a t u r e  females,  however ,  ho ld  
200-400 eggs, wh ich  m i g h t  ind ica te  t h a t  E. virescens 
spawns  a t  r egu la r  i n t e rva l s  d u r i n g  t he  r a i n y  season. 

S u b s e q u e n t  e x p e r i m e n t s  h a v e  s h o w n  t h a t ,  a f te r  gonad  
reduc t ion ,  Eigenmannia can  i m m e d i a t e l y  r e a c h  m a t u r i t y  
a g a i n  w h e n  a f u r t h e r  r a i n y  season is im i t a t ed .  This  
ind ica tes  t h a t  t h i s  f i sh  does n o t  h a v e  a ' p o s t b r e e d i n g  
re f rac tor iness ' .  G o n a d  g r o w t h  could f u r t h e r m o r e  be  
induced  w i t h  t h e  same  t e c h n i q u e  in t h e  g y m n o t i d  species 
A pteronotus {Sternarchus) albi]rons, Sternopygus macrurus, 
Gymnotus carapo, a n d  Eigenmannia troscheli. ]By v a r y i n g  
t he  same  e n v i r o n m e n t a l  factors,  gonad  g r o w t h  a n d  
spawn ing  could  be  i nduced  9 weeks  a f te r  t h e  b e g i n n i n g  
of t he  e x p e r i m e n t  in  t he  Af r i can  m o r m y r i d  species 
Marcusenius spec. P r e l i m i n a r y  resu l t s  ind ica te  t h a t ,  
l ike Eigenmannia virescens, all  t hese  species h a v e  no  
' p o s t b r e e d i n g  re f rac tor iness ' .  
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I~ig. 2. Environmental factors which induce the growth of the gonads 
in E. virescens. At the beginning of the experiment, conductivity and 
pH-values were purposely chosen much higher than those found in 
the natural environment of the fish. The higher values made it 
easier continuously to lower pH and conductivity. The fish do not 
react to the absolute values of these variables but only to their 
change. The decrease of pH and conductivity was achieved by 
continuously adding water of lower values than those finally required. 
The water level reflects the amount of water added, x shows a 
sudden increase in conductivity after treating ill fish. Spawnings 2 
and 3 took place in a group of 3 fish, 1 male and 2 females, which 
were transferred at the 74th day of the experiment into another 
breeding tank in which they bred under different conditions. (Spawn- 
ing 2 at 25.5 ~ 175 ~xS, 7.3 pH, 34.2 cm water level; spawning 3 at 
26.0 ~ 170 [xS, 7.2 pH, and 34.9 em water leveL) In this experiment 
a slight temperature decrease occured. The fish react, however, 
even if the temperature is held constant. 

The  modi f i ca t ions  of t he  w a t e r  cond i t ions  in  t h e  
e x p e r i m e n t  are v e r y  s imi la r  to  those  found  in t h e  S o u t h  
A m e r i c a n  t rop ics  d u r i n g  t h e  r a i n y  season:  t h e  h e a v y  
ra in  fails cause  a n  e n o r m o u s  increase  in w a t e r  level  w h i c h  
leads to  s u b s t a n t i a l  d i l u t ion  of t he  w a t e r  a n d  a p H -  
decrease  s . S imi la r  changes  occur  in  t he  Afr ican  t rop ics  
d u r i n g  t he  r a i n y  season.  I n  those  h a b i t a t s  where  changes  
b e t w e e n  d r y  a n d  r a i n y  season are on ly  v e r y  sl ight ,  f ish 
m i g r a t i o n  m a y  n o t  on ly  lead t he  f ish to  t he  b r e e d i n g  
sites, b u t  m i g h t  also be  respons ib le  for  g rea t e r  env i ron -  
m e n t a l  changes  d u r i n g  t he  m i g r a t o r y  phase ,  t h u s  fac i l i ta t -  
ing g o n a d  growth .  I t  is known,  for example ,  t h a t  Af r i can  
fishes c o m m e n c e  m i g r a t i n g  a t  dec reas ing  w a t e r  con-  
d u c t i v i t y  9, and  severa l  m o r m y r i d  species show s imi la r  
r eac t ions  ~. The  e x p e r i m e n t s  descr ibed  show for t he  f i rs t  
t i m e  so fa r  as is known ,  h o w  the  per iodica l  r e p r o d u c t i o n  
of t rop ica l  f ishes in  r e l a t i on  to  d r y  a n d  r a i n y  season  is 
con t ro l l ed  b y  e n v i r o n m e n t a l  fac tors  w h i c h  regu la te  gonad  
growth .  B u t  f u r t h e r  e x p e r i m e n t s  m u s t  show w h i c h  fac to r  
or c o m b i n a t i o n  of t he  fac tors  used in t he  p r e s e n t  s t u d y  
are essent ia l  to  induce  t he  r eac t ion  of t h e  fish. A t  a n y  
ra te ,  t he se  fac tors  are  qu i te  d i f fe ren t  f rom the  classical  
va r i ab les  of t e m p e r a t u r e  a n d  pho tope r iod  w h i c h  con t ro l  
t he  per iodica l  r e p r o d u c t i o n  of f ishes of t he  t e m p e r a t e  
zones 7. 

The  p r e s e n t  e x p e r i m e n t s  ind ica te  t h a t  b o t h  g y m n o t i d  
and  m o r m y r i d  f ish can  r e a c h  m a t u r i t y  a b o u t  2 m o n t h s  
a f te r  t h e  b e g i n n i n g  of t h e  r a i n y  season. A t  th i s  t i m e  t he  
f ry  will f ind  o p t i m a l  cond i t ions  in t h e  f looded areas.  
F u r t h e r m o r e ,  t he  l ack  of a ' p o s t b r e e d i n g  re f rac to r iness '  
m a k e s  t h e  f ish m u c h  more  a d a p t a b l e  to  i r regular i t i es  
d u r i n g  t h e  r a i n y  season  a n d  exp la ins  w h y  t rop ica l  f ishes 
can  b reed  twice  a y e a r  s in  regions  wh ich  h a v e  2 d r y  a n d  
r a i n y  seasons.  T h e  descr ibed  or a modi f ied  t e c h n i q u e  
m i g h t  p e r m i t  t he  c o n t i n u o u s  b r eed ing  of t rop ica l  f ish 
wh ich  s p a w n  on ly  d u r i n g  t h e  r a i n y  season, a n d  t h u s  
r e p r e s e n t  a v i t a l  p r o t e i n  source for m a n y  of t h e  Af r i can  
and  S o u t h  A m e r i c a n  count r ies .  

Summary. B y  v a r y i n g  e n v i r o n m e n t a l  factors,  gonad  
g rowth  a n d  spawning  could be  induced  in Eigenmannia 
virescens a n d  Marcusenius spec. The  same  fac tors  can  lead 
to  gonad  reduc t ion .  These  f ish h a v e  no " p o s t b r e e d i n g  
re f rac to r iness" .  
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