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S u m m a r y .  An inbred  s t r a i n  ( " I s t anbu l" )  of guppies was divided into two s u b s t r a i n s ,  one of which was ma in -  
ta ined and b r e d  in s e a w a t e r .  The of f spr ing  of i r r a d i a t e d  an ima l s  of both subs t r a in s  (1000 R X - r a y s  to s p e r m a -  
togonia and oogonia  of neonatal  f ish) w e r e  t e s t ed  in a new "gruppy m a l e  cour t sh ip  ac t iv i ty  t e s t "  and c o m p a r e d  
with con t ro l  g roups .  The p o s t i r r a d i a t i o n  r e s p o n s e  in the s e a w a t e r  s u b s t r a i n  was m o r e  in tense  than in the f r e s h -  
wa te r  s u b s t r a i n .  
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Introduction 

In the f r a m e w o r k  of an ex t ens ive  study deal ing with 

the r ad i a t i on - induced  mutabi l i ty  of po lygen ica l ly  de-  

t e r m i n e d  morpho log ica l  c h a r a c t e r s  of t e l eo s t ean  fish 

(SchrSder  1969a, b ) ,  the mutagen ic  r e s p o n s e  of quan-  

t i t a t ive  behav ioura l  pa t t e rn s  to ioniz ing rad ia t ion  was 

a lso  examined .  P r e v i o u s  r e s u l t s  on mutat ional  changes  

conce rn ing  the agonis t i c  behaviour  of convic t  c ich l ids  

(Ho lzbe rg  and SchrSder  1975) and l a b o r a t o r y  m i c e  

(SchrSder  1977a, b) encouraged  the p r e s e n t  au thors  

to i nves t iga t e  the mutabi l i ty  of the cour t sh ip  behav iour  

of poec i l i id  f i sh ,  known to be d e t e r m i n e d  by polygenes  

( F r a n c k  1970).  Howeve r ,  the quant i ta t ive  c h a r a c t e r s  

of t e l eos t s  a r e  not only of a h e r e d i t a r y  na tu re ,  but 

a r e  a l so  inf luenced by env i ronmen ta l  f ac to r s  such as 

t e m p e r a t u r e  and sa l in i ty  (Schmidt  1919, 1920).  Thus, 

the a v e r a g e  number  of dor sa l  fin r a y s  d e c r e a s e d  with 

d e c r e a s i n g  t e m p e r a t u r e  in Poecilia reticulata(Schmidt 

1919),  and the mean  v e r t e b r a l  number  a lso  d e c r e a s e d  

with d e c r e a s i n g  sa l in i ty  in Zoa~ees viviparus (Schmidt  

1920).  The ques t ion  was asked  by the p r e s e n t  i n v e s t i -  

ga to rs  whether  the man i fes t a t ion  of muta t ions  of quan- 

t i t a t ive  behav ioura l  t r a i t s  depends in a s i m i l a r  manne r  

* Dedica ted  to P r o f . D r . D r . h . c . m u l t .  Cur t  Kosswig  
on the occas ion  of his  7 5  th bi r thday 

on the env i ronmen ta l  sa l in i ty .  Thus, a c o m p a r i s o n  

was made be tween  the of fspr ing  of i r r a d i a t e d  and 

cont ro l  guppies of the s a m e  s t r a i n  under  s e a w a t e r  

and f r e s h w a t e r  condi t ions .  

Cour t sh ip  ac t iv i ty  of m a l e  guppies has  p roven  to 

be inf luenced by s e v e r a l  f a c t o r s .  Seghers  (1974) and 

F a r r  (1975) found it to be c o r r e l a t e d  with the p r e s -  

ence  of d i f ferent  types of p r e d a t o r s ,  and F a r r  and 

Her rnk ind  (1974) o b s e r v e d  a c o r r e l a t i o n  with popu- 

lat ion dens i ty .  Lang (1970) d e s c r i b e d  an inf luence  of 

lunar  pe r iod ic i ty  on c o l o u r - s e n s i t i v i t y .  So it  s e e m e d  

n e c e s s a r y  to find out a quick method for  tes t ing  c o u r t -  

ship behav iour  of i so la t ed  m a l e  guppies (Guppy Male 

Cour tsh ip  Act iv i ty  Test)  which could a lso  be used  for 

tes t ing  mutagen ic i ty .  

Ma te r i a l  and Methods 

Orig in  of F i s h  

F o r  these  e x p e r i m e n t s ,  the inbred  s t r a i n  " Is tanbul"  
was u sed .  This guppy s t r a i n  has been b r e d  and ma in -  
ta ined by " c o l l e c t i v e  b reed ing"  s ince  the ea r ly  f i f t ies  
when it was i m p o r t e d  f rom Istanbul to Hamburg  by 
P r o f .  Dr .  Dr .  h . c .  mul t .  C.  Kosswig .  Though only 
random mat ing  o c c u r r e d ,  the s t r a i n  was r educed  f rom 
t i m e  to t i m e  to only one or  a few p a i r s  of founder f i sh ,  
thus ensu r ing  a r e l a t i v e l y  high d e g r e e  of i nb reed ing .  

The s t r a i n  was divided into two sub t ra ins  : One sub- 
s t r a i n  was main ta ined  in no rma l  Munich tap wate r  
( " f r e s h w a t e r  g u p p i e s " ) ,  w h e r e a s  the o ther  one was 
b r e d  and main ta ined  in a r t i f i c i a l l y  obtained s e a w a t e r  
of a sa l t  concen t r a t ion  of 33.3% o ( " s e a w a t e r  gup- 
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p i e s " ) .  C o m p a r e d  w i th  t h e  f r e s h w a t e r  g u p p i e s ,  t h e  1000 R 
s e a w a t e r  s u b s t r a i n  w a s  a p o o r  b r e e d e r  a n d  p r o d u c e d  to  
l e s s  y o u n g  p e r  b r o o d .  

The  guppy  s t r a i n  " I s t a n b u l "  i s  c h a r a c t e r i z e d  by  a P9 
n o r m a l  w i l d t y p e  c o l o r a t i o n  of  a l l  f i s h  a s  we l l  a s  by  
two g o n o s o m a l  d o m i n a n t  m a r k e r  g e n e s ;  t h e  Y - l i n k e d  I - F12 
gene 'double-sword', D__~s, causing the dorsal and 
ventral elongation of the caudal fin, and the X-linked I - F29 
marker, Cp, which is responsible for the pigmenta- 
tion of the caudal fin and caudal peduncle. If together 
in the same genotype (Xc_aY0~8), both markers interact 
in forming the typical fan-shaped pigmented fail fin of 
this strain. Cp can be exchanged by crossing-over be- 
tween the Y and X chromosomes resulting in the Y- 
linkage (Ycp§ this character (Dzwillo 1959). 

M a i n t a i n a n c e  of  t he  F i s h  

A p a r t  f r o m  t h e  f r e s h -  a n d  s e a w a t e r  c o n d i t i o n s ,  a l l  
f i s h  w e r e  b r e d  a n d  m a i n t a i n e d  in  t h e  s a m e  e n v i r o n -  
m e n t .  The  p r e d o m i n a n t l y  a r t i f i c i a l  i l l u m i n a t i o n  was  
s e t  a u t o m a t i c a l l y  on  a 1 2 - 1 2 - h o u r  p h o t o p e r i o d ,  a n d  
t e m p e r a t u r e  v a r i e d  b e t w e e n  2 2 - 2 4 ~  Al l  b r o o d s  w e r e  
r a i s e d  s e p a r a t e l y  i n  t a n k s  of  10 o r  25 l i t e r s  of  w a t e r  
w i t h o u t  any  g r a v e l ,  bu t  p r o v i d e d  w i t h  f l o a t i n g  w a t e r  
p l a n t s .  Al l  a q u a r i a  w e r e  a r t i f i c i a l l y  a e r a t e d  a n d  pH 
w a s  a b o u t  7 . 0 .  The  f i s h  w e r e  f ed  Artemia saZina, 
Tubifex w o r m s ,  a n d  TETRAMIN (R) 

I r r a d i a t i o n  

Al l  f i s h  w e r e  i r r a d i a t e d  o r  s h a m - t r e a t e d  on  t h e  day  
of b i r t h ,  a n d  u p o n  b e c o m i n g  s e x u a l l y  m a t u r e ,  t h e y  
w e r e  i n d i v i d u a l l y  m a t e d  to s i b s  of  t h e  s a m e  b r o o d .  
B e c a u s e  i r r a d i a t e d  f e m a l e s  w e r e  m a t e d  to i r r a d i a t e d  
b r o t h e r s ,  t h e  g e n e t i c a l l y  e f f e c t i v e  r a d i a t i o n  d o s e  i n  
i r r a d i a t e d  F• ( I  - F~) w a s  t h e  s u m  of  t h e  p a t e r n a l  
a n d  m a t e r n a l  r a d i a t i o n  d o s e ;  i . e . ,  1000 + 1 0 0 0 R  of  
X - r a y s .  To p r o d u c e  t h e  c o r r e s p o n d i n g  i r r a d i a t e d  F~ 
( I  - F~ ) ,  I - F I  f i s h  of  t h e  s a m e  l i t t e r  w e r e  m a t e d  to  
e a c h  o t h e r .  F o r  t h e  c o n t r o l  s e r i e s ,  h o w e v e r ,  u n i r -  
r a d i a t e d  f i s h  w e r e  s i b - m a t e d  in  t h e  s a m e  m a n n e r  to  
o b t a i n  c o n t r o l - F ~  (C - F• a n d  c o n t r o l - F s  (C - F2 ) o f f -  
s p r i n g  ( F i g .  1 ) .  

The  w h o l e - b o d y  i r r a d i a t i o n  of  t h e  f i s h  wa s  a c -  
c o m p l i s h e d  w i th  a 300 kvp  X - r a y  m a c h i n e .  D u r i n g  
i r r a d i a t i o n  e x p o s u r e ,  t h e  f i s h  w e r e  k e p t  in  s m a l l  
p l a s t i c  d i s h e s  of  16 c m  d i a m e t e r ,  c o n t a i n i n g  M u n i c h  
t ap  w a t e r  o r  a r t i f i c i a l l y  p r o d u c e d  s e a w a t e r  (33% o 
s a l i n i t y )  to  a d e p t h  of  2 c m  a t  a t e m p e r a t u r e  b e t w e e n  
21 a n d  24~ The  r a d i a t i o n  c o n d i t i o n s  w e r e  a s  f o l l o w s :  
300 k v p ;  10 m A  w i t h  0 . 6 - m m  c o p p e r  a n d  1 . 0 - m m  
a l u m i n i u m  f i l t r a t i o n ;  d o s e r a t e  200 - 220 R / m i n ,  m e a -  
s u r e d  d i r e c t l y  i n  t he  i r r a d i a t e d  w a t e r  by  V i c t o r e e n -  
d o s i m e t e r .  The  f o c u s - t a r g e t  d i s t a n c e  w a s  30 c m .  The  
X - r a y  d o s e  of  1000 R w a s  a p p l i e d  to u n n a r c o t i z e d  
f i s h e s  in  g r o u p s  of  1 0 - 2 0  g u p p i e s ,  a l l  f r o m  t h e  
s a m e  b r o o d .  E x c e p t  f o r  i r r a d i a t i o n ,  t h e  s h a m - t r e a t e d  
c o n t r o l s  w e r e  h a n d l e d  i n  t h e  s a m e  way  a s  t h e  i r r a -  
d i a t e d  f i s h .  

T e s t i n g  Male C o u r t s h i p  A c t i v i t y  

F o r  t h e  guppy  m a l e  c o u r t s h i p  a c t i v i t y  t e s t ,  t h e  f i s h  
w e r e  p l a c e d  i n to  c u b o i d a l  a q u a r i a  w i t h  a s i d e  l e n g t h  
of 20 c m ,  e a c h  t a n k  c o n t a i n i n g  on ly  o n e  p a i r .  They  
w e r e  a l l o w e d  to  a d a p t  to t h i s  s i t u a t i o n  f o r  a t  l e a s t  o n e  
d a y .  E a c h  of  t h e  m a l e s  w a s  o b s e r v e d  f o r  a b o u t  t w e l v e  

1000 R S h a m - t r e a t m e n t  of  
to  
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• I -  F l d  C - F19 x C - F l d  
I I 

I I I 

• I-F# C-F2  • C - F #  

F i g . 1 .  O r i g i n  of  t h e  F~ a n d  F2 g e n e r a t i o n s  of  t h e  i r r a -  
d i a t e d  a n d  c o n t r o l  s e r i e s  

, 

J 
J 

F i g .  2 .  The  t e s t  a r r a n g e m e n t .  In t h e  c e n t e r  a g l a s s  v e s -  
s e l  c o n t a i n i n g  t h e  t e s t  f e m a l e .  M a l e  m o v e m e n t s  d i r e c t -  
ed  t o w a r d s  t h e  f e m a l e ;  " a p p r o a c h i n g "  

F i g .  3 .  M a l e  a t t e m p t s  to  e n t e r  t h e  g l a s s  v e s s e l  c o n t a i n -  
i ng  t h e  f e m a l e ;  " p e n e t r a t i n g "  

sessions at a temperature of 27~ Only one session 
per day was conducted with each animal, each session 
lasting I0 minutes. Two hours before each session, 
the female was removed from the aquarium; i.e., the 
test male was isolated for two hours. During the ses- 
sion, a test female was then placed into a glass ball 
(5 cm in diameter) which was fixed in the middle of 
the aquarium containing the male to be tested (Fig. 2). 
Several females were used throughout all the test se- 
ries, but the same female was offered to both I and 
C males of a given series. 

By this means, visual, but no olfactory and gusta- 
tory contacts between the female and the male to be 



O . H .  S p i e s e r  and J . H .  S c h r b d e r  : D i f f e r e n t i a l  R e s p o n s e  to I r r a d i a t i o n  of  Poecilia reticulata 225 

-+ to .  05 " s~  

with t0.o5 = 2 . 0  fo r  n = 50 was  a p p l i e d .  
The d i s t r i b u t i o n  of  t he  b e h a v i o u r a l  p a r a m e t e r s  

e x a m i n e d  a m o n g  the  d i f f e r e n t  i n d i v i d u a l s  and s e r i e s  
was  c o m p a r e d  by an a n a l y s i s  of  v a r i a n c e  ( S a c h s  1974) .  

F i g .  4. S - c u r v i n g  of  t he  m a l e  v e r t e b r a l  c o l u m n ;  " s i g -  
m o i d a l  p o s i t i o n " ,  a)  c l o s e d  d i s p l a y ,  b)  open  d i s p l a y  

~ ~ ~ "  " .i ...: -.. 

F i g .  5. F o r w a r d  m o v e m e n t  of  the  c o p u l a t o r y  o r g a n ;  
" g o n o p o d i a l  s w i n g i n g "  

t e s t e d  w e r e  p o s s i b l e .  The t e s t  i t s e l f  c o n s i s t e d  of  t he  
d e t e r m i n a t i o n  of  f o u r  b e h a v i o u r a l  p a r a m e t e r s  r e g i s -  
t e r e d  by t i m e  and e v e n t  r e c o r d e r s :  M a l e  m o v e m e n t s  
d i r e c t e d  t o w a r d s  t he  f e m a l e  ( " a p p r o a c h i n g " ,  F i g .  2) ; 
a t t e m p t s  to e n t e r  t he  g l a s s  v e s s e l  of  the  f e m a l e  ( " p e -  
n e t r a t i n g " ,  F i g .  3) ; S - c u r v i n g  of  the  m a l e '  s v e r t e b r a l  
c o l u m n  ( " s i g m o i d a l  p o s i t i o n "  a c c o r d i n g  to B a e r e n d s ,  
B r o u w e r  and W a t e r b o l k  1955, t ak ing  open  and c l o s e d  
d i s p l a y  as  one  b e h a v i o u r a l  t r a i t )  ; and  down-  and 
f o r e w a r d  m o v e m e n t  of  the  c o p u l a t o r y  o r g a n  ( " g o n o -  
pod ia l  s w i n g i n g "  a c c o r d i n g  to C l a r k  and A r o n s o n  
1951, F i g .  5 ) .  W h e t h e r  t h e s e  a c t i v i t i e s  a c t u a l l y  b e -  
long  to t he  c o u r t s h i p  d i s p l a y  of  t he  m a l e  guppy wi l l  
be  d i s c u s s e d  in t he  f ina l  s e c t i o n  of  t h i s  p a p e r .  The 
h u m a n  o b s e r v e r s  did not  know w h e t h e r  the  t e s t  m a l e s  
b e l o n g e d  to t he  I o r  C g r o u p s .  

S t a t i s t i c a l  C a l c u l a t i o n s  

The m e a n  v a l u e s  (x)  and  s t a n d a r d  e r r o r s  o f  t he  m e a n  
(s~)  w e r e  c a l c u l a t e d  by the  u s e  of  a p r o g r a m m e d  c a l -  
c u l a t o r  ( H P - 6 5 ) .  F o r  t he  d e t e r m i n a t i o n  of  the  95 
c o n f i d e n c e  l i m i t s ,  t he  f o r m u l a  

R e s u l t s  

Sea Water Guppies 

In the FI, only three males of each series were tested. 

The frequency of three out of four behavioural para- 

meters in I-F i was significantly enhanced as com- 

pared to C-F i , and the duration of "approaching" and 

"sigmoidal position" was significantly greater. How- 

ever, we could not be certain whether these changes 

of mean values reflected radiation-induced alterations 

in I-F i because the behavioural activities of thethree 

I males were also greatly different from each other. 

In F2, however, 347 sessions with 17 I males were 

compared to 209 sessions with 10 C males. There 

was a significant reduction in the frequency of I - F 2 

compared to C - F 2 for the same three behavioural 

traits which increased in I-F I (Table i). Thus, the 

ratio of I/C exceeded 2.0 in F i and was lower than 

0.75 in i? 2 . Though no significant change was found 

for "gonopodial swinging" both in F i and F2, its di- 

rection of change was the same as observed for the 

three other parameters. In other words, the courtship 

activity increased in I - F 1 and decreased in I - F2, re- 

lative to the corresponding controls. The same holds 

true for the duration of the four traits, with the excep- 

tion that only "approaching" and "sigmoidal position" 

increased significantly in l - FI, whereas all four be- 

havioural traits decreased significantly in I - F 2 (Table 

2). If one compares the distribution of the F2-males 

according to their mean values, a considerable in- 

crease of variability was found in I - F 2, both for the 

frequency and the duration of the four traits (Fig.6). 

The analysis of variance revealed a significant differ- 

ence for the frequency of "approaching", "penetrat- 

ing", and "sigmoidal position" and for the duration 

of "approaching" and "penetrating". There was no 

significant change for "gonopodial swinging" in either 

case. 
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T a b l e  1.  C o u r t s h i p  a c t i v i t y  o f  m a l e  s e a  w a t e r  g u p p i e s ;  m e a n  v a l u e s  + 95 7~-c o n f i d e n c e  l i m i t s  ( f r e q u e n c y )  

F~ G e n e r a t i o n  F2 G e n e r a t i o n  

I -  F~ C -  F• I -  F2 C -  F2 
I I 

P a r a m e t e r  3 m a l e s  3 m a l e s  C 17 m a l e s  10 m a l e s  C 
51 s e s s i o n s  51 s e s s i o n s  347 s e s s i o n s  209 s e s s i o n s  

A p p r o a c h i n g  1 2 . 2 5  + 2 . 3 8  a 6 . 1 0  + 1 . 2 8  a 2 . 0 1  a 7 . 1 2  + 0 . 7 6  d 1 0 . 4 8  + 1 . 0 2  a 0 . 6 8  d 
P e n e t r a t i n g  6 . 9 8  + 2 . 4 0  b 2 . 0 6  + 0 . 9 8  b 3 . 3 9  b 2 . 8 3  -+ 0 . 5 8  e 5 . 4 5  -+ 0 . 9 2  e 0 . 5 2  e 
S i g m o i d a l  
P o s i t i o n  2 0 . 7 3  -+ 6 . 7 2  c 9 . 5 1  -+ 3 . 8 4  r 2 . 1 8  r 7 . 7 4 - +  1 . 3 2  r 1 3 . 4 9  + 2 . 0 8  t 0 . 5 7  f 

G o n o p o d i a l  3 . 7 3  + 1 . 2 4  1 . 7 6  + 0 . 8 4  2 . 1 2  1 . 7 8  + 0 . 5 0  2 . 4 5  + 0 . 5 8  0 . 7 3  
S w i n g i n g  

~-t S i g n i f i c a n t  d i f f e r e n c e s  (P  < 0 . 0 5 )  

T a b l e  2 .  C o u r t s h i p  a c t i v i t y  o f  m a l e  S e a w a t e r  g u p p i e s  ; m e a n  v a l u e s  + 95 Z - c o n f i d e n c e  l i m i t s  ( d u r a t i o n )  

F1 G e n e r a t i o n  Fe G e n e r a t i o n  

I - F ~  C - F ~  I - F 2  C - F 2  
I I 

P a r a m e t e r  3 m a l e s  3 m a l e s  ~ 17 m a l e s  10 m a l e s  
51 s e s s i o n s  51 s e s s i o n s  347 s e s s i o n s  209 s e s s i o n s  

A p p r o a c h i n g  9 . 5 7  -+ 1 .84  a 4 . 7 8  -+ 1 . 0 8  a 2 . 0 0  a 6 . 1 0  + 0 .66  r 8 . 9 9  + 0 . 8 6  r 0 . 6 8  r 
P e n e t r a t i n g  3 5 . 9 6  + 1 8 . 8 2  b 8 . 9 4  -+ 5 . 2 6  b 4 . 0 2  b 1 0 . 3 2  + 2 . 5 2  ~ 17o69 + 3 . 4 8  d 0 . 5 8  d 

S i g m o i d a l  1 8 . 7 1  -+ 6 . 4 6  1 1 . 1 0  + 5 . 4 8  1 . 6 9  8 . 1 6  + 1 .80"  1 2 . 2 5  + 1 . 9 4  e 0 . 6 7  e 
P o s i t i o n  

G o n o p o d i a l  3 . 0 2  + 1 . 0 0  1 .61  + 0 . 8 8  1 . 8 8  1 . 5 7  + 0 . 4 2  f 2 . 1 9  + 0 . 5 4  ~ 0 . 7 2  ~ 
S w i n g i n g  

a-~ S i g n i f i c a n t  d i f f e r e n c e s  (P < 0 . 0 5 )  

Fresh Water Guppies 

The frequency of the four parameters determined was 

not significantly changed both in I - F 1 and I - F 2. Cor- 

respondingly, the ratios of I/C were approximately 

1.0, with a slight tendency to increase in I - F I and 

decrease in I-F 2 (Table 3). The same tendency was 

found for the duration of the parameters (Table 4). 

In the latter case, however, the duration of "sigmoi- 

dal position" decreased significantly in I - F 1 in com- 

parison to C - F 2 (Table 4). This situation was also 

reflected by the distribution of F2-males according 

to their mean values (Fig. 6) which demonstrates an 

increase in variability mainly for the duration of 

"sigmoidal position", but no statistically significant 

differences in variability. 

C o m p a r i s o n  o f  S e a w a t e r  a n d  F r e s h w a t e r  G u p p i e s  

By  s u m m e r i z i n g  t h e  d a t a  f o r  t h e  f o u r  d i f f e r e n t  b e h a -  

v i o u r a l  t r a i t s ,  t h e  " o v e r a l l  c o u r t s h i p  a c t i v i t y "  w a s  o b -  

r a i n e d  ( T a b l e  5 ) .  T h i s  s u m m a r y  c o n f i r m e d  t h e  p r e -  

v i o u s  f i n d i n g s ;  t h e  s i g n i f i c a n t  i n c r e a s e  o f  c o u r t s h i p  

activity in I- F I and its significant decrease in I - F 2 

both for the frequency and duration of the seawater 

guppies. For the freshwater fish, however, a signifi- 

cant decrease was found only for the duration of court- 

ship behaviour in I-F 2 comparedto C- F 2. If one com- 

pares the I/C values between seawater and freshwater 

guppies, a value near 1.0 was characteristic for the 

freshwater fish whereas this value exceeded 2.1 for 

the seawater guppies both for frequency and duration 

in F 1. The I/C values were close together for the F 2 

of  bo th  e n v i r o n m e n t s  ( T a b l e  5 ) .  T h u s ,  a h i g h e r  c o r r e s -  

p o n d e n c e  b e t w e e n  i r r a d i a t e d  a n d  c o n t r o l  s e r i e s  w a s  

f o u n d  i n  F 2 t h a n  in  F 1 .  

The  s t a n d a r d  d e v i a t i o n  w i t h i n  t h e  s e r i e s  f o r  t h e  

o v e r a l l  c o u r t s h i p  a c t i v i t y  w a s  d i f f e r e n t  f o r  s e a w a t e r  

a n d  f r e s h w a t e r  g u p p i e s  ( T a b l e  6 ) .  T h i s  v a l u e  w a s  

f o u n d  to  b e  h i g h e r  in  I - F  1 t h a n  in  C - F  1 f o r  bo th  

f r e q u e n c y  a n d  d u r a t i o n  in  s e a w a t e r  f i s h  a n d  l o w e r  

in  I -  F 1 f o r  bo th  f r e q u e n c y  a n d  d u r a t i o n  in  f r e s h w a -  

t e r  f i s h .  H o w e v e r ,  a s  a l r e a d y  m e n t i o n e d ,  t h e  b e h a v -  

i o u r a l  p a r a m e t e r s  of  on ly  t h r e e  F 1 m a l e s  f r o m  e a c h  

g r o u p  w e r e  s c o r e d  f o r  t h e  s e a w a t e r  s u b s t r a i n .  In  F 2,  
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F i g . 6 .  D i s t r i b u t i o n  of  t h e  m e a n  
v a l u e s  f o r  f r e q u e n c y  and  d u r a -  
t i on  of  f o u r  c a t e g o r i e s  of  s e x u a l  
b e h a v i o r  of  F~ - dd  in  i r r a d i a t e d  
(I - P~ ) and  c o n t r o l  (C - F2 ) l i n e s  
of  s e a w a t e r  and  f r e s h w a t e r  s u b -  
s t r a i n s  of  g u p p i e s  

Table 3~ Courtship activity of male freshwater guppies; mean values + 95 %-confidence limits (frequency) 

F~ Generation F2 Generation 

I-F~ C-F~ I-F~ C-F~ 
I 

Parameter 17 males 17 males ~ 19 males 18 males 
200 sessions 171 sessions 237 sessions 216 sessions 

I 
C 

Approaching 8.00 -+ 0.88 7.07 -+ 1.04 1 . 1 3  8.41 • 1.05 8.85 -4"- 1 . 1 9  
Penetrating 4.35 -+ 0.92 4.56 + 1.20 0.95 5.35 -+ 1.23 6.31 *- 1.87 
Sigmoidal Position 9.34 -+ 1.42 9.21 -+ 3.20 1.01 8.63 • 1.42 9.13 • 1.52 
Genopodial Swinging 2.82 -+ 0.68 2.19 • 0.66 1.29 4.33 • 1.06 5.06 +- 0.98 

0 . 9 5  
0 . 8 5  
0 . 9 5  
0 . 8 6  
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T a b l e  4 .  C o u r t s h i p  a c t i v i t y  o f  m a l e  f r e s h w a t e r  g u p p i e s  ~ m e a n  v a l u e s  -+ 95 7 o - c o n f i d e n c e  l i m i t s  

F~ G e n e r a t i o n  F~ G e n e r a t i o n  

I -  F~ C - F~ I I -  F~ C -  F~. I 

P a r a m e t e r  17 males 17 m a l e s  C" 19 m a l e s  18 m a l e s  C" 
200  s e s s i o n s  171 s e s s i o n s  237  s e s s i o n s  216  s e s s i o n s  

A p p r o a c h i n g  1 0 . 1 5  i 1 . 1 5  1 1 . 8 7  �9 6 . 5 1  0 . 8 6  1 4 . 4 4  • 2 . 0 4  1 8 . 2 1  • 3 . 0 3  0 . 7 9  
P e n e t r a t i n g  1 3 . 2 5  • 3 . 2 3  1 4 . 7 8  • 4 . 1 8  0 . 9 0  1 3 . 1 5  + 3 . 6 1  1 5 . 8 8  • 4 . 1 9  0 . 8 3  

S i g m o i d a l  1 5 . 9 2  • 3 . 0 5  1 5 . 2 1  • 3 . 9 6  1 . 0 5  1 9 . 4 6  • 3 . 7 4 "  3 4 . 3 5  • 8 . 3 7 "  0 . 5 7  ~ 
P o s i t i o n  

G o n o p o d i a l  3 . 6 6  • 0 . 8 9  3 . 0 5  ~- 0 . 8 6  1 . 2 0  5 . 9 8  • 1 . 0 7  7 . 9 6  ~- 1 . 6 6  0 . 7 5  
S w i n g i n g  

S i g n i f i c a n t  d i f f e r e n c e  ( P  < 0 . 0 5 )  

T a b l e  5 .  O v e r a l l  c o u r t s h i p  a c t i v i t y  o f  m a l e  s e a w a t e r  a n d  f r e s h w a t e r  g u p p i e s  ; m e a n  v a l u e s  • 95 7 ~ - c o n f i d e n e e  
l i m i t s  ( f r e q u e n c y  a n d  d u r a t i o n )  

Fi G e n e r a t i o n  F2 Generation 

I I 
P a r a m e t e r  E n v i r o n m e n t  I - F~ C - F~ I - F2 C - F2 

C C 

S e a w a t e r  1 0 . 9 2  + 2 . 1 2  a 5 . 1 0  -+ 1 . 2 5  ~ 2 . 1 4  a 4 . 8 7  • 0 . 4 5  c 7 . 9 7  • 1 . 0 4  r 0 . 6 1  r 
F r e q u e n c y  F r e s h w a t e r  6 . 1 3  -+ 0 . 5 4  5 . 7 6  + 0 . 9 3  1 . 0 6  6 . 6 8  • 0 . 6 1  7 . 3 4  • 0 . 7 6  0 . 9 1  

S e a w a t e r  1 6 . 8 1  • 5 . 2 7  b 6 . 6 0  • 1 . 9 8  b 2 . 5 5  b 6 . 5 4  • 0 . 8 1  d 1 0 . 2 8  + 1 . 1 0  d 0 . 6 3 4  
D u r a t i o n  

F r e s h w a t e r  1 0 . 7 4  -+ 1 . 2 1  1 1 . 2 3  -+ 2 . 2 1  0 . 9 6  1 3 . 2 6  ~ 1 , 4 5 "  1 9 . 1 0  • 2 . 5 7  e 0 . 6 9 "  

a-e  S i g n i f i c a n t  d i f f e r e n c e s  ( P  < 0 . 0 5 )  

T a b l e  6 .  O v e r a l l  c o u r t s h i p  a c t i v i t y  o f  m a l e  s e a w a t e r  a n d  f r e s h w a t e r  g u p p i e s ;  s t a n d a r d  d e v i a t i o n  w i t h i n  
t h e  s e r i e s  ( f r e q u e n c y  a n d  d u r a t i o n )  

F~ G e n e r a t i o n  F~ G e n e r a t i o n  

I I 
P a r a m e t e r  E n v i r o n m e n t  I - F~ C - F~ ~ I - F~ C - F2 

S e a w a t e r  • 1 3 . 7 7  • 8 . 4 7  1 . 6 3  • 7 . 9 2  • 1 4 . 4 7  0 . 5 5  
F r e q u e n c y  F r e s h w a t e r  -+ 7 . 1 7  + 1 1 . 8 8  0 . 6 0  • 9 . 2 5  -+ 1 0 . 5 2  0 . 8 8  

S e a w a t e r  • 3 5 . 7 7  i 1 3 . 7 7  2 . 6 0  -+ 1 4 . 8 2  -+ 1 4 . 8 7  1 . 0 0  
D u r a t i o n  

F r e s h w a t e r  • 1 6 . 5 1  -+ 2 8 . 5 7  0 . 5 8  • 2 1 . 8 9  -+ 3 6 . 6 6  0 . 6 0  

Table 7. Courtship activity of male seawater and freshwater guppies; standard deviation within the series 
(frequency) 

E nvir onm ent Seawater F r eshwat er Seawater F r eshwat er 

I I I I 
G e n e r a t i o n  I - F l  C - F~ ~- I - F~ C - F l  ~ I - F2 C - Fs  ~ I - F2 C - F2 

A p p r o a c h i n g  • 7 . 4 1  • 4 . 5 4  1 . 6 3  - + 5 . 3 5  • 5 . 7 9  0 . 9 2  + 7 . 0 3  • 7 . 4 3  0 . 9 5  •  • 7 . 7 2  0 . 9 4  
�9 P e n e t r a t i n g  • 6 . 0 2  • 3 . 4 6  1 74  •  • 5 . 8 0  0 . 8 4  -+ 5 . 4 2  • 6 . 7 0  0 . 8 1  •  + 1 2 . 8 7  0 . 6 5  

S i g m o i d a l  •  - + 1 3 . 0 8  1 . 2 9  + 9 . 1 3  - + 2 0 . 0 5  0 . 4 6  - + 1 2 . 3 0  •  0 . 8 2  & 8 . 2 9  • 9 . 8 6  0 . 8 4  
0~ P o s i t i o n  

G o n o p o d i a J  • 7 .  + �9 3 . 7 6  + 8 . 0 3  0 . 4 7  + 4 . 3 6  • 3 . 5 8  1 . 2 2  -+ 4 . 5 8  -+ 4 . 2 3  1 . 0 8  95 6 . 7 6  1 . 1 8  
S w i n g i n g  
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E n v i r o n m e n t  S e a w a t e r  F r e s h w a t e r  S e a w a t e r  F r e s h w a t e r  

I I I I - F 2  C - F ~  I G e n e r a t i o n  I - F i  C - F~ ~ I - F i  C - F i  ~ I - F~ C - F2 ~ 

A p p r o a c h i n g  + 5 . 9 9  • 3 . 7 9  1 . 5 8  • 7 . 2 7  2 4 2 . 3 4  0 . 1 7  + 6 . 0 8  + 6 . 1 5  0 . 9 9  •  + 1 8 . 2 4  0 . 8 :  
P e n e t r a t i n g  •  •  2 . 9 4  + 2 0 . 2 6  •  0 . 8 3  •  + 2 5 . 1 6  0 . 9 3  •  -+28.65 0 .9 (  

S i g m o i d a l  -+17.57 •  0 . 9 1  •  •  0 . 9 3  ~ 1 6 . 6 7  2 1 4 . 0 5  1 . 1 9  ~ ' 2 4 . 1 5  2 5 1 . 4 7  0 . 4 ;  P o s i t i o n  
G o n o p o d i a l  + 
S w i n g i n g  - 3 . 1 1  -+ 2 . 9 5  1 . 0 5  2 5 . 7 4  + 4 . 6 9  1 . 2 2  Z 3 . 9 6  + 3 . 9 7  1 . 0 0  ~= 7 . 6 9  •  0.6~ 

t h e  s t a n d a r d  d e v i a t i o n  w i t h i n  t h e  s e r i e s  w a s  l o w e r  

f o r  t h e  f r e q u e n c y  a n d  e q u a l  f o r  t h e  d u r a t i o n  in  i r r a -  

d i a t e d  t h a n  in  c o n t r o l  s e a w a t e r  g u p p i e s .  F o r  t h e  f r e s h -  

w a t e r  f i s h ,  h o w e v e r ,  t h i s  v a l u e  w a s  h i g h e r  b o t h  f o r  

f r e q u e n c y  a n d  d u r a t i o n  in  C - F 2 ( T a b l e  6 ) .  

C o n s i d e r i n g  t h e  s t a n d a r d  d e v i a t i o n  w i t h i n  t h e  s e -  

r i e s  f o r  t h e  f o u r  d i f f e r e n t  t r a i t s  s e p a r a t e l y  ( T a b l e s  

7 a n d  8 ) ,  t h e  d i f f e r e n c e s  w e r e  found  to b e  h i g h e r  in  

F 1 t h a n  i n  F 2.  Wi th  t h e  e x c e p t i o n  of  " s i g m o i d a l  p o s i -  

t i o n " ,  t h e  s t a n d a r d  d e v i a t i o n s  w i t h i n  t h e  s e r i e s  f o r  

t h e  f r e q u e n c y  ( T a b l e  7)  of  F 1 f r e s h w a t e r  g u p p i e s  

w e r e  r e l a t i v e l y  c l o s e  t o g e t h e r .  T h i s  w a s  not  t r u e  fo r  

s e a w a t e r  F 1 : The  c o r r e s p o n d i n g  v a l u e s  of  I -  F 1 e x -  

c e e d e d  t h o s e  of  C - F1 ,  e x c e p t  f o r  " s i g m o i d a l  p o s i -  

t i o n " .  The  I / C  v a l u e s  f o r  b o t h  " s i g m o i d a l  p o s i t i o n "  

a n d  " g o n o p o d i a l  s w i n g i n g "  u n d e r  s e a w a t e r  a n d  f r e s h -  

w a t e r  c o n d i t i o n s  w e r e  r e c i p r o c a l  to  e a c h  o t h e r ; ,  i . e . ,  

t h e  s t a n d a r d  d e v i a t i o n  w i t h i n  t h e  s e r i e s  w a s  h i g h e r  i n  

I - F  1 fo r  s e a w a t e r  a n d  l o w e r  fo r  f r e s h w a t e r ,  w h e r e -  

a s  t h i s  v a l u e  w a s  l o w e r  i n  I -  F 1 f o r  s e a  w a t e r  a n d  

h i g h e r  in  I - F  1 f o r  f r e s h  w a t e r .  

The  c o m p a r i s o n  of  t h e  s t a n d a r d  d e v i a t i o n s  w i t h i n  

t h e  s e r i e s  f o r  t h e  d u r a t i o n  of  t h e  f o u r  b e h a v i o u r a l  p a r -  

a m e t e r s  ( T a b l e  8) g i v e s  a s o m e w h a t  d i f f e r e n t  p i c -  

t u r e .  T h u s ,  t h e  I / C  v a l u e s  of  F 1 w e r e  q u i t e  d i f f e r -  

en t  f r o m  s e a w a t e r  to  f r e s h w a t e r  c o n d i t i o n s  f o r  " a p -  

p r o a c h i n g "  a n d  " p e n e t r a t i n g " :  The  v a l u e s  b e i n g  h i g h e r  

f o r  I - F  1 in  s e a w a t e r  a n d  l o w e r  f o r  I - F  1 in  f r e s h -  

w a t e r  e n v i r o n m e n t s .  The  c o r r e s p o n d i n g  v a l u e s  w e r e  

m o r e  s i m i l a r  to  e a c h  o t h e r  b o t h  f o r  " s i g m o i d a l  p o s i -  

t i o n "  a n d  " g o n o p o d i a l  s w i n g i n g " .  The  I / C  v a l u e s  w e r e  

a l m o s t  u n i t y  f o r  s e a w a t e r  F 2.  L a r g e r  d i f f e r e n c e s  w e r e  

found  f o r  " s i g m o i d a l  p o s i t i o n "  a n d  " g o n o p o d i a l  s w i n g -  

i n g "  i n  I - F  2 c o m p a r e d t o  C - F  2 i n  f r e s h w a t e r ,  w h e r e -  

by  t h e  s t a n d a r d  d e v i a t i o n  i n  C - F 2 e x c e e d e d  t h a t  of  

I - F 2 c o n s i d e r a b l y .  

The  f o u r  t r e a t m e n t  ~ r o u p s  of  F 2 w e r e  o n c e  m o r e  

c o m p a r e d  by  u s e  of  t h e  a n a l y s i s  of  v a r i a n c e  ( T a b l e  

9 ) .  A s  a l r e a d y  m e n t i o n e d ,  s i g n i f i c a n t  d i f f e r e n c e s  o c -  

c u r r e d  b e t w e e n  I - F 2 a n d  C - F 2 of  s e a w a t e r  a n d  

f r e s h w a t e r  g u p p i e s .  H o w e v e r ,  s i g n i f i c a n t  d i f f e r e n c e s  

a p p e a r e d  a l s o  b e t w e e n  t h e  c o n t r o l  g r o u p s  of s e a w a t e r  

a n d  f r e s h w a t e r  g u p p i e s  a s  we l l  a s  b e t w e e n  t h e  i r r a -  

d i a t e d  g r o u p s  of  s e a w a t e r  a n d  f r e s h w a t e r  f i s h  r e v e a l i n g  

t h a t  t h e  d i f f e r e n t  e n v i r o n m e n t a l  c o n d i t i o n s  t h e m -  

s e l v e s  m a y  c o n t r i b u t e  to  d i f f e r e n c e s  in  t h e  b e h a v i o u r -  

a l  t r a i t s .  T h u s ,  t h e  d u r a t i o n  of  " g o n o p o d i a l  s~winging ' ' 

b e t w e e n  s e a w a t e r  a n d  f r e s h w a t e r  c o n t r o l  g u p p i e s  d i f -  

f e r e d  s i g n i f i c a n t l y  f r o m  e a c h  o t h e r .  S t a t i s t i c a l l y  s i g -  

n i f i c a n t  d i f f e r e n c e s  w e r e  a l s o  found  f o r  t h e  f r e q u e n c y  

of  " g o n o p o d i a l  s w i n g i n g "  a n d  f o r  t h e  d u r a t i o n  of  " a p -  

p r o a c h i n g " ,  " s i g m o i d a l  p o s i t i o n " ,  a n d  " g o n o p o d i a l  

s w i n g i n g "  b e t w e e n  t h e  i r r a d i a t e d  F 2 of  s e a w a t e r  a n d  

f r e s h w a t e r  g u p p i e s .  

D i s c u s s i o n  

A c c o r d i n g  to B a e r e n d s ,  B r o u w e r  a n d  W a t e r b o l k  

( 1 9 5 5 ) ,  who m a d e  t h e  m o s t  c o m p r e h e n s i v e  s t u d y  of  

c o u r t s h i p  b e h a v i o u r  of  t h e  m a l e  guppy ,  s e v e r a l  c o u r t -  

i ng  a c t i v i t i e s  a r e  d i s t i n g u i s h a b l e  a n d  o c c u r  m o s t  f r e -  

q u e n t l y  in  t h e  o r d e r  of  s e a r c h i n g ;  a p p r o a c h i n g  a n d  

f o l l o w i n g  t h e  f e m a l e ;  p o s t u r i n g  i n  f r o n t  of  h e r ;  l u r i n g ;  

s i g m o i d a l  p o s i t i o n ;  e n d i n g  e i t h e r  by  a d i s p l a y  j u m p  o r  

by  a c o p u l a t i o n  a t t e m p t .  Th i s  s e q u e n c e  i s  b e l i e v e d  to 

c o r r e s p o n d  to a n  i n c r e a s e  of  t h e  i n t e n s i t y  of  t h e  s e x -  

ua l  d r i v e .  The  o r d e r  i s  no t  r i g i d l y  f i x e d ,  bu t  i n f l u e n c e d  

to a c o n s i d e r a b l e  e x t e n t  by  c h a n g e s  in  e x t e r n a l  f a c t o r s ,  

p a r t i c u l a r l y  by  t h e  p r e s e n c e  of  t h e  f e m a l e .  T h u s ,  we 

p r e s e n t e d  t h e  f e m a l e  to  t h e  t e s t  m a l e  i n s i d e  a g l a s s  

b a l l .  The  f i x e d  p o s i t i o n  of  t h e  f e m a l e  in  t h e  c e n t r e  of  
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Table 9. Cour tsh ip  ac t iv i ty  of m a l e  guppies ;  c o m p a r i s o n  by an ana lys i s  of v a r i a n c e  ( F - t e s t )  

C ompar i son  

P a r a m e t e r  

Approaching P e n e t r a t i n g  Sigmoidal  P o s i t .  Gonopodial Swing. 

F P F P F P F P 

>0.5%* >0.5%* >1%* 
C - F  2 vs .  I - F  2 F r e q u e n c y  8 .441"  <1.0% 9 .084"  <1.0% 6 .601"  < 5 g  1.054 >5% 

Seawate r  > 1%* > 1 7~* 
(SW) Durat ion 6 .625* < 5 7 ~  6 .006"  <5% 2.599 >5~  0 . 4 i 0  >57~ 

C - F  2 vs .  I - F  2 F r e q u e n c y  0 . i 8 0  >5~ 0.366 >5% 0.082 >5~  0 .486 >5% 
F r e s h w a t e r  

(FW) Durat ion 1.014 >5 % 0.397 >5 % 2.427 >5 70 1.406 >5 % 

C - F  2 (SW) vs .  F r e q u e n c y  2.105 >5% 1.901 >5% 1.807 >5% 5.057* <0.5%* 
I - F  2 (SW)  v s .  

C - F  2 ( F W )  v s .  > 0 . 5 ~  
I - F  2 (FW) Durat ion 5.560* <0 .5  ~* 1.231 > 5 g  4.455* <17~* 10.316"  <0.5%* 

C - F  2 (SW) vs .  F r e q u e n c y  1 . 2 9 2  >5% 0.123 >5~  2.746 >5~ 4.021 >5% 

C - F  2 (FW) Durat ion 4.107 >5% 0.225 >57~ 3.417 >5~  9.648* <0 .5  7~* 

I - F  2 (SW) vs .  F r e q u e n c y  1.210 >5% 3.411 >5% 0.207 > 5 7 ~  9.440* <0.57~* 

>17~ 
I - F  2 (FW) Durat ion 22.629* <0.5%* 0.639 >5% 6.428* <5%* 20.829* <0.5  ~* 

* S igni f icant  d i f f e r ences  (p < 5 g) 

the tes t  aquar ium al lowed only v isua l  i n t e r ac t i ons  be-  

tween m a l e  and f e m a l e ;  i . e . ,  t h e r e  could be no gus ta -  

tory  and o l fac to ry  inf luence  on the cour t sh ip  ac t iv i ty  

of the t es t  m a l e  through subs tances  d e l i v e r e d  f rom 

the f ema le  (Amour iq  1964, 1965, i967;  Gandolfi 1969; 

P a r z e f a l l  1973; and Z e i s k e  1968).  There  is  c l e a r  ev i -  

dence that the behav ioura l  pa t t e rns  of the m a l e  guppy 

s c o r e d  in the p r e s e n t  inves t iga t ion  can only r e p r e s e n t  

a por t ion  of the e n t i r e  r e p e r t o i r e  of the m a l e  cour t sh ip  

behav iou r .  To make the t es t  s y s t e m  su i tab le  for the 

examina t ion  of m u t a g e n e s i s ,  all  f e m a l e  ac t i v i t i e s  in-  

f luencing the ma le  cour t sh ip  behaviour  w e r e  e l i m i n a t -  

ed.  Thus, the a r t i f i c i a l  a r r a n g e m e n t  of our  e x p e r i -  

ments  guaran teed  an a lmos t  ident ica l  p r o c e d u r e  for 

al l  the m a l e s  of the d i f ferent  t r e a t m e n t  g roups .  An- 

o ther  study with f r e s h w a t e r  guppies of the s a m e  

s t r a i n ,  de r i ved  f rom e i the r  i r r a d i a t e d  o r  cont ro l  

p a r e n t s ,  dea ls  with a m o r e  natura l  tes t  s y s t e m  (Wer -  

he r  and S c h r S d e r  in p r e p a r a t i o n ) .  F u r t h e r m o r e ,  the 

sexual  mot iva t ion  of the m a l e  ac t i v i t i e s  in our  e x p e r i -  

ments  w e r e  not p roven  e x p e r i m e n t a l l y .  F o r  ins tance ,  

"approach ing"  can a lso  be exp lo ra to ry  behaviour  of 

the ma le ,  pe rhaps  including an a g g r e s s i v e  compo-  

nent ,  and the " s igmoida l  pos i t ion"  a lso  belongs  to the 

a g g r e s s i v e  ac t i v i t i e s  of poec i l i id  f ish (F r anck  i 9 7 0 ) .  

Other  cour t ing  ac t i v i t i e s  such as "gonopodial  swing-  

ing" cannot be d i s t inguished  with ce r t a in ty  f rom d i s -  

p l acemen t  ac t i v i t i e s  (Bae rends  et a l .  1955).  On the 

o ther  hand t h e r e  is  no doubt that these  innate m o v e -  

ments  have p r i m a r y  functions in cour t sh ip .  However ,  

"pene t r a t ing"  is  an a r t i f ac t  of our a r r a n g e m e n t ,  be -  

cause  g lass  v e s s e l s  do not ex is t  in na tu re .  In sp i te  

of th i s ,  m a l e  a t t empts  to r each  the f e m a l e  include 

components  which would be cour t sh ip  m o v e m e n t s  un- 

der  na tura l  condi t ions .  Accord ing ly ,  mos t  of the ac -  

t iv i t i e s  o b s e r v e d  should ac tua l ly  be c o n s i d e r e d  as 

cour t ing  a c t i v i t i e s .  Since an i so la t ion  of two hours  

be fo re  the onset  of the tes t  s e s s i o n s  was used  for  all  

our e x p e r i m e n t s ,  all  m a l e s  began the s e s s i o n s  under  

s i m i l a r  phys io log ica l  condi t ions .  It is  known that 

cour t sh ip  behaviour  is  pe r iod ic  : S e r i e s  of cour t sh ip  

m o v e m e n t s  a r e  fol lowed by lu l ls  in cour t sh ip ,  and 
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a g a i n  b y  s h o r t  p h a s e s  of  h i g h e r  f r e q u e n c y .  P r e v i o u s  

u n p u b l i s h e d  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 n  i s o l a t i o n  

t i m e  l a s t i n g  l o n g e r  t h a n  o n e  h o u r  c a u s e d  a n  i n c r e a s e  

in  t h e  f r e q u e n c y  a n d  d u r a t i o n  of  c o u r t s h i p  m o v e m e n t s  

d i s p l a y e d  p e r  t e n  m i n u t e s  of  o b s e r v a t i o n  t i m e .  A f t e r  

a n  i s o l a t i o n  of  m o r e  t h a n  o n e  d a y ,  h o w e v e r ,  t h e  m a l e s  

b e h a v e d  v e r y  d i f f e r e n t l y  d u r i n g  t h e  t e s t .  S o m e  of  t h e m  

d id  not  r e a c t  in  a n y  way  to t h e  f e m a l e ,  w h i l s t  o t h e r  

m a l e s  c o u r t e d  a t  a v e r  y h i g h  o r  v e r y  low l e v e l .  The  

m o s t  u n i f o r m  r e s u l t s  w e r e  found  a f t e r  a n  i s o l a t i o n  

t i m e  of  two h o u r s .  

The  m o s t  i m p o r t a n t  f i n d i n g  of  t h e  p r e s e n t  s t u d y  w a s  

t h e  d i f f e r e n t i a l  r e s p o n s e  to i r r a d i a t i o n  of  f r e s h w a t e r  

a n d  s e a w a t e r  s u b s t r a i n s .  Though  no  e v i d e n c e  c o u l d  

b e  p r o v i d e d  t h a t  t h e  q u a n t i t a t i v e  b e h a v i o u r a l  c h a n g e s  

w e r e  r e a l l y  c a u s e d  b y  m u t a t i o n a l  e v e n t s ,  t h e  n a t u r e  

of  t h e s e  c h a n g e s  c o m p l e t e l y  c o r r e s p o n d  to  t h a t  w h i c h  

w a s  o b t a i n e d  f r o m  q u a n t i t a t i v e  m o r p h o l o g i c a l  t r a i t s  

a f t e r  i r r a d i a t i o n  w i th  t h e  s a m e  X - r a y  d o s e  ( S c h r S d e r  

1 9 6 9 a ,  b ) .  F u r t h e r m o r e ,  t h e  t e n d e n c y  f o r  t h e  m e a n  

v a l u e s  to  i n c r e a s e  i n  t h e  p o s t i r r a d i a t i o n  F 1 a n d  t h e  

m e a n s  to d e c r e a s e  w i t h  i n c r e a s i n g  v a r i a b i l i t y  i n  

p o s t i r r a d i a t i o n  F 2 w a s  t h e  s a m e  f o r  t h e  b e h a v i o u r a l  

c h a n g e s  o b s e r v e d  in  b o t h  f r e s h w a t e r  a n d  s e a w a t e r  

g u p p i e s .  U n i d i r e c t i o n a l  s h i f t s  of  t h e  m e a n  v a l u e s  a n d  

i n c r e a s i n g  v a r i a b i l i t y  in  F 2 g e n e r a t i o n s  a f t e r  i r r a -  

d i a t i o n  w e r e  a l s o  found  f o r  m o r p h o l o g i c a l  c h a r a c t e r s  

s u c h  a s  body  p r o p o r t i o n s  a n d  v e r t e b r a l  n u m b e r  of  t h e  

g u p p y ,  a s  w e l l  a s  f o r  c h a n g e s  of  m a l e  a g o n i s t i c  b e -  

h a v i o u r  of  c o n v i c t  c i c h l i d s  (Cichlasoma nigrofasciatum) 

a n d  m i c e  ( S c h r S d e r  1 9 7 7 a ,  b ) .  In t h e  c a s e  of  c i c h l i d s ,  

t h e  r e d u c e d  a g g r e s s i v e n e s s  of  m a l e  f i s h  in  p o s t i r r a -  

d i a t i o n  F 1 w a s  p r o v e n  to  b e  h e r e d i t a r y  ( H o l z b e r g  

a n d  S c h r S d e r  1 9 7 5 ) .  F r o m  t h e s e  f i n d i n g s  we m a y  a s -  

s u m e  t h a t  t h e  q u a n t i t a t i v e  c h a n g e s  of  m a l e  c o u r t i n g  

a c t i v i t i e s  of  Poecilia reticulata d e s c r i b e d  h e r e  c a n  

a l s o  r e f l e c t  m u t a t i o n a l  c h a n g e s  p e r h a p s  a s s o c i a t e d  

w i t h  c h r o m o s o m a l  r e a r r a n g e m e n t s  a f f e c t i n g  t h e  c e n -  

t r a l  n e r v o u s  s y s t e m .  The  i n f l u e n c e  of  t h e  s e a w a t e r  

e n v i r o n m e n t  o n  t h e  m a n i f e s t a t i o n  of  p r e s u m e d  r a d i a -  

t i o n - i n d u c e d  m u t a t i o n s  of  b e h a v i o u r  c a n n o t  b e  e s t i m a t -  

e d  a t  t h e  p r e s e n t .  B e c a u s e  o n l y  a f ew  f o u n d e r  p a i r s  of  

g u p p i e s  t o l e r a t e d  t h e  s e a w a t e r  a n d  c o u l d  b e  m a i n -  

t a i n e d  a n d  c o n t i n u o u s l y  b r e d  u n d e r  t h e s e  a r t i f i c i a l  c o n -  

d i t i o n s ,  t h e  s e a w a t e r  s u b s t r a i n  m a y  r e p r e s e n t  a h i g h e r  

d e g r e e  of  i n b r e e d i n g  t h a n  t h e  c o r r e s p o n d i n g  f r e s h  w a -  

t e r  s u b s t r a i n .  If  s o ,  a m o r e  d r a s t i c  r e s p o n s e  to n e w l y  

a r i s e n  m u t a t i o n s  wou ld  h a v e  b e e n  e x p e c t e d  to o c c u r  

in  s e a w a t e r  t h a n  i n  f r e s h w a t e r  g u p p i e s  ( D o b z h a n s k y  

e t  a l .  1963 ;  M u k a i  1969a ,  b ;  M u k a i  e t  a l .  1964 ,  1 9 6 5 ) .  

The  h i g h e r  s t a n d a r d  d e v i a t i o n  w i t h i n  t h e  s e r i e s  of  t h e  

p o s t i r r a d i a t i o n  F 1 of  s e a w a t e r  g u p p i e s  ( T a b l e  6 a n d  

7) f a v o u r s  t h i s  v i e w .  T h u s ,  r a d i a t i o n - i n d u c e d  m u t a -  

t i o n s  w o u l d  p r e f e r e  n t  i a l l y  i m p r o v e  v i a b i l i t y  c h a r a c -  

t e r s  s u c h  a s  b e h a v i o u r a l  a c t i v i t y  in  t h e  h i g h l y  i n b r e d  

s e a w a t e r  s u b s t r a i n  t h a n  t h e y  wou ld  in  t h e  l e s s  i n b r e d  

f r e s h w a t e r  s u b s t r a i n .  H o w e v e r ,  p h y s i o l o g i c a l  e f f e c t s  

of  t h e  s e a w a t e r  i t s e l f  o n  t h e  m a n i f e s t a t i o n  of  m e t a b o l i c  

t r a i t s  m i g h t  b e  i n v o l v e d  i n  t h e  p h e n o m e n a ,  a s  s h o w n  

by  t h e  d i f f e r e n c e s  b e t w e e n  t h e  c o n t r o l  g r o u p s  of  s e a -  

w a t e r  a n d  f r e s h w a t e r  g u p p i e s .  P a r a l l e l  s t u d i e s  on  

q u a n t i t a t i v e  m o r p h o l o g i c a l  c h a r a c t e r s  of  t h e  s a m e  two 

s u b s t r a i n s  no t  y e t  q u a n t i t a t i v e l y  a n a l y z e d  m a y  h e l p  to 

a n s w e r  t h e  q u e s t i o n  of  d i f f e r e n t i a l  r e s p o n s e  of  s e a -  

w a t e r  a n d  f r e s h w a t e r  g u p p i e s  to  m u t a g e n i c  t r e a t m e n t .  

C o n c l u s i o n  

The  c o u r t s h i p  a c t i v i t y  of  m a l e  g u p p i e s  (Poecilia reti- 

culata) to a f e m a l e  c o n s p e c i f i c  in  a b a l l - l i k e  g l a s s  

v e s s e l  was  d e t e r m i n e d  by  s c o r i n g  " a p p r o a c h i n g "  a t -  

t e m p t s  to  e n t e r  t h e  g l a s s  v e s s e l  ( " p e n e t r a t i n g " ) ,  

" s i g m o i d a l  p o s i t i o n " ,  a n d  " g o n o p o d i a l  s w i n g i n g " .  The  

t e s t  m a l e s  b e l o n g e d  to  two s u b s t r a i n s  d e r i v e d  f r o m  

t h e  s a m e  i n b r e d  guppy  s t r a i n  ( " I s t a n b u l " ) .  One  of  

t h e s e  w a s  m a i n t a i n e d  a n d  b r e d  i n  s e a w a t e r  ( " s e a w a -  

t e r  g u p p i e s " ) ,  w h e r e a s  t h e  o t h e r  w a s  m a i n t a i n e d  a n d  

b r e d  u n d e r  n o r m a l  f r e s h w a t e r  c o n d i t i o n s  ( " f r e s h w a -  

t e r  g u p p i e s " ) .  E a c h  s u b s t r a i n  w a s  d i v i d e d  i n to  two 

g r o u p s ,  e i t h e r  d e r i v e d  f r o m  i r r a d i a t e d  (1000  R X -  

rays to oogonia and spermatogonia) or control gup- 

pies. The mean values of both the frequency and the 

duration of the four behavioural traits increased in 

postirradiation F 1 of the seawater substrain but were 

not changed in postirradiation F 1 of freshwater gup- 

pies. In postirradiation F2, however, the mean values 

of the same behavioural characters decreased in both 

seawater and freshwater substrains. The variability 

of the four traits in postirradiation F 2 of both sub- 

strains varied in an irregular manner. These findings 

are discussed in terms of population genetics. 
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