
THE ROLE OP CHEMICAL STIMULI IN THE PRE-SPAWNING BEHAVIOR 

OF THE STRIPED BLENNY, CHASMODES BOSQUIANUS

f  l ib r a r y
o f  the  

VIRGINIA INSTITUTE  
of

 ̂m a r in e  s c ie n c e  J

P r e s e n t e d  to  

The F a c u l t y  o f  th e  School  o f  M arine  S c ie n c e  

The C o l l e g e  o f  W i l l i a m  and Mary i n  V i r g i n i a

I n  P a r t i a l  F u l f i l l m e n t  

Of t h e  R e q u i r e m e n ts  f o r  th e  Degree o f  

M a s te r  o f  A r t s

By

M arv is  Lynn H a in e s

1971



APPROVAL SHEET

T his  t h e s i s  i s  s u b m i t t e d  i n  p a r t i a l  f u l f i l l m e n t  

o f  th e  r e q u i r e m e n t s  f o r  th e  d e g re e  o f  

M a s te r  o f  A r t s

M arvi  s^Lyhn Hftaines

Approved,  May 1971

W. .Jackson  D a v i s ,  Ph .D.
o-'

ii



TABLE OP CONTENTS

Page

ACKNOWLEDGMENTS ............................................................................................. v

LIST OP T A B L E S .............................................................................................v i

LIST OF FIG U R E S.............................................................................................v i i

A B STRA CT...................................................  v i i i

INTRODUCTION ................................................   2

REPRODUCTIVE AND AGONISTIC BEHAVIOR OP £ .  BOSQUIANUS. . 3

I n t r o d u c t i o n  ........................................................................................  3

A g o n i s t i c  E t h o g r a m .................................................................... ....

Male R e s i d e n t  - Male I n t r u d e r  l±
Male R e s i d e n t  -  N o n - g r a v i d  Female I n t r u d e r .  • 5

G r a v id  Female R e s i d e n t  -  G ra v id  Female  I n t r u d e r  6

G ra v id  Female R e s i d e n t  -  R ipe  Male I n t r u d e r  . 7

R e p r o d u c t i v e  E thogram  ................................................................ 9

C o u r t s h i p  C o l o r a t i o n  ........................ •   9

C o u r t s h i p  D i s p l a y  ....................  •   9

Spawning  ................................................   11

EXPERIMENTAL DESIG* AND RESULTS......................................................  12

E x p e r im e n t  I   ..............................................................................  16

E x p e r im e n t  I I . . . . . .  ...............................  • • • • •  16

E x p e r im e n t  I I I .........................• * • • • • • ............................. 17

E x p e r im e n t  IV . . . . . .   ................................. . • • • 18

i i i



TABLE OF CONTENTS ( c o n t in u e d )

Page

E x p e r im e n t  V .................................................................................  19

E x p e r im e n t  V I . . . . . . . .  ...........................................  20

DISCUSSION...................................................................................................... 22

SUMMARY........................................................................................................... 33

LITERATURE C I T E D ............................................................................................. 3b
V I T A ....................................... .... ........................................................................ 3 5

i v



ACKNOWLEDGMENTS

Thanks a r e  due to  John  A. M usick  f o r  h i s  p a t i e n t  

g u i d a n c e  and  c r i t i c i s m  t h r o u g h o u t  th e  i n v e s t i g a t i o n ,  

t o  George C. G ra n t  and  W. J a c k s o n  Davis  f o r  t h e i r  c o n ­

s t r u c t i v e  c r i t i c i s m s  o f  t h e  m a n u s c r i p t ,  and t o  Mark E .  

C h i t t e n d e n  f o r  h i s  a d v i c e  on th e  s t a t i s t i c a l  t r e a t m e n t  

o f  t h e  d a t a .

v



LIST OP TABLES

T a b le  Page

1 .  V a lu e s  o f  male  r e s i d e n t ’s r e a c t i o n s
to  c lam j u i c e ....................................................................  2l\.

2 .  ’ V a lu e s  o f  m ale  r e s i d e n t ' s  a t t r a c t i o n
t o  clam j u i c e   ............................................  25

3 .  V a lu e s  o f  f e m a le  r e s i d e n t ’ s r e a c t i o n s
t o  clam j u i c e   ................................................   26

lj.. V a lu e s  o f  f e m a le  r e s i d e n t ' s  a t t r a c ­
t i o n  t o  clam j u i c e  • • . . . • • • • • • •  27

5 .  Summary o f  p r o b a b i l i t i e s  (P) o b t a i n e d  
by th e  W ilcoxon m a t c h e d - p a i r s  s i g n e d -
r a n k s  t e s t  f o r  th e  s i x  e x p e r i m e n t s  . . . .  28

6 .  V a lu e s  o f  f em a le  r e s i d e n t ' s  r e a c t i o n s
t o  c o u r t s h i p  w a t e r  • • • • ....................................  29

7 .  V a lu e s  o f  f e m a le  r e s i d e n t ' s  a t t r a c ­
t i o n  to  c o u r t s h i p  w a t e r  .     30

8 .  V a lu e s  o f  f em a le  r e s i d e n t ' s  r e a c t i o n s
t o . c o u r t s h i p  w a te r  one d a y * a f t e r
s p a w n i n g ..............................................................................  31

9 .  V a lu e s  o f  f e m a le  r e s i d e n t ' s  a t t r a c ­
t i o n  t o  c o u r t s h i p  w a t e r  one day a f t e r  
s p a w n i n g ..............................................................................  32

v i



LIST OP FIGURES

F i g u r e  Page

1 .  Shows th e  a p p a r a t u s  u s e d  f o r  th e  i n t r o -
d u c t i o n  o f  t e s t  w a t e r  and e s t u a r i n e  
w a t e r   ............................................ ....  15

v i i



ABSTRACT

Ripe males of Chasmodes bosquianus release during 
courtship a sexual pheromone which attracts gravid females. 
Females tested 2 I4. hours after spawning still significantly 
respond to the pheromone. Females detect the pheromone by 
olfaction. The "active substance" of the pheromone appears 
to be short-lived. Females showed no significant response 
to courtship water which had been stored in polypropylene 
bottles for 2i\. hours at the ambient water temperature.

v i i i



THE ROLE OF’ CHEMICAL STIMULI IN THE PRE-SPAWNING BEHAVIOR 

OF THE STRIPED BLENNY, CHASMODES BOSQUIANUS.



INTRODUCTION

Pheromones f a c i l i t a t e  s e x  r e c o g n i t i o n  i n  s e v e r a l  g ro u p s  

o f  f i s h e s  ( K l e e r e k o p e r  1969;  T a v o lg a  1 9 5 6 ) .  Losey (1969) 

r e p o r t e d  a pheromone t o  be p r o d u c e d  by m a le s  o f  t h r e e  s p e ­

c i e s  o f  b l e n n i e s ,  ,H y p so b ie n n iu 3  g e n t i l i s  ( G i r a r d ) ,  H. r o b u s t u s  

( H i l d e b r a n d ) ,  and  H. . j e n k in s i  ( J o r d a n  and Evermann) and 

s u g g e s t e d  t h a t  th e  pheromone f a c i l i t a t e d  male  c o u r t s h i p  

by  r e l e a s i n g  s e x u a l  a p p e t i t i v e  b e h a v i o r  and by i n c r e a s i n g  

s e x u a l  r e c e p t i v i t y .

T h is  r e p o r t  d e s c r i b e s  t h e  a g o n i s t i c  and r e p r o d u c t i v e  

b e h a v i o r  o f  t h e  s t r i p e d  b l e n n y ,  Chasmodes b o s q u ia n u s  

( L a c e p e d e ) ,  and  d e s c r i b e s  e x p e r i m e n t s  d e m o n s t r a t i n g  t h e  

p r e s e n c e  o f  a pheromone w hich  e l i c i t s  and  o r i e n t s  t h e  p r e -  

spaw n ing  b e h a v i o r  o f  <3. b o s q u i a n u s . The m e thods  u s e d  i n  

t h i s  i n v e s t i g a t i o n  a r e  s i m i l a r  to  L o s e y ’ s (1969) e x p e r i ­

m e n t a l  m e th o d s .

2



REPRODUCTIVE AND AGONISTIC BEHAVIOR OP CHASMODES BOSQUIANUS

I n t r o d u c t i o n

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

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

T a v o lg a  (1958)  d e s c r i b e d  th e  r e p r o d u c t i v e  b e h a v i o r  o f  f i s h e s  

w h ich  he  l i s t e d  as  £ .  b o s q u i a n u s , b u t  w h ich  were i n  f a c t  

s a b u r r a e  J o r d a n  and  G i l b e r t  ( S p r i n g e r  1 9 5 9 ) •

Under n a t u r a l  c o n d i t i o n s  b o t h  m a le s  and  f e m a le s  a r e  

t e r r i t o r i a l ,  b u t  t e r r i t o r i a l i t y  was n o t  o b s e r v e d  when g ro u p s  

o f  one s e x  were h e l d  i n  20 g a l l o n  a q u a r i a .  However, when 

an  a d u l t ,  e i t h e r  m ale  o r  f e m a l e ,  was removed from a g ro u p  

an d  i s o l a t e d  i n  a  s m a l l e r  t a n k ,  t h e  i s o l a t e d  an im a l  soon  

e s t a b l i s h e d  t h e  e n t i r e  b o t to m  o f  th e  t a n k  as  i t s  t e r r i t o r y .

A c e n t r a l l y  p l a c e d  c lam s h e l l  was th e  t e r r i t o r i a l  c e n t e r .  

R e p r o d u c t i v e  and a g o n i s t i c  b e h a v i o r  were e l i c i t e d  by th e  

i n t r o d u c t i o n  o f  a  g r a v i d  f e m a le  o r  a r i p e  m a le  i n t o  a t a n k  

c o n t a i n i n g  a n o t h e r  f i s h  w h ich  h a d  b e e n  i s o l a t e d  f o r  a week. 

The e n s u i n g  i n t e r a c t i o n  was p h o to g r a p h e d  w i t h  a Z e i s s  Ik o n  

16 mm cam era  u s i n g  Kodak If-X R e v e r s a l  f i l m .  These f i l m s  

and  o b s e r v a t i o n s  a r e  t h e  b a s i s  o f  th e  a g o n i s t i c  and r e p r o ­

d u c t i v e  e th o g ra m s  w h ich  f o l l o w .
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A g o n i s t i c  E thog ram

Male R e s i d e n t  -  Male I n t r u d e r

When an  a d u l t  m a le  was p l a c e d  i n  a t a n k  o c c u p ie d  by 

a n o t h e r  m a le ,  a g o n i s t i c  b o u t s  u s u a l l y  o c c u r r e d .  As soon 

as  one m ale  became aware o f  t h e  o t h e r ,  t h e  a l e r t e d  m ale  

ch an g ed  c o l o r .  The o v e r - a l l  c o l o r a t i o n  d a r k e n e d  and th e  

c h a r a c t e r i s t i c  d a rk  b l o t c h e s  on th e  body were r e p l a c e d  

b y  p a l e ,  n a r r o w ,  s t r i p e s  w hich  e x t e n d e d  m o s t  o f  t h e  l e n g t h  

o f  t h e  b o d y .  The d o r s a l  f i n  was t i g h t l y  e r e c t e d  and th e  

i r r i d e s c e n t  b l u e  b l o t c h  on th e  a n t e r i o r  p o r t i o n  o f  t h e  

d o r s a l  f i n  became p r o m i n e n t .

The m a le s  th e n  a p p r o a c h e d  e a c h  o t h e r  and u s u a l l y  

f o u g h t .  O c c a s i o n a l l y  th e y  assum ed  th e  t h r e a t  p o s t u r e  b e ­

f o r e  e n g a g in g  i n  com ba t .  The t h r e a t  p o s t u r e  c o n s i s t e d  

o f  e a c h  m a le  f a c i n g  h i s  o p p o n e n t  h e a d - o n ,  b u t  d i s p l a c e d  

l a t e r a l l y  s e v e r a l  c e n t i m e t e r s ,  r o l l i n g  th e  d o r s a l  s u r f a c e  

to w a rd  th e  o p p o n e n t ,  f l a r i n g  th e  o p e r c u l a ,  and g a p i n g .

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

i n  t h e  t h r e a t  d i s p l a y .  Prom t h e  t h r e a t  p o s t u r e ,  w i t h  a 

s m a l l  amount o f  l a t e r a l  d i s p l a c e m e n t ,  th e  a n im a l s  l o c k e d  

j a w s .  The t h r e a t  d i s p l a y  l a s t e d  o n ly  s e v e r a l  s e c o n d s .

Combat c o n s i s t e d  o f  b i t i n g  and  l o c k i n g  ja w s .  O f t e n  

more t h a n  a  m in u t e  e l a p s e d  b e f o r e  one o f  t h e  m a le s  r e l e a s e d

k
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t h e  o p p o n e n t s  jaw# They th e n  b i t  e a c h  o t h e r * s  p e c t o r a l  

and  d o r s a l  T i n s ,  o f t e n  t e a r i n g  th e  d o r s a l #  The a n t e r i o r  

p o r t i o n  o f  t h e  d o r s a l  f i n  was m o s t  f r e q u e n t l y  a t t a c k e d .

M ales  o f t e n  t h r u s t  t h e  c a u d a l  p e d u n c le  l a t e r a l l y  a t  one 

a n o t h e r .

E v e n t u a l l y  th e  i n t r u d e r  f l e d  t o  a f a r  c o m e r  o f  th e  

t a n k .  The r e s i d e n t  p u r s u e d  and c o n t i n u a l l y  n ip p e d  th e  

i n t r u d e r  u n t i l  he  assumed a n e a r l y  v e r t i c a l  swimming p o ­

s i t i o n  w i t h  t h e  h e a d  d i r e c t e d  to w a rd  th e  s u r f a c e  and 

changed  f rom  d a rk  t o  th e  no rm a l  co lo r . -  The i n t r u d e r ’ s 

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

i n g  co m b a t .  The i n t r u d e r  was r a r e l y  n i p p e d  w h i le  m a in ­

t a i n i n g  t h i s  s u b m i s s i v e  p o s t u r e .

O c c a s i o n a l l y  d u r i n g  f l i g h t ,  th e  i n t r u d e r  e n t e r e d  th e  

n e s t ,  where  he  was som etim es  c o u r t e d .  A f t e r  h a v i n g  g i v e n  

c o u r t s h i p  d i s p l a y s ,  t h e  r e s i d e n t  e n t e r e d  th e  n e s t .  Even­

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

p u s h e d  o u t  o f  th e  n e s t .  The r e s i d e n t  t h e n  a t t a c k e d  r a t h e r  

t h a n  c o u r t e d  th e  i n t r u d e r  which  f l e d  t o  a c o r n e r .  The 

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

Male R e s i d e n t  -  N o n - g r a v i d  Female  I n t r u d e r

Whenever a n o n - g r a v i d  o r  im m ature  f e m a le  was i n t r o ­

d u ced  i n t o  a t a n k  w hich  c o n t a i n e d  an  i s o l a t e d  r i p e  m a le ,  

t h e  m ale  im m e d i a t e l y  d a rk e n e d  h i s  o v e r - a l l  c o l o r a t i o n  and 

e r e c t e d  h i s  d o r s a l  f i n  upon becom ing  aware o f  th e  f e m a l e .

The m ale  t h e n  a p p r o a c h e d  th e  f e m a le  and e i t h e r  a t t a c k e d  o r



6

c o u r t e d  h e r *  I n  e i t h e r  e v e n t ,  t h e  f e m a le  r e s p o n d e d  by 

a s s u m in g  a s u b m i s s i v e  p o s t u r e  i d e n t i c a l  to  t h a t  e x h i b i t e d  

by  m a l e s . The f e m a le  was r a r e l y  n i p p e d  i f  she  m a i n t a i n e d  

t h e  s u b m i s s i v e  p o s t u r e  midway i n  t h e  w a t e r  co lumn. However 

t h e  m ale  w ould  o f t e n  n i p  h e r  as  soon  as  she  s t a r t e d  t o

d r i f t  down t o  t h e  b o t to m  o f  th e  t a n k .

The m a l e ’ s p r o p e n s i t y  f o r  a t t a c k  d i d  n o t  a p p e a r  t o  be 

r e l a t e d  t o  t h e  f e m a l e ' s  n e a r n e s s  to  th e  t e r r i t o r i a l  c e n t e r ,  

s i n c e  t h e  f e m a l e  was n o t  a t t a c k e d  even  d i r e c t l y  i n  f r o n t  o f

t h e  s h e l l  a s  l o n g  as she m a i n t a i n e d  th e  s u b m i s s i v e  p o s t u r e

s e v e r a l  c e n t i m e t e r s  above th e  t a n k  b o t to m .

A r e s i d e n t  m a le  would som etim es  c o u r t  a n o n - g r a v i d  

f e m a le  a f t e r  w h ich  she  o c c a s i o n a l l y  e n t e r e d  th e  s h e l l .

The n o n - g r a v i d  f e m a le  was i n a t t e n t i v e  to  t h e  m a l e ' s  c o u r t ­

s h i p  d i s p l a y  and  n e v e r  r e m a in e d  i n  th e  s h e l l  l o n g .  As 

soon  a s  t h e  f e m a le  l e f t  t h e  s h e l l ,  th e  m a le  n i p p e d  h e r .

She t h e n  as sum ed  th e  s u b m i s s i v e  p o s t u r e .

The m a l e ' s  a t t a c k  upon a f e m a le  was n e v e r  as  v i g o r o u s  

a s  h i s  a t t a c k  upon m a l e s .  P i n  t e a r i n g  was n e v e r  o b s e rv e d  

i n  a g g r e s s i v e  e n c o u n t e r s  b e tw e e n  m a le s  and  f e m a l e s .

G r a v i d  Fem ale  R e s i d e n t  -  G ra v id  Female I n t r u d e r

The a g o n i s t i c  b e h a v i o r  o f  f e m a le s  was s i m i l a r  t o  t h a t  

e x h i b i t e d  b y  m a le s  e x c e p t  t h a t  f e m a le s  t e n d e d  to  g i v e  

t h r e a t  d i s p l a y s  more f r e q u e n t l y  and  a t t a c k s  were l e s s  

v i g o r o u s  t h a n  th o s e  o f  m a l e s .

Whenever a f e m a le  was p l a c e d  i n  a t a n k  a l r e a d y  o c c u p ie d
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by  a n o t h e r  f e m a l e ,  t h e  r e s i d e n t  a n im a l  d a s h e d  o u t  o f  h e r  

s h e l l  and  a p p r o a c h e d  th e  i n t r u d e r *  B o th  f e m a le s  u n d e r ­

w en t  c o n s p i c u o u s  c o l o r  c h a n g e s .  The o v e r - a l l  body c o l o r  

d a r k e n e d .  The no rm a l  c h e c k e r e d  p a t t e r n  d i s a p p e a r e d  and 

was r e p l a c e d  by  d i s t i n c t ,  d a r k  v e r t i c a l  b a n d s .  The d o r s a l  

f i n  was t i g h t l y  e r e c t e d .  The f e m a le  t h r e a t  d i s p l a y  was 

s i m i l a r  t o  t h e  male  t h r e a t  d i s p l a y  and c o n s i s t e d  o f  mouth 

g a p i n g  and  th e  r o l l i n g  o f  th e  d o r s a l  s u r f a c e  tow ard  th e  

o p p o n e n t .  Locked jaw combat commonly o c c u r r e d .

The i n t r u d e r  was a lw ays  t h e  f i r s t  t o  s t o p  combat by 

e i t h e r  f l e e i n g  to  a c o m e r  o f  t h e  t a n k  o r  e n t e r i n g  th e  

s h e l l .  O c c a s i o n a l l y  th e  r e s i d e n t  fem a le  c o u r t e d  th e  i n ­

t r u d e r  w h i l e  t h e  i n t r u d e r  was i n  th e  s h e l l .  However, 

c o u r t s h i p  ch a n g ed  to  combat as  soon as th e  r e s i d e n t  e n t e r ­

ed  th e  a l r e a d y  o c c u p i e d  s h e l l .  The i n t r u d e r  t h e n  q u i c k l y  

f l e d  t o  a c o m e r  o f  t h e  t a n k .  The r e s i d e n t  f e m a le  a g g r e s ­

s i v e l y  p u r s u e d  and n i p p e d  a t  th e  f l e e i n g  i n t r u d e r .  As 

soon  as  t h e  i n t r u d e r  assumed th e  s u b m i s s iv e  p o s t u r e ,  th e  

r e s i d e n t  s t o p p e d  h e r  a t t a c k  and  r e t u r n e d  to  h e r  s h e l l .

The i n t r u d e r  e v e n t u a l l y  d r i f t e d  down to  t h e  b o t to m  o f  th e  

t a n k  w here  she  assumed a r e s t i n g  p o s i t i o n .  T h is  u s u a l l y  

d i d  n o t  p ro v o k e  f u r t h e r - a t t a c k s  f rom  th e  r e s i d e n t  f e m a l e .

G r a v i d  Fem ale  R e s i d e n t  -  R ip e  Male I n t r u d e r

When a  r i p e  m ale  was i n t r o d u c e d  i n t o  a t a n k  a l r e a d y  

o c c u p i e d  b y  a g r a v i d  f e m a l e ,  sh e  a p p ro a c h e d  and t h r e a t e n e d  

t h e  m a l e .  The t h r e a t  d i s p l a y  was o f t e n  m u t u a l .  Locked  jaw
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combat f o l l o w e d  th e  t h r e a t  d i s p l a y .  Combat be tw een  m a le s  

and  f e m a le s  n e v e r  i n v o l v e d  f i n  t e a r i n g .  A f t e r  th e  l o c k e d  

jaw h o l d  was b r o k e n ,  th e  f e m a le  u s u a l l y  r e t u r n e d  to  h e r  

s h e l l .  The f i s h  t h e n  a p p e a r e d  t o  i g n o r e  one a n o t h e r .

I f  t h e  m ale  was l e f t  i n  th e  t a n k  f o r  an h o u r  o r  s o ,  he  

would e v e n t u a l l y  e n t e r  t h e  s h e l l  which  t h e  fem a le  would 

r e l i n q u i s h  w i t h o u t  a f i g h t .

A new ly  i n t r o d u c e d  m ale  n e v e r  c o u r t e d  th e  r e s i d e n t  

f e m a l e .  P e r h a p s  t h e  s t r e s s  i n v o l v e d  i n  t h e  t r a n s f e r  f rom  

one t a n k  to  a n o t h e r  and th e  f o r e i g n  s u r r o u n d i n g s  t e m p o r a r -  

i i y  s u p p r e s s e d  th e  m a l e ' s  s e x u a l  d r i v e .



R e p r o d u c t i v e  E thogram

C o u r t s h i p  C o l o r a t i o n

The c o u r t s h i p  c o l o r a t i o n  o f  th e  m ale  i s  d a r k e r  th a n  

t h e  no rm al  c o l o r a t i o n .  The no rm a l  b l o t c h e s  d i s a p p e a r  and 

p a l e , n a r r o w ,  s t r i p e s  become p r o m i n e n t .  The p r e - o p e r c u l a  

become q u i t e  p a l e ,  w h i l e  th e  c h i n  and f o r e h e a d  r e m a in  d a r k .  

The p e c t o r a l  f i n s  d a r k e n .  The w h i t e  t i p s  o f  th e  a n a l  s p i n e s  

an d  th e  d a r k  a n a l  p ad s  become c o n s p i c u o u s .  The d o r s a l  f i n  

d a r k e n s  e x c e p t  f o r  a m i d - a n t e r i o r  p o r t i o n  w hich  becomes an 

amber c o l o r .  The i r r i d e s c e n t  b l u e  b l o t c h  on th e  a n t e r i o r  

p a r t  o f  t h e  d o r s a l  f i n  d a r k e n s  and becomes l e s s  c o n s p i c u o u s .  

D u r in g  t h e  e a r l y  p a r t  o f  c o u r t s h i p ,  th e  i r i s  o f  th e  eye 

c h a n g es  f rom  th e  no rm al  d a rk  c o l o r  to  an amber c o l o r .

F em a les  do n o t  change c o l o r  d u r i n g  c o u r t s h i p  o r  spawn­

i n g .

C o u r t s h i p  D i s p l a y

When a g r a v i d  f e m a le  was p l a c e d  i n  a t a n k  which  con­

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

As soon  as  t h e  m ale  became aware o f  th e  f e m a l e ,  he  assumed 

c o u r t s h i p  c o l o r a t i o n  and e r e c t e d  h i s  d o r s a l  f i n .  The male 

t h e n  a p p r o a c h e d  and w i t h  q u i c k  d a r t i n g  movements c i r c l e d  

t h e  f e m a le  many t i m e s ,  a l l  t h e  w h i l e  r a p i d l y  s h a k i n g  h i s

9
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h e a d ,  A f e m a le  som etim es i n i t i a l l y  r e s p o n d e d  t o  t h e  m a l e ! s 

a c t i o n s  by  a s su m in g  a s u b m i s s iv e  p o s t u r e ,  b u t  she  soon  

re sum ed  th e  no rm al  r e s t i n g  p o s i t i o n .  The m ale  f r e q u e n t l y  

r e t u r n e d  to  th e  n e s t ,  t u r n e d  u p s i d e  down and swam a ro u n d  

on t h e  u n d e r s i d e  o f  th e  u p p e r  v a l v e  o f  th e  clam s h e l l .

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

sp a w n in g .  He th e n  t u r n e d  u p r i g h t  and e x t e n d e d  h i s  h e a d  

o u t  o f  th e  s h e l l  to w ard  th e  f e m a le  and shook  h i s  h e a d .

I f  t h e  f e m a le  d i d  n o t  t h e n  e n t e r  th e  n e s t ,  th e  m a le  a g a i n  

c i r c l e d  a ro u n d  h e r  w h i l e  s h a k in g  h i s  h e a d .  The m ale  some­

t im e s  h e r d e d  th e  f e m a le  to w ard  t h e  n e s t  by r e d u c i n g  th e  

s i z e  o f  h i s  c i r c l e s .  I f  t h e  f e m a le  s t i l l  d i d  n o t  e n t e r  

t h e  n e s t ,  t h e  male  t h e n  n i p p e d  h e r  and b u t t e d  h e r  i n  th e  

t a i l  r e g i o n  w i t h  h i s  s n o u t .  The male  was o f t e n  v e r y  v i o ­

l e n t  i n  h i s  a t t e m p t s  to  p e r s u a d e  th e  f e m a le  t o  e n t e r  th e  

n e s t .  Once th e  f e m a le  h a d  e n t e r e d  th e  n e s t ,  she  p o s i t i o n e d  

h e r s e l f  t o  f a c e  th e  f r o n t  o f  t h e  clam s h e l l .  The m ale  t h e n  

c i r c l e d  a r o u n d  th e  clam s h e l l  w h i l e  v i g o r o u s l y  s h a k i n g  h i s  

h e a d .  The m ale  swam f a s t e r  a ro u n d  th e  b a c k  o f  th e  n e s t  

t h a n  i n  f r o n t  o f  t h e  n e s t ,  s l o w in g  as  soon  as  he  came w i t h ­

i n  v iew  o f  t h e  f e m a l e .  The m a le  d i d  n o t  a lw ays  c o m p le t e l y  

c i r c l e  t h e  s h e l l ,  b u t  som etim es  swam a ro u n d  t o  a p o i n t  

where  he  was no l o n g e r  r e a d i l y  v i s i b l e  t o  t h e  f e m a l e ,  t h e n  

t u r n e d  and swam th e  o t h e r  way. The f e m a le  was u s u a l l y  

a t t e n t i v e  t o  t h e  m a l e ^  d i s p l a y s  and would c o n t i n u a l l y  

p o s i t i o n  h e r s e l f  so  t h a t  she  would have  optimum v iew  o f  

h i s  d i s p l a y .  The m a le  e v e n t u a l l y  e n t e r e d  th e  n e s t .
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O c c a s i o n a l l y  a new ly  i n t r o d u c e d  f e m a le  e n t e r e d  th e  

n e s t  b e f o r e  t h e  m ale  h ad  even  a p p ro a c h e d  h e r .  When t h i s  

o c c u r r e d ,  t h e  m ale  would make a few c i r c l e s  a ro u n d  th e  

s h e l l ,  g i v e  a few  h e a d - s h a k e s ,  and  th e n  e n t e r  th e  s h e l l .

C e r t a i n  e l e m e n t s  o f  th e  m a l e f s c o u r t s h i p  d i s p l a y  were 

a lw ays  o b s e r v e d  i . e .  t h e  o v e r - a l l  c o l o r  ch an g e ,  e r e c t i o n  

o f  th e  d o r s a l  f i n ,  and  h e a d - s h a k e s .  O th e r  a s p e c t s  o f  c o u r t ­

s h i p  su c h  as  c i r c l i n g  th e  f e m a le ,  h e r d i n g  h e r ,  c i r c l i n g  

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

Spawning

Spawning u s u a l l y  to o k  p l a c e  w i t h i n  10 m in u t e s  o f  th e  

i n t r o d u c t i o n  o f  a g r a v i d  f e m a le  i n t o  th e  t a n k  o f  a r i p e  

m a le  and o f t e n  l a s t e d  f o r  t h r e e  h o u r s  o r  m o re .  D u r in g  

spax^ming t h e  m ale  and f e m a le  m a i n t a i n e d  c l o s e  body c o n t a c t  

i n  t h e i r  t r u n k  r e g i o n .  B o th  a n im a l s  f a c e d  i n  th e  same 

d i r e c t i o n  and k e p t  t h e i r  b o d i e s  p a r a l l e l  t o  e a c h  o t h e r .

The m ale  l a t e r a l l y  p u s h e d  th e  f e m a le  a ro u n d  i n  th e  n e s t ,  

o c c a s s i o n a l l y  and a c c i d e n t a l l y  o u t  o f  th e  n e s t .  The f e m a le  

d e p o s i t e d  eggs  on b o t h  u p p e r  and lo w e r  v a l v e s  o f  th e  clam 

s h e l l ,  a f t e r  which  sh e  e i t h e r  v o l u n t a r i l y  l e f t  t h e  s h e l l

o r  was p u s h e d  o u t  by t h e  m a l e .  The fe m a le  d i d  n o t  r e t u r n

t o  t h e  s h e l l ;  t h e  m a le  r e m a in e d  w i t h  th e  e g g s .

I f  a n o t h e r  g r a v i d  f e m a le  was p l a c e d  i n  a t a n k  c o n t a i n ­

i n g  an i s o l a t e d ,  e g g - g u a r d i n g  m a le ,  th e  m ale  c o u r t e d  th e  

f e m a le  w h ich  t h e n  l a i d  h e r  eggs  b e s i d e  th e  eggs  a l r e a d y  

p r e s e n t  i n  t h e  s h e l l .



EXPERIMENTAL DESIGN AND RESULTS

To d e t e r m i n e  i f  a pheromone i s  p r o d u c e d ,  s t r i p e d  

b l e n n i e s  were i s o l a t e d  i n  t a n k s  e q u ip p e d  so  t h a t  t e s t  

w a t e r  i n t r o d u c e d  a t  e i t h e r  end fo rm ed  a c o n c e n t r a t i o n  

g r a d i e n t .  D i f f e r e n t  k in d s  o f  t e s t  w a te r  were i n t r o ­

duced  i n t o  e i t h e r  end o f  a t a n k  and th e  r e s i d e n t  f i s h ' s  

r e a c t i o n  was r e c o r d e d .

Spec im ens  o f  Chasmodes b o s q u ia n u s  were c o l l e c t e d  

f rom  o y s t e r  t r a y s ,  s h e l l  b a g s ,  and  empty b e e r  cans  i n  

s h a l l o w  w a t e r  o f  th e  York R i v e r  n e a r  G l o u c e s t e r  P o i n t ,  

V i r g i n i a .

The spaw ning  p e r i o d  i n  th e  C hesapeake  Bay r e g i o n  

h a s  b e e n  r e p o r t e d  to  e x t e n d  from  A p r i l  t h r o u g h  August  

( H i l d e b r a n d  & S c h r o e d e r  1 9 2 8 ) .  The p r e s e n t  s t u d y  was 

begun  i n  l a t e  May and c o n t i n u e d  th r o u g h  Sep tem ber  3 .

Twelve s e x u a l l y  r i p e  m a le s  were i s o l a t e d  i n  s e p ­

a r a t e  10 g a l l o n  t a n k s  w hich  h a d  t h r e e  opaque s i d e s  to  

p r e v e n t  t h e  r e s i d e n t  an im a l  f rom  v ie w in g  f i s h e s  i n  

n e i g h b o r i n g  a q u a r i a .  A male  was c o n s i d e r e d  to  be s e x ­

u a l l y  r i p e  i f  he c o u r t e d  g r a v i d  f e m a l e s .  One o f  th e  

12 m a le s  s e r v e d  a s  a c o n t r o l .  Each  ta n k  c o n t a i n e d  an 

a i r s  to n e  and an empty clam s h e l l  'which h a d  th e  h in g e  

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

12
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t h e  e x p e r i m e n t .  The s h e l l ,  c e n t r a l l y  p l a c e d ,  s e r v e d  as 

a n e s t  and s h e l t e r .

A q u a r i a  were s u p p l i e d  w i t h  r u n n i n g  e s t u a r i n e  w a te r  

w h ich  e n t e r e d  b o t h  ends  th r o u g h  a p o l y e t h y l e n e  f u n n e l  

l o c a t e d  s e v e r a l  c e n t i m e t e r s  above th e  w a t e r  s u r f a c e .  B o th  

t h e  e s t u a r i n e  w a t e r  and th e  s t i m u l u s  t e s t  w a t e r  were i n ­

t r o d u c e d  t h r o u g h  t h e  p o l y e t h y l e n e  f u n n e l .

The s t i m u l u s  t e s t  w a te r  was i n t r o d u c e d  from  a s e p a ­

r a t o r y  f u n n e l  a t  th e  r a t e  o f  a b o u t  1 m l / s e c  ( P i g .  1 ) .

D u r in g  t h e  t e s t i n g  o f  a w a t e r  t y p e ,  one o f  th e  s e p a r a t o r y  

f u n n e l s  c o n t a i n e d  th e  s t i m u l u s  w a t e r  w h i l e  t h e  o t h e r  f u n ­

n e l  c o n t a i n e d  e s t u a r i n e  w a t e r .  T e m p e ra tu re  d i f f e r e n c e s  

b e tw e e n  th e  t e s t  w a t e r ,  t h e  c o n t r o l  w a t e r ,  and th e  e s t u ­

a r i n e  w a t e r  d i d  n o t  e x c e e d  0 . 5  C. The t o t a l  i n f l o w  to  

e a c h  t a n k  was m a i n t a i n e d  a t  10 m l / s e c  o r  5  m l / s e c  p e r  

l i n e  by Hoffman c l a m p s .  The t o t a l  o u t f l o w  was m a i n t a i n e d ,  

a t  10 m l / s e c  by a c o n s t a n t - l e v e l  s i p h o n  w h ich  k e p t  t h e  

w a t e r  l e v e l  a t  18 cm from  th e  t a n k  b o t to m  ( B r e d e r  1 9 69)•

The s ip h o n  o v e r - f l o w  was l o c a t e d  a b o u t  5 cm from th e  

b o t to m  n e a r  th e  m id d le  o f  th e  b a c k  w a l l  o f  th e  t a n k .  The 

f l u s h i n g  t im e  was a b o u t  31 m i n u t e s  f o r  e a c h  t a n k .  P r e ­

l i m i n a r y  t e s t s  w i t h  v e g e t a b l e  dyes  d e m o n s t r a t e d  t h a t  co n ­

c e n t r a t i o n  g r a d i e n t s  were fo rm ed  a t  e a c h  end  o f  th e  t a n k s .

A t r i a l  f o r  an i n d i v i d u a l  m ale  c o n s i s t e d  o f  a 2 . 5  

m i n u t e  " c o n t r o l  o b s e r v a t i o n  p e r i o d "  and a 2 . 5  m in u te  " t e s t  

o b s e r v a t i o n  p e r i o d " .  The t e s t  w a t e r ,  w hich  f lo w e d  f o r  

t h r e e  m i n u t e s ,  was i n t r o d u c e d  i n t o  th e  t a n k  a t  t h e  end
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o f  th e  " c o n t r o l  o b s e r v a t i o n  p e r i o d " .  The " t e s t  o b s e r v a ­

t i o n  p e r i o d "  b eg a n  30 s e c o n d s  a f t e r  th e  t e s t  w a te r  s t a r t e d  

f l o w i n g  i n t o  t h e  t a n k .

D u r in g  t h e  c o n t r o l  and  t e s t  o b s e r v a t i o n  p e r i o d s ,  th e  

p o s i t i o n  and  a c t i v i t y  o f  th e  r e s i d e n t  an im a l  was r e c o r d e d  

a t  one s e c o n d  i n t e r v a l s .  The t im e  t h a t  an i n d i v i d u a l  s p e n t  

o u t  o f  i t s  s h e l t e r ,  w h ich  was l o c a t e d  i n  th e  c e n t e r  o f  th e

t a n k ,  was d i v i d e d  i n t o  f o u r  c a t e g o r i e s  ------  1 .  t o u c h in g

b o t to m  i n  t h e  n o n s t i m u l u s  h a l f  o f  th e  t a n k ,  2 .  ^swimming 

( n o t  t o u c h i n g  b o t to m )  i n  th e  n o n s t i m u l u s  h a l f  o f  t h e  t a n k ,

3 .  t o u c h i n g  b o t to m  i n  th e  s t i m u l u s  h a l f  o f  th e  t a n k ,  

i|.. swimming i n  th e  s t i m u l u s  h a l f  o f  th e  t a n k .  The c a t e ­

g o r i e s  were w e ig h te d  one th r o u g h  f o u r  r e s p e c t i v e l y .  A 

t o t a l  s c o r e  f o r  ea c h  o b s e r v a t i o n  p e r i o d  c o n s i s t e d  o f  th e  

sum' o f  th e  number o f  s e c o n d s  o f  e a c h  a c t i v i t y  m u l t i p l i e d  

by i t s  w e i g h t .  The s c o r e s  f rom  th e  " t e s t  o b s e r v a t i o n  p e r i ­

od" were ch eck ed  f o r  s i g n i f i c a n t  d i f f e r e n c e  f rom th e  " c o n ­

t r o l  o b s e r v a t i o n "  s c o r e s  by th e  W ilcoxon m a t c h e d - p a i r s  

s i g n e d - r a n k s  t e s t  ( S i e g e l  1 9 5 6 ) .  I n  o r d e r  t o  d e t e r m i n e  

w h e th e r  t h e  t e s t  w a t e r  was an  a t t r a c t a n t  o r  r e p e l l e n t ,  

t h e  number o f  s e co n d s  o f  e a c h  a c t i v i t y  d u r i n g  e a c h  " c o n ­

t r o l  o b s e r v a t i o n  p e r i o d "  was s u b t r a c t e d  f rom  t h a t  o f  e a ch  

c o r r e s p o n d i n g  a c t i v i t y  d u r i n g  t h e  " t e s t  o b s e r v a t i o n  p e r i o d " .  

V a lu e s  f o r  t h e  t im e s p e n t  on th e  b o t to m  and f o r  th e  t im e 

s p e n t  "swimming" were summed f o r  th e  two h a l v e s  o f  th e  

t a n k  f o r  e a c h  t e s t ,  and  th e n  com pared  by th e  Wilcoxon 

m a t c h e d - p a i r s  s i g n e d - r a n k s  t e s t .
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A t r i a l  f o r  an  i n d i v i d u a l  f e m a le  was e s s e n t i a l l y  th e  

same a s  a  t r i a l  f o r  a m ale  e x c e p t  t h a t  i t  was n e c e s s a r y  

t o  l e n g t h e n  b o t h  th e  " c o n t r o l  o b s e r v a t i o n  p e r i o d "  and t h e  

" t e s t  o b s e r v a t i o n  p e r i o d "  t o  3*5 m in u te s  e a c h  f o r  t h e  

f e m a le  t r i a l s ,  s i n c e  t h e  f e m a le s  were more r e l u c t a n t  t o  

l e a v e  th e  s h e l l *

The s t r i p e d  b l e n n i e s  were f e d  d a i l y  on s m a l l  p i e c e s  

o f  clams and  o y s t e r s .  The fo o d  was a lw ays  p l a c e d  i n  t h e  

c e n t e r  o f  t h e  t a n k  i n  o r d e r  t o  a v o i d  c o n d i t i o n i n g  a p r e ­

f e r e n c e  f o r  e i t h e r  e n d .

E x p e r im e n t  I :  I n  o r d e r  t o  d e t e r m i n e  th e  v a l i d i t y  o f  th e

t e s t  c o n d i t i o n s ,  clam j u i c e  was p r e s e n t e d  f o u r  t im e s  to  

e a c h  o f  t h e  11 i s o l a t e d  m a l e s . Clam j u i c e  was a l s o  p r e ­

s e n t e d  f o u r  t im e s  t o  e a c h  o f  t h r e e  random ly  chosen  f e m a le  

The m a le  and  f e m a le  c o n t r o l s  were t e s t e d  w i t h  e s t u a r i n e  

w a t e r .  The f i s h  were n o t  f e d  d u r i n g  th e  f o u r  days p r i o r  

t o  t e s t i n g  w i t h  clam j u i c e .

B o th  m a le s  and f e m a le s  s i g n i f i c a n t l y  r e a c t e d  and 

were s i g n i f i c a n t l y  a t t r a c t e d  to  th e  clam j u i c e  ( T a b le s  

1 - 5 ) •  The c o n t r o l s  a s  i n  a l l  s u b s e q u e n t  t e s t s  showed no 

s i g n i f i c a n t  r e a c t i o n s  to  t h e  e s t u a r i n e  w a t e r .

E x p e r im e n t  I I :  The f i r s t  t e s t  s e r i e s  c o n s i s t e d  o f  p r e ­

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

t y p e s :  1 .  m a le  w a t e r  w a t e r  drawn f rom  th e  t a n k  o f

an  i s o l a t e d  r i p e  m a le ,  2 .  f e m a le  w a te r  - - -  w a te r  drawn



f rom  th e  t a n k  o f  an i s o l a t e d  g r a v i d  f e m a l e .  The t h r e e  

f o l l o w i n g  w a t e r  t y p e s  were o b t a i n e d  by i n t r o d u c i n g  a 

g r a v i d  f e m a le  i n t o  th e  t a n k  o f  an  i s o l a t e d  r i p e  m a le .  

W ate r  was t h e n  drawn f rom  th e  t a n k  and c h a r a c t e r i z e d  

a c c o r d i n g  t o  th e  b e h a v i o r  o f  t h e  male  a t  t h a t  t im e  

— -  3* no c o u r t s h i p  w a t e r  (male n o t  c o u r t i n g ) ,  i|.. c o u r t  

s h i p  w a t e r  (60 s e co n d s  a f t e r  t h e  male h ad  i n i t i a t e d  th e  

h e a d - s h a k e  d i s p l a y ) ,  5* m a t in g  w a t e r  ( w a t e r  drawn from 

a t a n k  a t  l e a s t  5Q m i n u t e s  a f t e r  . o v i p o s i t i o n  h a d  b e g u n ) ,  

6.- e s t u a r i n e  w a t e r .  W ater  t y p e s  were drawn from th e  

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

mal ( s ) .

B o th  c o u r t s h i p  w a t e r  and m a t in g  w a t e r  were p r e s e n t e d  

s e v e n  t im e s  t o  e a c h  o f  t h e  11 i s o l a t e d  m a l e s .  Each o f  

t h e  o t h e r  w a t e r  ty p e s  was p r e s e n t e d  f o u r  t im e s  to  e v e r y  

m a l e .  The c o n t r o l  was a lw ays  t e s t e d  w i t h  e s t u a r i n e  w a te r  

I n  e a c h  t e s t  s e r i e s ,  t h e  i n d i v i d u a l  t e s t e d ,  t h e  o r d e r  o f  

p r e s e n t a t i o n  o f  th e  w a t e r  t y p e s ,  and th e  end  o f  th e  t a n k  

i n  w h ich  t h e  t e s t  w a t e r  was i n t r o d u c e d ,  were ch o sen  f rom 

a t a b l e  o f  random numbers  (B eye r  1 9 6 6 ) .

At l e a s t  one h o u r  e l a p s e d  b e tw e e n  t e s t s  ru n  on th e  

same i n d i v i d u a l .  T h is  d e l a y  i n s u r e d  t h a t  t h e  t a n k  was 

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

None o f  t h e  11 r i p e  m a le s  r e a c t e d  s i g n i f i c a n t l y  t o  

any o f  t h e  s i x  w a t e r  t y p e s  (T a b le  5 ) •

E x p e r im e n t  I I I :  A s e r i e s  o f  t e s t s  was r u n  t o  d e t e r m in e
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i f  g r a v i d  f e m a le s  would r e a c t  t o  any o f  t h e  s i x  w a t e r  t y p e s .  

E le v e n  g r a v i d  f e m a le s  were i s o l a t e d  i n  s e p a r a t e  t a n k s  one 

week p r i o r  t o  t e s t i n g .  F o r  e a c h  t r i a l ,  t h e  i n d i v i d u a l  t e s t ­

e d ,  t h e  o r d e r  o f  p r e s e n t a t i o n  o f  th e  w a t e r  t y p e s ,  and th e  

end  o f  t h e  t a n k  i n  w h ich  th e  s t i m u l u s  was t o  be i n t r o d u c e d ,  

were ran d o m ly  c h o s e n .  B o th  c o u r t s h i p  w a t e r  and e s t u a r i n e  

w a t e r  were p r e s e n t e d  s e v e n  t im e s  to  e a c h  o f  10 g r a v i d  f e m a le s  

and  th e  f o u r  o t h e r  w a t e r  t y p e s  were p r e s e n t e d  f i v e  t i m e s .

The c o n t r o l  was a lw ays  t e s t e d  w i t h  e s t u a r i n e  w a t e r .

The t e n  g r a v i d  f e m a le s  showed a s i g n i f i c a n t  r e a c t i o n  

and  a t t r a c t i o n  o n ly  t o  c o u r t s h i p  w a t e r  ( T a b le s  5 - 7 ) •  Soon 

a f t e r  th e  i n t r o d u c t i o n  o f  th e  c o u r t s h i p  w a t e r ,  t h e  f e m a le  

e x t e n d e d  h e r  h ea d  f rom  th e  s h e l l  and f a c e d  th e  s t i m u l u s -  

end  o f  th e  t a n k .  She u s u a l l y  made s e v e r a l  f a l s e  s t a r t s  

o u t  o f  th e  n e s t ,  i . e .  she  s t a r t e d  t o  d a r t  o u t  o f  t h e  s h e l l ,  

b u t  t h e n  a b r u p t l y  ch e ck e d  th e  movement and moved f u r t h e r  

b a c k  i n  th e  s h e l l .  E v e n t u a l l y  she d a r t e d  o u t  o f  t h e  s h e l l ,  

b u t  q u i c k l y  r e t u r n e d .

E x p e r im e n t  IV: A s e r i e s  o f  t e s t s  was r u n  to  d e t e r m in e  i f

g r a v i d  f e m a l e s ,  w hich  h a d  b e e n  a l l o w e d  to  spawn, would s t i l l  

r e a c t  t o  a w a t e r  ty p e  w hich  p r i o r  to  spaw ning  h a d  evoked  

r e s p o n s e s .  F o u r  f e m a le s  were ran d o m ly  s e l e c t e d  from th e  10 

g r a v i d  t e s t  f e m a l e s .  E ach  o f  th e  f o u r  f e m a le s  and th e  c o n t r o l  

f e m a le  was p l a c e d  i n  a t a n k  w h ich  c o n t a i n e d  an i s o l a t e d  r i p e  

m a l e .  The a n im a l s  were a l l o w e d  to  spawn. One h o u r  a f t e r  

spaw n ing  h a d  b e g u n ,  t h e  f e m a le  was removed and r e t u r n e d  to
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h e r  t a n k .  The r e m a i n d e r  o f  th e  t e s t  day was d i v i d e d  i n t o  

f o u r  90 m in u te  i n t e r v a l s .  D ur ing  ea c h  i n t e r v a l  e a c h  o f  

t h e  f o u r  f e m a le s  was p r e s e n t e d  w i t h  c o u r t s h i p  w a t e r .  The 

c o n t r o l  f e m a le  was t e s t e d  w i t h  e s t u a r i n e  w a t e r .  D ur ing  

e a c h  i n t e r v a l ,  th e  i n d i v i d u a l  t e s t e d  and th e  end  o f  th e  

t a n k  i n  w h ich  t h e  s t i m u l u s  was i n t r o d u c e d  were ran d o m ly  

c h o s e n .  P a r t  o f  th e  day f o l l o w i n g  spaw ning  was d i v i d e d  

i n t o  sev en  c o n s e c u t i v e  60 m in u te  i n t e r v a l s .  D ur ing  e a c h  

i n t e r v a l ,  e a c h  o f  t h e  f o u r  f e m a le s  was t e s t e d  w i t h  c o u r t ­

s h i p  w a t e r .  The c o n t r o l  f em a le  was t e s t e d  w i t h  e s t u a r i n e  

w a t e r .

F em a les  t e s t e d  on th e  day th e y  spawned, showed no 

s i g n i f i c a n t  r e a c t i o n  t o  c o u r t s h i p  w a t e r .  Fem ales  which  

were  p r e s e n t e d  w i t h  c o u r t s h i p  w a t e r  on t h e  day f o l l o w i n g  

spaw n ing  showed a s i g n i f i c a n t  r e a c t i o n  and  a t t r a c t i o n  t o  

t h e  s t i m u l u s  w a te r  ( T a b le  5 ) •

E x p e r im e n t  V: A s e r i e s  o f  t e s t s  was c o n d u c te d  to  d e t e r m in e  

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

ed  i t s  e f f e c t i v e n e s s  a f t e r  h a v i n g  b ee n  s t o r e d  f o r  a p e r i o d  

o f  21± h o u r s .  C o u r t s h i p  w a t e r  was s t o r e d  i n  p o l y p r o p y l e n e  

b o t t l e s  f o r  h o u r s  a t .  th e  a m b ie n t  w a t e r  t e m p e r a t u r e  

( a p p r o x i m a t e l y  76 F ) •

F o u r  f e m a le s  r a n d o m ly  c h o s e n  from th e  10 g r a v i d  t e s t  

f e m a l e s  were t e s t e d  w i t h  th e  s t o r e d  w a t e r .  The c o n t r o l  

f e m a le  was t e s t e d  w i t h  e s t u a r i n e  w a te r  t h a t  h a d  b e e n  s t o r e d  

2I4. h o u r s  i n  p o l y p r o p y l e n e  b o t t l e s .  The f o u r  t e s t  f e m a le s
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and t h e  c o n t r o l  f e m a le  were t e s t e d  d u r i n g  a p e r i o d  o f  one 

h o u r .  E ach  o f  th e  t e s t  f e m a le s  was t e s t e d  a t o t a l  o f  f o u r  

t im es  o v e r  a p e r i o d  o f  f o u r  days w i t h  c o u r t s h i p  w a t e r  which  

h a d  b e e n  s t o r e d  21+ h o u r s .

The t e s t  f e m a le s  showed no s i g n i f i c a n t  r e a c t i o n  to  

c o u r t s h i p  w a t e r  w hich  h ad  b een  s t o r e d  21+ h o u r s .  F em a les  

t e s t e d  w i t h  t h e  same c o u r t s h i p  w a t e r  b e f o r e  i t  h ad  b een  

s t o r e d ,  showed s i g n i f i c a n t  r e a c t i o n s  (T ab le  5 ) •

E x p e r im e n t  V I :  T e s t s  were c o n d u c te d  t o  d e t e r m in e  i f  o l ­

f a c t i o n  was u s e d  i n  d e t e c t i n g  t h e  p h e ro m o n e . A t te m p ts  

were made t o  d e s t r o y  th e  n a s a l  e p i t h e l i u m  o f  e a c h  o f  th e  

10 t e s t  f e m a l e s  and t h e  c o n t r o l  by  i n s e r t i n g  a h o t  p ro b e  

i n t o  t h e  i n c u r r e n t  and e x c u r r e n t  n a r e s  o f  e a c h  a n i m a l .

The c h e m ic a l  s t i m u l i  w h ich  p r e v i o u s l y  h a d  e l i c i t e d  r e a c t ­

i o n s  f rom  u n c a u t e r i z e d  f e m a l e s ,  were th e n  p r e s e n t e d  to  

t h e  10 an o sm ic  f e m a l e s .  The anosm ic  c o n t r o l  was t e s t e d  

w i t h  e s t u a r i n e  w a t e r .  Each  c a u t e r i z e d  fe m a le  was ex p o s e d  

t o  t h e  s t i m u l u s  w a t e r  ty p e  f o r  f o u r  t r i a l s .  The n a s a l  

e p i t h e l i a  o f  t h e  10 t e s t  a n im a l s  and th e  c o n t r o l  were 

exam ined  f o r  s i g n s  o f  r e g e n e r a t i o n .

None o f  t h e  anosm ic  f e m a le s  showed a s i g n i f i c a n t  

r e a c t i o n  t o  t h e  c o u r t s h i p  w a t e r .  E x a m in a t io n  o f  t h e  o l ­

f a c t o r y  cham bers  r e v e a l e d  t h a t  c a u t e r i z a t i o n  h ad  p r o d u c e d  

s c a r  t i s s u e  w hich  h a d  c o m p l e t e l y  s e a l e d  b o t h  th e  i n c u r r e n t  

and  e x c u r r e n t  n a r e s  o f  f o u r  t e s t  f e m a le s  and th e  c o n t r o l .

P ig m en t  was p r e s e n t  i n  o n l y  t h e  i n n e r m o s t  p a r t  o f  t h e  n a s a l



cham ber  o f  t h e s e  f e m a l e s .  The i n c u r r e n t  n a r e s  o f  t h r e e  

f e m a le s  were p lu g g e d  w i t h  s c a r  t i s s u e  b u t  t h e  e x c u r r e n t  

n a r e s  were n o t  s e a l e d .  The i n c u r r e n t  and e x c u r r e n t  n a r e s  

were p lu g g e d  on o n ly  one s i d e  o f  t h e  h e a d  o f  two f e m a l e s .  

None o f  t h e  n a r e s  o f  one f e m a le  were s e a l e d .

Two m a le s  were c a u t e r i z e d .  The f o l l o w i n g  day  a 

g r a v i d  f e m a le  was p r e s e n t e d  t o  e a c h  o f  t h e  anosm ic  m a l e s .  

The anosm ic  m a le s  s t i l l  showed v i g o r o u s  c o u r t s h i p .



DISCUSSION

At some t im e d u r i n g  th e  c o u r t s h i p  d i s p l a y  th e  m a le  

r e l e a s e s  a pheromone w hich  a c t s  a s  an  a t t r a c t a n t  t o  g r a v i d  

f e m a l e s .  The r e l e a s e  o f  th e  pheromone i s  n o t  n e c e s s a r i l y  

c o i n c i d e n t  w i t h  th e  h e a d - s h a k e  d i s p l a y  and m ig h t  be i n t e r ­

m i t t e n t .  I n  v iew  o f  th e  e x i s t e n c e  o f  a h e t e r o s e x u a l  t e r ­

r i t o r i a l  s y s t e m ,  a s e x u a l  pheromone w hich  s e r v e s  as  an 

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

two s e x e s  t o g e t h e r  o r  i n  t e m p o r a r i l y  k e e p i n g  them t o g e t h e r .

M ales  o f  Chasmodes b o s q u i a n u s , a f t e r  h a v i n g  spawned, 

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

S e v e r a l  f e m a l e s  may spawn t h e i r  eggs  i n  t h e  n e s t  o f  one 

m a l e .  P e rh a p s  th e  pheromone a t t r a c t s  g r a v i d  f e m a le s  to  

t h e  n e s t  o f  an e g g - g u a r d i n g  m ale  as i n  t h e  c a s e  o f  

B l e n n i u s  pavo  (K L eerek o p e r  1969) • The pheromone may i n c r e a s e  

t h e  f e m a l e fs a p p e t i t i v e  o r  s e a r c h i n g  b e h a v i o r .  The p h e r o ­

mone may e x e r t  s t r o n g e r  i n f l u e n c e  a f t e r  th e  m ale  and 

f e m a le  h a v e  come i n  v i s u a l  c o n t a c t  and may th e n  r e d u c e  

t h e  f e m a l e 1s t e n d e n c y  to w ard  f l i g h t ,  t h e r e b y  k e e p in g  h e r  

n e a r  th e  m a le  u n t i l  t h e  a p p r o p r i a t e  r e l e a s i n g  s t i m u l i  

e i t h e r  f u r t h e r  m a i n t a i n  th e  p a i r  o r  i n i t i a t e  c o u r t s h i p  

b e h a v i o r .  The a c t i v e  s u b s t a n c e  o f  th e  pheromone i s  s h o r t ­

l i v e d .  A s h o r t - l i v e d  pheromone would hav e  th e  a d v a n ta g e



o f  r e d u c i n g  th e  ’’c h e m ic a l  n o i s e ” i n  t h e  e n v i r o n m e n t .

S in c e  f e m a le s  o f  C_. b o s q u ia n u s  do n o t  r e l e a s e  a l l  o f  

t h e i r  eggs  a t  one sp aw n in g ,  i t  was n o t  s u r p r i s i n g  t o  f i n d  

t h a t  f e m a le s  were s t i l l  a t t r a c t e d  t o  th e  pheromone when 

t e s t e d  t h e  day a f t e r  s p a w n in g .  I t  i s  p o s s i b l e  t h a t  t h e  

s t r e s s  o f  b e i n g  t r a n s f e r r e d  f rom  one t a n k  t o  a n o t h e r  on 

t h e  day o f  spawning  p r e c l u d e d  r e s p o n s e  t o  t h e  pheromone 

on t h a t  d a y .  I t  i s  a l s o  p o s s i b l e  t h a t  th e  i n t e r n a l  c o n ­

d i t i o n s  o f  th e  f e m a le  a r e  no l o n g e r  ’’p r i m e d ” j u s t  a f t e r  

s p a w n i n g .

C a u t e r i z a t i o n  o f  f o u r  f e m a le s  i n d i c a t e d  t h a t  o l f a c ­

t i o n  i s  u s e d  i n  d e t e c t i n g  th e  pherom one .  The s t r e s s  o f  

c a u t e r i z a t i o n  may h av e  b ee n  r e s p o n s i b l e  f o r  th e  n e g a t i v e  

r e s u l t s ,  b u t  t h i s  seems u n l i k e l y  i n  v iew  o f  th e  f a c t  t h a t  

t h e  s t r e s s  o f  c a u t e r i z a t i o n  i n  no way im p a re d  th e  c o u r t ­

s h i p  b e h a v i o r  o f  anosm ic  m a l e s .



V
al

ue
s 

of 
m

al
e 

re
si

d
en

ts
 

re
ac

ti
on

s 
to 

cla
m 

ju
ic

e.

1—1 CO O OO f—1 0 in r -
l—1 r" 00 ON in r—1 in

CM CO r—1 CM t—1 CM CM CO

0 1—f NO O CM CM 1—1 O ON
r—1 i—< I—1 r̂ - O NO CM

i—1 < f CM CM <1"

ON r"- ON 0 ON O m CO t—l
i- 1 CO CO CM 1—i in

CO CO

OO O <± ON CO O ON in ON
O <± m 1"- CM NO <1- NO
CM CM r—1 CM CM Mf 00 co

to OO O in ON !—I co CM
0-1 CM <)■ CM m 0 CM 0
G CM Ml- CM co CM CO co < t
<U

CO
CL)
Pi NO CM CM < t co CO p-- CM r̂ .

in 1—1 00 NO 00 m CM in
<U CM CO CM CM CM CM CO CO

r—1
CCS
23

in 0 O OO NO r 1 ON CO 00
in ON m t—1 r~-

r—1 CM r—1 t—l CO

0 0 NO CM 0 ON CO CO
in r—1 CM ON ON in 00 r—1
r—1 mJ- T—1 CO CO CO T—l CO

co nD ON O 0 NO CM <T
<fr in <1- NO T--1
CO CO CM T—1

CM O m m CM 000 co 0 <1- m NO in
CM CO < f co CM CM CM

i—) ON T—1 0 T--1 CM OO 00 ON
T--* P" ON NO «4j-

CM Mt CM CM CM CO

r—1 *—1 t—l 1—4
O 0 0 O
G g g g

CO 4-1 4-1 4-1 4-4 4-J 4-1 4-1 4-)
G c CO c co c CO c CO
0 0 <D 0 a> 0 a) 0 cu

•r̂ U 4-1 a 4-J u 4-) 0 40
4J
nj0

•rl1—< T—“I CM CO
Cu
a)

Pi

2 4



V
al

ue
s 

of 
m

al
e 

re
si

d
en

ts
 

at
tr

ac
ti

on
 

to 
cla

m
 

ju
ic

e.

1—4 on a> vO O 00 CM on ini—4 CO CO 
i

CM CO 
I

Ol
1

co <j-
i

o . CO Oi . T—l O' O  ONI—1 CM o CM O' CM CMt—41 t-4 i—1 1

on 04 O o  <1- CO O' CM CO04 O vOr~l

OO CT\ O' vo co r'' o- oo ino  <t CO <f O' r—1 in cot—4 1 i T—l1 ■

CO o- in in vO CO O  ON CM CM4-J <y\ O' in vd CM O' O-acu 1 1 1M3•r4CO(U vD O'' T—l OO CM vO O T—l <f-T—l CM T-1 T-1 T—l CO CM CM<UT—l 1 1 1 1cos
m O  O CM O' T—l CO cm coin .—i in in cm

i i
CO vD 
I

O'. ON CM CO O' O' vO CM04 CM vo O in vo1—4 r—1 1 T—l1 1 i

CO 0- O' o  o VO co .—iCM CM '-1 VO CO
1 1 1 T—l1

04 o  in o  «n CO on O  CMCO CO CM CM T—l T—4 <1- CM
i I—11 1 1 1

r—1 <t t—1 O  O' 1—4 'Cf CO CO04 <t 
1

CO ON CO CO 
1

14-4 1-4-4 14-1 1+4 1+4 l+H <4-1 <4-4T—1 T—l i—1 r—1 f'l t—4 T—1CO co CO co CO co CO coX X X X X  x X X
CO . . . .
c CO CO • co coo G co G CD G co G co•l—1 * *4J *COo*1-4i—• T-1 CM co Mj-C+.CUDd

eCO
+-> x<+-i c O CO 4-1
CO O X <4-4 
CO I 3 COT—t ,Cp
P  CO •H P 4-1 t-I 
CO ^  
'  £  
G *H O 4-) G CO

25



V
al

ue
s 

of 
fe

m
al

e 
re

si
d

en
ts

 
re

ac
ti

on
s 

to 
cla

m 
ju

ic
e.

r-x <T> <± O  CM 00 r—1 O  co
< f CT> o CM OO

r“l t—l

co
4-J
G
CD

M3
•r4
co
<U
Pi vO o  av o  co O  r"- O  CO

vO vO vo 1—1
<u T--1

os
eO)

p=4

O  CTV o  o O  <J- O  CM
CM co

t—l !—1 t—l t—l
O o O O
J-4 J-4 S-i U
4-1 4-1 4-1 4-1 4-1 4-1 4-1 4-J

CO G CO G CO G CO C co
G o  ai o  a> O cu o  <u
o (J 4-1 U 4-1 CJ 4-1 o  4-J

•H
4-1
CO
CJ*r-l

T—“4 1—J CM CO
a ,
(U

p i

26



V
al

ue
s 

of 
fe

m
al

e 
re

si
d

en
ts

 
at

tr
ac

ti
on

 
to 

cla
m 

ju
ic

e.

r-" CM Mt CM OO O CMCM CM i—1
1

r-l

CO4-J
c<UrO•MCOa) vO m lo o  o O r—1 CM co
Crf i—i CM CM

r—1
CO
ea)

O CO o  o r—t VO o  cr>

«M 14-1 M-4 <M CM CM CM CMH r—1 r—1 -̂1 1——1 r—1 rM i—4CO cO CO cO CO co CO coX  X X  X X  X X  X
CO . . . .
C CO CO CO COo G CO a co C to G co•H •jc4-1 -3<COo•r41—4 r—t CM co
acuerf

cto4-1
*-i—i a
O  CO4-1<4-4r-l M—I
CO OX

cOrC
CO3

1—4

§•r-i4-1CO

27



TABLE 5

Summary o f  p r o b a b i l i t i e s  (P) o’b t a in e d  by 

th e  W ilcoxon  m a tc h e d -p a ir s  s ig n e d - r a n k s  

t e s t  f o r  the  s i x  e x p e r im e n t s .

E xp er im en t P

r e a c t i o n a t t r a c t i o n

I m a le s
f e m a le s

< 0 . 0 0 1  
0 . 0 0 2

< 0 . 0 0 1
0 . 0 0 2

I I m ale  w a ter  
f e m a le  w a te r  
no c o u r t s h ip  w a ter  
c o u r t s h i r  w a ter

+■ ̂  ■*"* 0-m T.tn 4“ •»* 
iUU U x lAg nsA w va

e s t u a r i n e  w a ter

0 .37ip 
0 .1 9 k  
0 .2 8 9
0 . 2  3k 
0 . 1 6 6  
0 . 11+k

I I I m a le  w a ter  
f e m a le  w a ter  
no c o u r t s h ip  w a ter  
c o u r t s h i p  w a te r  
m a tin g  w a ter  
e s t u a r i n e  w a ter

0 . 1 6 1
0 .3 9 2
0 .k 7 9

< 0 . 0 0 1
0.14.90
0 . 2 0 1

0 . 0 2 1

IV day o f  spaw ning  
day a f t e r  spaw ning

+
< 0 . 0 0 1 0 .0 0 6

V f r e s h  c o u r t s h ip  w a ter  
s t o r e d  c o u r t s h ip  w a ter

•0 .0 0 9
0 . 3 6 8

O.OI4.6

VI an osm ic  f e m a le s 0 . 2 8 8

+ n  to o  s m a l l  f o r  co m p u ta t io n

28
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SUMMARY

1 .  R ip e  m a le s  o f  Chasmodes b o s q u ia n u s  r e l e a s e  a s e x u a l  

pheromone d u r i n g  c o u r t s h i p .  The pheromone a c t s  a s  an 

a t t r a c t a n t  t o  g r a v i d  f e m a l e s •

2 .  F em a les  t e s t e d  21| h o u r s  a f t e r  spawning  s t i l l  s i g n i f ­

i c a n t l y  r e s p o n d  to  th e  pherom one .

3 .  F em a les  d e t e c t  t h e  pheromone by o l f a c t i o n .

Ij.. The ’’a c t i v e  s u b s t a n c e ” o f  t h e  pheromone a p p e a r s  t o  be 

s h o r t - l i v e d .  F em a les  showed no s i g n i f i c a n t  r e s p o n s e  

t o  c o u r t s h i p  w a t e r  which  h a d  b een  s t o r e d  i n  p o l y p r o p y l  

ene b o t t l e s  f o r  2lj. h o u r s  a t  t h e  am b ien t  w a te r  t e m p e r ­

a t u r e  .
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