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A b s t r a c t

C a r d i n a l ! ' i s h e s  ( f a m i l y  A po g o n id ae )  a r e  a v e r y  p r o m in e n t  component  

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

C l a r i f i c a t i o n  o f  t h e  b a s i s  o f  t h e i r  d i v e r s i t y  and t h e i r  a v o i d a n c e  

o f  c o m p e t i t i v e  e x c l u s i o n ,  was s o u g h t  by s t u d y i n g  a  s e r i e s  o f  r o t e n o n e  

c o l l e c t i o n s  o f  Bahamian r e e f  f i s h e s  and by means o f  f i e l d  and 

l a b o r a t o r y  o b s e r v a t i o n s .  The r e s u l t s  o b t a i n e d  f a l l  i n t o  s e v e r a l  

c a t e g o r i e s .

1. T y p o l o g i c  f a c t o r s .  Bahamian c a r d i n a l i ' i s h e s  f i t  a l o g n o rm a l  

s p e c i e s  a b u n d a n c e  c u r v e ,  i . e . ,  an o v e r l a p p i n g ,  m u l t i d i m e n s i o n a l  

n i c h e  h y p o t h e s i s .  A b u n d a n c e - f r e q u e n c y  p a t t e r n s  among a l l  t h e  

s p e c i e s  in  Bahamian r e e f  f i s h  c o m m u n i t i e s  e m p h a s iz e  t h e  p ro m in en c e  

o f  c a r d i n a l f i s h e s . S p e c i e s  a s s o c i a t i o n  p a t t e r n s ,  i n v e s t i g a t e d  by 

means o£ 2 x 2  c o n t i n g e n c y  t a b l e s ,  i n o l u d e  n i n e  s p e c i e s  p a i r s  w i th  

a  p o s i t i v e  a s s o c i a t i o n  an:; two s p e c i e s  p a i r s  w i th  a n e g a t i v e  

a s s o c  ia  t  i o n .

A new s t a t i s t i c ,  t h e  o m i s s i o n  e f f e c t  i n d e x ,  i s  d e r i v e d .  I t  

e s t i m a t e s  t h e  c o n t r i b u t i o n  o f  a t a x o n  o r  o t h e r  u n i t  t o  t h e  

Shannon—Weaver s p e c i e s  d i v e r s i t y  i n d e x  o f  a  community .  Apogon and 

F h ae o p ty x  a r e  f o u n d ,  by u s i n g  t h i s  s t a t i s t i c ,  t o  hav e  p r o m i n e n t  

thou/di  o p p o s i t e  e f f e c t s  on c a l c u l a t e d  s p e c i e s  d i v e r s i t y .  A s tu d y  

o f  t h e  r e l a t i o n s h i p  o f  a p o g o n id  s p e c i e s  r i c h n e s s  v s .  community 

s p e c i e s  r i c h n e s s  r e v e a l s  t h a t  a p o g o n id  s p e c i e s  g e n e r a l l y  c o m p r i s e  

a b o u t  8—10$  o f  t o t a l  s p e c i e s  i n  r o t e n o n e  c o l l e c t i o n s .

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

a r e  c a l c u l a t e d  f o r  14 s p e c i e s .  E s t i m a t e s  o f  " a d u l t  l e n g t h "  and



" a d u l t  w e i g h t "  a r e  a l s o  made, and a  n e g a t i v e  c o r r e l a t i o n  i s  

d i s c o v e r e d  b e tw een  a d u l t  l e n g t h  and s t o u t n e s s  a t  a  g i v e n  s i z e .  

A l lo m e t ro m o rp h i sm  i s  s u g g e s t e d  a s  a name f o r  t h i s  r e l a t i o n s h i p ,  

and i t s  p o s s i b l e  e v o l u t i o n a r y  s i g n i f i c a n c e  i3  d i s c u s s e d .

Compar ison  o f  a d u l t  body s i z e  d a t a  w i t h  t h e  a b u n d a n c e  and f r e q u e n c y  

d a t a  and w i th  t h e  s p e c i e s  a s s o c i a t i o n  r e s u l t s  s u g g e s t s  t h a t  body 

s i z e  d i f f e r e n c e s  may p l a y  a  r o l e  i n  i n t e r s p e c i f i c  c o m p e t i t i o n  

a v o i d a n c e .  A f r e q u e n t  e c t o p a r a s i t i c  i n f e s t a t i o n  o f  Apogon townsend i 

i s  n o t e d ,  as  a r e  two u n d e s c r i b e d  p a r a s i t i c  o o p e p o d s .

2 ,  T o p o g r a p h ic  f a c t o r s .  An i n v e s t i g a t i o n  o f  t h e  g e o g r a p h i c  

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

i n d i c a t e s  t h s t  m os t ,  p e r h a p s  a l l ,  o f  t h e  tw e n ty  s p e c i e s  a r e  found 

t h r o u g h o u t  t h a t  a r e a .  Based on r e l a t i v e  a b u n d an ce  and f r e q u e n c y  

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

i s  shown f o r  e a c h  s p e c i e s ,  r a n g i n g  f rom  a f a i r l y  c l e a r  " p r e f e r e n c e "  

f o r  s h a l l o w e r  w a t e r  by P h a e o p ty x  c o n k l i n i  and A s t r a p o g o n  

p u n c t i c u l a t u s . and f o r  d e e p e r  w a t e r  by Apogon a f f i n i s . A. l a c h n e r i , 

and A. pher .ax , t o  l e s s  p ro n o u n ced  t e n d e n c i e s  among o t h e r  s p e c i e ^ .  

Based on r e l a t i v e  ab u n d an ce  and f r e q u e n c y  in  c o l l e c t i o n s  f rom  

d i f f e r e n t  b rood  h a b i t a t  c a t e g o r i e s ,  t h e  m ost  n o t a b l e  a p p a r e n t  

" p r e f e r e n c e s "  a r e  by A s t r a p o g o n  p u n c t i c u l a t u s  f o r  t h e  s h o r e l i n e  

c a t e g o r y ,  by Apogon a f f i n i s  and A, l a c h n e r i  f o r  t h e  d r o p o f f  

c a t e g o r y ,  by A. b i n o t a t u s  f o r  t h e  t o p  o f  bank c a t e g o r y ,  a n '  by A.

townBendi  f o r  t h e  o u t e r  shelf c a t e g o r y .

Among v a r io u B  m i c r o h a b i t a t  a s s o c i a t i o n s  o b s e r v e d ,  f a c u l t a t i v e  

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

c a r d i n a l f i s h  s p e c i e s ,  i s  t h e  most  w i d e s p r e a d ,  and  t e n d s  t o



e m p h a s i s e  s p a t i a l  o v e r l a p  among th e  commonest s p e c i e s .

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

n i c h e  f o r  most a p o g o n 13 s p e c i e s  led  t o  p r o p o s a l  o f  a model o f  

r e e f  f i s h  c o e x i s t e n c e  f o r  e x p l a i n i n g  t u c h  i n s t a n c e s .  I t  i s  

o f f e r e d  a s  an a l t e r n a t i v e  t o  t h e  " r e e f  f i s h  l o t t e r y "  model ,  which 

d o es  no t  ( i t  i s  a r g u e d )  p r o v i d e  a means o f  e s c a p i n g  c o m p e t i t i v e  

e x c l u s i o n .  Ir. t h e  p r o p o s e d  "m o n e y - in — t h e - b a n k "  model (and 

f i n a n c i a l  ana logy’) two o r  more s p e c i e s  ( " i n v e s t o r s " )  can c o n t i n u a l l y  

c o e x i s t  ir. some h a b i t a t s  ( " s t o c k  m a r k e t " )  b e c a u s e  o f  e x c e s s  l a r v a  

p r o d u c t i o n  ( " i n t e r e s t " )  i n  o t h e r  h a b i t a t s  ( " s a v i n g s  b a n k s " )  in  

which t h e y  o c c u r  a l o n e .  V a r i o u s  f e a t u r e s  o f  t h i s  model a r e  

d e s c r i b e d  and e x am p le s  among c a r d i n a l f i s h e s  f rom t h e  p r e s e n t  r e s u l t s  

a r e  s u g g e s t e d .

3 .  Tempora l  f a c t o r s .  T a b u l a t i o n ,  a c c o r d i n g  to  month, o f  

s e v e r , e l  k i n d s  o f  e v i d e n c e  o f  r e p r o d u c t i o n ,  i n c l u d i n g  e v i d e n c e  o f  

o r a l  b r o o d i n g  and o c c u r r e n c e  o f  r e c r u i t - s i z e d  i n d i v i d u a l s ,  i n d i c a t e s  

t h a t  a p o g o n i d s  t e n d  t o  r e p r o d u c e  t h r o u g h o u t  th e  y e a r ,  and do n o t  

a v o id  c o m p e t i t i o n  by a  s t a g g e r i n g  o f  b r e e d i n g  s e a s o n .  D i r e c t  o r  

i n d i r e c t  e v i d e n c e  o f  t h e  o r a l  b r o o d i n g  h a b i t  i s  o b t a i n e d  f o r  12 

d i f f e r e n t  s p e c i e s .

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

s u p p o r t  p r e v i o u s  r e p o r t s  o f  t h e i r  s p e c i e s - s p e c i f i c  and s e q u e n t i a l  

n a t u r e ,  and o f  t h e i r  m e d i a t i o n  in  some way by l i g h t .  A new 

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

b e h a v i o r *  d i f f e r e n t i a l  p h o t o t a x i s .  Arguments  a r e  o f f e r e d  in  

f a v o r  o f  t h i s  h y p o t h e s i s ,  i n  t e rm s  o f  i t s  c o n f o r m i t y  t o  v a r i o u s  

o b s e r v a t i o n s ,  i t e  g r e a t e r  p a r s i m o n y ,  and i t s  f a l s i f i a b i l i t y .



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

c o r r o b o r a t e  t h e  v iew  o f  i t s  s p e c i e s - s p e c i f i c ,  s e q u e n t i a l ,  and  

l i g h t —m e d ia t e d  n a t u r e .  B r a i n  d i s s e o t i o n s  i n d i c a t e  a k i n d  o f  

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

r e l a t i v e  o p t i c  l o b e  s i z e  a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h  p h o t o p h o b i a  

t e n d e n c y  among th e  t h r e e  s p e c i e s  f o r  which t h e  l a b o r a t o r y  

c h a n g e o v e r  d a t a  a r e  most  r e l i a b l e .

In  a d d i t i o n  t o  t h e  d i f f e r e n t i a l  p h o t o t a x i s  h y p o t h e s i s ,  which 

a id r e s s e B  t h e  "how" o f  c h a n g e o v e r  b e h a v i o r ,  a  new e x p l a n a t i o n  i s  

p r o p o s e d  f o r  t h e  "why" o f  t h i s  b e h a v i o r ,  i . e . ,  f o r  i t s  e c o l o g i c a l  

s i g n i f i c a n c e . T h i s  h y p o t h e s i s ,  t e rm e d  p h o t o t a c t i c  h a b i t a t  

p a r t i t i o n i n g ,  s t a t e s  t h a t  c h a n g e o v e r  i s  a  s p a c e - s h a r i n g  mechanism 

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

p a s s i v e  p a r t i t i o n i n g  o f  s h e l t e r  s p a c e  on t h e  r e e f .  I t  i s  a r g u e d  

t h a t  t h i s  e x p l a n a t i o n  i s  p a r s i m o n i o u s ,  i s  f ram ed  i n  t e rm s  o f  t h e  

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

( i . e . ,  s h e l t e r  s p a c e ) ,  i s  f a l s i f i a b l e ,  and h a s  a p l a u s i b l e  

e v o l u t i o n a r y  b a s i s .

4 .  T r o p h i c  f a c t o r s .  Stomach c o n t e n t  a n a l y s e s  a r e  d e s c r i b e d  

which u t i l i z e  a  new v o l u m e t r i c  e s t i m a t i o n  m ethod .  In  t h i s  

t e c h n i q u e  t h e  f r a c t i o n  o f  a  s t o m a c h ' s  c o n t e n t s  t h a t  a  g i v e n  food  

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

s to m a c h ,  g i v i n g  a " f r a c t i o n - o f - f u l l - s t o m a c h "  v a l u e  f o r  t h a t  i t e m .  

Adding  and c o m p a r in g  su c h  v a l u e s  t o  d e t e r m i n e  a s p e c i e s '  food  

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

Food h a b i t s  d e t e r m i n e d  by t h i s  method a r e  t a b u l a t e d  f o r  s i x  s p e c i e s .  

C r u s t a c e a n s  d o m in a t e  t h e  f o o d  h a b i t s  o f  a l l  e x c e p t  A. a f f i n i s . i n



which f i s h  c o n s t i t u t e  more than h a l f  th e  d i e t .

Food o v e r la p  between two o f  th e  s i x  s p e c i e s ,  A. maculatuB and 

P. c o n k l i n i .  was s tu d ie d  w ith  th e  fix s t a t i s t i c .  A lthough  th e  

c a l c u l a t e d  o v e r la p  between t h e s e  s p e c i e s  i s  h ig h ,  i t  i s  argued  

t h a t  p o s s i b l e  p o o l in g  a r t i f a c t s  ren d er  such r e s u l t s  u n r e l i a b l e .

An a n a l y t i c  approach i s  s u g g e s te d  f o r  t e s t i n g  th e  p o s s i b i l i t y  th a t  

the  fo o d  h a b i t s  o f  two such s p e c i e s  are  e s s e n t i a l l y  i d e n t i c a l .

T h is  approach , termed " i n t e r s p e c i f i c —i n t r a c o l l e c t  io n —o v e r la p  v s .  

i n t r a s p e c i f i c - i n t e r c o l l e c t i o n - o v e r l a p " ,  i n d i c a t e s  whether s p e c i e s  

i d e n t i t y  or c o l l e c t i o n  i d e n t i t y  i s  more o f  a d e term in a n t  o f  d i e t .

The p i t f a l l s  o f  r e l a t i n g  food  o v e r la p  to  c o m p e t i t io n  a re  d i s c u s s e d .

F i e l d  and aquarium o b s e r v a t io n s  su p p ort  a v iew  th a t  

c a r d i n a l f i s h e s  a re  v o r a c io u s ,  o p p o r t u n i s t i c ,  g e n e r a l i z e d  c a r n iv o r e s ,  

whose somewhat awkward p red a to ry  b e h a v io r  i s  o f f s e t  by s u p e r io r  

v i s u a l  c a p a b i l i t y .  Scanning e l e c t r o n  photom icrographs o f  th e  

p r e m a x i l la r y  and d en ta ry  t e e t h  o f  tw e lv e  s p e c i e s  do n o t  r e v e a l  any 

s p e c i a l  m o d i f i c a t io n s  which can be shown to  be r e l a t e d  to  f e e d i n g  

d i f f e r e n c e s .

5 .  Taxonomic F a c to r s .  Exam ination  o f  th e  c h a r a c t e r s  

s e p a r a t in g  Fhaeoptyx from Apogon and A strapogon  te n d s  to  em phasize  

th e  r e l a t e d n e s s  o f  th e s e  g e n e r a .  A summary o f  A t l a n t i c  apogonid  

d i s t r i b u t i o n  i s  p r e s e n te d .

In c o n c lu s io n ,  the  r e s u l t s  o f  t h i s  s tu d y  s u g g e s t  s e v e r a l  

m echanism s, w i t h in  th e  framework o f  th e  s p a c e - s h a r in g  h y p o t h e s i s ,  

which may reduce  c o m p e t i t io n  among the v a r io u s  ap ogon id  s p e c i e s  

o f  th e  Bahamas and r e s u l t  in  t h e i r  n o ta b le  d i v e r s i t y .
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CHAPTER ONE: I n t r o d u c t i o n

C o r a l  r e e f s  and t r o p i c a l  r a i n  f o r e s t s  a r e ,  r e s p e c t i v e l y ,  t h e  most  

d i v e r s e  m a r in e  and t e r r e s t r i a l  co m m u n i t i e s  on e a r t h .  Among v e r t e b r a t e  

c o m m u n i t i e s ,  t h e  c o r a l  r e e f  f i s h  community i s  p o s s i b l y  t h e  most  d i v e r s e  

o f  a l l .  In  t h e  V i r g i n  I s l a n d s ,  f o r  e x a m p le ,  Sm i th  and T y l e r  (1 9 7 2 )  

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

which had 53 r e s i d e n t  and  22  t r a n s i e n t  f i s h  s p e c i e s  a s s o c i a t e d  w i th  i t .  

Goldman and T a l b o t  (1 9 7 6 )  have c o l l e c t e d  150 s p e c i e s  i n  a s i n g l e  r o t e n o n e  

s t a t i o n  a t  One T re e  R eef  on t h e  G r e a t  B a r r i e r  R e e f ,  and  H. A. Eehlraann 

( p e r s .  comm, c i t e d  i n  Goldman and T a l b o t ,  1 9 7 6 :1 2 6 )  h a s  e b t a i n e d  o v e r  

20C s p e c i e s  i n  a  s i m i l a r  c o l l e c t i o n  i n  t h e  P a l a u  I s l a n d s .

T y p i c a l l y ,  a l a r g e  component  o f  t h i s  l o c a l  s p e c i e s  d i v e r s i t y ,  a s  

w e l l  a s  o f  c o r a l  r e e f  f i s h  d i v e r s i t y  on a  g e o g r a p h i c  s c a l e ,  i s  

c o n t r i b u t e d  by members o f  t h e  f a m i l y  A p o g o n id a e ,  t h e  c a r d i n a l f i s h e s .

T h e re  a r e  a b o u t  200  s h a l l o w  w a te r  a p o g o n id  s p e c i e s ,  d i s t r i b u t e d  i n  

t r o p i c a l  and s u b t r o p i c a l  w a t e r s  t h r o u g h o u t  t h e  w o r ld .  Twenty s p e c i e s  

a r e  known from t h e  Bahamas (BtShlke and C h a p l i n ,  19od:  D a le ,  1 9 7 7 )

A r e m a r k a b l e  d e g r e e  o f  t a x o n o m ic  and e c o l o g i o a l  3 i m i l - r i t y  

e x i s t s  among t h e  tw e n ty  Bahamian s p e c i e s .  They a l l  b e l o n g  t o  t h e  

s u b f a m i l y  Apogoninae  and f i f t e e n  b e l o n g  t o  th e  same g e n u s :  Apogon.

T h ree  o f  t h e  o t h e r  f i v e  s p e c i e s  b e l o n g  t o  t h e  c l o s e l y  r e l a t e d  g en u s  

P h a e o p t y x , and t h e  r e m a i n i n g  two a r e  A s t r a p o g o n  s p e c i e s .

B r o a d ly  s p e a k i n g ,  a l l  o r  most o f  t h e s e  tw en ty  s p e c i e s  a p p a r e n t l y  

Bhara many e c o l o g i c a l l y  i m p o r t a n t  c h a r a c t e r i s t i c s  — s m a l l  i n  s i z e ,  c o r a l  

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

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

T h i s  a p p a r e n t  c o n t r a d i c t i o n  and  t h e  h i g h  d i v e r s i t y  o f  Bahamian
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c a r d i n a l f i n n e s  t o g e t h e r  p r o v id e  th e  r a i s o n s  d ' e t r e  o f  the  p r e s e n t  s tu d y .

COMPETITIVE EXCLUSION

The p r i n c i p l e  o f  c o m p e t i t iv e  e x c l u s i o n ,  or  C a u se 's  p r i n c i p l e ,  

has "been c a l l e d  "the most im portant t h e o r e t i c a l  d evelopm ent in  

g e n e r a l  e c o lo g y "  (H u tch in son  and D eevey , 1 9 4 9 ) .  The a u th or  o f  a 

r e c e n t  e c o lo g y  t e x t  i s  perhaps even  more e x tr a v a g a n t  in  h i s  comments: 

" . . . t h e  d i s c o v e r y  o f  a p a ir  o f  r e l a t e d  a n im a ls  l i v i n g  t o g e t h e r  i s  su r e  

t o  s e t  an e c o l o g i s t  to  f i n d i n g  ou t how; th e  e x c l u s i o n  p r i n c i p l e  i s  

one o f  th e  few f irm  a n ch ors  in  h i s  d i f f u s e  s c i e n c e ,  and he can u se  

i t  a s  a  p h y s i c i s t  u s e s  h i s  g e n e r a l  p r i n c i p l e  o f  th e  c o n s e r v a t io n  o f  

mass; a s  a b ase  from which he can make h i s  a s s a u l t  on co m p le x ity "  

(C o l in v a u x ,  1973 :  3 4 4 ) -  The l a t t e r  q u o te  would a p t l y  d e s c r i b e  the  

r a t i o n a l e  o f  many r e c e n t  e c o l o g i c a l  s t u d i e s .  In th e  p r e s e n t  s tu d y  

th e  " d isc o v e r y "  o f  tw en ty  s p e c i e s  o f  c l o s e l y  r e l a t e d  c a r d i n a l f i s h e s  

l i v i n g  t o g e t h e r  h as  s e t  th e  au thor  "to f i n d i n g  o u t  how."

How may the p r i n c i p l e  o f  c o m p e t i t iv e  e x c l u s i o n  be d e f in e d ?  In 

s e v e r a l  r e c e n t  e c o lo g y  and p o p u la t io n  b io lo g y  t e x tb o o k s  i t  i s  

v a r i o u s l y  d e f in e d  a s  f o l l o w s :  "The ten d en cy  f o r  c o m p e t i t io n  t o  b r in g

about an e c o l o g i c a l  s e p a r a t io n  o f  c l o s e l y  r e l a t e d  or o th e r w is e  

s i m i l a r  s p e c ie s "  (Odum, 1 9 7 1 ) .  "No two s p e c i e s  t h a t  a r e  e c o l o g i c a l l y  

i d e n t i c a l  can lo n g  c o e x i s t "  ( rfilson  and B o s s e r t ,  1 9 7 1 )•  "Two s p e c i e s  

cannot occupy th e  same n ic h e  s im u lta n e o u s ly "  (Emmel, 1 9 7 3 ) .  "One 

s p e c i e s :  one n ic h e "  (C o lin v a u x ,  1 9 7 3 ) .

The p r i n c i p l e  i s  u l t i m a t e l y  d e r iv e d  from th e  " V erh u lst—P earl"  

e q u a t io n  ( V e r h u ls t ,  1 8 3 8 } P e a r l  and Heed, 1 9 2 0 ) ,  whioh d e s c r i b e s  th e
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Bigmoid growth ourve o f  a single species population in a limited 
environment (W ilson  and B o B se r t ,  1 9 7 1 )  *

where r  * r e p r o d u c t iv e  c a p a c i t y ,  N ■ p o p u la t io n  s i z e ,  t  -  t im e ,

K * c a r r y in g  c a p a c i t y  or maximum p o p u la t io n  t h a t  en v iron m ent can 

su p p o r t .

Two m o d if ie d  d i f f e r e n t i a l  e q u a t io n s  o f  t h i s  k in d ,  th e  "Lotka-  

V o lte r r a "  e q u a t io n s  (L o tk a , 1925; V o l t e r r a ,  1926) d e a l  w ith  th e  

a d d i t i o n a l  e f f e c t  o f  c o m p e t i t io n  in  a two—s p e c i e s  p o p u la t io n  (W ilson  

and B o e s e r t ,  1971)*

where c o m p e t i t io n  c o e f f i c i e n t  o f  s p e c i e s  2 ( i . e .  i n h i o i t o r y

e f f e c t  o f  s p e c i e s  2 on s p e c i e s  l ) ,  £  = c o m p e t i t io n  c o e f f i c i e n t  o f  

s p e c i e s  1 .

These e q u a t io n s  s p e c i f y  t h a t  th e  s p e c i e s  w ith  th e  h ig h e r  

c o m p e t i t io n  c o e f f i c i e n t  u l t i m a t e l y  e l i m i n a t e s  o r  e x c lu d e s  th e  o th e r  

s p e c i e s .

E xp er im en ta l e v id e n c e  o f  such e x c l u s i o n  was f i r s t  o b ta in e d  in  

th e  la b o r a to r y  by Gause (1 9 3 4 )  w ith  p o p u la t io n s  o f  Paramecium a u r a l i a  

and _P. caudaturn, and th e  t e r n  "G ause'e p r i n c i p l e "  came t o  s i g n i f y  th e



4.

phenomenon. Park: (1 9 4 8 ,  1954)  p ro v id ed  f u r t h e r  e x p e r im e n ta l  

d e m o n str a t io n  u s in g  c u l t u r e s  o f  f l o u r  b e e t l e s  o f  th e  genus T r ib o l im n , 

and Prank (1 9 5 2 ,  1 9 5 7 )  s t u d ie d  th e  phenomenon in  o la d o c e r a n s .

Perhaps th e  e a r l i e s t  s t a t e d  a p p l i c a t i o n  o f  G ause1s  p r i n c i p l e  

t o  n a t u r a l  p o p u la t io n s  was by David Lack in  s t u d i e s  o f  c l o s e l y  

r e l a t e d  b ir d  s p e c i e s .  He showed f o r  exam p le ,  t h a t  d e s p i t e  th e  

s u p e r f i c i a l l y  s i m i l a r  e c o l o g i c a l  c h a r a c t e r i s t i c s  o f  th e  cormorant  

P h a la c r o c o r a x  carbo and shag  P. a r i s t o t e l i s . s u b t l e  d i f f e r e n c e s  in  

f e e d i n g  and n e s t i n g  h a b i t s  a l lo w e d  them t o  c o e x i s t  (L ack , 1 9 4 5 ) .

T h is  i s  th e  g e n e r a l  approach o f  c o u n t l e s s  s u c c e e d in g  e c o l o g i c a l  

s t u d i e s  " in sp ir e d "  by C a u se 's  p r i n c i p l e .  R obert KacArthur (1958 ) 

s o lv e d  a f a r  more p u z z l in g  c o n t r a d ic t i o n  o f  th e  p r i n c i p l e  im p lied  in  

th e  n ear  i d e n t i t y  o f  n e s t i n g  s i t e s  ( sp r u c e  t r e e s )  and fo o d  h a b i t s  

(m a in ly  spruce  budworms) among f i v e  c o e x i s t i n g  w a rb ler  s p e c i e s  in  

New E ngland . He showed th ey  a v o id ed  c o m p e t i t io n  by h u n t in g  in  

d i f f e r e n t  p a r t s  o f  th e  same t r e e s .

R e c e n t ly ,  th e  v a l i d i t y  o f  the  p r i n c i p l e  has come under a t t a c k  f o r  

two r e a s o n s .  F i r 3 t ,  th e  p o s s i b i l i t y  t h a t  th e r e  a re  e x c e p t io n s  to  i t  

has been  r a i s e d  by th e  f i n d i n g s  o f  A yala  ( e . g .  1969» 1 9 7 1 ) ,  who 

d e s c r ib e d  c o n d i t io n s  under which two D r o so p h ila  s p e c i e s  c o u ld  c o e x i s t  

i n d e f i n i t e l y  in  c u l t u r e ,  im p ly in g  th ey  have th e  same n i c h e .  The 

e n s u in g  d i s c u s s i o n  in  th e  l i t e r a t u r e  has in c lu d e d  th e  s u g g e s t io n  t h a t  

th e  i d e a l i z e d  Lotka—V o lte r r a  e q u a t io n s  are  in a d eq u a te  t o  d e s c r ib e  

t h i s  r e a l  s i t u a t i o n  (A n to n o v io s  and Ford, 1 9 7 2 ) ,  and th e  s u g g e s t io n  

t h a t  th e  c o m p e t i t iv e  e x c l u s i o n  p r i n c i p l e  be r e d e f in e d  a s :  "two

s p e c i e s  com peting  f o r  l i m i t e d  r e s o u r c e s  can o n ly  c o e x i s t  i f  th ey  

i n h i b i t  th e  growth o f  th e  com peting  s p e o i e s  l e s s  than t h e i r  own



s.

growth" (G i lp in  and J u s t i c e ,  1 9 7 2 ) .  A nother e x p la n a t io n  i s  t h a t  th e  

two D r o so p h ila  s p e c i e s  each  occupy a s e r i e s  of* n ic h e s  t h a t  g i v e  one  

s p e c i e s  th e  a d van tage  a t  one o n t o g e n e t i c  s t a g e ,  th e  o th e r  a t  a n o th e r  

s t a g e ,  e t c . ,  in  such  a way th n t  th e  a d v a n ta g e s  c a n c e l  o u t  (C o l in v a u x ,

1 9 7 3 ) .

The p r e v a i l i n g  v ie w  i s  t h a t  th e  p r i n o i p l e  has n o t  been  in v a l i d a t e d  

but r a th e r  th a t  a t te m p ts  t o  e x p r e s s  i t  in  a s im p le  m a th em a tica l  

model may e n co u n ter  d i f f i c u l t y .

A second  more fundam enta l q u e s t io n  r e g a r d in g  th e  p r i n c i p l e ’ s 

v a l i d i t y  has been r a i s e d  by v a r io u s  a u t h o r s .  In th e  same paper in

which th e  term " c o m p e t i t iv e  e x c l u s i o n  p r i n c i p l e "  was f i r s t  p rop osed ,

Hardin ( i 9 6 0 )  s u g g e s te d  t h a t  th e  p r i n c i p l e  was a c t u a l l y  t a u t o l o g i c a l  

and u n t e s t a b l e .  I t S  (1 9 7 0 )  p o in te d  ou t t h a t  i f  any d i f f e r e n c e  in  

th e  e c o lo g y  o f  c l o s e l y  r e l a t e d  s p e c i e s  can d e f i n e  d i f f e r e n t  n i c h e s ,  

th en  c o e x i s t e n c e  o f  t h e s e  s p e c i e s  and th e  c o m p e t i t iv e  e x o l u s i o n  

p r i n c i p l e  roust a lw ays  s ta n d  t o g e t h e r .  C olinvaux (1 9 7 3 )  l ik e n e d  th e

p r i n c i p l e  t o  a m a th em a tica l  theorem  in  which th e  r e q u ir e m e n ts  o f  th e

model s p e c i f y  th e  r e s u l t s .

The c i r c u l a r i t y  in h e r e n t  in  t h i s  and s e v e r a l  o th e r  e o o l o g i c a l  

and e v o lu t io n a r y  c o n c e p t s  i s  c o n c i s e l y  r e v ie w e d  by P e t e r s  ( 1 9 7 6 ) ,  who 

shows t h a t  c o m p e t i t iv e  e x c l u s i o n  i s  in d eed  a t a u t o l o g y ,  s in c e  the argu­

ment i s  l o g i c a l l y  d e r iv e d  from th e  a s s u m p t io n s .  The e x p e r im e n ts  

o f  Gause th u s  r e q r e s e n t  "a p o s t  f a c t o  co rresp o n d en cy  w ith  th e  m odel, 

n o t  i t s  p roof"  ( P e t e r s ,  1 9 7 6 ) .

To phrase t h i s  c r i t i c i s m  in  th e  la n g u a g e  o f  P op p erian  p h i lo so p h y  

( e . g .  P opper , 1 9 6 8 ) ,  c o m p e t i t iv e  e x c l u s i o n  cannot be c o n s id e r e d  a 

s c i e n t i f i c  th e o r y  b e c a u se  i t  i s  n o t  f a l s i f i a b l e .  Thus i f  we ta k e  th e



v iew  t h a t  i f  two c o e x i s t i n g  s p e c i e s  appear t o  have th e  s a i o  n ic h e  i t  

i s  o n ly  b ecau se  we h a v e n ' t  look ed  hard enough -  a w id e ly  h e ld  v ie w ,  

e . g .  H u tc h in s o n 's  (1 9 5 9 )  v iew  o f  R o s s ' s  (1 9 5 7 )  d e m o n str a t io n  o f  

c o e x i s t e n c e  among le a fh o p p e r s  -  o b v io u s ly  we can n ev er  d i s p r o v e  th e  

p r i n c i p l e .

I s  th e r e  some m ea n in g fu l m iddle ground betw een  a c c e p ta n c e  o f  

c o m p e t i t iv e  e x c l u s i o n  a s  a law o f  h ig h  t r u th  v a l u e ,  a dogma, or a 

"m etaphysie"  ( P e t e r s ,  1976) and r e j e c t i o n  o f  i t  a s  a c i r c u l a r ,  

u n t e s t a b l e ,  u n f a l s i f i a b l e  model?

I  a s s e r t  t h a t  th e r e  i s .  C o m p etit iv e  e x c l u s i o n  d o es  n o t  r e q u ir e  

p r o o f  or  d i s p r o o f  t o  be u s e f u l  a s  a l o g i c a l  system  f o r  th e  o r d e r in g  

o f  our o b s e r v a t i o n s ,  I  would f u r t h e r  s u g g e s t  t h a t  i t  i s  a  v a lu a b le  

g e s t a l t , in  t_iat i t  m o t iv a te s  a c l o s e r  lo o k  a t  c o e x i s t i n g  s p e c i e s ,  

n o t  f o r  i t s  v e r i f i c a t i o n  but m erely  f o r  g e n e r a t in g  o b s e r v a t io n s  

h e l p f u l  in u n d e r s ta n d in g  c o m p e t i t io n  and s p e c i e s  d i v e r s i t y .



SPECIES DIVERSITY

I .  C a r d in a l f i s h  d i v e r s i t y :

I t  c o u ld  be argued  t h a t ,  s u p e r f i c i a l l y  a t  l e a s t ,  c a r d i n a l ! i s h e s  

p r e s e n t  an a lm o s t  u n p reced en ted  c h a l l e n g e  t o  th e  c o m p e t i t iv e  e x c l u s i o n  

p r i n c i p l e ,  due to  th e  m u l t i p l i c i t y  o f  c l o s e l y  r e l a t e d  s p e c i e s  in v o lv e d .  

The tw en ty  s p e c i e s  known from th e  Bahamas a re  m o r p h o lo g io a l ly  q u i t e  

s i m i l a r  to  one a n o th e r  -  so  much s o  t h a t  c o l o r  p a t te r n  i s  a lm o st  

i n d i s p e n s i b l e  f o r  i d e n t i f i c a t i o n  o f  some s p e c i e s .  Yet in  a g iv e n  

r e e f  f i s h  community sample th ey  are q u i t e  o f t e n  th e  most abundant  

fa m i ly  in  number o f  s p e c i e s  (a s  w e l l  a s ,  q u i t e  o f t e n ,  in  number o f  

i n d i v i d u a l s ) .

The B in g le  genus Apogon. r e p r e s e n te d  by f i f t e e n  s p e c i e s  in  th e  

Bahamas, i s  th e  most s p e c i o s e  genus o f  th e  ic h th y o fa u n a  o f  t h a t  a r e a .

In f a c t  among a l l  v e r t e b r a t e s  known from th e  Bahamas o n ly  th e  w arb ler  

genus D endroica  e x c e e d s  Apogon in  s p e c i o s e n e s e , but o f  th e  s i x t e e n  

D endroica  s p e c i e s  r e c o r d e d  in  th e  Bahamas o n ly  th r e e  or fo u r  a re  n e s t i n g  

r e s i d e n t s  { Bond, 1971; P a te r s o n ,  1972 ) .  Among o th e r  v e r t e b r a t e  

c l a s s e s  o n ly  s e v e r a l  l i z a r d  g en era  are  m o d era te ly  s p e c io s e  in  th e  

Bahamas, in c lu d in g  S p h a e r o d a c ty lu s . w ith  se v e n  s p e c i e s ;  A n o l i s , w ith  

s i x ;  and L e io o e p h a lu s , w itn  f i v e  (S ch w artz  and Thomas, 1 9 7 5 ) .

S e v e r a l  Bahamian r e e f  f i s h  g en era  approach Apogon in  number o f  

s p e c i e s ,  h ow ever , and i t  c o u ld  o f  c o u r se  be argued t h a t  th e  

d i f f e r e n c e  i s  a s  much an a r t i f a c t  o f  th e  p r e v a i l i n g  taxonomy a s  

a n y th in g  e l s e .  T h is  q u e s t io n  w i l l  be c o n s id e r e d  in  th e  c o u r se  o f  

t h i s  s t u d y .

The rem arkable  d i v e r s i t y  o f  Apogon i s  n o t  l i m i t e d  t o  th e  Bahamas.



A ccord in g  to  Ida and Moyer (1 9 7 4 )  a p p r o x im a te ly  30 o f  50 apogonid  

s p e c i e s  in  11 g en era  from Japan a r e  Apogon. Sm ith (1 9 7 5 )  l i s t s  

22 Apogon among 4 0  apogonid  s p e c i e s  o f  13 g en era  from Southern  

A f r i c a .  A coording to  E h r l io h  (1 9 7 5 :2 1 2 ,  c i t i n g  Goldman, and R u sse l  

and T a lb o t )  a p p ro x im a te ly  24 Apogon s p e o i e s  a r e  found in  th e  

C apricorn  group a t  th e  so u th e r n  end o f  th e  G reat B a r r ie r  R e e f .

In c o r a l  r e e f  en v iron m ents  th ro u g h o u t th e  world a p o g o n id s  in

g e n e r a l  and Apogon s p e c i e s  in  p a r t i c u l a r  a re  v e r y  prom inent  

com ponents, in  both abundance and d i v e r s i t y .  The b e t t e r  known a 

g iv e n  ic h th y o fa u n a  beoom es, th e  more dom inated by Apogon th e  c h e c k l i s t

o f  th a t  a rea  te n d s  to  become. Gerald R. A l le n  ( p e r s o n a l  com m unication)

has r e c e n t l y  made e x t e n s iv e  c o l l e c t i o n s  o f  th e  r e e f  f i s h e s  o f  w estern  

A u s t r a l i a ,  where th e  ic h th y o fa u n a  was p o o r ly  known u n t i l  now. He has  

in c r e a s e d  th e  l i s t  o f  Apogon s p e c i e s  o f  th a t  a r e a  from 7 t o  26 by 

c o l l e c t i n g  17 new r e c o r d s  and 2 new s p e c i e s ,  and in c r e a s e d  th e  t o t a l  

ap ogon id  s p e c i e s  l i s t  to  4 3 .

B e s id e s  the i n t e r e s t  in h e r e n t  in  th e  d i v e r s i t y  o f  ap o g o n id s  in  

th e  Bahamas or e l s e w h e r e ,  i t  b e a r s  on c o r a l  r e e f  f i s h  d i v e r s i t y  in  

g e n e r a l  -  an im p ortan t problem in  v ie w  o f  th e  u n su rp a ssed  r i c h n e s s ,  

among v e r t e b r a t e s ,  o f  r e e f  f i s h  co m m u n it ie s .

I I .  G eneral e x p la n a t io n s  o f  h ig h  s p e c i e s  d i v e r s i t y :

In th e  p a s t  tw en ty—f i v e  y e a r s  or  s o  th e r e  has been a g r e a t  d e a l  

o f  i n t e r e s t  in  g e n e r a l  e x p la n a t io n s  o f  h ig h  s p e c i e s  d i v e r s i t y ,  

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

g r a d i e n t ,  i . e .  th e  in c r e a s e  in  s p e c i e s  d i v e r s i t y  w ith  d e c r e a s in g  

l a t i t u d e  t h a t  i s  ob served  w ith in  many taxonom io g rou p s ( s e e  e . g .



Dobzhansky, 1950; F i s c h e r ,  I9 6 0 ;  Simpson, 1964; C o n n e ll  and O riao ,

1964; P ia n k a , 1966; S t e h l i  e t  a l . ,  1969)*  Bow do some o f  t h e s e  

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

One f a o t o r  proposed  a s  th e  b a s i s  f o r  th e  develop m ent and 

m aintenance  o f  h ig h  d i v e r s i t y  i s  lo n g -te r m  e n v ir o n m e n ta l  s t a b i l i t y .

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

la c k  o f  c l i m a t i c  u p h eava l in  th e  t r o p i c s  through  g e o l o g i c a l  t im e  

( F i s c h e r ,  I 9 6 0 ) .  T r o p ic a l  com m unities may th u s  be o l d e r ,  w ith  more 

o p p o r tu n ity  f o r  s p e o i a t i o n .  N ew ell (1 9 7 1 )  has indeed  shown th a t  

t r o p i c a l  r e e f  s t r u c t u r e s  d a te  back a t  l e a s t  t o  th e  Cambrian.

S t a b i l i t y  o v er  g e o l o g i c a l  tim e i s  an i n t r i g u i n g  g e n e r a l  

e x p la n a t io n ,  and d a t e s  back t o  A lf r e d  B u s s e l l  W allace ( 1 8 7 6 ) ,  but  

th e r e  i s  e v id e n c e  a g a in s t  i t .  For exam ple , i t  e i g h t  be e x p e c te d  t h a t  

th e  d i v e r s i t y  g r a d ie n t  would be g r e a t e s t  d u r in g  p e r io d s  o f  g r e a t e s t  

c l i m a t i c  u p h e a v a l ,  e . g .  P l e i s t o c e n e  and r e c e n t  g e o l o g i c a l  p e r i o d s ,  

and l e s s  d u r in g  o th e r  e p o c h s .  S t e h l i  e t  a l .  (1 9 6 9 )  have shown th a t  

among f o s s i l  f o r a m in i f e r a  and b ra ch io p o d s  no such  p a t t e r n  o b t a i n s .

S e a so n a l  en v ir o n m e n ta l  s t a b i l i t y  i s  a n o th e r  proposed  b a s i s  f o r  

t r o p i c a l  d i v e r s i t y ,  in  t h a t  i t  p r o v id e s  l e s s  f l u c t u a t i o n  in  r e s o u r c e s .  

T h is  f a v o r s  f e e d in g  s p e c i a l i z a t i o n ,  r e s t r i c t i o n  o f  n ic h e  s i z e ,  and th e  

o p p o r tu n ity  f o r  more s p e c i e s  t o  c o e x i s t ,  or g r e a t e r  s p e c i e s  p a ck in g  

(K lo p fe r  and MacArthur, 1961; MaoArthur and L e v in s ,  1964; MacArthur, 

1 9 7 2 ) .  E nvironm enta l s t a b i l i t y  o v er  tim e in  a g e n e r a l  s e n s e ,  a c c o r d in g  

t o  th e  s t a b i l i t y - t i m e  h y p o th e s i s  (S a n d e r s ,  1969; S lo b o d k in  and S a n d ers ,  

1 9 6 9 ) ,  prom otes d i v e r s i t y  in  d e e p -w a te r  b e n th io  c o m m u n it ie s .

The r a t h e r  narrow p h y s i c a l  and ch em ica l  l i m i t s  r e q u ir e d  f o r  

growth by r e e f - b u i l d i n g  c o r a l s  ( r f e l l s ,  1 9 5 7 )  a r e  ample e v id e n c e  o f  th e



IO.

r e l a t i v e l y  s t a b l e  environm ent o f  c o r a l  r e e f  f i s h e s .  The r o l e  o f  

s e a s o n a l  or g e n e r a l  s t a b i l i t y  in  p rom oting  t h e i r  d i v e r s i t y  i s  

d i f f i c u l t  t o  a s s e s s ,  how ever, s in c e  many o f  th e  most im portant r e e f  

f i s h  f a m i l i e s  ( in c l u d i n g  Apogonidae) a re  v i r t u a l l y  l i m i t e d  to  

t r o p i c a l  ( i . e .  s t a b l e )  a r e a s .

High primary p r o d u c t iv i t y  i s  a n o th e r  s u g g e s te d  r e q u i s i t e  o f  h ig h  

s p e c i e s  d i v e r s i t y  ( e . g .  C on n ell  and O r ia s ,  1964; P ian k a , i 9 6 0 ) and 

i s  c e r t a i n l y  p rov id ed  in  th e  c o r a l  r e e f  s i t u a t i o n .  S t u d ie s  in  th e  

M arsh a ll  I s la n d s  and Hawaii have shown t h a t  c o r a l  r e e f s  are  among th e  

most p r o d u c t iv e  o f  a l l  n a tu r a l  com m unities  (Odum and Odum, 1955;

Kohn and H e l f r i c h ,  1957)* I t  has been s u g g e s t e d ,  how ever, t h a t  th e r e  

a r e  enough e x c e p t io n s  t o  th e  p r o d u c t iv i t y —d i v e r s i t y  c o r r e l a t i o n  to  

w arrant i t s  r e j e c t i o n  a s  a g e n e r a l  e x p la n a t io n  o f  d i v e r s i t y  

(C o l in v a u x ,  1973* 5 4 3 ) .

MacArthur (1 9 5 5 )  aud H utch inson  (1 959)*  among o t h e r s ,  have 

d i s c u s s e d  th e  im portance o f  th e  s t a b i l i t y  c o n fe r r e d  by fo o d  web 

c o m p le x ity  a s  a b a s i s  f o r  anim al d i v e r s i t y ,  i . e .  th a t  t r o p h i c a l l y  

d i v e r s i f i e d  com m unities  a r e  b e t t e r  a b le  to  p e r s i s t .  Kay (1973* 1 9 7 4 )* 

how ever, has shown th a t  in c r e a s e d  c o m p le x ity  in  model ec o sy ste m s  

ten d s  t o  d im in is h  s t a b i l i t y .

The c o r a l  r e e f  f i s h  community seem s t o  be c h a r a c t e r iz e d  by 

t r o p h ic  c o m p le x ity .  H ia t t  and S tr a sb u r g  ( i 9 6 0 ) b ro a d ly  c a t e g o r iz e d  

th e  f e e d i n g  h a b i t s  o f  M arsh a ll  I s la n d s  r e e f  f i s h e s  a c c o r d in g  to  

f o r a g in g  m ethod, and c o n s tr u c t e d  an o v e r a l l  fo o d  web o f  th e  r e e f  

oom aunity . T h is  summarized fo o d  web i s  i t s e l f  q u i t e  complex and 

w ith in  each  c a te g o r y  t h e r e  a r e  wide d i f f e r e n c e s  in  t r o p h ic  h a b i t s .

The r o l e  o f  p r e d a t io n  in  m a in ta in in g  d i v e r s i t y  has lo n g  been
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r e c o g n iz e d  (G ause, 1934; Lack, 1949* S lo b o d k in ,  1961)* S lo b o d k in  

(1 9 6 4 )  showed e x p e r im e n t a l ly  t h a t  a p r e d a to r  can h e lp  two s i m i l a r  

s p e c i e s  c o e x i s t .  In th e  f i e l d ,  C on n ell  ( l 9 6 l )  d em on strated  th a t  

p r e d a t io n  r e d u c e s  c o m p e t i t io n  f o r  s p a c e  by b a r n a c le s ,  and Paine  

( 1 9 6 6 ) ,  a l s o  s tu d y in g  a b a r n a c le  community, showed th a t  p red a to r  

rem oval can le a d  t o  l o c a l  e x t i n c t i o n  o f  prey s p e c i e s .  P a r r is h  and 

S a i l a  (1 9 7 0 )  proposed  a s im p le  m a th em a tica l model o f  a two p rey -o n e  

p r e d a to r  sy s te m , which has been  shown (Cramer and May, 1 9 7 2 )  to  be  

s t a b l e  in  s i t u a t i o n s  where a s im p le  tw o-p rey  system  would be u n s t a b l e .

Pryor (1 9 6 5 )  and Lowe-McConnell ( 1 9 6 9 ) have argued t h a t  p red a to r  

p r e s s u r e s  a re  o f  prime im portance  in  th e  s p e c i a t i o n  o f  t r o p i c a l  

A fr ic a n  and South American fr e s h w a te r  f i s h e s .  Lowe-ftoConnell ( 1 9 6 9 ) 

has s p e c u la t e d  t h a t  in  o e r t a i n  very  d i v e r s e  f i s h  com m unities  o f  

A fr io a n  l a k e s ,  heavy p r e d a t io n  may h e lp  prey s p e c i e s  c o e x i s t  by 

k e e p in g  t h e i r  p o p u la t io n s  below  l e v e l s  a t  whioh th e y  m ight compete  

f o r  f o o d .  Perhaps such  a mechanism i s  a l s o  im portant in  c o r a l  

r e e f  f i s h  c o m m u n it ie s .  The p r o p o r t io n  o f  p r e d a to r y  f i s h  s p e c i e s  

may in  f a c t  be h ig h e r  in  r e e f  com m unities  than in  tem p era te  com m unities  

( H ia t t  and S tr a sb u r g ,  I9 6 0 ;  Bakus, 1 9 6 4 )  » s  p o in te d  ou t by Paine  

( 1 9 6 6 ) .

A lthough  th e  g e n e r a l  f a o t o r s  d i s c u s s e d  above may or  may not  

prove t o  be u l t i m a t e  e x p la n a t io n s  or a t  l e a s t  u l t im a t e  c o r r e l a t e s  o f  

h ig h  s p e c i e s  d i v e r s i t y ,  t h e i r  d i r e c t  im portance t o  o o r a l  r e e f  f i s h  

d i v e r s i t y  in  g e n e r a l ,  or o a r d i n a l f l s h  d i v e r s i t y  in  p a r t i c u l a r ,  i s  

l i k e l y  t o  rem ain s p e c u l a t i v e  or ambiguous f o r  some t im e .  I n s ig h t  

in  t h e s e  m a tte r s  i s  b e t t e r  g a in e d  by ex a m in in g  more p rox im ate  f a c t o r s .

I I I .  S p a t i a l  n ic h e  d i v e r s i f i o a t l e n t

Perhaps th e  g e n e r a l  p rex lm a te  c o r r e l a t e  o f  h ig h  s p e c i e s
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d i v e r s i t y  i s  f i n e  s u b d iv i s io n  o f  n i c h e s ,  or  in  a somewhat d i f f e r e n t  

s e n s e ,  th e  s a t u r a t i o n  o f  a v a i l a b l e  n i c h e s ,  A ocord ing  t o  E lto n  (1 9 5 3 )  

th e  in t r o d u c t io n  o f  new s p e c i e s  i s  d i f f i c u l t  in  v e r y  d iv e r s e  

com m u n ities  b eca u se  a l l  th e  n ic h e s  a r e  f i l l e d .  T h is  b e a r s  on the  

f i n d i n g  t h a t  th e  Suez Canal i s  a d i f f e r e n t i a l  b a r r i e r  to  f i s h  

e m ig r a t io n  (M a r sh a l l ,  1 9 6 6 ) .  Ten y e a r s  ago more than tw en ty  Red Sea  

s p e c i e s  had become e s t a b l i s h e d  in  th e  e a s t e r n  M ed iterra n ea n , w h i le  

n o t  one M ed iterran ean  form was e s t a b l i s h e d  in  th e  Red S e a .  M arshall  

s u g g e s t e d  t h a t  t h i s  was due t o  th e  o c c u p a t io n  o f  a l l  a v a i l a b l e  l i v i n g  

s p a c e s  in  th e  Red Sea r e e f  co m m u n it ie s •

In t h i s  i n t e r p r e t a t i o n  l i v i n g  sp a c e  i s  th e  key component o f  

n ic h e  d i v e r s i f i c a t i o n .  S p a t ia l  h e t e r o g e n e i t y  i s  indeed  proposed  a s  

one o f  th e  main f a c t o r s  in v o lv e d  in  l a t i t u d i n a l  d i v e r s i t y  g r a d ie n t s  

(P ia n k a ,  1 9 6 6 ) .

Crombie (1 9 4 7 )  d em on strated  o o m p e t i t iv e  e x c l u s i o n  o f  Q ry za ep h ilu s  

f l o u r  b e e t l e s  by T r ib o liu m  in  a s im p le  f l o u r  medium, but c o e x i s t e n c e  

i f  p i e c e s  o f  g l a s s  tu b in g  were added . MacArthur and NacArthur (1 9 6 1 )  

and KacArthur (1 9 6 4 )  showed th a t  s p a t i a l  d i v e r s i t y  e f  f o l i a g e  

prom otes b ir d  s p e c i e s  d i v e r s i t y .  R egard ing  o o r a l  r e e f  f i s h  com m u n ities ,  

even  th e  c a s u a l  o b se r v e r  n o t i c e s  t h a t  th e  p h y s i c a l  i n t r i c a c y  o f  a 

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

fa u n a .  R isk  (1 9 7 2 )  s t u d ie d  t h i s  c o r r e l a t i o n  q u a n t i t a t i v e l y .

Smith and l y i e r  (1 9 7 2 )  have argued  t h a t  sp a c e  i s  a c r i t i c a l  

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

mechanisms f o r  sp a c e  s h a r in g  are  e s s e n t i a l  in  th e  e v o l u t i o n  and 

m a in ten a n ce  o f  community d i v e r s i t y .  The h y p o t h e s i s  i s  su p p o rted  by 

th e  a p p a ren t  s a t u r a t i o n  o f  s p a c e ,  l a c k  o f  s t a r v a t i o n ,  and la c k  o f
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l a r ge f l u c t u a t i o n s  i n  t h e  f i s h  p o p u l a t i o n s .

Perhaps th e  most o b v io u s  s p a t i a l  a s p e c t  o f  n ic h e  d i v e r s i f i c a t i o n  

i n v o lv e s  h a b i t a t .  H a b ita t  s e l e c t i o n  f o r  some l i m i t e d  component o f  a 

s p e c i e s '  a c t i v i t i e s  has been  shown in  v a r io u s  grou p s o f  c o e x i s t i n g ,  

o l o s e l y  r e l a t e d  a n im a ls ,  e . g .  f o r  n e s t i n g  in  syrapatr ic  b ir d  con gen ers  

(L ack , 1945)»  spaw ning in  sy m p a tr ic  f r e s h w a t e r  f i s h  con gen ers

(B a r t n ik ,  197C ), and f o r  f o r a g in g  in a l c i d  b ir d s  (Cody, 1 9 7 3 ) .

Broad  h a b i t a t  a s s o c i a t i o n s  would  a l s o  be i m p o r t a n t  among s p e c i e s  

c o m p e t i n g  f o r  s p a c e ,  and would p ro m o te  what  M acA rthur  (1 9 ^ 5 )  te rm ed  

" b e t w e e n - h a b i t a t  d i v e r s i t y . "  G r e a t e r  b e t w e e n - h a b i t a t  d i v e r s i t y  in  

r e g i o n s  w i th  h i g h e r  s p e c i e s  d i v e r s i t y  h a s  b e e n  shown i n  b i r d s  

(M acA r thu r  e t  e l . ,  1 9 6 6 j Q r i a n s ,  1 969 ;  K a r r  an d  R o th ,  1971)» and 

l i z a r d s  ( P i a n k a ,  1969* 1 9 7 1 ) .

The im portance  o f  h a b i t a t  s p e c i a l i z a t i o n s  in  r e e f  f i s h  com m unities  

i s  i n d ic a t e d  by th e  pronounced d i f f e r e n c e s  in  s p e c i e s  c o m p o s it io n  o f  

d i f f e r e n t  l o c a l  h a b i t a t s  t h a t  have been d em on stra ted  in  th e  M arshall  

I s la n d s  ( H ia t t  and o t r a s b u r g ,  I 9 6 0 ) ,  Hawaii (H obsen, 1 9 7 4 ) ,  Panning  

I s la n d  (Chave and E c k e r t ,  1 9 7 4 ) ,  and Great B a r r ie r  R eef  (Goldman and 

T a lb o t ,  1 9 7 6 ) .  C larke (1 9 7 7 )  has shown, how ever , t h a t  th e  d i v e r s i t y  o f  

p o m a cen tr id s  and o h a e to d o n t id s  in  th e  Bahamas may be r e l a t e d  more t e  

f a c t o r s  o p e r a t in g  w i t h in  h a b i t a t s  than  t o  h a b i t a t  p r e f e r e n c e s .

" t f i t h in - h a b i t a t  d i v e r s i t y "  (MacArthur, 1 9 6 5 ) would be enhanced  

in  r e e f  f i s h  com m unities  by a v a r i e t y  o f  s p a c e - s h a r in g  mechanisms  

i n v o l v i n g  f o r a g in g  a r e a s ,  s h e l t e r  s i t e s ,  a c t i v i t y  c y c l e s ,  s y m b io t ic  

a s s o c i a t i o n s ,  s e a s o n a l  r e p r o d u c t iv e  c y o l e s ,  and t e r r i t o r i a l i t y  

(Sm ith  and T y le r ,  19 7 2 , 1 9 7 3 ) .

Among t h e s e  mechanisms perhaps s y m b io t ic  a s s o c i a t i o n s  are  th e



most s p e c t a c u l a r l y  d e v e lo p e d .  I t  i s  n o tew o rth y  th a t  Odum (1 9 6 9 )  

has s u g g e s te d  th a t  a p r e v a le n c e  o f  s y m b io s i s  sa y  he one o f  th e  

fundam enta l c h a r a c t e r i s t i c s  o f  a community t h a t  i s  h ig h ly  d e v e lo p e d ,  

in  a s u o e e s s i o n a l  s e n s e .  A ccord in g  to  Goldman and T a lb o t  (1 9 7 6 )

"oora l r e e f s  are  th e  ep itom e o f  mature b i o l o g i c a l l y  accommodated 

c o m m u n it ie s ."

.Reef f i s h  s y m b io t ic  a s s o c i a t i o n s  in c lu d e  the m utualism  o f  c e r t a i n  

shrim ps w ith  g o b i id  f i s h e s  ( s e e  K arplue e t  a l . ,  1 9 7 2 ) ,  and th e  

commensal ism o f  v a r io u s  f i s h  s p e e i e s  w ith  f e e d i n g  g o a t f i s h e s  (Smith  

and T y le r ,  1972? C o l l e t t e  and T a lb o t ,  1972? F r ic k e ,  1 9 7 5 ) .  The 

a s s o c i a t i o n  o f  p om a cen tr id s  o f  th e  gen u s  Amphiprion w ith  s e a  anemones 

has been e x t e n s i v e l y  s t u d ie d  ( s e e  A l l e n ,  1 9 7 2 ) .  C le a n in g  sy m b io ses  

have a l s o  been o f  wide i n t e r e s t  ( s e e  F e d e r ,  1 9 6 6 ) ,  but t h e i r  

r e l a t i o n s h i p  to  h ig h  d i v e r s i t y  i s  n o t  e n t i r e l y  c l e a r .  Limbaugh (1 9 6 4 )  

s u g g e s te d  t h a t  c l e a n i n g  sy m b io se s  were more common in  th e  t r o p i c s ,  

but t h i s  has been  q u e s t io n e d  by Hobson ( 1 9 6 9 ) .  Limbaugh ( 1 9 6 4 ) 

r e p o r te d  th a t  rem oval o f  c l e a n e r s  brou gh t on a d e c r e a s e  in  l o o a l  f i s h  

d i v e r s i t y ,  but t h i s  r e s u l t  has n o t been  r e p e a t a b le  (Y ou n gblu th , I 9 6 8 ? 

L o sey , 1 9 7 2 ) .  S lo b o d k in  and F i s h e l s o n  (1 9 7 4 )  have s u g g e s t e d  th a t  

c l e a n i n g  b e h a v io r  prom otes h ig h  " p o in t  d i v e r s i t y . "

S e v e r a l  k in d s  o f  s y m b io s i s  a re  knewn among c a r d i n a l ! ' i s h e s ,  

i n c lu d in g  a s s o c i a t i o n s  w ith  sp o n g es  (S m ith , 1965; T y le r  and Btthlke,

1 972)  and s e a  anemones (C o l in  and H e is e r ,  1 9 7 3 ) .  One s p e c i e s ,

A strapogon  s t e l l a t u s . i s  a  commensal in  th e  m an tle  c a v i t y  o f  th e  queen  

conch (R a n d a ll ,  1 9 6 4 ) .  A s s o c i a t i o n s  o f  many d i f f e r e n t  apogon id  

s p e c i e s  w ith  s e a  u r c h in s  have been r e p o r t e d  (L aoh n er, 1955? a h i t l e y ,  

1959? A b e l,  1 9 6 0 a ,  1960b; f i i b l - E i b e s f e l d t ,  1961? R a n d a ll  e t  a l . ,  1964? 

S tr a sb u r g ,  1966; Magnus, 1967; F r ic k e ,  1 9 7 0 ,  1975? C o l i n ,  1 9 7 4 ) .
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T e r r i t o r i a l i t y  ia  a la o  very  w e l l  d e v e lo p ed  among c e r t a i n  r e e f  

f i s h 3 s ,  in c lu d in g  d a m s e l f i s h e s  (R e e se ,  1964; R asa, 1969; Low, 1971;  

Jtyrberg, 1972; Brockmann, 1973; Kyrberg and T h resh er ,  1974)  and 

a o a n th u r id s  (Okuno, 1963; R asa , 1969; Barlow , 1 9 7 4 ) ,  hut i t s  im portance  

among c a r d i n a l f i s h e s  ia  unknown.

There ia  a w ea lth  o f  d e s c r i p t i v e  in fo r m a t io n  in  th e  l i t e r a t u r e  

r e g a r d in g  th e  f o r a g in g  a r e a s  and s h e l t e r  s i t e s  o f  r e e f  f i s h e s .

Tagging s t u d i e s  ( e . g .  Bardach, 195&; R a n d a l l ,  1961; S p r in g er  and 

McErlean, 1962) and o th e r  s t u d i e s  (Sm ith  and T yl® r, 1972; R eese ,

1973) i n d i c a t e  t h a t  most r e e f  f i s h e s  have r e l a t i v e l y  l i m i t e d  home 

r a n g e s .  .Extremely r e s t r i c t e d  home ra n g e s  have been d e s c r ib e d  f o r  a 

pornacentrid ( S a l e ,  1971) and f o r  s e v e r a l  g o b ie s  and b le n n ie s  (Smith  

and T y le r ,  1 9 7 2 ) .

D e s c r i p t i v e  in fo r m a t io n  en th e  f o r a g in g  a r e a s  and s h e l t e r  s i t e s  

o f  c a r d i n a l f i s h e s  i s  in c lu d e d  in  v a r io u s  s t u d i e s  (Hobson, 1965* 1968a ,  

1974; S ta ro k  and D a v is ,  1966; L iv in g s t o n ,  1971; Smith and T y le r ,  1972;  

C o l l e t t e  and T a lb o t ,  1972; V iv ie n ,  1 9 7 3 ,  1975* C o l in ,  1974; Ida and 

Moyer, 1974; D a le ,  1975)* Chave (MS) s t u d ie d  th e  im portance o f  

v a r io u s  en v ir o n m e n ta l  p a ra m eters ,  in c lu d in g  s a l i n i t y ,  te m p e r a tu r e ,  

w ater c l a r i t y ,  w ater  movement, and l i g h t  i n t e n s i t y  on th e  d i s t r i b u t i o n  

o f  s i x  apogonid  s p e c i e s  in  H aw aii.

D i f f e r e n c e s  in  a c t i v i t y  c y c l e s ,  which promute a tem poral  

p a r t i t i o n i n g  o f  sp a ce  in  th e  r e e f  f i s h  community, have a l s o  been  

w id e ly  s t u d ie d  (S oh roed er  and S ta r c k ,  1964; Hobson, 19 6 5 , l ? 6 8 a ,  1968b;  

Bertram , 1965; S tarok  and S ch ro ed er ,  1965; S ta r c k  and D a v is ,  1966;  

F i s h e l s o n  e t  a l . ,  1971; L iv in g s t o n ,  1971; C o l l e t t e  and T a lb o t ,  1972 ,

Smith and T y le r ,  1972; Domm and Domm, 1973; D a le ,  1975)*
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A f i n a l  apace—s h a r in g  mechanism th a t  a l s o  has a  tem poral  

d im en s io n  i s  r e p r o d u c t iv e  s e a s o n a l i t y .  There i s  a w e a lth  o f  

in fo r m a t io n  in  the  l i t e r a t u r e  on r e e f  f i s h  r e p r o d u c t io n  ( s e e  E h r l i c h ,  

1975*217—2 2 3 ) ,  but b e s id e s  th e  s tu d y  o f  Munro e t  a l .  (1 9 7 3 )  on 

C aribbean r e e f  f i s h e s ,  th ere  i s  v ery  l i t t l e  com p arative  in fo r m a t io n  

on th e  spaw ning s e a so n s  o f  r e e f  f i s h e s  and v i r t u a l l y  none on 

c a r d i n a l f  i s h e s .  Smith and T^yler (1 9 7 2 )  have s u g g e s te d  th a t  s ta g g e r e d  

r e c r u i tm e n t  o f  j u v e n i l e s  o f  d i f f e r e n t  s p e c i e s  t o  the r e e f  may be an 

im p ortan t a s p e c t  o f  sp a ce  s h a r in g .

The s t u d i e s  o f  S a le  and o th e r s  ( S a le  1974 , 1975? R u sse l  e t  a l . ,  

1 9 7 4 5 S a le  and D ybdahl, 1975) on G reat B a r r ie r  R eef f i s h e s  s u g g e s t  

th a t  th e  randomness o f  r e c r u itm e n t  and l o s s  may a o t u a l l y  be more 

im p ortan t in  prom oting  o o e x i s t e n c e  o f  r e l a t e d  form s than sp ace  

s h a r in g  mechanisms or any o th e r  n ic h e  s p e c i a l i z a t i o n s .  Thus a patchy  

environm ent and th e  s t o c h a s t i o  e le m e n ts  o f  a " r e e f  f i s h  lo t te r y * '

( S a le ,  1976) may be e s s e n t i a l  f a c t o r s  in  th e  m aintenance o f  h igh  r e e f  

f i s h  d i v e r s i t y .  L ev in  (1974) has s t u d ie d  th e  t h e o r e t i c a l  b a s i s  o f  

such a mechanism. A t h ir d  h y p o t h e s i s ,  somewhat in te r m e d ia te  betw een  

th e  sp ace  s h a r in g  and s t o c h a s t i c  m o d e ls ,  has a l s o  been s u g g e s te d  

( B a le ,  1978) and w i l l  be d e s c r ib e d  in  th e  p r e s e n t  s tu d y .

IV . T rophic  n ic h e  d i v e r s i f i c a t i o n :

F e e d in g  s p e c i a l i z a t i o n s  c o n s t i t u t e  a n o th e r  k in d  o f  n ic h e  

d i v e r s i f i c a t i o n  which has an e s s e n t i a l  b e a r in g  on c o m p e t i t io n  and 

d i v e r s i t y  in  anim al com m u n itie s .  Minor d i f f e r e n c e s  in  th e  s i z e  and 

s t r u c t u r e  o f  th e  b i l l  have been found to  c o r r e l a t e  w ith  d i s t i n c t  

d i f f e r e n c e s  in  the  d i e t  o f  c l o s e l y  r e l a t e d  b ir d s  (Lack, 1945 , 1947? 

Bowman, 19 6 l j  K ear, 1 9 6 2 ) .  Minor d i f f e r e n c e s  in  o th e r  body

d im e n s io n s  and in  looom otor a b i l i t y  have a l s o  been  c o r r e la t e d  w ith
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a v ia n  f e e d in g  h a b i t s  (D a v is ,  1957; H in d e, 1959; H am ilton , 1961;  

O sterh a u s ,  1 9 6 2 ) .  Sohoener (1 9 6 8 )  d em o n stra ted  f e e d i n g  s p e c i a l i z a t i o n s  

in  sy m p a tr ic  A n o l is  l i z a r d s .

Some s t u d i e s  have in d ic a te d  a g r e a t  ap p aren t o v e r la p  in  fo o d  

h a b i t s  among c o e x i s t i n g  f r e sh w a te r  f i s h e s .  F orbes (1914) and H a r t le y  

(1948) su g g e s te d  th a t  th ey  share a common s t o c k  o f  food  r e s o u r c e s .

I t  has even  been concluded  th a t  C a u s e 's  p r i n c i p l e  may not a p p ly  to  

fr e sh w a te r  f i s h  com m unities  ( H a r t le y ,  1948; L a r k in ,  1 9 5 6 ) .  The 

f in d i n g s  o f  K east and tfebb (19^6) d i f f e r  w ith  t h i s  c o n c lu s io n .  In a 

com prehensive s tu d y  o f  a tem perate  f i s h  community, th ey  c o r r e la t e d  

mouth and body morphology w ith  d i s t i n c t ,  c o m p e t i t io n —r e d u c in g  

f e e d i n g  h a b i t  d i f f e r e n c e s ,  i n d i c a t i n g  t h a t  e a r l i e r  s t u d i e s  may have  

been to o  s u p e r f i c i a l .

DeM artini (1 9 6 9 )  showed th a t  minor s t r u c t u r a l  d i f f e r e n c e s  in  th e  

f e e d i n g  app aratus  a re  c o r r e la t e d  w ith  f e e d i n g  s p e c i a l i z a t i o n s  in  the  

tem perate marine s u r f - p e r c h e s .  S tep h e n s  e t  a l .  (1 9 7 0 )  showed th a t  

d i f f e r e n c e s  in  d i e t  among sy m p a tr ic  C a l i f o r n i a  b l e n n i e s  were 

c o r r e la t e d  w ith  d i f f e r e n c e s  in  f e e d i n g  b e h a v io r  and m ic r o h a b ita t  

a s s o c i a t i o n s .  Z aret and Rand ( l 9 7 l )  contended  t h a t  the f e e d i n g  

h a b i t s  o f  c e r t a i n  t r o p i c a l  stream  f i s h e s  conform t o  the p r i n c i p l e  o f  

c o m p e t i t iv e  e x c l u s i o n .  F e ed in g  s p e c i a l i z a t i o n s  a re  a p p a r e n t ly  

fundam ental to  th e  o r i g i n  and m aintenance o f  th e  extrem e d i v e r s i t y  

o f  c i c h l i d s  in  A fr ic a n  la k e s  (Lowe-M cConnell, 1969; F ryer  and l i e s ,  

1972; Greenwood, 1 9 7 3 ) .

S e v e r a l  s t u d i e s  have a n a ly zed  th e  food  h a b i t s  o f  th e  e n t i r e  r e e f  

f i s h  fau nas  o f  c e r t a i n  r e g i o n s ,  i n c lu d in g  th e  M arsh a ll I s la n d s  

( H ia t t  and S tr a sb u r g ,  i 9 6 0 ) ,  th e  C aribbean (R a n d a ll ,  1967)* T u le a r ,  

Madagascar (V iv ie n ,  1973)»  and Hawaii (Hobson, 1 9 7 4 ) .  A u s t in  and
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A u stin  (1 9 7 1 )  s t u d ie d  th e  f e e d i n g  h a b i t s  o f  j u v e n i l e  f i s h e s  in  

■angrove a r e a s  o f  Western Puerto  R ic o ,  in c lu d in g  many s p e c i e s  th a t  

in h a b i t  r e e f s  a s  a d u l t s .

Other s t u d i e s  have c o n c e n tr a te d  on th e  fo o d  h a b i t s ,  a.3 w e l l  as  

c o r r e la t e d  m o r p h o lo g ic a l  or b e h a v io r a l  f a c t o r s ,  in  some l i m i t e d  group  

e . g .  p om acon tr id s  ( f in ery , 1973)» a c a n th u r id s  ( J o n e s ,1 9 6 8 ) ,  h o l o c e n t r id s  

(V iv ie n  and P e y r o t -C la u s a d e , 1 9 7 4 ) .  Chave (i-*S) s t u d ie d  th e  f e e d i n g  

h a b i t s  o f  Hawaiian c a r d i n a l f i s h e s  and V iv ie n  (1 9 7 5 )  s tu d ie d  apogonid  

f e e d i n g  h a b i t s  a t  the r e e f s  o f  Tulw ar, M adagascar. Many a d d i t i o n a l  

s t u d i e s  have d e a l t  w ith  s i n g l e  r e e f  s p e c i e s .

The r e s u l t s  o f  a l l  o f  t h e s e  r e e f  f i s h  f e e d i n g  h a b i t  s t u d i e s  s e e s  

to  be c o n s i s t e n t  w ith  the p r e v a i l i n g  g e n e r a l  a ssu m p tio n  t h a t  

c o m p e t i t io n  f o r  food  i s  im portant in  th e  r e e f  f i s h  community, but 

few i f  any o f  them a re  d e t a i l e d  enough or c a r r i e d  out in  such a way 

th a t  an a l t e r n a t i v e  a ssu m p tio n  — t h a t  fo o d  i s ,  in  g e n e r a l ,  n o t  

l i m i t i n g  — cou ld  be d i s p r o v e d .  T h is  a l t e r n a t i v e  p o s s i b i l i t y  i s  

s t r o n g l y  s u g g e s t e d  by th e  sp a ce  s h a r in g  h y p o t h e s i s  o f  Smith and T y le r

(1 9 7 2 ,  1 9 7 3 ) .

The p o s s i b i l i t y  t h a t  s im p le  d i f f e r e n c e s  in  body s i z e ,  a p a r t  from  

any o th e r  t r o p h ic  s p e c i a l i z a t i o n s ,  may a l lo w  c o e x i s t e n c e  o f  r e l a t e d  

form s was s u g g e s te d  by H utch inson  (1 9 5 9 ,  1 9 6 5 ) .  Such a mechanism may 

be im portant in  r o t i f e r s  ( P e j l e r ,  1 9 5 6 )  o e r t a i n  mammals (R osen zw eig ,

1966; MeNab, 1971)  l i z a r d s  (S c h o e n e r ,  1968; Rand and W il l ia m s ,

1969; W il l ia m s ,  1 9 7 2 ) ,  m ite s  (H u r lb u t t ,  1968)  and f i s h e s  (B arbour,

1 9 7 3 ) .  A ccord in g  to  H utch inson  (1 9 5 9 )  * r a t i o  o f  about 1 .3  t o  1 in  

body s i z e  i s  enough to  a l lo w  o o e x i s t e n e e .  MacArthur (1 9 7 2 * 2 3 )  

s u g g e s t s  suoh a r a t i o  in  term s o f  w e ig h t  and p r o p o se s  an e m p ir ic a l



d e f i n i t i o n  o f  c o m p e t i t iv e  e x c l u s i o n  r e l a t e d  t o  i t :  " S p e c ie s  t h a t

d i f f e r  o n ly  in  s i z e  seem t o  r e q u ir e  t h a t  th e  la r g e r  be about tw ic e  

a s  heavy  a s  th e  s e a l l e r  in  o rd er  to  c o e x i s t . "

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

im portance to  r e e f  f i s h  community s t r u c t u r e  has been shown by Smith 

(1 9 7 5 ,  1 9 7 8 ) .

In v iew  o f  t h e s e  c o n s id e r a t i o n s  o f  th e  p ro x im a te  c o r r e l a t e  o f  

h ig h  s p e c i e s  d i v e r s i t y ,  i . e .  f i n e  n ic h e  s u b d i v i s i o n ,  i t  would seem  

th a t  one or more s p a t i a l ,  te m p o r a l ,  or  t r o p h ic  f a c t o r s  might be 

e s s e n t i a l  to  c a r d i n a l f i s h  d i v e r s i t y .
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OBJECTIVES

The g e n e r a l  o b j e c t i v e s  o f  th e  p r e s e n t  s tu d y  may be s t a t e d  

s u c c i n o t l y  a s  f o l l o w s :

I .  To e x p la in  an a p p a ren t  la c k  o f  c o m p e t i t iv e  e x c l u s i o n  among 

th e  c a r d i n a l f i s h e s  o f  th e  Bahamas.

I I .  To c l a r i f y  th e  n a tu r e  o f  th e  h ig h  s p e c i e s  d i v e r s i t y  o f  

Bahamian c a r d i n a l ! ' i s h e s .

I I I .  By e x t e n s i o n  t o  o l a r i f y  th e  n a tu r e  o f  c o m p e t i t io n  and 

s p e c i e s  d i v e r s i t y  in  th e  c o r a l  r e e f  f i s h  community as  a w h o le .

PHILOSOPHICAL APPROACH

The p h i l o s o p h i c a l  approach o f  t h i s  s tu d y  in c lu d e s  two g e n e r a l  

c o n s i d e r a t i o n s :

I .  Perhaps th e  g r e a t e s t  s i n g l e  p i t f a l l  o f  e c o l o g i c a l  

i n v e s t i g a t i o n s  o f  th e  k ind  un d ertaken  h ere  i n v o l v e s  s t a r t i n g  w ith o u t  

an "open m ind," As in  any s c i e n t i f i c  s tu d y ,  a p r i o r i  a s su m p tio n s  may 

p red eterm in e  th e  n a tu r e  o f  our o b s e r v a t io n s  and c o n c l u s i o n s .

That i s  "the e x p e c t a t i o n s  o f  th e o r y  c o l o r  p e r c e p t io n  t o  such  a d e g r e e  

t h a t  new n o t io n s  seldom  a r i s e  from f a c t s  c o l l e c t e d  under th e  

I n f lu e n c e  o f  o ld  p i c t u r e s  o f  th e  world" (E ld r e d g e  and Gould, 19 7^) • 

Or, a s  s t a t e d  by S . Holmes ( i n  D o y le ,  1 9 3 0 ) :  " I t  i s  a c a p i t a l

m ista k e  t o  t h e o r i z e  b e f o r e  one has d a t a .  I n s e n s i b l y  one b e g in s  to  

t w i s t  f a o t s  t o  s u i t  t h e o r i e s ,  i n s t e a d  o f  t h e o r i e s  t o  s u i t  f a c t s . "

For exam p le , i f  we b e g in  lo o k in g  a t  an an im al community w ith  

th e  a ssu m p tio n  t h a t  fo o d  i s  a l i m i t i n g  r e s o u r c e  in  t h a t  community, i t  

makes us  s e e  d i f f e r e n c e s  in  d e n t i t i o n ,  g u t  anatom y, e t c . ,  as
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com petition-reducing  a d ap ta t ion s,  thus in  n ea t ly  c ir c u la r  fa sh ion  

"proving" the assumption. Cr i t  might make us complete an a n a ly s is  

o f  food h a b its  with the demonstration that some i n t e r s p e c i f i c  

d if fe r e n c e s  are d e te o ta b le ,  a ls o  "proving" the assumption, without 

r eq u ir in g  us to e s ta b l i s h  that the d i f f e r e n c e s  are not r e la te d  to  

d i f f e r e n t  c o l l e c t io n  s i t e s ,  t im es, e t o .

Perhaps "Innocent, unbiased observation  i s  a myth" (Medawar, 

1969*20). C erta in ly  the scope o f  the present in v e s t ig a t io n  was 

in fluenced  by ourrent e c o lo g ic a l  theory . N everth e less  an e f f o r t  was 

made to  minimize preconceived n o t io n s .

I I .  Although the fa c to r s  underlying com petition and sp e c ie s  

d iv e r s i t y  among d i f f e r e n t  taxonomic or e c o lo g ic a l  groups in the cora l  

r e e f  f i s h  community may be m u lt ifa r io u s  and d i f f u s e ,  c e r ta in  general 

p r in c ip le s ,  perhaps as y e t  unknown, may be involved . This 

p h ilo so p h ic a l  approach may be termed "nomothetic ecology" in the 

sense that Raup e t  a l .  (1973:P* 526) r e fe r  to  "nomothetic p a leon to logy", 

i . e .  "the study o f 'ca se s  and events as u n iv e r sa ls ,  with a view to  

form ulating general l a w s .1 The conventional approach, on the other  

hand, i s  termed ' id io g r a p h io ': 'The study o f  cases or events as

in d iv id u a l u n i t s ,  with a view to  understanding each one s e p a r a te ly . '"  

E co lo g ica l  s c ie n c e  has perhaps always been somewhat norm nomothetic 

than Raup and h is  ooauthors contend paleontology has been.

N everth e less  a great deal o f  observation  and explanation  has y e t  to  

provide a cohesive  p ic tu re  o f r e e f  f i s h  community eco lo g y . The spaoe 

sharing model o f  Smith and Tyler (1972) and the s to o h a s t ic  model o f  

Sale and Dybdahl (1975) ax'* w idely reoognized as landmarks in t h is  

d ir e c t io n ,  but th e ir  very oppositenesa  i s  an in d ica t io n  o f  how
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t e n ta t iv e  our understanding o f  ooral r e e f  f i s h  communities i s .

METHODOLOGICAL APPROACH

For the purpose o f t h is  in v e s t ig a t io n  an e x te n s iv e  c o l l e c t io n  

of Bahamian f i s h e s  in the Ichthyology Department o f  the American 

Museum of Natural History was made a v a i la b le  to  the author fo r  

examination and d i s s e c t io n .  This c o l l e c t io n  oomprises over two hundred 

q u a n tita t iv e  rotenone samples made by Dr. C. Lavett Smith, primarily  

during the Bahamas Natural History Survey sponsored by the American 

Museum between 19&4 and 1968, and inc ludes se v e r a l  thousand 

c a r d in a lf ish  specimens rep resen tin g  the genera Apogon. Phaeoptyx, and 

Astrapogon. The author a lso  made se v e r a l  f i e l d  t r ip s  to  various  

parts o f  the Bahamas between 1973 and 1975» in c lu d ing  Bim ini, Grand 

Bahama, Nassau, and Eleuthera, during which in s i t u  o b servation s  were 

made and ad d it io n a l samples were taken. F in a l ly ,  c e r ta in  experimental 

s tu d ie s  were made p o ss ib le  by the opportunity to  maintain laboratory  

populations of card in a lfiB h es  in the Ichthyology Department o f  the 

American Museum and a t  the Museum's f i e l d  s t a t io n  in B im ini, Bahamas.

Given th ese  operational p o s s i b i l i t i e s ,  a v a r ie ty  o f  approaches was 

employed, as ou tlin ed  below. The c a te g o r iz a t io n  and sequence are not 

n e c e s sa r i ly  those fo llow ed  during the in v e s t ig a t io n  (some major aspects  

o f  the study were carried  out more or l e s s  co n cu rren t ly ) ,  but are  

considered, in r e tr o sp e o t ,  to  be a lo g io a l  means o f  p r esen ta t io n .

I .  TJypologic Factors:

An obvious primary task  was p r e c is e  i d e n t i f i c a t io n  o f  a l l  the  

apogonid specimens present in the f i s h  samples to  be s tu d ie d ,  i . e .
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d e t e r m i n a t i o n  o f  t h e  k i n d s  o r  " t y p e s "  o f  o a r d i n a l f i s h e s  p r e s e n t  

(whence  t h e  h e a d i n g  " t y p o l o g i c " ) .  L e n g t h  and w e i g h t  d e t e r m i n a t i o n s  

were a l s o  made, and any a p p a r e n t  e c t o p a r a s i t e s  were n o t e d .

T h i s  i n f o r m a t i o n  w^s used  t o  s t u d y :  ( a ) s p e c i e s  abundance

p a t t e r n s  ( ? )  a b u n d a n c e - f r e q u e n c y  p a t t e r n s ,  ( c )  s p e c i e s  a s s o c i a t i o n  

p a t t e r n s ,  ■ s p e c i e s  d i v e r s i t y  p a t t e r n s ,  ( s )  body s i z e  p a t t e r n s  

( ? )  o c c u r r e n c e  o f  e c t o p a r a s i t e s

I I .  T o p o g r a p h ic  F a c t o r s :

To d e t e r m i n e  t h e  e x t e n t  o f  a c t u a l  p h y s i c a l  c o e x i s t e n c e  among 

the  v a r i o u s  s p e c i e s ,  c e r t a i n  s p a t i a l  o r  t o p o g r a p h i c  f a c t o r s  ( i n  t h e  

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

we^e s t u d i e d :  (A) g e o g r a p h y  ( f i )  d e p t h  (C) h a b i t a t  ( p )  m i c r o h a b i t a t .

I I I .  Temporal  F a c t o r s :

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

a l s o  c o n s i d e r e d  r e l e v a n t :

(A) The im p o r ta n c e  o f  r e p r o d u c t i v e  B e a s o n a l i t y  was a s s e s s e d .

( ? )  C i r c a d i a n  a c t i v i t y  p a t t e r n s  were s t u d i e d  by means o f  in s i t u  

and l a b o r a t o r y  o b s e r v a t i o n ,  and the  p o s s i b l e  c o r r e l a t i o n  o f  such  

p a t t e r n s  w i th  b r a i n  inori h o l o g y  was i n v e s t i g a t e d .

IV.  T r o p h ic  F a c t o r s :

The im p o r ta n c e  o f  f e e d i n g  s p e c i a l i z a t i o n s  among +be v a r i o u s  

s p e c i e s  was e s t i m a t e d  by s t u d y i n g :

(A) F e e d i n g  H a b i t s ,

( 3 ) Morphological c o r r e l a t e s  t o  f e e d in g .

I n v e s t i g a t i o n  o f  m o r p h o l o g i c a l  c o r r e l a t e s  t o  f e e d i n g  was a r b i t r a r i l y  

l i m i t e d  to an 3S.M s t u d y  o f  t h e  t e e t h  o f  t h e  j a w s .  As t h e  o v e r a l l  

s t u d y  p r o g r e s s e d  ( i n c l u d i n g  t h e  f o o d  h a b i t  s t u d y )  t h e  p o s s i b i l i t y  t h a t
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f e e d in g  s p e c i a l i z a t i o n  was of o v e r r i d i n g  e o o lo g io a l  importance 

appeared i n c r e a s i n g l y  u n l i k e l y  and more a t t e n t i o n  was devoted  to  

o th e r  a s p e c t s  o f  th e  s tu d y .

V. Taxonomic F a c t o r s ;

Sinoe the  r a t i o n a l e  o f  the p r e s e n t  s tudy  h inges  on the 

o ccu r rence  of  twenty c l o s e l y  r e l a t e d  s p e c i e s  in  the  Bahamas, m a t t e r s  

p e r t a i n i n g  to  the  taxonomic r e l a t e d n e s s  of  theme s p e c i e s  and to  th e  

i n t e r r e l a t i o n s h i p s  o f  the  t h r e e  genera  were o f  obvious r e l e v a n c e .

C e r t a in  d i s c o v e r i e s  in  t h i s  r e g a r d ,  made d u r in g  th e  Btudy, l e d  to  the  

i n v e s t i g a t i o n  o f ;

( a ) V a l i d i t y  o f  th e  genus Phaeoptyx.

(B) I n t e r r e l a t i o n s h i p s  o f  wes tern  A t l a n t i c  c a r d i n a l f i s h e s

(C) Biogeography o f  western  A t l a n t i o  c a r d i n a l f i s h e s .

The w id e - ran g in g  n a tu r e  of  the  m e thodo log ica l  approach o u t l i n e d  

above was p a r t l y  a r e s u l t  o f  the  p h i l o s o p h i c a l  c o n s id e r a t i o n s  

mentioned e a r l i e r ,  bu t  was a l s o  d i c t a t e d  by th e  w id e - ran g in g  

p o s s i b i l i t i e s  t h a t  the  problem p r e s e n t e d .  Th is  l a t t e r  f a c t  i s  due,  

no doub t ,  to  the r e l a t i v e  in fancy  o f  c o r a l  r e e f  community s t u d i e s .

SCUBA and o t h e r  r e c e n t  t e c h n o l o g i c a l  advances e n a b l in g  i £  s i t u  

o b s e rv a t io n s  have uncovered a whole new b i o l o g i o a l  world:  the  c o r a l

r e e f  ecosystem.  In t h i s  ecosystem the  f i s h e s  a r e  a rguab ly  the  most 

consp icuous ,  c o l o r f u l ,  and b e h a v i o r a l l y  i n t e r e s t i n g  component.  They have 

indeed been l ik e n e d  to  "underwater  b i r d s " ,  and t h e r e  i s  much promise 

t h a t  r e e f  f i s h  s t u d i e s  w i l l  s t i m u l a t e  e o o l o g i c a l  though t  a s  muoh in  

the  n e x t  decade or  two as  av ian  s t u d i e s  d id  in  the  l a s t  few decades .

The p r e s e n t  s tudy  was aimed a t  making a  small  c o n t r i b u t i o n  in  t h a t  

r e g a r d .
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CHAPTSrt TrfO: Typologic F a c to r s

I . METHODS

More than two hundred f i s h  c o l l e c t io n s  were made by Dr.

C. L a v e t t  Smith in  the  Bahamas between 1964 and 1973, and a re  

d e p o s i t e d  in  the  f i s h  c o l l e c t i o n s  o f  the  American Museum of  Natura l  

H i s to r y .  Most were made with  the  a id  o f  e m u ls i f i e d  ro te n o n e  ( e i t h e r  

Chemfish C o l l e c t o r  o r  PronoxfiBh) .  Since use of  t h i s  ich thyoc ide  

a l low s  r e l a t i v e l y  unbiased  sampling (Bee Smith, 1973, f o r  a 

d i s c u s s i o n  o f  the  sampling e f f i c i e n c y  of  ro tenone  c o l l e c t i n g )  

c o l l e c t i o n s  made by o th e r  means were no t  inc luded  in the p r e se n t  

s tu d y .  In land  ro tenone  c o l l e c t i o n s  were a l s o  o m i t ted ,  aB were 

r e p e a t  samples o f  the  same s t a t i o n s  i f  th e se  were made l e s s  than 

fo u r  months a f t e r  the  f i r s t  sampling ,  on the assumption t h a t  a r e e f  

or  o t h e r  h a b i t a t  would have l a r g e l y  recovered  a f t e r  t h a t  amount of  

t ime.

After e lim in a t in g  the non-rotenone c o l l e c t io n s ,  inland  

c o l l e c t i o n s ,  and repeat samples, 152 c o l l e c t io n s  remained. In 

a d d it io n ,  two large rotenone c o l l e c t io n s  were made by the author in  

Bimini, in 1973. The t o t a l  o f  154 non-repeat marine rotenone  

c o l l e c t io n s  iB referred  to in various p laces  below as " to ta l  

c o l l e c t i o n s . "

Among the 154 c o l l e c t io n s  were 58 c o l l e c t io n s  from patch r e e f s  

in three general h a b ita t  areast  top o f  bank, moat, and outer s h e l f .  

These d es ig n a t io n s  are based on a c l a s s i f i c a t i o n  o f  Bahamian f i s h  

h a b ita ts  (C. L. Smith, unpublished). Because th ese  c o l l e c t io n s  tended
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to  be the la r g e s t  and most d iv e r se ,  and because the patch r e e f  f i s h  

community i s  in many resp ects  a se lf -c o n ta in e d  u n it  and i s  sampled 

very e f f e c t i v e l y ,  some c a lc u la t io n s  below are based on the pooled  

c o l l e c t io n s  from these  three patch r e e f  h a b ita ts  only (referred  to  

as "patch r e e f  c o l l e c t io n s " ) .

Although most o f  the rotenone c o l le c t io n s  had been sorted  and 

id e n t i f ie d  before the present study, the c a r d in a lf ish  specimens in 

a l l  cases  were c a r e fu l ly  reexamined and id e n t i f i e d .  Because many o f  

the c o l l e c t io n s  had been id e n t i f ie d  before the a v a i l a b i l i t y  o f  

BBhlke and R andall's  (1968) key to  western A tla n tic  c a r d in a l f i s h e s ,  

and a ls o  because o f the time required to make p o s i t iv e  id e n t i f i c a t io n s  

of a l l  ju v e n ile s ,  a large number o f  specimens had been m is id e n t i f ie d .

In the present study an e f f o r t  was made to p o s i t iv e ly  id e n t i fy  a l l  

apogonid specimens, inc luding  the sm a llest  ju v e n ile s .  In some of  

the an a lyses  performed, information on the id e n t i t y ,  abundance, and 

frequency of occurrence o f non-apogonid sp e c ie s  in t:.e Bahamian 

c o l le c t io n s  was used. In most cases these data came d ir e c t ly  from 

the notes of Dr. Smith or from the card ca ta lo g  o f  the Iohthyology  

Department o f  the American Museum. A small number of specimens 

(apogonid and non-apogonid) were too small fo r  p o s i t iv e  Bpecies  

id e n t i f i c a t io n  and were simply elim inated  from co n s id era tio n .
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(a ) Species  abundance p a t t e r n s

The in fo rm a t io n  ga ined  by s imply coun t ing  and i d e n t i f y i n g  the 

apogonid specimens ( in  " t o t a l  c o l l e c t i o n s " )  made p o s s i b l e  the 

c o n s id e r a t i o n  of  s p e c ie s  abundance p a t t e r n s .  Abundance rank  was 

t a b u la t e d  f o r  the  t o t a l s  of  each c a r d i n a l f i s h  s p e c i e s  in  a l l  

c o l l e c t i o n s ,  and f o r  t o t a l s  of  the  c a r d i n a l f i s h  s p e c i e s  from the 

s i n g l e  most importan t  h a b i t a t  type (de f ined  he re  as  t h a t  from which 

the g r e a t e s t  number of  c a r d i n a l f i s h  specimens was c o l l e c t e d ) :  o u te r

s h e l f  p a tch  r e e f s .

From th ese  t a b u l a t i o n s ,  sp e c ie s  abundance curves  were p repared ,  

by p l o t t i n g  abundance a g a i n s t  r an k ,  the l a t t e r  on a l o g a r i t h m ic  

s c a l e .  These curves  pe rm i t ted  g ra p h ic  comparison with  v a r io u s  

t h e o r e t i c a l  s p e c ie s  abundance p a t t e r n s .

(B) Abundance-frequency p a t t e r n s

The o v e r a l l  s t r u c t u r e  of the r e e f  f i s h  communities in which 

c a r d i n a l f i s h  were most abundant was s tu d i e d  by combining sp e c ie s  

abundance in fo rm a t io n  with d a ta  on f requency  o f  o ccu r rence  ( i . e . ,  

number o f  samples in  which a s p e c i e s  occu rs )  t o  Btudy abundance-  

f requency  p a t t e r n s .  These p a t t e r n s  were t a b u l a t e d  a c c o rd in g  to  a 

method o f  Kason and Bryant (1974). This  method i s  d e r iv e d  

g r a p h i c a l l y  by p l o t t i n g  the  lo g a r i th m  o f  p r o p o r t i o n a t e  abundance 

( o r d i n a t e )  a g a i n s t  f requency  o f  occurrence  ( a b s c i s s a )  f o r  each 

s p e c i e s .  P r o p o r t i o n a t e  abundanoe i s  a s imple p e r ce n ta g e ,  

fo l lo w in g  Alevizon and BrookB (1975 )f e l i m i n a t i n g  the  unnecessary  

" r e l a t i v e  abundance index" o f  Mason and Bryant (1974).
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The r e s u l t i n g  graph i s  then subdiv ided  a long the f requency 

a x i s  by drawing v e r t i c a l  l i n e s  a t  f r e q u e n c ie s  of  33 .3#  and 66. 7#, 

thus  forming th re e  f requency c a t e g o r i e s :

A: s p e c ie s  o c c u r r in g  in  ^ 6 6 . 7 #  of  samples

B: s p e c i e s  o c c u r r in g  in  3 3 .3 -6 6 .7 #  of  samples

C: s p e c i e s  o c c u r r in g  in  <  33 .3#  o f  samples

ar.d subdiv ided  a long  the  abundance a x i s  by drawing h o r i z o n ta l  l i n e s

such t h a t  fo u r  abundance c a t e g o r i e s  r e s u l t :

I s  p r o p o r t i o n a t e  abundance ^ 1 C #

2 i p r o p o r t i o n a t e  abundance 1-10#

3: p r o p o r t i o n a t e  abundance 0 .1 -1 #

4:  p r o p o r t i o n a t e  abundance < 0 . 1 #

In t h i s  way each s p e c ie s  may be p laced  in  one of twelve c a t e g o r i e s

of  ab u ndance- f requency : Al,  A2, A3* A4, Bl,  B2, e t c .

T ab u la t io n  by t h i s  method was c a r r i e d  out  f o r  a l l  s p e c ie s  

in the "patch r e e f  c o l l e c t i o n s , "  as a means of summarizing the 

r e l a t i v e  importance o f  apogonid s p e c ie s  among a l l  the  f i s h  

s p e c i e s  in t h i s  very  importan t  g e n e ra l  h a b i t a t  c a te g o ry .  Since 

these d a t a  a l so  p e rm i t t e d  a c a l c u l a t i o n  of  the r e l a t i v e  abundance 

of  the  d i f f e r e n t  f i s h  f a m i l i e s ,  a t a b l e  showing the abundance 

rank o f  the v a r io u s  f a m i l i e s  was p repared .



(c) S p e c i e s  a s s o c i a t i o n  p a t t e r n s

The f r e q u e n c y  o f  o c c u r r e n c e  o f  e a c h  a p o g o n id  s p e c i e s  i n  t h e  

" t o t a l  c o l l e c t i o n s "  was t a b u l a t e d .  In o r d e r  t o  d e t e c t  t h e  e x i s t e n c e  

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

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

t o g e t h e r ,  i . e . ,  (aB t h u s  d e f i n e d )  any p o s i t i v e  o r  n e g a t i v e  

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

i n  t h e s e  c o l l e c t i o n s  was a l s o  p r e p a r e d .  I f  th e  t e n d e n c y  f o r  two 

s p e c i e s  t o  o c c u r  t o g e t h e r  was e n t i r e l y  random, t h e  " e x p e c te d "  

f r e q u e n c y  o f  c o - o c c u r r e n c e  o f  t h e  two s p e c i e s  would be th e  p r o d u c t  

o f  t h e i r  r e s p e c t i v e  f r e q u e n c i e s  o f  o c c u r r e n c e .  On t h iB  b a s i s  

e x p e c t e d  f r e q u e n c i e s  o f  o o - o c c u r r e n c e  were added t o  t h e  above  

t a b u l a t i o n .  Comparison  o f  o b s e r v e d  and e x p e c t e d  f r e q u e n c i e s  o f  

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

a s s o c i a t i o n  which may or  may n o t  be s t a t i s t i c a l l y  s i g n i f i c a n t .

In eac h  c a s e ,  s i g n i f i c a n c e  maj be t e s t e d  wi th  a 2 x 2 

c o n t i n g e n c y  t a b l e  ( s e e  P i e l o u ,  1 9 7 4 : 2 5 8 - 2 6 6 ) .  The form  

o f  s u c h  a t a b l e ,  w i t h  t h e  c e l l s  o f  t h e  t a b l e  and t h e  row and column  

sums l a b e l e d  h e r e  w i t h  a ,  b ,  c ,  d ,  and N, i s  a s  f o l l o w s :

The f o l l o w i n g  c h i - s q u a r e  e q u a t i o n ,  d e s i g n e d  f o r  u s e  w i t h  t h i s  

t a b l e  ( s e e  P i e l o u ,  1 9 7 4 : 2 6 0 )  c o u l d  t h e n  be u se d  t o  t e s t  t h e  n u l l  

h y p o t h e s i s  t h a t  any i n d i c a t i o n  o f  p o s i t i v e  o r  n e g a t i v e  a s s o c i a t i o n

S p e c i e s  K

p r e s e n t  a b s e n t

S p e c i e s  J p r e s e n t a b a + b

a b s e n t c d c  + d

a + o b + d N ■ a+b+o+d



3 o .

was due to  chance a lo n e :

(  | ad -  be | -  N/2) 2 N

(a + b)  (o + d) (a + 0 ) (b + d)

The s u b s c r i p t  c in  K? i n d i c a t e s ,  fo l lo w in g  P ie lo u  (1974 s191) anc
2

a d ju s te d  formula f o r  X which g ives  a c l o s e r  approximation  (by 

in c o r p o r a t i n g  "Y a tes '  c o r r e c t i o n  f o r  c o n t i n u i t y "  -  see  Sokal and 

Rohlf ,  1969:590).

For a  s i n g l e ,  i s o l a t e d ,  2 x 2  cont ingency t a b l e  d e te r m in a t io n ,  

the n u l l  h y p o th e s i s  may be r e j e c t e d  i f  the  p r o b a b i l i t y  of the 

c a l c u l a t e d  c h i - s q u a r e  va lue  ( f o r  one degree  of  freedom) i s  0 ,05  

or l e s s .  As seen in  a c h i - s q u a r e  d i s t r i b u t i o n  t a b l e ,  3*84 i s  the 

" c r i t i c a l  va lue"  f o r  t h i s  l e v e l  of  s i g n i f i c a n c e .  In o th e r  words, 

the a s s o c i a t i o n  i s  deemed s i g n i f i c a n t  ( a t  the  536 l e v e l )  i f  i t s  

2 x 2 cont ingency t a b l e  y i e l d s  a c h i - s q u a r e  o f  3 .84  or g r e a t e r .

I f ,  however, the  a s s o c i a t i o n  o f  d i f f e r e n t  p a i r s  of  a number of 

s p e c ie s  i s  be ing  i n v e s t i g a t e d  by t h i s  method (as  in  the p r e se n t  c a s e ) ,  

i t  i s  not  pe rm issab le  to  conclude t h a t  t h e r e  i s  s i g n i f i c a n t
p

a s s o c i a t i o n  in each case  where a 2 x 2 t a b l e  y i e l d s  X 3.84 (see

P ie lo u  1974:262).  Under th e se  c i r c u m s ta n o e s , one can compute a
2

" s u p e r c r i t i c a l  v a lu e "  f o r  X such t h a t  the p r o b a b i l i t y  i s  only

0 .05  t h a t  i t  w i l l  be exceeded,  by chance a lo n e ,  by any of  the  ba tch  

o f  c a l c u l a t e d  X? v a lu e s .  I f  one i s  t e s t i n g  n d i f f e r e n t  2 x 2  t a b l e s  

( f o r  n d i f f e r e n t  s p e c i e s  p a i r s ) ,  t h i s  s u p e r c r i t i c a l  v a lu e ,  denoted 

as  H i  , i s  ( f o r  the 5 $ s i f n i f i c a n c e  l e v e l )  approximate ly  equal



to  the c r i t i c a l  value f o r  a s in g l e  t e s t  a t  the ^  $ s ig n i f i c a n c e  

l e v e l  (Cooper,  1968: c i t e d  in P ie lou  1974:262).

Another importan t  c o n s id e ra t i o n  i s  t h a t  the 2 x 2  t a b l e  c h i -  

square  t e s t  i s  u n r e l i a b l e  i f  the s m a l l e s t  "expected f requency"  

(computed in an "expected"  2 x 2  t a b l e :  see P ie lou  1974: 260) i s

l e s s  than  5 (P ie lo u  1974: 262-263).  For t h i s  r e a so n ,  t e s t i n g  of 

a s s o c i a t i o n  was l i m i t e d ,  in the p r e se n t  case ,  to  s p e c ie s  o ccu r r in g  

in a t  l e a s t  10$ of the samples .  This 10$ " c u t o f f  p o in t "  was chosen 

a r b i t r a r i l y ,  but  proved, f o r  the p r e s e n t  c a se ,  to  be j u s t  about 

e x a c t ly  the  l e v e l  necessa ry  to avoid c a l c u l a t i n g  a s s o c i a t i o n s  which 

could not  be then deemed r e l i a b l e  due to  the "small  expected 

frequency c o n s i d e r a t i o n . "  Such u s e l e s s  c a l c u l a t i o n s  a re  important

to  avoid  because of a t r a d e - o f f  in v o lv ing  the  s u p e r c r i t i c a l  "X? v a lu e ,
2

i . e . ,  the more p a i r s  of  sp e c ie s  t e s t e d ,  the h ig h e r  the X value  needed 

f o r  s i g n i f i c a n c e  a t  the 5$ l e v e l .  I t  should be no ted ,  however, t h a t  

such a " c u to f f  p o in t "  must be chosen s o l e l y  on the  b a s i s  o f  the 

"small  expected f requency c o n s i d e r a t i o n . "  To do so a f t e r  the 

t e s t i n g  o f  the 2 x 2  t a b l e s ,  to an e x t e n t  t h a t  reduces  the 

s u p e r c r i t i c a l  X? va lue  enough to make c e r t a i n  c a l c u l a t e d  X? va lues  

which a re  not q u i t e  s i g n i f i c a n t  become s i g n i f i c a n t  (as  one might be 

tempted to  do) would obvious ly  be an in v a l id  s t a t i s t i c a l  p rocedure .

L im it ing  the a s s o c i a t i o n  t e s t i n g  to  s p e c i e s  o c c u r r in g  in a t  

l e a s t  10$ of the samples r e s u l t e d  in  the  t e s t i n g  of e i g h t  sp e c ie s  

(see Table 6 ) .  S ince ,  f o r  k Bpecies ,  k ( k - l ) / 2  d i f f e r e n t  p a i r s  a r e  

p o s s i b l e ,  8 ( 8 - l ) / 2  ■ 28 d i f f e r e n t  2 x 2  t a b l e s  were c o n s t ru c te d  

and t e s t e d .  The s u p e r c r i t i c a l  v a lu e  f o r  the  5$ s i g n i f i c a n c e  

l e v e l  i s  th u s  approx im ate ly  equal  t o  the  o r i t i o a l  va lue  

f o r  a  s i n g l e  t e s t  a t  t h e  l e v e l ,  i . e . ,  f o r  p ■ 0 . 0018 .
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In the absence of  t a b l e s  g i v in g  X? v a lu es  f o r  increments  of  p
2

smal l  enough to  o b t a i n  the  % cor respond ing  to  p -  0 . 00 1 8 , a
2v i s u a l  e s t im a te  made from a g r a p h i c a l  p r o j e c t i o n  of  the  X

d i s t r i b u t i o n  (Herskowitz 1965*528) was deemed a c c e p ta b l e .  This
2

v i s u a l  e s t im a te  in d i c a t e d  a X value of about  9*7 f o r  p = 0.CC18.

Following the  p rocedure  d e s c r ib e d  above,  a  s i g n i f i c a n t  p o s i t i v e

a s s o c i a t i o n  was determined f o r  7 of  the 28 s p e c i e s  p a i r s .  Severa l

i n d i c a t i o n s  of n e g a t iv e  a s s o c i a t i o n  were not  s i g n i f i c a n t  a t  the  5$

l e v e l .  Because of a Bpec ia l  i n t e r e s t  in  comparing p o s i t i v e  and

n ega t ive  a s s o c i a t i o n s  ( i n  o rd e r  to  e v a lu a te  the  e c o lo g ic a l

s ig n i f i c a n c e  of  body s i z e  d i f f e r e n c e s ,  as  d esc r ib ed  e a r l i e r  in t h i s

KETH0B3 s e c t i o n ) ,  an e f f o r t  was made to  r e n d e r  some o f  these

n e g a t iv e  a s s o c i a t i o n s  s i g n i f i c a n t  a t  a lower conf idence  l e v e l  by

t e s t i n g  a t  the 10$ s i g n i f i c a n c e  l e v e l .  In t h i s  case the  s u p e r c r i t i c a l  
2

X ie  approximated by the c r i t i c a l  va lue  f o r  a s in g l e  t e s t  a t  the
"ID O

% l e v e l ,  i . e .  f o r  p * 0 .0036. The b e s t  v i s u a l  e s t im a te  from the  %. 

d i s t r i b u t i o n  graph i n d i c a t e d  a o f  about 8 ,4  f o r  t h i s  p v a lu e .

Using t h i s  lower conf idence  l i m i t ,  s i g n i f i c a n c e  was i n d i c a t e d  f o r  

two n e g a t iv e  a s s o c i a t i o n s ,  as  wel l  as  f o r  two a d d i t i o n a l  p o s i t i v e  

a s s o c i a t i o n s .

The r e s u l t s  o f  th e  2 x 2  t a b l e  t e s t i n g  were used in  the 

p r e p a r a t i o n  of  a t a b l e  g iv in g ,  f o r  the 28 s p e c i e s  pa . irs ,  the expected 

and observed f r e q u e n c ie s  of  co-occurrenoe  and any s t a t i s t i c a l l y  

s i g n i f i c a n t  p o s i t i v e  o r  n e g a t iv e  a s s o c i a t i o n s ,  with p r o b a b i l i t y  

v a lu e s .
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( d ) Species d iv e r s i ty  patterns

In 1. and 2 . ,  below, speo ie s  d i v e r s i t y  was c a l c u l a t e d  with 

the  in fo rm a t io n  t h e o r e t i c a l  measure known as  the  Shannon-leaver  

index (Shannon and l e a v e r ,  1949)*

H' -  - ] £ p i  log  pi

where p^ i s  the  p r o p o r t i o n  of  the  i  s p e c i e s .  The use o f  t v i s  and 

o th e r  measures of  s p e c i e s  d i v e r s i t y  i s  reviewed by Peet (1974).

In the  p r e s e n t  s tudy  the Shannon-leaver  index was determined by 

the method p r e s c r ib e d  in Lloyd e t  a l . (1968).  Since the  p ro p o r t io n s  

p^ a r e ,  in  p r a c t i c e ,  e s t im a ted  as

where N i s  the t o t a l  number o f in d iv id u a ls ,  and n  ̂ the number of

in d iv id u a ls  o f  the i  s p e c ie s ,  the formula fo r  H* i s  put d ir e c t ly  in

terms o f the observed n ^ 's ,  avoid ing the bother and rounding errors

o f  c a lc u la t in g  the proportions. Thus, for  logs to base e:

H' - - £ p i  log fl pA « ,  i  ( N lo g 0 N -  % n i  lo g Q nA )

To perform th is  c a lc u la t io n  a program was prepared fo r  use with a 

Hewlett-Packard HP-55 c a lc u la to r .

1. "D iversity  contribution" an a ly s is*  for  pooled patch r e e f  c o l l e c t io n s .

The r e la t iv e  con tr ibu tion  o f  apogonid sp e c ie s  to the sp e c ie s  

d iv e r s i t y  of Bahamian r e e f  f i s h  communities was estim ated by 

c a lc u la t in g  the sp e c ie s  d iv e r s i ty  o f  the "patch r e e f  c o l le c t io n s "  

and then repeated ly  r e c a lc u la t in g  i t  a f t e r  om ission o f  one f i s h  fam ily
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a t  a t ime to  r ank  f a m i l i e s  acco rd ing  to  t h e i r  r e l a t i v e  c o n t r ib u t i o n  

to  "pa tch  r e e f  c o l l e c t i o n s "  d i v e r s i t y .  That fam ily  whose removal 

from the c a l c u l a t i o n  r e s u l t e d  in the  g r e a t e s t  d ec rease  in  d i v e r s i t y  

f o r  the  t o t a l  o f  rem ain ing  f a m i l i e s  was ranked number one,  e t c .

Since the genus i s  perhaps a l e s s  s u b j e c t i v e  taxonomic ca tegory  

than  the  f a m i ly ,  and s in c e  the au th o r  was e s p e c i a l l y  i n t e r e s t e d  in 

the  d i v e r s i t y  c o n t r i b u t i o n  of  the genus Apogon, a s i m i l a r  s e r i e s  of  

c a l c u l a t i o n s  was made of  the sp e c ie s  d i v e r s i t y  of the  " t o t a l  patch  

r e e f  c o l l e c t i o n s "  a f t e r  o m i t t in g  each genus ,  and the r e s u l t i n g  d a ta  

were used to  rank  genera  accord ing  to  t h e i r  r e l a t i v e  d i v e r s i t y  

c o n t r i b u t i o n .  An "omission e f f e c t  index" ( e x p la in e d  in 2 . ,  below) 

was a l s o  c a l c u l a t e d  f o r  each family  and each genus.

I t  should  be noted t h a t  a f am ily  or genus could make a nega t ive  

c o n t r i b u t i o n  to  s p e c i e s  d i v e r s i t y ,  and t h a t  i t s  removal from the 

c a l c u l a t i o n  could i n c r e a s e  the d i v e r s i t y  of  the  remain ing  t o t a l .

This would o ccu r ,  f o r  example, i f  a fam ily  or  genus inc luded only 

one extremely  abundant  s p e c i e s .



55.
2.  "D iv e r s i ty  c o n t r i b u t i o n "  a n a l y s i s :  f o r  the  f i v e  r i c h e s t  

c o l l e c t i o n s  of  the "patch r e e f  c o l l e c t i o n s "  -  the  d e r i v a t i o n  o f  a 

d i v e r s i t y  c o n t r i b u t i o n  s t a t i s t i c .

To o b ta in  a t  l e a s t  a p a r t i a l  e v a l u a t i o n  o f  the degree  to which 

the  above family  ran k in g  and genus r a n k in g  might be an a r t i f a c t  of  

the  poo l ing  of  c o l l e c t i o n s  ( o r ,  more s p e c i f i c a l l y ,  to  determine i f  

the r e l a t i v e  importance of  the  d i v e r s i t y  c o n t r i b u t i o n s  of  the  fam ily  

Apogonidae and of  the apogonid genera  i s  s i m i l a r  in  h igh d i v e r s i t y  

l o c a l  s i t u a t i o n s  to  what i t  i s  in the  " t o t a l  pa tch  r e e f  c o l l e c t i o n s " )  

family  and genus r a n k in g  was c a r r i e d  out  f o r  each o f  the  f i v e  r i c h e s t  

pa tch  r e e f  c o l l e c t i o n s .

That i s ,  s p e c ie s  d i v e r s i t y  was f i r s t  c a l c u l a t e d  f o r  the  s i n g l e  

r i c h e s t  patch r e e f  c o l l e c t i o n  ( th e  c o l l e c t i o n  with the g r e a t e s t  

t o t a l  sp e c ie s  number).  Then the d i v e r s i t y  o f  t h a t  c o l l e c t i o n  a f t e r  

omiss ion of  each family  and each ^snus  was c a l c u l a t e d .  Note, aga in  

t h a t  i t  i s  p o s s ib l e  f o r  the s p e c ie s  d i v e r s i t y  to  be in c reased  by the 

omiss ion of  a fam ily  or  genus.

From the  r e s u l t i n g  d a ta  an "omission e f f e c t  index" f o r  each 

fam ily  and each genus was c a l c u l a t e d  at: f o l l o w s ;

C3k * -------------------
H'k

t hwhere is  the omiss ion e f f e c t  index of  the j  taxon in the k

c o l l e c t i o n }  H'k i s  the d i v e r s i t y  o f  the  k th  c o l l e c t i o n }

the d i v e r s i t y  of  the k tb c o l l e c t i o n  with the  j*'*1 taxon o m i t ted .

(For the  c a l c u l a t i o n  of  omiss ion e f f e c t  index in  1 . ,  above,  the

pooled "patch r e e f  c o l l e c t i o n s "  a r e  t r e a t e d  as one c o l l e c t i o n ,  the 

k**1 c o l l e c t i o n , )



Z<c,

rfhat, in wordB, does the numerical value of C .. represent? I t
JK

i s  t h a t  p ro p o r t io n  o f  the  3pecies  d i v e r s i t y  index of  a c o l l e c t i o n  

which when added to  t h a t  index g ives  the s p e c ie s  d i v e r s i t y  index of 

t h a t  c o l l e c t i o n  with taxon j  o m i t ted ;  i . e . ,  the  p ro p o r t io n  of  H 'k 

which when added to  H' g ives  H', .. This can be seen by
K K— J

r e a r r a n g in g  the above eq u a t io n  as  fo l l o w s ;

(HV  • c jk> ♦ H'k -  H’k - j

In most cases  omiss ion of a taxon from a c o l l e c t i o n  w i l l

d ec rease  the sp e c ie s  d i v e r s i t y  of  the  c o l l e c t i o n .  Such a taxon w i l l

have a n eg a t iv e  C va lue  between C and - 1 .  (The va lue  would be -1
J«c

i f  t h a t  taxon included the e n t i r e  c o l l e c t i o n . ) M u l t ip ly ing  the

sp e c ie s  d i v e r s i t y  of the c o l l e c t i o n ,  by t h i s  n e g a t iv e  C .. and addingJK
the  r e s u l t i n g  n e g a t iv e  product  to  H'^ y i e l d s  the lowered sp ec ie s  

d i v e r s i t y  o f  the c o l l e c t i o n  with t h a t  taxon o m i t ted ,  i . e . ,  H' ..k— j
In the case o f  a taxon which inc ludes  an ex tremely  abundant 

s p e c i e s ,  i t s  removal w i l l  a c t u a l l y  make a c o l l e c t i o n  more d i v e r s e .  

Such a taxon w i l l  have a  p o s i t i v e  v a lu e .  M u l t ip ly in g  H1̂  by 

t h i s  p o s i t i v e  and adding the  p roduc t  to  H'^ y i e l d s  th e  h igher  

sp e c ie s  d i v e r s i t y  of  the c o l l e c t i o n  with t h a t  taxon o m i t ted .

/fliile n eg a t iv e  C va lues  can be no l e s s  than  - 1 ,  p o s i t i v e  C ..
X JK

va lues  can be g r e a t e r  than  +1. This would be the  case  f o r  a taxon 

whose omission more than  doubles  the s p e c i e s  d i v e r s i t y  o f  the 

c o l l e c t i o n ,  as  in the  fo l lo w in g  h y p o t h e t i c a l  example. A c o l l e c t i o n  

with 11 s p e c i e s ,  10 of  which a re  r e p r e s e n t e d  by 10 i n d i v i d u a l s  each 

and the  11th by 1000 i n d i v i d u a l s ,  would have a s p e c i e s  d i v e r s i t y  of
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0.514 .  Omitt ing the  abundant  11th s p e c ie s  would change the sp ec ie s  

d i v e r s i t y  o f  the c o l l e c t i o n ,  now c o n s i s t i n g  o f  10 sp e c ie s  

r e p re s e n te d  by 10 in d iv id u a l s  each,  to  2 .303 .  This e f f e c t  i s  

expressed  by the  of the 11th s p e c i e s :  +3.460. Ctnit t ing one of

the  o th e r  10 s p e c ie s  would change the s p e c ie s  d i v e r s i t y  o f  the 

c o l l e c t i o n ,  now c o n s i s t i n g  o f  9 s p e c ie s  with 10 in d i v i d u a l s  each 

plus  1 sp e c ie s  with 1000 i n d i v i d u a l s ,  to  0 .466 ,  as  expressed  by 

the  va lue  of  - 0 .0 9 2 .

The omiss ion e f f e c t  index i s  a measure of  the  c o n t r i b u t i o n  of  

a taxon to the s p e c i e s  d i v e r s i t y  o f  a  c o l l e c t i o n ,  d e s c r i b i n g  i t  in  

a c l e a r  and q u a n t i t a t i v e  manner. Thus a va lue  of - 0 .1 0  means, 

r e g a r d l e s s  o f  the s i z e  or d i v e r s i t y  o f  a c o l l e c t i o n ,  t h a t  without  

t h a t  taxon the d i v e r s i t y  of the  c o l l e c t i o n  i s  reduced by 10$; a C ..JK
value  o f  0 means t h a t  w i thou t  t h a t  taxon the d i v e r s i t y  remains the 

same; a C value of +1.00 means t h a t  wi thout  t h a t  taxon theJK
d i v e r s i t y  is  augmented by 100$; and so f o r t h .

The omission e f f e c t  index c a l c u l a t i o n s  d e s c r ib e d  above f o r  the 

s in g l e  r i c h e s t  patch  r e e f  c o l l e c t i o n  were then  made, in tu r n ,  f o r  

the second,  t h i r d ,  f o u r t h ,  a. d f i f t h  r i c h e s t  pa tch  r e e f  c o l l e c t i o n s .

A l l  c a l c u l a t i o n s  were made with a program on the  HP-55 c a l c u l a t o r ,

A mean o m i s s i o n  e f f e c t  in d e x  f o r  any t a x o n  p r e s e n t  i n  one or  

more o f  t h e  f i v e  c o l l e c t i o n s  c o u l d  t h e n  be c a l c u l a t e d  a s  th-  ̂

f o l l o w i n g  q u a n t i t y :

M

k - l C*
M
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where K i s  the t o t a l  number of  c o l l e c t i o n s ,  in t h i s  case  f i v e .

Note t h a t  the  e x p re s s io n  2 1 ^ ^  f o r  a taxon p re se n t  in ,  e . g . ,  only 

one of  M c o l l e c t i o n s  i s ,  in e f f e c t ,  the  sum of  the one c a l c u l a t e d  

omiss ion e f f e c t  index p lus  M-l z e r o e s .

C a l c u l a t i n g  a mean omission e f f e c t  index in t h i s  way haB one 

important  d i sad v a n ta g e :  t h a t  small  c o l l e c t i o n s  would have the  same 

e f f e c t  on the r e s u l t  as la rg e  c o l l e c t i o n s .  To e l im in a t e  t h i s  

problem, a weighted mean omission e f f e c t  index may be c a l c u l a t e d  by 

m u l t i p ly in g  each va lue  by:

tilwhere t ^  i s  the t o t a l  number of  i n d i v i d u a l s  in  the  k c o l l e c t i o n ,

and T i s  the t o t a l  number o f  i n d i v i d u a l s  in  a l l  c o l l e c t i o n s .

The equ a t io n  f o r  c a l c u l a t i n g  the weighted mean omission

e f f e c t  index,  C. , i s  th u s :
%)

M

M

I t  i s  important  to  note t h a t  c a l c u l a t i n g  a mean omiss ion 

e f f e c t  index f o r  a taxon in t h i s  way f o r ,  e . g . ,  f i v e  c o l l e c t i o n s ,  

i s  no t  the  same as  c a l c u l a t i n g  an omission e f f e c t  index f o r  a 

taxon in the  pooled c o l l e c t i o n s .  For example, l e t  us suppose t h a t
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a taxon in  one c o l l e c t i o n  whichhas a p o s i t i v e  C .. (due to

c o n ta in in g  a very abundant s p e c i e s )  i s  ab se n t  in the o t h e r  fo u r

o f  f i v e  c o l l e c t i o n s .  The C. f o r  t h a t  taxon would s t i l l  be
J

p o s i t i v e ,  though lower in  v a lu e .  The omission e f f e c t  index f o r

t h a t  taxon in the pooled c o l l e c t i o n s ,  however, would not  only

be d i f f e r e n t ,  but  might wel l  be n e g a t iv e  s in c e  the  abundant s p e c ie s

would no longer  be so dominant .  Pool ing  would hide  the  e f f e c t  o f  the

t a x o n ' s  a c t u a l  p r o p o r t i o n a t e  occurrence  in  d i s c r e t e  c o l l e c t i o n s

( thus  c r e a t i n g  the kind of  a r t i f a c t  mentioned e a r l i e r  as  the r eason

f o r  deve lop ing  t h i s  s t a t i s t i c ) .

The C ■ v a lu es  c a l c u l a t e d  f o r  the  f a m i l i e s  and genera  inc luded  J
in  the f i v e  r i c h e s t  patch  r e e f  c o l l e c t i o n s  were then  used to  rank 

f a m i l i e s  and genera  acco rd ing  to  t h e i r  r e l a t i v e  c o n t r i b u t i o n  to  the 

d i v e r s i t y  of th ese  f i v e  c o l l e c t i o n s .  All c a l c u l a t i o n s  were ag a in  

performed with the  a id  of  a program on the HP-55 c a l c u l a t o r .

3 .  Apogonid s p e c i e s  r i c h n e s s  v s .  community s p e c i e s  r i c h n e s s

One f u r t h e r  a s p ec t  of  " sp ec ie s  d i v e r s i t y "  was s tu d i e d  u s in g  

s imple r i c h n e s s  ( i . e . ,  number of  s p e c i e s )  w i thout  any c o n s id e r a t i o n  

of  e q u i t a b i l i t y  ( th e  Shannon-rfeaver index in c lu d e s  both  components).

This  s im p le r  approach was cons ide red  meaningful  f o r  the  fo l lo w in g  

s imple g r a p h ic a l  c a l c u l a t i o n *  f o r  each c o l l e c t i o n  o f  the  " t o t a l  

c o l l e c t i o n s , "  the  number o f  c a r d i n a l f i s h  s p e c i e s  was p l o t t e d  a g a i n s t  

the  t o t a l  number of  s p e c i e s .  The r e s u l t i n g  graph would in d i c a t e  

the  kind o f  c o r r e l a t i o n  e x i s t i n g  between the  s p e c i e s  r i c h n e s s  of  a 

oommunity and the  s p e c ie s  r i c h n e s s  o f  i t s  apogonid component.
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(E) Body s i z e  p a t t e r n s

Standard l e n g th  was measured f o r  a l l  apogonid specimens in 

" t o t a l  c o l l e c t i o n s " ,  t o  the n e a r e s t  t e n t h  m i l l i m e t e r ,  u s ing  a 

Hel ios  d i a l  c a l i p e r .  In samples where one or  more specimens had 

been removed e a r l i e r  f o r  an a l i z a r i n  p r e p a r a t i o n  ( in  most cases  f o r  

use in taxonomic Btud ies  by some o t h e r  American Museum i n v e s t i g a t o r )  

s tan d a rd  len g th  was measured as well  as  p o s s i b l e  on th e se  a l i z a r i n  

specimens.  Astrapogon B t e l l a t u s  and Apogon l e p to c a u lu s  were 

omit ted  from the body s i z e  d i f f e r e n c e  i n v e s t i g a t i o n  because of t h e i r  

r a r i t y  in  the c o l l e c t i o n s  be ing  s tu d i e d .

F i f t y  specimens o f  each of  the  o th e r  14 s p e c i e s ,  from two or 

more d i f f e r e n t  c o l l e c t i o n s  in  each case  (or  the t o t a l  number of  

specimens^except  a l i z a r i n  specimens, o f  t h a t  s p e c ie s  i f  l e s s  than 

f i f t y ) ,  were weighed to  the n e a r e s t  hundredth  gram on a Torbal 

model 3T-1 t r i p l e  beam b a la n c e .  C o l l e c t i o n s  were chosen such t h a t  

the whole s i z e  range of  specimens o f  t h a t  s p e c ie s  was more or l e s s  

r e p r e s e n t e d .  Obviously emacia ted ,  damaged, or  g rav id  specimens were 

not  inc lu d ed .

These len g th  and weight d a ta  were then used to  s tudy l e n g th -  

weight r e l a t i o n s h i p  in  each s p e c i e s ,  t o  t a b u l a t e  body s i z e  d i f f e r e n c e s  

among the d i f f e r e n t  s p e c i e s ,  and to  e v a lu a te  the  p o s s ib l e  e c o lo g ic a l  

s i g n i f i c a n c e  of  these  body s i z e  d i f f e r e n c e s .

1. Length-weight  r e l a t i o n s h i p

The r e l a t i o n s h i p  o f  len g th  to  weight i s  expressed  in  the 

e q u a t io n  W = aLn . The l e n g th  and weight d a t a  d e s c r ib e d  above were
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used to obtain the em pirical values o f a and n for  each apogonid 

s p e c ie s ,  by a method described in Lagler (1956: I 64- I 6 5 ) .  A 

computational procedure was developed, for  U3e with a Toshiba 

BC-1623G programmable c a lc u la to r ,  and a work sheet was prepared for  

th is  procedure.

Using the equation  ̂ = aLn with the va lues  o f a and n lo r  each 

sp e c ie s  thus obtained, a tab le  o f  ca lcu la te d  weight values fo r  5 mm 

standard length in te r v a ls  (w ith in  the observed standard length  

range o f a given s p e c ie s )  was then prepared.

For each sp e c ie s  these ca lcu la ted  weight v a lu es ,  together with 

the actu a l measured weights were p lo tted  aga in st  the length in te r v a ls  

and actual measured len g th s ,  r e s p e c t iv e ly ,  on the same graph. A 

curve was f i t t e d  to the ca lcu la ted  length-w eight p o in ts ,  and a 

su b jec t iv e  judgement was made as to whether or not thiB curve deviated  

from the actual data l i t t l e  enough so tnat the weight of a f i s h  

could always or nearly always be accu rate ly  estim ated from i t s  

length alone.

One f in a l  length-w eight datum was ca lcu la te d  for  each s p e c ie s .  

Using the formula given in Lagler (1956: 159-162) for  c a lc u la t in g  

c o e f f i c i e n t  o f  cond ition: K * W/L̂  , and the length-w eight  

r e la t io n s h ip  obtained in the above c a lc u la t io n s ,  a " c o e f f ic ie n t  o f  

condition" , b e tter  termed " c o e f f ic ie n t  o f  s to u tn ess" , or s ,  for th is  

purpose, was ca lcu la ted  for  each s p e c ie s  fo r  a standard length of 35 

mm (for  a l l  sp e c ie s  th is  i s  within the s i z e  range represented in the 

length-w eight determ inations, except Apogon mosavi, whose range is  

just  short of 35 mm).
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2,  Body s iz e  d if fe r e n c e s

As described above, standard length was measured for  a l l  

specimens. From these data the mean standard length  o f the la r g e s t  

10$ o f the specimens of each sp e c ie s  was c a lc u la te d .  Using th is  

value as an estim ate of "adult length", the sp e c ie s  were ranked in 

order o f "adult length" in  a tab le  g iv in g  that value and a lso  

g iv in g  tne standard length o f the s in g le  la r g e s t  specimen of that 

s p e c ie s .

From t h is  tab le  a second tab le  was constructed  ranking the 

sp e c ie s  according to  "adult weight". This s t a t i s t i c  was estim ated  

for each sp e c ie s  by conversion o f  the "adult length" va lue, using 

the ca lcu la te d  length-w eight r e la t io n s h ip  described in 1 . ,  above.

3. E co log ica l s ig n i i i c a n c e  of body s iz e  d i f fe r e n c e s

Some eva lu ation  of the e c o lo g ic a l  s ig n i f ic a n c e  o f  body s iz e  

d if fe r e n c e s  ( s p e c i f i c a l l y  as a p o ss ib le  means o f avoidance of 

in t e r s p e c i f i c  com petit ion) could be made by referen ce  to the ta b les  

described above. For example, i f  the two or three most abundant 

sp e c ie s  were widely d i f f e r e n t  in body s i z e ,  a p o ss ib le  underlying  

e c o lo g ic a l  b as is  would be suggested . I f ,  however, they were very 

s im ila r  in body s i z e ,  then a lack  o f  e c o lo g ic a l  b a s is  would be 

suggested .

A more meaningful and more r e l i a b le  in d ica t io n  o f  the 

e c o lo g ic a l  s ig n i f ic a n c e  o f  body s iz e  d i f fe r e n c e s  could perhaps be 

obtained with reference  to  the sp e c ie s  a s s o c ia t io n  data obtained in

(C), above. I f  sp e c ie s  p a irs  that showed a p o s i t iv e  a sso c ia t io n
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tended to d i f f e r  in  body s iz e  far  more than those p a irs  showing a 

negative a s s o c ia t io n ,  an e c o lo g ic a l  b a s is  would be s tron g ly  

suggested .

A simple method o f  a s se s s in g  th is  p o s s i b i l i t y  would be to  

c a lc u la te  the average s iz e  d if fe r e n c e  ( in  "adult length" and "adult 

weight") between s p e c ie s  showing a p o s i t iv e  a s s o c ia t io n ,  and l ik e w ise  

to  c a lc u la te  the average s iz e  d if fe r e n c e  between sp e c ie s  with a 

negative  a s s o c ia t io n .  The r e s u l t s  would be in terpreted  as fo llo w s;  

i f  the average adult s iz e  d if fe r e n c e  for  p o s i t iv e  a s so c ia t io n s  is  

greater  than the average adult  s i z e  d if fe r e n c e  fo r  negative  

a s s o c ia t io n s ,  then an e c o lo g ic a l  b a s is  i s  suggested -  the greater  

the d isp a r ity ,  the stronger the su g g e st io n .  I f  they are more or l e s s  

the same, there is  then no in d ic a t io n  o f  an e c o lo g ic a l  b a s is .

Perhaps a far  b e t te r  eva lu ation  o f  the e c o lo g ic a l  s ig n i f ic a n c e  

of body s iz e  d if fe r e n c e s  would be one based on ac tu a l s i z e  d if fe r e n c e s  

of the specimens o f  d i f f e r e n t  sp e c ie s  present in the various  

c o l l e c t io n s .  Because o f the fa r  grea ter  d i f f i c u l t y  o f  e x tr a c t in g  

that information, such an eva lu ation  was not carried  out in the 

present study.

(F) Occurrence of e c to p a r a s ite s

Although no s p e c ia l  study was made, e c to p a r a s i te s  ( in c lu d in g ,  

as defined  here, p a r a s ite s  in the ora l c a v ity  or g i l l  chambers) 

were noticed  on numerous occasions during the id e n t i f i c a t io n  and 

measurement of specimens, and a l l  such in stan ces  were recorded.
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II. RESULTS

One or more apogonid specimens were present in 125 o f  the 154 

non-repeat marine rotenone c o l l e c t io n s  (" to ta l  c o l l e c t io n s " ) .  They 

to ta le d  4 ,209 specimens, o f  16 d i f f e r e n t  s p e c ie s ,  in 433 separate  

samples. (A sample i s  here defined as the specimens o f  a given  

sp e c ie s  in a g iven  c o l l e c t i o n . )  The to ta l  number o f  d i f f e r e n t

s p e c ie s  and of specimens o f a l l  f i s h  sp eo ies  were not ca lcu la ted  for

" to ta l c o l le c t io n s " .  The 58 "patoh r e e f  c o l l e c t  ions" included a 

t o t a l  o f  11,981 f i s h  specimens, of 214 d i f f e r e n t  s p e c ie s ,  in 2 ,077  

samples. Apogonids were present in 55 the c o l l e c t io n s ,  and 

comprised 2 ,166 specimens of 13 d i f f e r e n t  sp e o ies  in 194 Bamples.

These data and some r e la ted  s t a t i s t i c s  are summarized in Table 1.

Among the apogonid specimens were two samples o f a new sp e o ie s ,  

Apogon mosavi Dale (1977), and one sample o f a sp e c ie s  prev iously  

unrecorded in the Bahamas, Apogon leptooaulus G ilbert (1972).

Outline drawings o f  the 20 apogonid sp e c ie s  known from the 

Bahamas, which g ive  a rough in d ica t io n  of th e ir  morphological 

s im i la r i t y ,  are g iven  in Figure 1, Photographs o f l iv e  specimens of  

the three sp e c ie s  which are probably the most abundant o f  apogonid 

s p e c ie s  in  shallow water in the Bahamas are shown in Figure 2 .  For

these photographs the f i s h  were held in a p la s t io  chamber that

proved to be id ea l fo r  photographing l i v e  f i s h  o f  t h is  s iz e  (Figure 

2A).



Apogonids in All sp e c ie s  in Apogonid3 in A ll s p e c ie s  in
" to ta l  c o l l* n s ."  " to ta l c o l l ' n s ."  "patoh r e e f  "patch r e e f

(= 154) (= 154) c o l l ’ns."  ( - 54) c o l l ' n s . ” ( -54 )

Total specimens 4,209

D ifferen t  sp e c ie s  16

Number o f samples 413

Specimens per c o l l ' n .
Average 27 .3

Range 0-336

Species per c o l l ' n .
Average* 2 .81

Range 0—8

2,166  11,981  

13 214

4 ,885 194 2 ,077

37.3 206.6

0-366

31.7 3.34 35.8

2-76 0-8 2-66

Table 1. Summary o f specimen counts, sp e c ie s  numbers, sample numbers, and re la ted  s t a t i s t i c s  
for  apogonid sp e c ie s  and a l l  f i s h  s p e c ie s  in 154 " to ta l  c o l le c t io n s "  and 58 "patch r e e f  
c o l l e c t io n s ."  tfhere no f ig u r e  i s  g iven , the c a lc u la t io n  was not made. (* number o f samples /  
number of c o l l e c t io n s )



Figure 1. Outline drawings of the 20 c a r d in a lf ish  speo ies  known 

from the Bahamas. A ll  but two are a f te r  BiJhlke and Chaplin (1966);  

Apogon lep tooau lu s and Apogon mosavi are adapted from photographs 

of the holot.ypes in the o r ig in a l  d e sc r ip t io n s  (G ilb er t ,  1972; Dale, 

1977).



Apogon a f f i n i s

Apogon an iB olep is

Apogon aurolineatuB

Apogon binotatuB

Apogon lach n er i

Apogon leptocauluB

Apogon maculatus FIGUBE 1 

( l a t  o f  3 pages)



Apogon p i l l lo n a tu a

Apogon p lan ifrona

Apogon pseudomaculatus

Apogon quadriaquamatu

Apogon r o b in s1 FIGURE 1

(2nd o f  3 pages)
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Apogon townBendi

Aatrapogon puncticu latus

Aatrapogon s t e l l a t u s

Phaeoptyx con k lin i

Phaeoptyx pigmentarla

Phaeoptyx xenus
FIGURE 1 

( 3rd o f 3 pages)
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Figure 2 .  Photographs o f  l i v e  specimens o f three s p e c ie s  that  

are probably the most abundant apogonid sp e c ie s  in 

shallow  water in  the Bahamas, ( a ) Diagram of the photographic  

chamber used. The top and bottom of a p l a s t i c  P e tr i  d ish  were glued  

together with s i l i o o n e  s e a le r ,  and a se c t io n  was sawed o f f .

White paper wsb taped on the ou tsid e  o f the P e tr i  d ish  top fo r  a 

background. The chamber was held with a three-prong ex ten sion  

clamp, which was attached to  a support stand , ( b ) Phaeoptyx 

c o n k l in i . (C) Apogon maoulatus. (D) A. townsendi. A ll  specimens

were c o l le c te d  o f f  Turtle Hooks, south of Bimini, Bahamas.
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( A) Spe c ie s  abundance patterns

The abundance rank data fo r  apogonid s p e c ie s  in " to ta l  

c o l le c t io n s "  and in outer s h e l f  patch r e e f  c o l l e c t io n s  are given  

in Tables 2 and 3> and shown g ra p h ica lly  in Figures 3 and 4

The s in g le  sp e c ie s  Phaeoptyx con k lin i accounts fo r  nearly  

h a lf  (4 8 . 6/S) o f the apogonid specimens in " to ta l c o l le c t io n s "

(Table 2). Apogon maculatus accounts fo r  18 .5$  and towneendi for  

9.15o. Together these  three most abundant sp e c ie s  comprise over 3/4  

(7 6 ,3 $ )  o f  the specimens o f  the 16 sp e c ie s  p resen t. The seven 

l e a s t  abundant sp e c ie s  (ranks 1C -  16 in Table 2) comprise l e s s  

than 3 .5 $  of the specimens. Between these  two extremes are s ix  

s p e c ie s  (ranks 4 -  9) of intermediate abundance (2 .8  -  4 .C / ) ,  whose 

combined numbers c o n s t i tu te  20 .2 $  of the t o t a l  specimens. The 

presence of the s ix  interm ediate abundanoe va lues among the 

otherwise more or l e s s  sharply d e c l in in g  abundance va lues  r e s u l t s  in 

a roughly sigmoid sp e c ie s  abundance curve (Figure 3 ) .

In outer s h e l f  patch r e e f  c o l l e c t io n s  (Table 3 ) ,  P. co n k lin i again  

comprises nearly h a l f  (45«0$) o f the apogonid specimens. A. maculatus 

( 2 9 .1 / )  and A. townsendi (14.4)2) are again second and th ird  most 

abundant. These three specie*  together account fo r  nearly 9 / l0  

(88.6/2) o f  the specimens of the 13 sp e c ie s  p resen t.  The remaining 

sp e c ie s  are moderate to rare in abundance, and although these  two 

c a teg o r ie s  are not q u ite  as apparent as in the " to ta l  c o l le c t io n s " ,  

a more or l e s s  sigmoid sp e c ie s  abundance curve r e s u l t s  n ev erth e less  

(Figure 4 ).



Bank Species
Number o f  
specimens

Percen 
of to t

1 Phaeoptyx con k lin i 2 ,046 46.6

2 Apogon maculatus 779 18.5

3 Apogon townsendi 384 9.1

4 Apogon b inotatus 167 4 .0

5 Aatrapogon puncticu latus 165 3 .9

6 Phaeoptyx pigmentaria 153 3.6

7 Apogon mosavi 126 3 .0

8 Apogon lach n er i 122 2 .9

9 Apogon a f f i n i s 117 2 .8

10 Apogon phenax 47 1.1

11 Apogon p lan ifron s 45 1.1

12 Apogon quadrisquamatus 21 0 .5

13 Phaeoptyx xenus 20 0 .5

14 Apogon r o b in s i 11 0 .3

15 Astrapogon s t e l l a t u s 2 0.05

16 Apogon lep tocaulu s 1 0.02

Table 2 .  Abundance rank for  the apogonid sp e c ie s  in " to ta l  
c o l l e c t i o n s . "
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Number o f  Percent
Rank Species specimens of to ta l

1 Phaeoptyx con k lin i 577 4 5 .0

2 Apogon maculatus 373 29.1

3 Apogon townsendi 185 14.4

4 Phaeoptyx pigmentaria 40 3.1

5 Apogon phenax 30 2 .3

6 Apogon binotatuB 16 1.2

7 Apogon p lan ifron s 15 1.2

8 Apogon lach n er i 13 1.0

9-10 Apogon a f i ' in is 10 0 .8

9-10 Apogon quadrisquamatus 10 0 .8

11 Aatrapogon puncticu latus 6 0 .5

12 Phaeoptyx xenus 5 0 .4

13 Apogon rob in s i 1 C .l

Table 3. Abundance rank fo r  the apogonid sp e c ie s  in outer s h e lf  
patch r e e f  c o l l e c t io n s .



Figure 3. Species abundance curve for the 16 apogonid sp e c ie s  

" to ta l c o l l e c t io n s ."  Number of in d iv id u a ls  of each sp e c ie s  i s  

p lo tted  aga in st  the sp e c ie s  rank in the sequence from most 

abundant to l e a s t  abundant.
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Figure 4 . Species abundance curve fo r  the 13 apogonid sp ec ie s  in 

outer s h e l f  patch r e e f  c o l l e c t io n s .
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( B) Abundance-frequency patterns

Table 4 g iv es  a l i s t i n g  from the "patch r e e f  c o l le c t io n s "  data ,  

o f  the specieB in each abundance-frequency category . _P, c o n k lin i ,  

present in 74 .1$  of  the c o l l e c t io n s ,  and comprising 1G.45$ t*1©

t o t a l  specimens, i s  alone in the A1 category. Only the bluehead 

wras3e Thalassoma bifasoiatum  exceeds JP. c o n k lin i  in frequency 

(9 3 .1 $ ) ,  and heads the A2 category in abundance ( 6 .0 1 $ ) .  A. maculatus, 

a ls o  in the A2 ca tegory , has the th ird  h ig h est  frequency (72 .4$ )  and 

f i f t h  h ig h est  abundance (3 .4 4 $ ) .  Of the s ix  s p e c ie s  in the high 

frequency, high abundance c a te g o r ie s  Al and A2 ,  two are apogonids.

The other four are the s o le  rep r e se n ta t iv e s  in these c a teg o r ie s  of  

th e ir  r e sp e c t iv e  f a m i l i e s .

The apogonid sp e c ie s  in other abundance-frequency ca teg o r ie s  

a r e : A. townsendi in B2, pigmentaria in B3, A. b in o ta tu s ,

A. phenax. A. planifronB. A. lachneri, A. affinis, and Astrapogon 

puncticulatua in C3, and Apogon robinsi, A. quadrisquamatus. and 

P. xenus in C4.

Thus apogonid sp e c ie s  are found in various abundance-

frequency c a te g o r ie s ,  but tend to stand out in the high abundance, 

high frequency c a t e g o r ie s .

Table 5 g iv es  the abundance rank of the various f i s h  fa m il ie s  

present in the "patch r e e f  c o l l e c t io n s ."  The fam ily  Apogonidae 

i s  seen to be the most abundant, accounting fo r  18 .1$  o f  a l l  the 

specimens c o l l e c t e d ,  fo llow ed by Clinidae (1 1 .2 $ ) ,  Pomacentridae 

(1 0 .8 $ ) ,  Labridae ( 8 .7 $ ) ,  Tripterygiidae ( 6 .5 $ ) ,  Holocentridae  

(5 .1 $ ) ,  Grammidae ( 4 .5 $ ) ,  Soaridae (4 . 0$ ) ,  and Pomadasyidae (3*5$)»
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Table  4 .  Structure o f  Bahamian patch r e e f  f ia h  communities: 
abundance-frequency c h a r a c te r is t ic s  o f  the sp e c ie s  present in 58 
rotenone c o l l e c t io n s  ("patch r e e f  c o l l e c t io n s " ) .  An a s te r is k  
in d ic a te s  an apogonid s p e c ie s .

Abundance-
frequency Abundance Krequei
category Species (%) (*)

A1 *Phaeoptyx con k lin i 10.45 74.1

A2 Thalassoma bifasciatum 6.01 93.1
Enneanectes a l t i v e l i s 4 .62 70.7
Gramrr.a lo r e to 4.39 67.2

*Apogor. maculatus 3.44 72.4
Canthigaster ro s tr a ta 1.23 69 .0

A3 none

A4 none

B1 none

32 Starkaia a t la n t ic a 3.09 51.7
Eupomacentrus fuscus 2.66 50.0
^ u isq u il iu s  h i p o l i t i 2 .84 60.3
Haemulon flavolineatum 2.76 36.2
Chromis c^anea 2 .13 46 .3
Scarus c r o ic e n s is 2.04 43.1
H /r ip r i s t i s  jacobus 1.74 43.1
Starksia  l e p ic o e l ia 1.68 53.4

*Apogon townsendi 1.66 34.5
Kalacoctenus tr ian gu la tu s 1 .60 63.8
Coryphopterus glaucofrenum 1.44 37.9
Eupomacentrus p ic tu s 1.44 43.1
H alichoeres garnoti 1.19 56.6
O gilb ia cayorum 1.17 62.1
Pseudogramma bermudensis 1.07 62.1
Sparisoma v ir id e 1.05 50.0
Holocentrus v e x i l l i a r u s 1.04 43 .1
Malacoctenus macropus l .O l 37.9

(continued)
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Abundance-
frequency Abundance
category Species {$)

B3 Acanthurus coeruleus 0 .96
Eupomaoentrua v a r ia b i l i s  0 .90
Qpbioblennius a t la n t ic u s  0 ,8 6
Acanthurus bahianus 0 .66
Kaupichthys hyoproroides 0 .83
Labrisomus gobio 0.81
Labrisomua h a i t i e n s i s  0.72
Scorpaenodes caribbaeus 0 .68
Holocentrus rufus 0 .67
Synodus 3ynodus 0.64
Plectrypops r e tro sp in la  0 .58

«Phaeoptyx pigmentaria O.56
Gobioaoma genie 0.54
Spinephelus fu lvua 0 .53
Mpringua edwardBi 0.42
Spinephelua cruentatua 0 .4 0

B4 none

Cl none

C2 Coryphopterus hyalinua 2.65
Chromis m u lt i l in e a ta  I .65

C3 Iythrypnes n e s io te s  0.95
Coryphopterus personatus 0,95
Gnatholepis thompsoni 0 .66
Enneanectes boehlkei 0 .8c

»Apogon b inotatus  O.85
Labriaomus guppyi 0 .79
Lythrypnua elaaaon 0.78
Eupomaoentrua partitua  0 .68
Holooentrua ooruscus 0 .60
Halichoerea b iv i t t a t u s  0 .59
Jenkinsia  lamprotaen ia 0.53
SparlBoma aurofrenatum 0 .50
Enneanectes p e o to r a l is  0 .5 0
Enchelychore oaryohroa 0 .38
Eupomacentrus le u c o s t ic tu s  0 .38
DactyIoscopus t r id ig i ta tu a  0 .38
Holooentrua marianua 0 .36
Haliohoerea maoulipinna 0 .33

Frequency
( * )

4 0 .3
48 .3
39.7
39.7
56.9
51.7
41 .4
51.7
37.9  
46.6  
50.0
4 4 .8
41 .4
37.9  
36.2
37.9

10.3
31.0

24.1
10.3  
31 .0  
25.9
29.3  
32 .8
20.7  

5-2
31 .0
29.3  

5.2
32.8  
27.6  
31.0
17.2
15.5
27.6  
17.2

(continued)



Abundance-
frequency Abundance Frequency
category Species (#) (j£)

C3 Priacanthus cruentatus 0 .33  15*5
Haemulon melanurum 0.33 3.4
Coryphopterus dicrus 0.32 24 .1
G i l l e l lu s  rubrocinctus 0 .31 25 .9
Enneanectes atrorus 0 .31 12.1
Coryphopterus eidolon  0 .2 6  12.1

♦Apogon phenax 0 .28  10.3
♦Apogon p lan ifrons 0 .25 10.3

F.lcrospathodon chrysurus 0.23 24.1
Eupomacentrus p lan ifrons 0.22 25.9
Eythrypnus heterochroma 0.22 20.7
Eupomacentrus m e ll is  0 .22 15*5
Arcos a r t iu s  0.21 24.1
Amblycirrhitus pinos 0 .20  24.1
Bodianus rufus 0 .20  17.2
Monacanthus tuckeri 0 .18  22.4
Rypticus subbifrenatus 0 .18  20.7
Kuraena m il ia r is  0 .18  17.2
Sparisoma radians 0 .18  15*5
Starksia  fa so ia ta  0 .16  12.1
Starksia  e longate  0 .18  12.1
Aulostomus maculatus 0 ,16 25 .9
Doratonotus megalepis 0 .16 8.6
Faraclinus marmoratus 0 .15 8 .6
Enneanectes jordani 0.14 13.8
Pempheris schomburgki 0 .14 5.2
Bothus o c e l la tu s  0 .13 13.8
Opistognathua m axillosus 0 .13 12.1
Haemulon aurolineatum 0,13 1.7
Acanthemblemaria maria 0 .13 1.7
Serranus t i g r i n i s  0,12 15*5

»Apogon lach n er i 0 .12 13.8
Haemulon plumierl 0 .12  6 .6
Dactyloscopus crossotus 0.12 8 .6
Gramma melacara 0.12 1.7

*Astrapogon p uncticu latus  C . l l  13.8
Ahlia egmontis 0 .11 12.1

*Apogon a f f i n i s  0 .11  5.2
Acanthemblemaria spinosa 0 .10  12.1
Kalacoctenus boehlkei 0 ,10  8 .6

C4 Pseudupeneus maculatus 0 ,09  13.8
Starksia  nanodea 0 ,0 9  13.8
Paraolinus n ig r ip in n is  0 .09  12.1

(continued)



Abundance
frequency
category

C4

y*t.

Species
Abundance

i t )
Frequency

i t )

*Apogon r o b in s i 0 .09 10.3
Acanthemblemaria aspera 0.09 10.3
C lepticus parrai 0 .09 3.4
Holacanthus t r i c o lo r 0 .08 17.2
Stathmonotus s t a b l i 0 .08 8.6
Lythrypnus sp i lu e 0 .08 6.6
Scorpaena a lb if im b r ia 0 .08 8*6

*Apogon quadriBquamatus 0 .08 6 .9
Epinephelus s t r ia t u s 0.08 5.2
Squetus acuminatus 0 .08 5.2
Callionymus ba ird i 0 .08 5.2
Acanthurus chirurgus 0 .08 5.2
Pseudemblemaria s ig n i f e r a 0 .08 3.4
Holocentrue a sc e n s io n is 0.07 13.8
Enchelychore n igr ican s 0.C7 12.1
C horististium  rubre 0.07 10.3
Haemulon sc iu ru s 0.07 6 .9
H alichoeres p ic tu s 0 .07 5.2
Sparisoma chrysopterum 0.07 5.2
Risor ruber 0.07 5.2
Holacanthus c i l i a r i s 0 .06 12.1
Bo thus lunatus 0.06 10.3
Epinephelus g u tta tu s 0.06 10.3
Chaetodon o ap istra tu s 0.06 10.3

*Phaeoptyx xenus 0.06 8.6
H alichoeres rad iatus 0.06 5.2
Labrisomus n ig r ic in c tu s 0 .06 5.2
Symphurus ommaspilus 0.06 3.4
Antennarius m u lt io c e l la tu s 0.05 6.6
Chaetodon s t r ia t u s 0.05 6.9
Coryphopterus th r ix 0.05 6 .9
Abudefduf s a x a t i l i s 0.05 5.2
Lucayablennius zingaro 0.05 5.2
G i l l e l lu s  uranidea 0.05 3.4
Petrotyx sanguineus 0.04 8.6
Micrognathus v i t t a t u e 0.04 6 .9
Lutjanus mahogoni 0.04 5 .2
Gobiosoma p a llen s 0.04 5 .2
Calamopteryx g o s l in e i 0.04 3.4
Scarus ve tu la 0.04 3.4
Paraclinus fa so ia tu s 0.04 3.4
Gymnothorax moringua 0 .03 6 .9
Parophidion la g o c h ila 0 .03 6 .9
Kaupichthys nuchalie 0.03 5.2
Syngnathus dunckeri 0 .03 5.2

(continued)
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Species

Symphurus arawak 
Lut .januB apodus 
Prognathodea acu leatus  
Soarus taen iopterus  
Sparisoma rubripinne  
MaXacoctenus erdmani 
Emblemariopsja baharoenais 
EntomaoroduB n igr icans  
Hypleurochilua apringeri  
Antennarius pauciradiatua  
01igopus o laudei  
Walacanthua plumieri 
Opistognatbua aurifrona  
Haemulon ohryaargyreum 
Conger t r ip o r lc e p s  
Hypoplectrus puella  
Epinephelus adscenaionia  
Haemulon oarbonar ium 
Equetua punctatuB 
Scarua guacamaia 
Opiatognathus w h iteh u rsti  
Leurochilus aeon 
CobioBoma evelynae  
lythrypnus okapia 
Scorpaena plumieri 
Arcoa rubiginoBua 
Haemulon atriatum  
Soarus ooeruleuB 
Sparisoma atomarium 
Labriaomua bucciferus  
Acanthemblemaria cb a p lin i  
Urolophua jamaicensia  
Synodus saurue 
SynoduB intermedius  
Chilorhinus auensoni 
Habula aouta 
Gymnothorax v ic in u s  
Arioaoma impreaea 
Hyataotichthys h a l i s  
ly iosurua crocod ilu s  
Hemiramphus b r a a i l i e n s i s  
Atherinomorus s t ip e s  
Otopbidium dormitator  
Penetopteryx nanus 
HypopleotruB n igr ican s

(continued)

<cS.

Abundance Frequency
(*) (2)

0.03 5.2
0.03 5.2
0.03 5-2
0.03 5.2
0.03 5.2
0.03 5.2
0.03 5.2
0.03 5.2
0.03 5.2
0.03 5.2
0.03 3.4
0.03 3.4
0.03 3.4
0.03 1.7
0.02 3.4
C.02 3.4
0.02 3.4
0.02 3.4
0.02 3.4
0.02 3.4
0.02 3.4
0.02 3.4
0.02 3.4
0.02 3.4
0.02 ’3.4
0.02 3.4
0.02 1.7
0.02 1.7
0.02 1.7
0.02 1.7
0.02 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0.01 1.7
0 .01 1.7



Abundance-
frequency
category Species

Abundance Frequency
( * )  ( * )

Hypoplectrus u n ico lor 0.01
Hypticus saponaceue 0.01
Anisotremus v irg in icu a 0.01
Equetus lan ceo la tu s 0.01
M ulloidichthys martinicus 0.01
Centropyge a rg i 0 .01
Chaetodon sedentarius 0.01
Chromis in so la tu s 0.01
Hemipteronotus splendens 0.01
Hemipteronotus raartin icensis 0.01
Scarus o o e le s t in u s 0.01
Dactyloscopus poeyi 0.01
G i l le l lu a  greyae 0 .01
Malacoctenus aurolineatus 0 .01
BlenniuB marmoreuB 0.C1
Hypleurochilus bermudensis o . c i
P s i l o t r i s  alejpis 0 .01
F s i l o t r i s  celBus 0.01

Cantherhines pullus  
Lactophr.ys tr iq u e ter

0 .0 1
0 .01



Table 5 . Abundance o f  the various f i s h  fa m il ie s  present in "patch 
r e e f  c o l l e c t io n s ,"  l i s t e d  in order of abundance.

Number o f Percent
Family specimens of  t o t a l

Apogonidae 2166 18.1
Gobiidae 1454 12.1
C linidae 1344 11.2
Pomacentridae 1269 10 .8
Labridae 1045 8 .7
T r ip tery ig i id a e 774 6.5
Holocentridae 607 5-1
Grammidae 540 4 .5
Scaridae 480 4 .0
Pomadasyidae 418 3.5
Acanthuridae 23C 1 .9
Serranidae 156 1.3
Brotulidae 154 1.3
Grammiatidae 151 1.3
Tetraodontidae 147 1.2
Blenniidae 116 1 .0
Daotyloscopidae 106 0 .88
Xenocongridae 105 0 .86
Scorpaenidae 95 0.79
Kuraenidae 81 0 .68
Synodontidae 79 0.66
Clupeidae 64 0.53
Moringuidae 50 0.42
Priacanthidae 39 0.33
Chaetodontidae 35 0.29
Gobiesooidae 27 0.23
C irrh itidae 24 0 .2 0
Bothidae 22 0 .1 8
B a lis t id a e 22 0.1b
Opistognathidae 21 0 .1 8
Aulostomidae 19 0.16
Perapheridae 17 0.14
Sciaenidae 13 0.11
Opbichthidae 13 0.11
Mullidae 12 0 .1 0
Syngnathidae 10 0 .0 8
Cynoglossidae 10 0 .06
Callionymidae 10 0 .08
Antennariidae 10 0 .08
Lutjanidae 8 0.07
Ophidiidae 5 0.04
Congr idae 4 0.03
Branchiostegidae 4 0.03
Urolophidae 1 0.01
Belonidae 1 0.01
Hemiramphidae 1 0 .0 1
Atherinidae 1 0 .01
O straciidae 1 0.01
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These nine fa m il ie s  include a to ta l  o f  3,663 or 12.1% o f  the 

specimens. The other th ir ty -n in e  fa m il ie s  account lo r  the 

remaining 3»318 specimens, or 2 7 .7 % o f  the t o t a l .

(C) Species a s so c ia t io n  patterns

The frequency of occurrence of each o f the 16 d i f f e r e n t  

c a r d in a lf ish  s p e c ie s  present in " to ta l  c o l le c t io n s "  i s  given in 

Table 6. Not su r p r is in g ly ,  perhaps, the order of frequency rank 

i s  rather s im ila r  to that of abundance rank (Table 2 ) .  Phaeoptyx 

co n k lin i and Apogon maculatus rank f i r s t  and second, r e s p e c t iv e ly ,  

in both frequency of occurrence and abundance. Fhaeoptyx pigm entaria, 

Apogon townsendi, Astrapogon p u n ctiou la tu s , and Apogon b inotatus  

occupy ranks 3 to 6 in both frequency and abundance though in 

somewhat d i f f e r e n t  order. The abundance and frequency ranks of the 

remaining sp e c ie s  are somewhat l e s s  s im ila r .

Table 7 g iv e s ,  fo r  the e ig h t  apogonid sp e c ie s  present in at 

l e a s t  10,6 of the c o l l e c t io n s ,  the expected and observed co-occurrence  

data and s ig n i i i c a n t  p o s i t iv e  and negative  a s s o c ia t io n s .  Even 

though s ig n i f ic a n c e  t e s t in g  was described in METHODS for  the 10% and

5/6 l e v e l s  only , a p value of ^  .01 i s  ind icated  in some ca ses .
2This was determined with the appropriate s u p e r c r i t ic a l  X value

1 2 .8 ) .  In many cases  ( in d ica ted  with "p .01") these  
2a s s o c ia t io n s  had X va lues  apparently corresponding to  p va lues far  

lower than p ■ .01 , but no tab le  or graph was a v a i la b le  to compute 

the s u p e r c r i t ic a l  X̂  value necessary to  s p e c i f y ,  e . g . ,  p ^ . 0 0 1 .

As seen in Table 7, a s ig n i f i c a n t  a s so c ia t io n  (as defined  

above) was determined fo r  e leven  sp e c ie s  p a ir s .  Nine o f  these
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Table 6 .  Frequency of occurrence o f  d i f f e r e n t  apogonid sp e c ie s  in  
154 rotenone c o l l e c t io n s  (" to ta l  c o l l e c t io n s " ) ,  in order o f  
decreasing frequency. A ster isk s  in d ica te  those specieB included in  
the sp e c ie s  a s so c ia t io n  t e s t in g .

Species
Number o f  

samples
Frequency

occurren

♦Phaeoptyx co n k lin i 89 .578

♦Apogon maculatus 77 .500

♦Phaeoptyx pigmentaria 60 .390

♦apogon townsendi 44 .266

♦Astrapogon puncticu la tu s 34 .221

♦Apogon b inotatus 33 .214

♦Apogon lach n er i 23 .149

♦Apogon phenax 16 .104

Phaeoptyx xenus 13 .084

Apogon p lan ifron s 12 .078

Apogon quadrisquamatus 11 .071

Apogon a f f i n i s 9 .058

Apogon r o b in s i 7 .045

Apogon mosavi 2 .013

Astrapogon s t e l l a t u s 2 .013

Apogon lep tocaulu s 1 .006



CON MAC PIG TON PUN BIN LAC PHE

CON ----- E- .289  
0* .390

E* .225 
0= .331

E- .165  
0= .247

E= .128
0= .156

E- .124 
0- .201

E= .086
o« .091

E-
0-

.060

.078

MAC p <$:.oi
----- E« .195 

0= .266
E- .143
0-  .169

E- .110  
0= .162

E- .107 
0-  .156

Em .075 
0- .039

E«
0*

.052

.019

PIG +
P<SC.0l

+
P < . 0 5

E= .111 
0» .162

E- .086 
0= .130

E*i . 083
0= .156

E- .058
0-  .058

Em
Om

.040

.045

TON +
p 4C .01 nsa nsa ----- E» .O63 

0= .039
En .061  
0- .117

E« .043
0- .084

Em
0*

.030

.058

PUN nsa +
p <  .10 nsa nsa ------ E» .047 

0= .071
E- .033  
0= 0

E«
0*

.023

.006

BIN +
P<K .01 nsa +

P < £ .0 1
+

P < . 0 5
nsa E- .032

0-  .032
E-
0=

.022

.026

LAC nsa nsa nsa +
p <  .10 P <  .10 nsa ------ E=

0-
.016
.058

PHE nsa
P<T .10

nsa nsa nsa nsa nsa

Table 7 .  Co-occurrence and a s so c ia t io n  o f  apogonid s p e c ie s  in 154 " to ta l  c o l l e c t io n s ."  CON ■ 
Phaeoptyx c o n k l in i . MAC -  Apogon maculatus. PIC = Phaeoptyx pigm entaria. TON = Apogon 
townsendi. PUN = Astrapogon p u n cticu la tu s . BIN -  Apogon b in o ta tu s . LAC = Apogon la c h n e r i . PHE •  
Apogon phenax. The data in the upper r ig h t  h a l f  o f  the ta b le  are the expected co-occurrence (E),  
ca lcu la te d  as the product o f the freq u en cies  of occurrence o f the two sp e c ie s  concerned (see  
Table 6 ) and the observed co-occurrence (0 ) ,  which represents  the number o f  c o l l e c t io n s  in  which 
the two sp e o ie s  occur together divided by the t o t a l  number o f  c o l l e c t i o n s ,  i . e . ,  by 154. In the  
lower l e f t  h a l f  o f  the ta b le ,  any instance o f  s ig n i f i c a n t  p o s i t iv e  or negative  a s so c ia t io n  i s  
in d icated  by a + or —, together  with the p v a lu e . No s ig n i f i c a n t  a s s o c ia t io n  i s  s ig n i f i e d  by nsa .

QL
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a s so c ia t io n s  are p o s i t iv e ,  and 2 are netea t iv e .  Phaeoptyx conk lin i  

and Apogon maculatus are each members o f 4 o f  the 11 a ssoc ia ted  

pair3j P. pigm entaria, A. townsendi and A. b inotatus are each members 

of 3 p a ir s ;  Astrapogon puncticu latus and Apogon lachneri of 2 

pairs:  and A. phenax of 1 pair .

(D) Species d iv e r s i ty  patterns

1, "Diversity contribution" a n a ly s is :  for  pooled patch r e e f

c o l l e c t i o n s .

The Shannon-weaver sp e c ie s  d iv e r s i ty  index ( HT) o f the pooled 

"patch r e e f  c o l le c t io n s "  i s  4 . 1589.

A l i s t  of f i s h  fa m il ie s  in the pooled "patch r e e f  c o l le c t io n s " ,  

ranked in order o f th e ir  " d ivers ity  contribution" , i s  g iven , with 

r e la te d  data , in Table 8 and a s im ila r  l i s t  o f  genera i s  given in 

Table 9 . In each ca se ,  only fa m il ie s  or genera for  which C .. has an 

ab so lu te  value of a t l e a s t  .0C50 are included.

Among fa m i l i e s ,  the g r e a te s t  " d iversity  contribution", as 

ind icated  by the la r g e s t  negative C .. va lu e , i s  made by the C lin idae.  

The only fam ily with a p o s i t iv e  (o f  any absolute va lue)  i s  the 

fam ily  Apogonidae,

Among genera, the g r e a te s t  " d ivers ity  contribution" i s  made by 

Eupomacentrus, fo llow ed by Apogon. Thalassoma and Phaeoptyx are the 

only genera with p o s i t iv e  values (o f  any absolute v a lu e ) .

F am ilia l d es ig n a tio n s  in these and other c a lc u la t io n s  are those  

of BShlke and Chaplin ( 1968). Generic d es ign ation s  are a lso  in
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Number o f

Jlamily
s p e c ie s

represented
Number o f  

in d iv id u a ls
H' with t h i s  

fam ily  omitted

Clinidae 26 1344 -0 .0394 3.9950

Gobiidae 19 1454 -0 .0366 4.0066

Pomacentridae 12 1289 -0 .0294 4.0366

Holocentridae 7 607 -0 .0193 4.0766

Scaridae 12 480 -0 .0142 4.1000

Pomadasyidae 9 418 -0 .0088 4.1223

Serranidae 10 156 -0 .0087 4.1226

Labridae 11 1045 -0 .0084 4.1242

T rip terygiidae 5 774 - 0.0061 4.1253

Acanthuridae 3 230 -0 .0076 4.1273

Dactyloscopidae 7 106 -0 .0062 4.1331

Grammistidae 3 151 - 0.0051 4.1377

Brotulidae 4 154 -0 .0 0 5 0 4.1381

Apogonidae 13 2166 +0.0080 4.1921

Table 8. L is t  o f  f a m i l ie s  in pooled "patch r e e f  c o l le c t io n s "  with 
abso lu te  value o f om ission e f f e c t  index C ^  0 .0050 .

jK
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Genus

Number of  
sp e c ie s  

represented
Number of  

ind iv id u a ls
H' with t h is  
genus omitted

Eupomacentrus 7 801 - 0 .0188 4.0807

Apogon 9 825 -O.OI65 4.0903

Coryphopterus 6 682 -O.OlpC 4.0965

Holocentrus 5 326 -0 .0124 4.0786

Labrisomus 5 287 - 0.0105 4.1152

H alichoeres 5 269 -0 .0099 4.1176

Starks ia 5 625 -0 .0099 4.1176

Lytkrypnus 5 245 -0 .0093 4.1204

Sparisoma 6 222 -O.OO09 4.1219

Malacoctenus 5 329 -0 .0087 4.1226

Haemulon 8 417 -0 .0087 4.1228

Enneanectes 5 774 -0 .0061 4.1253

Acanthurus 3 230 -0 .0076 4.1273

Chromis 3 454 -0 .0075 4.1276

Epinephelus 5 130 -0 ,0065 4.1317

Soarus 6 256 - 0.0051 4.1378

Thalassoma 1 720 +O.OO56 4.1830

Phaeoptyx 3 1328 +0.0234 4.2561

Table 9 . L is t  
absolu te  value

o f  genera in pooled "patch r e e f  c o l le c t io n s "  with 
of  om ission e f f e c t  index C 0 . 0050,
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accordance with these authors, except for  d if fe r e n c e s  w ithin  the 

fo llo w in g  fa m il ie s  as g iven by the indicated  authors: Apogonidae

(Fraser and Robins, 197O); Serranidae (Smith, 1971)j Holooentridae  

(B ailey  e t  a l . ,  1971).

2 .  "Diversity contribution" a n a ly s is :  for  the f iv e  r ic h e s t

c o l l e c t io n s  of the "patch r e e f  c o l l e c t io n s ."

Table 10 g iv e s  some o f  the pertinent l o c a l i t y  data and other  

s t a t i s t i c s ,  including sp e c ie s  d iv e r s i t y ,  for  the f iv e  r ic h e s t  

c o l le c t io n s  o f the "patch r e e f  c o l l e c t io n s ."

A l i s t  of the f i s h  fa m il ie s  in these f iv e  c o l l e c t io n s  ranked in 

order of th e ir  " d iv ers ity  contribution" i s  g iven , with re la ted  data, 

in  Table 11, and a s im ila r  l i s t  o f  genera i s  given in Table 12. In 

each ca se , only fa m il ie s  or genera for  which has an absolute value  

of at l e a s t  .010 are included (Cj = .0098 fo r  Phaeoptyx rounds o f f  

to . 010).

Among f a m i l ie s ,  the g r e a te s t  " d ivers ity  contribution" i 3 made by 

the C lin idae, as was the case for  the pooled "patch r e e f  c o l l e c t io n s ."  

The Apogonidae, with a p o s i t iv e  C in the previous c a lc u la t io n s ,  have 

the seventh g r e a te s t  negative  , i . e .  a p o s i t iv e  con tr ibu tion  to  

d iv e r s i ty  in th is  ca se .  The Pomadasyidae i s  the only family with a

p o s i t iv e  C. value (o f  any absolute  v a lu e ) .
J

Among genera, Apogon has the g r e a te s t  negative  Cj va lu e ,  

in d ic a t in g  the g r e a te s t  average contr ibution  to the s p e c ie s  d iv e r s i ty  

o f  theBe c o l l e c t io n s .  Phaeoptyx. Q uisquiliuB, and Haemulon are the 

only genera with p o s i t iv e  valueB (o f  any abso lu te  v a lu e ) .



F ie ld  number

L o ca lity

Date

Time

Depth

Number o f  
Bpecies

Number o f  
ind iv id u a ls

No. o f  apogonid 
sp e c ie s

No. o f apogonid 
ind iv id u a ls

Species  
d iv e r s i t y  {H')

S65-83 S68-10 S68-19 GD73-1

L i t t l e  Ragged Ragged Is lan d s , Aoklin's Island, Bimini, 
Island, West Nurse Cay Salinas  Point Turtle Rocks
Point

IO -V II-65  

0830-1030  

15 f e e t

66

620

5

158

3.5005

12 - 1-68  

0930-1030  

to  8 f e e t

56

829

6

239

2.6777

16- 1-68 

1230-1400 

to  9 f e e t

54

453

5

120

3.1345

24-VII-73  

1400-1500 

to  40 f e e t

53

381

6

56

3.0505

S66-85

Grand Bahama, 
o f f  High Rock 
Settlement

22—XI—66

0800-0945

35 f e e t

53

165

8

22

3.6639

Table 10. The f iv e  r ic h e s t  c o l l e c t io n s  of "patch r e e f  c o l lec t io n s" *  l o c a l i t y  data , e t c . ;  
t o t a l  sp e c ie s  and apogonid sp e c ie s  number and abundance; sp e c ie s  d iv e r s i t y .



Family

Clinidae —0.0666

Labridae -0 .0365

Gobiidae -0 .0357

Pomacentridae -0 .0298

Scaridae -0 .0235

Holocentridae -0 .0221

Apogonidae - 0.0215

T rip teryg iidae -0 .0157

Pomadasyidae +0.0179

Table 11. L is t  o f  fa m i l ie s  in f iv e  r ic h e s t  c o l l e c t io n s  of "patch
r e e f  c o l l e c t io n s ,"  with absolute  value of weighted mean omission
e f f e c t  index C. ^ 0 .0 1 0 .

J
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Genus

Apogon

Coryphopterus

Eupomacen trus

Halichoeres

Hoiocentrus

Kalacoctenus

Starksia

Labrisomus

Enneanectes

Thalassoma

Scarus

Sparisoma

bythrypnus

Phaeoptyx

^ u isq u iliu s

Haemulon

C .
3

- 0.0302

- 0.0252

-0 .0234

-0 .0 1 7 8

-0 .0175

- 0.0170

- 0.0169

-0 .0157

-0 .0157

-0 .0145

-0 .0123

- 0.0106

- 0.0100

+0.0098

+0.0122

+0.0179

Table 12. L is t  o f  genera in f iv e  r i c h e s t  c o l l e c t io n s  o f  "patch r e e f
c o l l e c t i o n s "  w i th  a b s o lu t e  v a lu e  o f  weighted mean omiss ion e f f e c t
index C . ^  0 .010  

3



78.

3 . Apogonid sp e c ie s  r ichness  v s ,  community sp e c ie s  r ic h n e ss .

Figure  5 shows the  r e l a t i o n s h i p  between apogonid s p e c i e s  number 

and t o t a l  number of s p e c ie s  in  the c o l l e c t i o n s  of  " t o t a l  c o l l e c t i o n s . "  

Also shown are  the r e g r e s s i o n  l i n e s  f o r  y on x and f o r  x on y ,  f o r  

r ea so n s  g iven in  the DISCUSSION s e c t i o n  o f  t h i s  c h a p te r .

Ignoring these reg ress io n  l in e s  for  the moment, i t  i s  f a i r l y  

obvious from v isu a l  in sp ect ion  o f the data po ints  that thore i s  an 

a sso c ia t io n  between apogonid sp e c ie s  r ich n ess  and to ta l  sp e c ie s  

r ic h n e ss .  The co r r e la t io n  c o e f f i c i e n t  (r )  i s  .630 , which ( fo r  n -  2 

* 152 degrees of freedom) i s  s ig n i f i c a n t  at w ell below the 1% l e v e l  

(Table Y in Hohlf and Sokal, 1969). This c o r re la t io n  i s  not su rp r is in g ,  

and i s  not very inform ative. Another p o ss ib le  c o r r e la t io n ,  between 

c o l l e c t io n  r ichness  and apogonid sp e c ie s  proportion, iB of in te r e s t  

and w i l l  be d iscussed  in the DISCUSSION s e c t io n .



Figure 5* The r e la t io n s h ip  between apogonid s p e c ie s  r ich n ess  and 

to ta l  sp e c ie s  r ich n ess  in the 154 c o l l e c t io n s  o f " to ta l c o l l e c t io n s .  

The reasons for  c a lc u la t in g  the reg ress io n  o f x on y as w ell as of 

y on x are explained in the t e x t .  The values of the s lope (a ) ,  

y - in te r c e p t  (b ), and c o e f f i c i e n t  of determination (r ) for  each 

reg ress io n  are in d icated .
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(S) Body s iz e  patterns

1. Length-weight  r e l a t i o n s h i p

Table 13 g iv es  the values oi‘ a and n, in the equation rf -  aLn j  

fo r  each o f the 14 s p e c ie s .  CurveB prepared fo r  each s p e c ie s ,  f i t t e d  

to  length-w eight points  ca lcu lated  from these a and n v a lu e s ,  were 

judged ( s u b je c t iv e ly )  to conform f a i r l y  c lo s e ly  to the actua l data 

p o in ts .  The curve for  Phaeoptyx co n k lin i  i s  ty p ic a l  and i s  given in 

Figure 6, as an example.

Thus a reasonably accurate estim ate  o f  weight was judged to be 

p o ss ib le  by converting from length (or v ic e  v e r s a ) ,  using the 

ca lcu la te d  a and n v a lu e s .

Figure 7 shows a logarithm ic transformation o f the ca lcu la ted  

length-w eight curves fo r  several r e p r e se n ta t iv e  s p e c ie s ,  including  

the sp e c ie s  with the h ighest length /w eight r a t io  ( in  the range 

considered h ere):  Apogon robins i t the sp e c ie s  with the lowest le n g th /

weight r a t io :  Astrapogon p u n cticu la tu s t and two interm ediate

examples: Phaeoptyx c o n k l in i . and Apogon b in o ta tu s .

Table 14 g iv es  the ca lcu la ted  weight fo r  each sp e c ie s  a t  35 1:1111 

S. L. (a length  w ithin  or nearly w ith in  the length  range o f the 

specimens examined fo r  each s p e c ie s ) ,  as w ell  as "s", the " c o e ff ic ie n t  

of stoutness," ca lcu la te d  with the c o e f f i c i e n t  of con d ition  equation  

K = W/L3 fo r  each sp e c ie s  at 35 S. L. Astrapogon puncticu latus  

and Apogon mosavi are by far  the s to u t e s t  ( i . e . ,  h e a v ie s t )  a t  th is  

len gth , over twice as heavy as Apogon r o b in s i . which i s  the le a s t  

heavy a t  that standard length . The other 11 sp e c ie s  range in  

s to u tn ess  between th ese  extremes. Thus a considerable  v a r ia b i l i t y
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Number S ize  range
Species measured (mm 3 .L .) a n

Apogon a f f i n i s 50 2 2 .5 -5 3 .4 3.4095 x 10“ 6 3.4953

Apogon b inotatus 50 1 1 .0 -7 4 .9 1.1302 x 10"5 3.2255

Apogon lach n er i 50 14 .0 -4 6 .1 1.5957 x 10-6 3.7721

Apogon mac^latus 50 1 2 .5 -7 5 .4 9.5439 x 1c-6 3.3037

Apogon mosavi 50 1 8 .6 -3 3 .6 1.5335 x 10“ 6 3.8629

Apogon phenax 50 13 .3 -5 4 .3 5.6478 X 10-° 3.4141

Apogon p lan ifrone 45 1 2 .6 -6 8 .2 4.6675 X 10"6 3.4545

Apogon quadrisquamatus 21 1 6 .2 -4 1 .0 9.8794 x 10-6 3.3233

Apogon r o b in s i 10 1 5 .7 -8 8 .0 2.0954 X 10"6 3.5950

Apogon townsendi 50 1 3 .6 -4 0 .5 3.9332 X io" 6 3.5218

Phaeoptyx con k lin i 50 1 1 .1 -4 9 .8 2.5538 x 10-6 3.6471

rhaeoptyx pigmer.taria 50 1 1 .2 -4 8 .6 5.5996 X 10’ 6 3.4096

Phaeoptyx xenus 20 1 4 .0 -4 2 .6 3.0643 x 1c-6 3.5102

Astrapogon p u n cticu la tu s 50 9 .7 -4 9 .8 2.7469 X 10-6 3.7250

Table 13. Length-weight r e la t io n sh ip s  ca lcu la te d  va lues of a and n 
in the equation W = aLn , fo r  fourteen  apogonid s p e c ie s .
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Figure 6. Length-weight r e la t io n s h ip  o f Phaeoptyx c o n k l in i ; data 

points  and ca lcu la te d  curve.
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Figure  7 . Length-weight r e l a t i o n s h i p :  l o g a r i t h m ic  t r a n s fo rm a t io n

of c a l c u l a t e d  l en g th -w e ig h t  cu rves .  A * Astrapogon p u n c t i c u l a t u s .

B = Phaeoptyx c o n k l i n i . C * Apogon b i n o t a t u s . D » Apogon r o b i n s i .





Species  Weight (g) a

Astrapogon puncticu latus 1.5506 3.6165 X 10~5

Apogon raosavi 1.5176 3.5395 X 10-5

Apogon quadrisquamatus 1.3370 3.1184 X 1 0 ~ 5

Apogon maculatus 1.2047 2.8097 X l<Tb

Apogon phenax 1.0929 2.5491 X 10“5

Fhaeopt.vx con k lin i 1.C926 2.5489 X 10“5

Apogon b inotatus 1.0BC3 2.5157 X 10"5

Apogon townsendi 1.0761 2.5144 X 10-5

Apogon lachneri 1.0650 2.4839 X 10"5

Apogon p lan ifrons 1.0502 2.4495 X 10“ 5

Phaeoptyx pigmentaria 1.0299 2.4022 X 10“5

Apogon a f f i n i s O.85C5 1.9837 X io ~ 5

Phaeoptyx xenus C.6060 1.8796 X 10“ 5

Apogon rob in s i 0.7506 1.7378 X 10"5

Table 14. Length-weight r e la t io n s h ip ;  ca lcu la ted  weight and 
c o e f f i c i e n t  o f s to u tn ess  s  •  W/l  ̂ a t  35*0 mm* in order o f  
decreasing  s to u tn e ss .
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e x i s t s  among the d i f f e r e n t  sp e c ie s  in th is  body s i z e  o h a r a s te r i s t ic .

2 . Body s i z e  d i f fe r e n c e s

"Adult length" and "adult weight", oa lcu la ted  SB described in 

the METHODS se c t io n  o f  t h is  ofaapter, are g iven (with some re la ted  

data) fo r  each sp e c ie s  in Tables 15 and 16. Apogon r o b in s i  has the 

h ig h est  values fo r  each o f  these parameters and Apogon mosavi has the 

lowest v a lu e s .

Because Apogon r o b in s i  i s  the l e a s t  s to u t  sp e c ie s  (Table 14) 

and i s  a lso  the sp e c ie s  with the la r g e s t  adult s i z e  (Tables 15 and l o ) ,

and because Astrapogon puncticu la tu s and Apogon mosavi are the

s to u t e s t  sp e c ie s  and tend to have the sm a lle s t  adult  s i z e ,  an 

in tr ig u in g  p o ss ib le  r e la t io n s h ip  suggested i t s e l f :  a negative

c o r r e la t io n  between s to u tn ess  a t  a given length and adult s i z e .

This was in v e s t ig a te d  by c a lc u la t in g  the c o e f f i c i e n t  of  

c o r r e la t io n  (r )  between weight a t  35 S. L. (from Table 14) and "adult 

length" which equals - 0 .5 4 6 .  This value for  r ,  fo r  :.-2 = 14-2 3 12

degrees of freedom, i s  s ig n i f i c a n t  a t the 5$ l e v e l .

The r e la t io n s h ip  i s  shown g ra p h ica lly  in Figure 8 , A reg ress io n  

l in e  ( c o e f f i c i e n t  o f  determ ination r - . 29 8 ) and a logarithm ic  curve
O

(r  ■ .314) were c a lc u la te d .  N either f i t s  the data very w e l l ,  but 

the logarithm ic curve f i t s  s l i g h t l y  b e tter  and i s  shown in Figure 8, 

for  i l l u s t r a t i v e  purposes.

The c o e f f i c i e n t  o f  c o r r e la t io n  between weight a t  35 111111 3. L.

(from Table 14) and "adult weight" (from Table 16) was a ls o  c a lc u la te d ,  

but i t s  va lu e , -0 .445» in not s ig n i f i c a n t  a t  the 556 l e v e l .

3 . E co log ica l s ig n if io a n o e  o f  body s iz e  d i f f e r e n c e s .
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Humber
Species Measured

Apogon rob in s i  11

Apogon b in otatu s 167

Apogon maculatus 779

Apogon p lan ifron s  45

Apogon phenax 47

Apogon a f f i n i s  117

Phaeoptyx con k lin i 2046

Phaeoptyx xenus 20

Phaeoptyx pigmentaria 153

Apogon quadrisquamatus 21

Apogon lach n er i 122

Astrapogon p u n cticu la tu s  165 

Apogon townsendi 384

Apogon mosavi 128

"Adult length" o
mean of la r g e s t  Largest specimen 
10% ( in  mm S .L .)  (mm S. L.)

69 .5 89.5

64 .6 74.9

61. 75.4

59 .9 66.2

56 .0 6 2 .C

50.6 55 .0

43. 50 .0

4 2 .1 42 .6

4 0 .8 46 .8

40 .8 41 .0

40.5 46.1

36.3 4 9 .6

36.3 41.2

30.7 34.0

Table 15, "Adult length": mean of la r g e s t  10 percent o f  a l l
specimens of each sp e c ie s  and s i z e  o f  s in g le  la r g e s t  specimen of  
each s p e c ie s ,  in order o f increasing  "adult len g th ."
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Species "Adult weight" (g)

Apogon ro b in s i 21 .78

Apogon b inotatus 7 .80

Apogon maculatus 7.55

Apogon p lan ifrons 6.72

Apogon phenax 5.44

Apogon a f f i n i s 3.08

Phaeoptyx con k lin i 2 .32

Apogon quadrisquaroatus 2 .23

Astrapogon puncticu latus 2.17

Apogon lach n er i 1.85'

Phaeoptyx pigraentaria 1.74

Phaeoptyx xenus 1.54

Apogon townsendi 1.48

Apogon mosavi 0 .91

Table 16. "Adult weight": conversion o f  mean length  of la r g e s t
10 percent of specimens ("adult length") to  weight using  ca lcu la ted
va lues  o f  a and n in equation W * aLn . In order o f decreasing  "adult 
w eight".



Figure 8, The r e la t io n s h ip  o f weight at 35 mm 3. L. to  "adult 

length ,"  with f i t t e d  logarithm ic curve, in 14 apogor.id s p e c ie s .



92.

90

80

70

60

50

40

30

BODY WEIGHT AT 35 nun SL

20
8.7 .9  1 .0  1 .1  1 .2  1 .3  1 .4  1 .5



93.

The three most abundant s p e c ie s ,  Phaeoptyx c o n k l in i , Apogon 

maculatus, and A. townsendi ( se e  Table 2) d i f f e r  s u b s ta n t ia l ly  in 

adult body s i z e  (see Tables 15 and 1 6 ) .  The la r g e s t  o f  these th ree ,

A. maculatus, i s  42$ longer and 225$ heavier than the second la r g e s t ,

P. c o n k l in i , which i s  12$ longer and 57$ heavier than the third  

la r g e s t ,  A. townaendi.

These three s p e c ie s  occur together q u ite  oommonly, a l l  three  

being present together in 25 of the 154 " to ta l c o l l e c t io n s ,"  Two of  

the three p o ss ib le  sp e c ie s  pa ir ings  among them, c o n k l in i -A. maculatus 

and c o n k l in i - A. townsendi. show a s ig n i f i c a n t  a s s o c ia t io n  (Table 7 ) .

These s iz e  d i f fe r e n c e s  ma,y w ell  be o f  great importance in a llow ing  

the co ex is ten ce  of the three s p e c ie s .

A comparison o f the average adult s iz e  d if fe r e n c e  between 

p o s i t iv e ly  a sso c ia ted  sp e c ie s  and that between n eg a t iv e ly  a ssoc ia ted  

sp e c ie s  i s  shown in Table 17, based on a s so c ia t io n s  among the e igh t  

sp e c ie s  occurring in  at l e a s t  10$ o f  the 154 c o l l e c t i o n s .  The per 

cent length d i f fe r e n c e s  and per cent weight d if f e r e n c e s  are computed 

because these may be averaged more meaningfully than simple absolute  

values  o f length  or weight ( s in c e ,  fo r  example, an "adult weight" 

d iffe r e n c e  of l e s s  than a gram makes _P. c o n k lin i  more than 50$ 

heavier than A. townsendi, while a d if fe r e n c e  o f  over 2 grams makes 

A. maculatus only about 40$ heavier than A. phenax).

Table 17 shows that p o s i t iv e ly  a sso c ia ted  sp e c ie s  d i f f e r  by an 

average 39 .0$  in "adult length" and 214 .9$  in "adult weight", while 

n eg a t iv e ly  a sso c ia ted  sp e c ie s  d i f f e r  by 7 .3 $  in "adult length" and 

28 .1 $  in  "adult w eight."  Thus sp e c ie s  that tend to  occur together  

tend to d i f f e r  fa r  more in  s iz e  than sp e c ie s  that tend not to occur 

tog eth er .
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D ifference  in D ifference  in
A ssoc ia tion  "adult length" "adult weight"

P o s i t iv e  in mm in % in  g in %

CON-MAC 16 .0  41 .9  5 .23 —225.4

CON-PIG 2 .2  5 .4  0 .5 6  33.3

CON-TOW 4 .7  12.3 0 .84  56.6

COH-BIN 21.6  50.2  5 .4 8  236.2

MAC-PI3 20 .2  49.5  5*61 333.9

MAC-FUN 22 .7  59.3 5-38 247.9

PIG—BIN 23 .8  58.3 6 .06  348.3

TCrt-BIN 26 .3  68.7 6 .32  427 .0

TCW-LAC 2 .2  5 .7  0 .3 7  2 5 .0

351.3 1933.8
X -  39 .0  X -  214.9

Negat ive

MAC-PHE 5 .0  8 .9  2 .11  36 .8

PUN-LAC 2 .2  5 .7  0 .32  17.3

14.6  56.1
X = 7 .3  X = 28.1

Table 17. Comparison o f  average d if fe r e n c e s  in "adult length" and 
in  "adult weight" between p o s i t iv e ly  and n eg a t iv e ly  a s so c ia te d  
s p e c ie s .  CON -  Phaeoptyx c o n k l in i , MAC ■ Apogon maculatus, PIG ■ 
Phaeoptyx pigm entaria. TOW ■ Apogon townsendi, BIN -  Apogon 
b in o ta tu s , PUN = Astrapogon p u n cticu la tu s , LAC ■ Apogon la c h n e r i ,
PHE « Apogon phenax. Values in  the "in columns rep resen t the 
percent larg er  ( in  "adult length" or "adult weight") that the larger  
sp e c ie s  i s  than the sm aller s p e c ie s .



(F) Occurrence o f ec to p a ra s ite s

The most frequently  noticed ex tern a l p a r a s i t ic  in fe s t a t io n  o f  

the apogonid specimens examined was a copepod in fe s ta t io n  o f  the 

body o f  Apogon townsendi. Twenty-nine of the 3o4 specimens of that  

sp e c ie s ,  in  11 o f the 44 samples o f that sp e c ie s  in " to ta l c o l l e c t io n s  

had from 1 to 4 copepods attached to the body. Ail o f  these  copepod 

appear to be the same type, a sp e c ie s  of C ardiodectes, probably new 

(Roger Cressey, pens, comm,). This copepod p a ra s ite  apparently  

in f e s t s  A. townsendi in areas b es id es  the Bahamas, including Puerto 

Rico (Ernest .Williams, pers. comm.).

The same in fe s ta t io n  was freq u en tly  observed in the f i e l d .  On 

one occasion  i t  made p o ss ib le  the reco g n it io n  from day to  day of a 

s p e c i f i c  ind iv idua l of A. townsendi, while another in d iv idu al was 

recognized by the presence of an isopod attached to one g i l l  cover 

(Bale, 1975).

Another instance of copepod in fe s t a t io n  was observed on one 

ind iv idual in tne type c o l le c t io n  of A. mosavi (from Cat Island ,  

Bahamas part of one of the 154 c o l l e c t io n s  of " to ta l c o l l e c t io n s " ) .  

This copepod p a ra s ite  was attached to the tongue o f  the host with two 

hook-like  appendages, and oriented  with i t s  cep h a lic  end toward the 

an ter io r  o f the f i s h  mouth cavity  and i t s  caudal end, with e^g sa c s ,  

toward the p o ster io r  o f the mouth c a v i ty .  Roger Cressey (p ers ,  

comm.) has id e n t i f ie d  th is  p aras ite  as Caritus ap. (new).

One a d d i t i o n a l  sp ec im en  was found  s i m i l a r l y  a t t a c h e d  t o  t h e  to n g u e  

o f  one sp ec im en  o f  A. m o sa v i  in  an Academy o f  N a t u r a l  S c i e n c e s  o f  

P h i l a d e l p h i a  c o l l e c t i o n  o f  t h a t  s p e c i e s  from  Grand Bahama.
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The s iz e  and s i t e  of attachment of th is  p a ra s ite  are such that  

normal feeding or ora l brooding by the host would Beem to be 

im p ossib le .

The only otner observed in stan ces  o f e c to p a r a s i t ic  in fe s ta t io n  

of the apofionid specimens in "tota l c o l le c t io n s "  are:

1. large shrim p-like p a ra s ite  on one A. lach n er i specimen.

2. isopod (?) under l e f t  o p erc les  o f  two Phaeoptyx conklini

specimens.

3. isopod (?) on head of one A. maculatus specimen.

4 . isopod (?) under r ig h t  opercle  o f  one P. pigmentaria specimen.

(Only a small percentage o f the mouths and g i l l  chambers o f  most 

sp e c ie s  were examined.)

In the course o f d i s s e c t in g  and removing stomachs from specimens 

of various sp e c ie s  during the food h ab its  study, a curious c y s t - l ik e  

in terna l p a ra s ite  was noticed in se v era l  specimens o f  A. maculatus.

It  was id e n t i f i e d  as an isopod by Dr. Horace Stunkard (p ers .  oomm.).
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I I I .  DIoC'CJC IoN

Only four apogonid sp ec ie s  that are known from the Bahamas are 

not represented in the c o l le c t .o n s  studied h e .e :  Apogon a n i s o le p i s ,

A. a u r o l in e a tu s , A. p i l l i o n a t u s , and A. pseudomaculatus.

A* a n is o le p is  i s  known from only two specimens, including one 

from the 5ahamas. I t  i s  ev id en tly  e i th e r  very rare or a t l e a s t  very 

rare or absent in the h ab ita ts  and deptns normally sampled.

A. aurolineatus is  only rarely  c o l le c te d  in the 3ahamas. Bohlne and 

Chaplin ( l y o )  c i t e  only one Bahamian specimen. A. p i l l  ionatus is  

a lso  very uncommon in Bahamian c o l l e c t io n s ,  and tends to occur in 

f a i - l y  deep water (o^-lpC f e e t ) .

n.. pseudomaculatus is  a lso  c o l le c te d  only rarely  in the Bahamas 

(Bohlke and Chaplin, 19ud, c i t e  only two c o l l e c t io n s ,  from shallower  

water than i t  ter.ds to habituate elsewhere; one small specimen i s  

present in a 1974 c o l le c t io n  made by C. Lavett Smith, which is  not 

included in " tota l c o l l e c t io n s " ) .  I t  i s ,  however, very widespread and 

often quite  common elsew here. In addition to the west Ind ies , i t  is  

known from the hlorida  Keys (dtarc.<, 19-b, c a l led  i t  "frequent" at  

A ll ig a to r  Beef; Longley and Hildebrand, 1940, reported i t  as more 

common than A. maculatus in deep water in the Gry Tortugas), and 

eastern  Gulf of l .ex ico , where i t  i s  very common (G. B. omith, lyV: ), 

and o cca s io n a lly  s tra y s  as far  north as Uew Bngland (Bohlke and 

Chaplin, Yy.' i) .  It i s  a lso  known from the f a u n i s t i c a l ly  iso la ted  

coral r e e f s  of B razil (G ilb ert ,  1977), and from Bermuda (Bohlke and 

Chaplin, 19^-0 •

One conceivable explanation  for  the arrarent ra r ity  of
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A. pseudomaculatus in the Bahamas i s  tnat i t  i s  e c o lo g ic a l ly  replaced

there (from i t s  preferred deeper water h -b i ta t )  by some other spec ies

such as A. towr.sendi or Phaeopty< pigme.ntaria. These two sp e c ie s  are 

common and abundant in the Bar.amas (see Tables 2 and ■ ' s i t  are only 

" o cca sio n a l” a i A l l ig a to r  Reef in Florida an j may be ^csent in the 

eastern  Gull of Aeiico (G. B. omit,., 197b, assigned previous records  

of j_. p igmer. tar ia  i f o i  th -t  area to _P. xenus) -  two places where

rt. pseudomasula.tus i s  ^uite well represented .

astrapogon a lutus  is  the only apogonid sp e c ie s  known from the 

Florida-Garibcean area that has not been recorded in t:.e Bahamas. (ho 

sp ecu la t io n  on the reason for th is  apparent d is tr ib u t io n  w i l l  be offered  

h ere) .  In a d d it ion , Apogon amerioanus, recen tly  redescribed by Gilbert  

(1?77 ), i s known only from B razil:  and the new Bermudan species  

mentioned above is  known only from that area. A, p o w e ll i . included in 

Bohlwe and R ar.ia ll's  (I960) key to western A tla n tic  card in a lfiB h es,  

has been synonymized with the eastern  A tla n tic  and Mediterranean 

sp ec ie s  A. imberbis and i t s  western A tla n tic  record (Newport, Rhode 

Island) deemed erroneous (Fraser and Robins, ly7C). dynagrops b e l la , 

a common offshore  sp e c ie s  in .Florida (Starck, l r u )  am not known from 

tne Bahamas, is  no longer placed in the family apogonidae (Fraser,

19^2, removed the e n t ir e  subfamily Synagropinae, p lac ing  i t  in the 

P-rrcich thy id a e ).

Tne known range of each of the lb sp e c ie s  included in the present  

study extends beyond the 3ahamas, Most or a l l  o f  them probably occur 

throughout much of the t r o p ic a l  western A tla n t ic .  The range o f two 

of them, Phaeoptyx pigme.ntaria and A. a f f i n i s , extends to the 

eastern  A tlan tic  (Fraser and Robins, 1970).



99.

(a ) Species abundance patterns

Much d isc u ss io n  in the e c o lo g ic a l  l i t e r a tu r e  has been devoted to 

patterns o f  sp e c ie s  abundance, because o f  the g en era lly  accepted  

view that such patterns reveal something about niche r e la t io n sh ip s  

among the sp e c ie s  concerned. This approach has been taken in the 

study o f sp e c ie s  w ithin trophic l e v e l s ,  taxonomic groups, and whole 

communities. The general idea i s  that the way a sp e c ie s  d iv id es  up 

the n-dimensional niche hypervolume w i l l  be r e f le c te d  by i t s  r e la t iv e  

abundance.

There are sev era l hypotheses regarding sp e c ie s  abundance, 

including the logarithm ic d is tr ib u t io n  of sp e c ie s  (FiBher, Corbet and 

Williams, 1943: Williams, 1964), the n egative  binomial model (Brian, 1953), the 

niche preemption hypothesis  (Motomura, 1932: Whittaker, 1965* 1970,

1972), the nonoverlapping random niche hypothesis  (MacArthur, 1957»

196c) ,  and the lognormal hypothesis  (Preston , 1946, I960, 1962a, 1962b; 

Whittaker, 1965, 1970, 1972).

The l a s t  three o f these f iv e  hypotheses have been the most 

widely d iscussed  and w i l l  be compared with the ca rd in a lf ia h  sp e c ie s  

abundance patterns obtained in the present study.

According to the niche preemption h yp oth es is ,  the dominant sp e c ie s  

preempts the most niche space, the next most dominant sp e c ie s  preempts 

part of the remaining niche space, and so fo r th ,  r e s u lt in g  in a 

geometric s e r i e s .  I f  sp e c ie s  Bequenoe (importance rank order) i s  

p lotted  aga in st  importance, the l a t t e r  on a logarithm ic s c a le ,  a 

s tr a ig h t  l in e  r e s u l t s  (see  "curve" A in Figure 9» ca lcu la ted  for  a 

d is tr ib u t io n  in which the most abundant sp e c ie s  i s  twice as abundant
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Figure 9 . Curves o f sp e c ie s  importance, a f te r  rfhittaker ( 1965) .  

A b Hiche preemption hypothesis  (geometric s e r i e s ) ,  B = 

Nonoverlapping random niche hypothesis  (broken s t i c k  model).

C = Lognormal d is t r ib u t io n .
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as the next most abundant s p e c ie s ,  which i s  twice aa abundant as the 

next, e t c ) .  Whittaker ( 1965) found some d is t r ib u t io n s  that 

approximate such a curve among p lant communities in harsh environments.

The nonoverlapping random niche hypotheses, or "broken s t i c k  

model", supposes that niche space i s  randomly divided in to  contiguous,  

nonoverlapping segments. When p lo tted  lo g a r ith m ica lly  as above, 

sp e c ie s  importances would d escribe a curve resembling B in Figure 9.

The curve i s  ca lcu la te d  for  20 s p e c ie s  (as in Whittaker, 1965) using  

MacArthur's (1957) formula fo r  the expected abundance o f the r^*1 

r a r e s t  sp e c ie s :

where there are n sp e c ie s  (n -  20 in  the present c a lc u la t io n )  and m 

in d iv idu a ls  (m treated  as a per cen t,  i . e . ,  100 per c e n t ,  for  the 

present c a lc u la t io n ) .

This type of curve was f i r s t  shown to f i t  c e r ta in  f o r e s t  bird 

s p e c i e s  Bamples (MacArthur, i 9 6 0 ), and la te r  to f i t  lake mud 

m ic r o fo ss i l  samples (Goulden, 1966; Tsukada, 1967). Cohen (1966, 

1968), however, showed that o ther, e n t ir e ly  d i f f e r e n t  s e t s  o f  

assumptions could lead to  the same mathematical equation that  

MacArthur (1957) derived for  the broken s t i c k  model. Hairston, 

(1969) showed that a f i t  to  the broken s t i c k  curve could be an 

a r t i f a c t  of sample s i z e .  Smart (1976) used s t a t i s t i c a l  t e s ta  to 

show that agreement between observed and broken s t i c k  th e o r e t ic a l  

sp e o ies  abundance pattern^  in c e r ta in  breeding bird cen su ses ,  was 

u n sa t is fa c to r y .  For these reasons the broken e t ic k  hypothesis  i s  

now g en e r a lly  considered u n r e a l i s t i c .

r 1

n -  i  + 1



/Ob.

Aooording to  the reason ing o f  the lognormal h y p o th es is ,  

a s p e c ie s '  niche apace i s  determined by a m u lt ip l i c i t y  o f  

niche dimensions a f f e c t in g  i t s  com petitive su c c e ss ,  r e s u lt in g  in a 

normal d is t r ib u t io n  of importance va lues ( i . e .  abundances, for  

s im ila r ly  s ized  s p e c ie s ) .  The important and unimportant sp e c ie s  w i l l  

be few in number, while sp e c ie s  o f  interm ediate importance w i l l  be 

numerous. P lotted  lo g a r ith m ic a l ly ,  a curve r e s u l t s  which tends to 

f a l l  between the broken s t i c k  and geom etric curves (see  curve C in 

Figure 9» drawn a f te r  .Vhittaker, ly 6 5 ) .  Many natural d is tr ib u t io n s  

have been shown to approximate such a curve ( e .g .  Whittaker, 1965).

Figure 10 shows the logarithm ic curve o f per cent importance of  

the 16 apogonid sp e c ie s  in " to ta l c o l le c t io n s '^ p e r  cent values  

converted from abundance data -  thus t h is  i s  the same curve as in  

Figure 3, but tr.e u n its  on the ordinate are per cent instead  o f raw 

numbers) p lo tted  together with a 1 6 -sp ec ie s  broken s t ic k  curve 

( i . e . ,  ca lcu la ted  for  n * 16), and a geom etric s e r ie s  curve 

(ca lcu la ted  as in Figure 9)* C lear ly ,  the card inall'ish  sp e c ie s  

d is tr ib u t io n  f i t s  a lognormal in ter p r e ta t io n  b e tte r  than e i th e r  a 

niche preemption or broken s t i c k  in te r p r e ta t io n .  Ir. Figure 11 the 

logarithm ic curve o f per cent importance of the 13 apogonid sp e c ie s  

in outer s h e l f  patch r e e f  c o l l e c t io n s  (again with converted abundance 

data and in  th is  case eq u iva len t to Figure 4)  p lo tted  together with 

a 1 3 -sp ec ie s  broken s t i c k  curve (n = 13) and a geometric s e r ie s  

curve (as b e fo r e ) .  Again, a lognormal d is tr ib u t io n  i s  approximated.

The pooling  o f samples c o l le c t e d  from a wide geographic area for  

studying s p e c ie s  abundance patterns (as in the present case)  i s  not 

normally done and might be c r i t i c i z e d  as in v a l id .  Although done out



Figure 10. Percent importance o f the 16 apogonid sp e c ie s  in 

" to ta l  c o l le c t io n s "  (C), p lo tted  with geom etric a e r ie s  curve 

and 1 6 -sp e c ie s  broken s t i c k  curve (B).
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Figure 11. Percent importance o f the 13 apogonid sp e c ie s  in 

outer s h e l f  patch r e e f  c o l le c t io n s  (C), p lo tte d  with geometric  

s e r ie s  curve ( a) ,  and 1 3 -sp ec ie s  broken s t i c k  curve (B).
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o f  n e c e s s i ty  to provide adequate sample s i z e s ,  cer ta in  considerations  

argue in favor o f i t s  v a l id i ty *

1. In terms o f  the far  greater  geographic area that forms the 

range o f most, perhaps a l l ,  o f  these s p e o ie s ,  the Bahamas 

are only a small purt.

2 .  Kore or le a s  the same v a r ie ty  of r e e f  f i s h  h a b ita ts  i s  

present throughout thiB small part o f  the range, i . e .  

throughout the Bahamas ( th i s  point i s  supported by geographic 

d is tr ib u t io n  data g iven in Chapter 3)*

3. Any given lo c a l  h ab ita t  i s  p o te n t ia l ly  a v a i la b le  for  

recruitment to the p e la g ic  apogonid larvae.

4 .  The p a r t ic u la r  s e t  o f lo c a l  cond itions that a llow s or 

promotes the s e t t l i n g  and su rv iv a l to breeding adulthood of  

a given sp e c ie s  i s  what e s s e n t i a l l y  d e f in es  the niche of  

that s p e c ie s ,

5. Therefore, the whole range o f  niche dimensions present in 

the Bahamas r ep resen ts ,  in a sen se , a niche hypervolume unit  

that i s  d iv ided  in d i f f e r e n t  ways by d i f f e r e n t  ca rd in a lf ish  

s p e c ie s .

I b e l ie v e  that a s im ila r  argument would j u s t i f y  the pooling of  

samples ( fo r  the same purpose) from a s im ila r ,  more or l e s s  homogeneous 

f r a c t io n  of the range o f  any group of r e e f  f i s h  sp e c ie s  with p e lag ic  

larvae (or o f  any group o f  sp e o ie s  with widely d isp ers in g  propagules).

To g e t  back to the p a r t ic u la r  r e s u l t s  a t  band, the im plication  

o f  the two c a r d in a lf ish  s p e c ie s  abundance curves i s  that c a r d in a lf ish  

s p e c ie s  abundance patterns are c o n s is te n t  with a view that
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card in a l!’ish es  d ef in e  th e ir  n iches in terms o f  many niche dimensions 

that a f f e c t  th e ir  com petitive a b i l i t i e s ,  and that th e ir  niches are 

thus e x te n s iv e ly  overlapping rather than d is c r e te .

This f in d in g  i s  not momentous, or even perhaps very surpr is in g  — 

but i t  i s  not t r i v i a l  e i th e r  in view o f  the paucity  of information on 

r e e f  f i s h  niche dynamics.

(B) Abundance-frequency patterns

The r e s u l t s  of t r e a t in g  the abundance and frequency data from patch 

r e e f  c o l l e c t io n s  in the manner described c le a r ly  emphasize the 

importance o f apogonids in patch r e e f  communities. I t  could quite  

reasonably be argued, on the b a s is  o f  Table 4 ,  that apogonid 3pecies  

predominate in "abundance-frequency" over a l l  other f i s h  fa m il ie s  

sampled in these rotenone c o l l e c t io n s .  Although such an argument is  

n e c e s sa r i ly  somewhat s u b je c t iv e ,  ( in  the absence o f an o b jec t iv e  

assignment of r e la t iv e  importance to  each of the 12 c a te g o r ie s ) ,  i t  

would seem far  more d i f f i c u l t ,  on t h is  b a s is ,  to argue that any other  

fam ily predominates.

In Alevizon and Brooks' (1975) study of abundance-frequency 

patterns in two r e e f  f i s h  assem blages, an e n t ir e ly  d i f f e r e n t  sp e c ie s  

s tru ctu re  was obtained . This i s  la r g e ly  due to the f a c t  that th e ir  

data are "cinetransect"  censuses (using  motion p ic tu re  photography) 

which revea l and emphasize many sp e c ie s  that would be fr ighten ed  away 

during rotenone c o l l e c t i n g ,  and which do not rev ea l  many small sp e c ie s  

and many d iu rn a lly  in a c t iv e  sp e c ie s  of various s i z e s ,  ThuB, for  

example, s c a r id s ,  acanthurids, and pomadasyids are h igh ly  emphasized 

in th e ir  r e s u l t s ,  while apogonids, c l i n i d s ,  g o b i id s ,  and t r ip te r y g i id s
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( among o th ers)  are e n t ir e ly  absent. In the present r e s u l t s  these  

l a t t e r  groups are emphasized, while s c a r id s ,  aoanthurids, and 

pomadasyids are r e l a t i v e l y  unimportant. One notable excep tion  to  

t h is  sampling d if fe r e n c e  is  Thalassoma bifasciaturnt which i s  Bampled 

by both methods and i s  shown to be qu ite  important in each case .

In the absence from the l i t e r a tu r e  of any s im ila r  abundance- 

frequency study o f  data from rotenone c o l l e c t io n s ,  no meaningful 

comparisons with the present r e s u l t s  can be made. The s ig n i f ic a n c e  

of the r e s u l t s  to the present o v e r a l l  study l i e s  in th e ir  c lea r  

in d ica t io n  o f  the importance of c a r d in a lf ish e s  r e la t iv e  to other  

f i s h e s  in thiB c r u c ia l  h a b ita t .  When s im ila r  s tu d ie s  on other  

h a b ita ts  or from other geographic areas are a v a i la b le ,  some very 

in te r e s t in g  comparisons w i l l  be p o s s ib le .

Perhaps the id ea l kind o f data to  use in abundance-frequency 

s tu d ie s  of th is  kind would be data o f  the kind c o l le c te d  by Smith and 

Tyler (1972). Their use of a v isu a l  census as w ell as a rotenone  

c o l l e c t io n  allowed a far  more accurate estim ate o f sp e c ie s  populations  

than e i th e r  technique alone would permit.
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( c )  Species a s so c ia t io n  patterns

As described in the RESULTS s e c t io n ,  a number of d i f f e r e n t  

s t a t i s t i c a l l y  s ig n i f i c a n t  p o s i t iv e  and negative a s s o c ia t io n s  were 

determined among the e ig h t  sp e c ie s  te s te d  in t h is  regard. Two 

important comments should be made about these r e s u l t s .

F i r s t ,  the tendency involv ing  both an incidence o f more p o s it iv e  

than negative  a s so c ia t io n s  (9 vs 2) and a rather low confidence le v e l  

(10^) of the only two negative  a s s o c ia t io n s ,  i s  d i i ' f io u l t  to in te r p r e t .  

This tendency may r e s u l t ,  in p -r t ,  from the nature of the data -  

s p e c i f i c a l l y ,  from the in c lu s io n ,  among the 154 c o l l e c t io n s  the study 

i s  based on, of 29 c o l l e c t io n s  containing no apogonid specimens a t  

a l l .  Inc lusion  o f these c o l le c t io n s  might be considered to  overemphasize 

p o s i t iv e  a s s o c ia t io n s ,  s in c e  i t  i s  p o ss ib le  to  view the 29 c o l le c t io n s  

as lacking c a r d in a lf ish e s  because they were from unsuitab le  h a b ita ts ,  

and to  view p o s i t iv e  a s so c ia t io n s ,  in part, as a simple r e s u l t  of the 

common occupation of a "card inalfish  h a t ita t" ,  (h y p o th e t ic a lly ,  i f  one 

included a d d it io n a l ,  ir r e le v a n t  c o l le c t io n s  in the c a lc u la t io n ,  

conta in ing  no apogonid specimens, an increase in the occurrence and 

s ig n i f ic a n c e  o f  p o s i t iv e  a s so c ia t io n s  could be obtained, and negative  

a s so c ia t io n s  could be e l im in a te d .)

An a lte r n a t iv e  way o f  tr e a t in g  the data would have been to 

e lim in ate  the 29 c o l le c t io n s  containing no apogonids and study only 

those 125 c o l l e c t io n s  which included a t le a s t  one apogonid s p e c ie s .

These 29 c o l le c t io n s  were, however, not irre lev a n t  c o l l e c t io n s ,  and 

in no case were they made in h ab ita ts  known or considered to  be 

a b so lu te ly  unsu itab le  for  apogonids. E lim inating these c o l le c t io n s
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would, in a sense a r t i f i c i a l l y ,  overemphasize negative a s s o c ia t io n s .

The f i r s t  a l t e r n a t iv e ,  t e s t in g  apogonid a s so c ia t io n  in the 154 

c o l l e c t io n s ,  was deemed l e s s  manipulative than the second. Moreover, 

i t  i s  id e n t ic a l  to the t e s t in g  of apogonids that would occur as part 

of a wider study of a s so c ia t io n  among a l l  the sp e c ie s  in the 154 

c o l le c t io n s  (which would be in te r e s t in g  to carry out, but would 

require t e s t in g  about two orders o f  magnitude more 2 x 2  contingency  

t a b le s ) .

N everth e less ,  the p o s i t iv e  a s so c ia t io n  tendency should perhaps 

be viewed, in part, as simply r e f l e c t i n g  a broad preference of 

apogonids in general fo r  c er ta in  h a b ita ts .

A second^perhaps more obvious) comment, concerns the fa c t  that  

the d i f f e r e n t  number of s ig n i f i c a n t  a s so c ia t io n s  that d i f f e r e n t  sp e c ie s  

are involved in may simply be a s t a t i s t i c a l  phenomenon r e f l e c t in g  the 

greater sample s iz e  o f ,  e . g .  Phaeoptyx con k lin i than Apogon p’nenax.

D espite these r e se r v a t io n s ,  the r e s u lt s  were considered u se fu l  

in connection witn the in v e s t ig a t io n  of the e c o lo g ic a l  s ig n if ic a n c e  

of body s iz e  d if f e r e n c e s .  They w i l l  a lso  be d iscu ssed  in connection  

with various topographio fa c to r s .
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(D) Species d iv e r s i ty  patterns

1. and 2.  "D iversity  con tr ibu tion  a n a ly s is .

I t  should be noted that the concept of d iv e r s i ty  contribution  

developed here is  quite  d i f f  ere:, t from what Dickman ( ly c o )  referred  

to  as "partia l d iv e r s i ty  co n tr ib u tio n ."  That quantity i s  simply 

p  ̂ log  pi for a given sp e o ie s .  A ranking on that b a s is  for  sp ec ie s

would not i i f f e r  from a ranking based on r e la t iv e  abundance. Thus

in a sample with one very abundant s p e c ie s ,  that sp e c ie s  would rank 

number one in p a r t ia l  d iv e r s i ty  con tr ib u tion  even thougn i t s  abundance

r e s u l t s  in a low sp e c ie s  d iv e r s i ty  index for  tnat sample. A ranking

of genera or fa m il ie s ,  based on the sum of the p a r t ia l  d iv e r s i ty  

con tr ibu tion s  o f the component s p e c ie s ,  would r e f l e c t  an ambiguous 

combination o f abundance and r ich n ess .  The concept o f s p e c ie s -d iv e r s i ty  

within taxa developed by P ielou  (19^7, 1969» 1574) i s  a lso  not u se fu l  

fo r  the kind of d iv e r s i ty  con tr ibu tion  determination proposed here 

s in c e ,  again , i t  does not consider the reductive  e f i e c t  on d iv e r s i ty  

that a highly abundant component nas.

Before d isc u ss in g  tre s p e c i f i c  r e s u l t s  o f  tne d iv e r s i ty  

con tr ibu tion  analyses done in the present study, i t  might be 

appropriate to ask: what worthwhile a p p lic a t io n ,  i f  any, does the

"omission e f f e c t  index" have? In view of the profusion of widely 

d i f f e r in g  concepts, d e f in i t i o n s ,  and measures of sp e c ie s  d iv e r s ity  

(see  Peet, 1974) a^d the profusion of exp lanations for  high sp e c ie s  

d iv e r s i t y  (see Chapter l ) ,  and in view o f  the contention of Hurlbert 

(1971) that " d ivers ity  per se does not e x i s t " ,  th is  i s  not an unduly 

sk e p t ic a l  question .



A te n ta t iv e  answer, j u s t i fy in g  i t s  use in the present study, i s  

offered  as fo l lo w s .  Whatever the causes of high sp e c ie s  d iv e r s i ty  

are, they should obviously  be having th e ir  g r e a te s t  e f f e c t  in those  

components of the community which contribute  most to that d iv e r s i ty .

I f  d iv e r s i t y  i s  being considered in terms of an information th e o r e t ic a l  

measure l ik e  the shannon-weaver index, then i t  i s  lo g ic a l  to consider  

contr ibution  to d iv e r s i ty  in terras of a s t a t i s t i c  derived from the 

Shannon-deaver index. The omission e f f e c t  index i s  such a s t a t i s t i c .

In other words, i f  one i s  in te r e ste d  in the causes o f  high sp e c ie s  

d iv e r s i ty  and assumes that they may be found oy examining high d iv e r s i ty  

communities, then on e 's  e f f o r t  should be concentrated on the components 

contr ibuting  most to the d iv e r s i t y .  The om ission e f f e c t  index 

provides a q u a n tita t iv e  estim ate  o f which components these are . I t  

i s  im possible to  id e n t i fy  the components in any rigorous fashion  

without the use of some such s t a t i s t i c .

Although presented in the context of the bhannon-weaver d iv e r s ity

index the omission e f f e c t  index (C .. or C.) could be ca lcu la ted  in an
JK J

id e n t ic a l  manner with v ir t u a l ly  any sp e c ie s  d iv e r s i ty  measure. I t  

could a lso  be applied with a Shannon-tfesver or other index ca lcu la ted  

in terms o f ,  e . g . ,  biomass or p ro d u ct iv ity ,  rather than numerical 

abundance. Furthermore, or could be computed fo r  any taxa 

above and including s p e c ie s ,  or fo r  any non-taxonomic groupings of  

sp e c ie s  such as gu ild s  or trophic l e v e l s .

The omission e f f e c t  index could be used to  compare the d iv e r s i ty  

con tr ibu tion  o f a p a rt ic u la r  s p e c ie s  group in one h a b ita t  type or 

geographic area to the d iv e r s i ty  con tr ibu tion  o f  the same sp e c ie s  

group in  another h a b ita t  or area .



I t  could a ls o  be used as the measure o f  a p a rt ic u la r  ep ec ies  

group's con tr ibu tion  to  alpha, beta , and gamma d iv e r s i ty  

( Whittaker, i960  ) or to  w ith in -h a b ita t  and betw een-habitat

d iv e r s i ty  (MacArthur, 1965), by simply using data appropriate fo r  

these d iv e r s i ty  measures. I t  might, fo r  example, be o f  in te r e s t  to  

compare the r a t io  of w ith in -h a b ita t  d iv e r s i t y  con tr ibu tion  to 

between-habitat d iv e r s i ty  con tr ibu tion  for  one taxon to the same 

r a t io  for  another taxon, rfith Buch a comparison one could say, 

regard less  of the abso lu te  value o f th e ir  r e sp e c t iv e  d iv e r s i ty  

contributions ( i . e . ,  of th e ir  omission e f f e c t  in d ioes  ) that taxon x 

i s  more o f a w ith in -h a b ita t  d iv e r s i ty  contributor than taxon y .

Such a comparison could be a r ig o ro u sly  q u a n tita t iv e  e c o lo g ic a l  

comparison that could then be re la ted  to  other e c o lo g ic a l  or 

evolutionary d if fe r e n c e s  between the two taxa.

I t  would seem that there are as many d if f e r e n t  a p p lic a t io n s  o f  

the omission e f f e c t  index as there are ways o f  th inking about and 

measuring sp e c ie s  d iv e r s i t y ,  but fu rth er  sp ecu la t ion  in t h is  regard 

w il l  not be made in the present paper.

The a p p lic a t io n  o f  the concept of d iv e r s i t y  con tr ib u tion  to the 

present study i s  perhaps o f  the s im p lest  v a r ie ty .  A c lea r  q u an tita t'  

a n a ly s is  of the contr ibution  o f  apogonid s p e c ie s  to the ratner high 

f i s h  sp e c ie s  d iv e r s i ty  o f  Banamian patch r e e f s  was needed, and the 

omission e f f e c t  index c le a r ly  meets th is  need.

The r e s u l t s  in d ica te  that the genus Apogon makes a predominant

p o s i t iv e  con tr ibu tion  in  terms o f  i t s  om ission e f f e c t  index (Cj^)

in pooled patch r e e f  c o l l e c t io n s ,  as w ell  in  terms o f  i t s  weighted

mean om ission e f f e c t  index (C.) in  the f i v e  r ic h e s t  patch r e e f
J

c o l l e c t io n s .  Phaeoptyx. on the other hand, because of the extreme
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abundance o f  jp. c o n k l in i . makes a s u b s ta n t ia l  negative  contr ibution  

in each of these computations.

Thus c a r d in a lf ish e s  have a two-sided e f f e c t  on Bahamian patch 

r e e f  f i s h  sp e c ie s  d iv e r s i t y  (the r e l a t i v e  r a r i ty  o f  Astrapogon 

speoimens makes th e ir  con tr ibu tion  r e l a t i v e l y  unimportant). The 

d iv e r s i ty  con tr ib u tion  o f the fam ily as a whole i s  a kind o f balance 

between the opposite  e f f e c t s  o f  Apogon and Phaeoptyx. In pooled 

patch r e e f  c o l l e c t io n s  the preponderance of conkl in i  i s  such that  

the e n t ir e  family has a p o s i t iv e  , i . e . ,  makes a negative

c o n tr ib u t icn .  In the f i v e  r ic h e s t  patch r e e f  c o l l e c t io n s  the balance  

i s  such that the fam ily as a whole has a n egative  C. , i . e . ,  makes a 

p o s i t iv e  co n tr ib u tio n .

The importance o f  adequate sampling fo r  om ission e f f e c t  

computations can hardly be overemphasized, e s p e c ia l ly  because of the 

kind o f  e f f e c t  that one u n c h a r a c te r is t ic a l ly  large sample of a sp e c ie s  

may have on the ca lcu la ted  omission e f f e c t  o f i t s  genus or fam ily .

For example, in the c a lc u la t io n s  based on the f iv e  r ic h e s t  patch 

r e e f  c o l l e c t i o n s ,  a s in g le  sample o f  220 Ha emu lor, f  lavolineatum  i s  a t  

the b a s is  o f  the very large p o s i t iv e  C . va lu es  o f  Haemulon and the 

fam ily ?o ma dasyidae. In the pooled patch r e e f  c o l l e c t io n s  

c a lc u la t io n s ,  the e f f e c t  o f  th is  sample i s  g r e a t ly  d i lu te d ,  and the 

n egative  in d ices  of Haemulon and Pomadasyidae are not extremely  

d i f f e r e n t  from what they would be without that sample.

There i s ,  however, a c le a r  disadvantage to Buch a pooling of data,  

because o f  the p o s s i b i l i t y  o f  "pooling a r t i f a c t s ."  The fo llo w in g  

s im p li f ie d  h y p o th et ica l example i l l u s t r a t e s  one p o s s i b i l i t y  of such 

an a r t i f a c t .  Suppose that a given s in g le  patch r e e f  tends to support
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a ir.oderate population o f only one of sev era l  d i f f e r e n t  cor.geric 

sp e c ie s  which occur in d if f e r e n t  c o l le c t io n s  from t h is  broad h ab itat  

type. Pooling such data would r e s u l t  in a much greater  e f f e c t  on 

d iv e r s i t y  by that genus than i t  has in any s in g le  c o l l e c t io n .  Unless 

one i s  in te r e ste d  in betw een-habitat d iv e r s i t y ,  ( in  which case 

c o l l e c t io n s  made in a v a r ie ty  of h a b ita t  types would be more appropriate)  

th is  greater  e f f e c t  i s  m islead ing . A more meaningful view of the 

d iv e r s i ty  con tr ib u tion  of the genus would consider i t s  ty p ica l  loca l  

con tr ib u tion . Tnis i s  accomplished by the weighted mean omission  

e f f e c t  index.

Based on the above arguments, i t  would thus seem that the 

computation based on the f i v e  r ic h e s t  patch r e e f  c o l l e c t i o n s ,  i . e .  

the weighted mean approach, i s  the b e t te r  approach but i s  subject  

to considerable  sampling error i f  only a few c o l l e c t io n s  are 

analyzed, as in the present case .

An obvious next s te p  in the treatment o f the data a t  hand would 

be to c a lc u la te  C . fo r  each genus and fam ily in the " to ta l  rotenoneJ
c o l l e c t io n s ."  This would provide a more meaningful s t a t i s t i c  for  the 

d iv e r s i ty  con tr ibu tion  o f  each genus and fam ily to  o v e r a ll  Bahamian 

r e e f  f i s h  d iv e r s i ty  than e i th e r  o f  the two approaches employed.

3, Apogonid sp e c ie s  r ich n ess  v b .  community s p e c ie s  r ic h n e ss .

As described in the RSSULT3 s e c t io n ,  the data shown in  Figure 5 

in d ica te  that apogonid sp e c ie s  r ich n ess  and t o ta l  s p e c ie s  r ich n ess  are 

s ig n i f i c a n t ly  c o r r e la te d .  In the absence o f any notion  o f  causation ,  

i t  did not seem a lto g e th e r  unreasonable to  c a lc u la te  the l in e a r  reg ress io n s  

of both y on x (y as a fu n c tio n  o f x ) and x on y  (x as a fu n ction  o f  y ) f
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as shown in Figure 5« Although the c o e f f i c i e n t  of determination  

fo r  each o f th.m i s  the same, a rather low value of . 397, the 

r e g r e ss io n  of x on y seems somehow to  f i t  the data b e t te r ,  i . e .  

i t  i s  c lo se r  to  the l in e  one would draw s u b j e c t iv e ly .  For th is  

rather arb itrary  reason ( i . e . ,  d e sp ite  the f a c t  that the reg ress io n  

o f  y on x i s  more l o g i c a l ) ,  the x on y r eg ress io n  was examined 

more c lo s e ly .

If  one in sp ects  the values of x a t d i f f e r e n t  in te r v a ls  of y ,  

there might seem to  be an in d ica t io n  in Figure 5 that the r e la t iv e  

proportion o f apogonid sp e c ie s  in creases  with in creas in g  c o l l e c t io n  

s i z e ,  s in c e  according to e i th e r  the x on y r eg ress io n  l in e  or to a 

simple average, c o l l e c t io n s  with one apogonid sp e c ie s  have about 24 

t o ta l  sp e c ie s  ( i . e .  apogonids a 4$ ) ,  c o l l e c t io n s  with e ig h t  apogonid 

sp e c ie s  have about 55 t o ta l  s p e c ie s  ( i . e .  apogonids = 15^)» and in 

between these extremes a s im ila r  trend obta ins  (Table l o ) .  This 

in ter p r e ta t io n  would c e r ta in ly  r e v ea l  a very in te r e s t in g  and important 

r e la t io n s h ip  between c a r d in a lf ish  rep resen ta t io n  and community r ic h n e ss .

I f ,  however, the data are summarized in a d i f f e r e n t  way, i t  i s  

evident th - t  the trend described above i s  merely an a r t i f a c t  o f  the 

other in te r p r e ta t io n .  ThuB i f  the apogonid percentage o f  c o l l e c t io n s  

o f  d i f f e r e n t  r ich n ess  i s  c a lc u la te d ,  no such trend iB in d ica ted , as 

seen in  Table 19. (This i s  c e r ta in ly  a sim pler and more lo g ic a l  way 

to in ter p r e t  the data . ) Viewed in t h is  way, apogonids are seen to 

comprise g en era lly  about 8 to  10)6 o f  the sp e c ie s  in c o l l e c t io n  of  

various t o t a l  sp e c ie s  r ic h n e ss .  The c a lcu la te d  co r r e la t io n  

c o e f f i c i e n t  (r )  for  s p e c ie s  r ich n ess  range (entered in the c a lc u la t io n  

as the cen tra l  number o f  the range, e . g .  3 f o r  the 1 - 5  range, e t o . ,



//9.

____________ A_____________   B_____________

Number of Total sp e c ie s  Percent Total sp e c ie s  Percent  
apogonids (reg ress io n )  apogonids (average) apogonids

0 19.3 0 16.0 0

1 23.7 4 .2 24.4 4 .1

2 28 .1 7.1 32.0 6.3

3 32.6 9.2 33.7 8 .9

4 37 .0 10.8 33.5 11.9

5 41.5 12.1 46.5 10.7

6 45 .9 13.1 47 .6 12.6

7 50.4 13.9 39.8 17.6

8 54.8 14.6 55.5 14.4

Table 18. Total sp e c ie s  r ich n ess  of c o l l e c t io n s  o f  variou s  apogonid 
sp e c ie s  r ic h n e ss ,  and th e ir  apogonid s p e c ie s  percentage. A) Total 
Bpecies r ich n ess  estim ated as the r e g r e s s io n  l in e  value fo r  a given  
apogonid sp e c ie s  r ic h n e ss ,  s )  Total sp e c ie s  r ich n ess  estim ated as 
average of ep ec ies  r ich n ess  o f those c o l l e c t io n s  with a given apogonid 
sp e c ie s  r ich n ess



Richness range Apogonid
of c o l l e c t io n s  sp e c ie s  samples

1-5 (4) 1

6-10 (7) 3

11-15 ( 11) 15

16-20 (19) 27

21-25 (17) 32

26-30 (13) 36

31-35 (2 1 ) 54

36-40 (19) 66

41-45 (14) 60

46-50 (13) 49

51-55 ( 6 ) 32

56-60 (5) 28

60 (5) 27

Total Bpecies  
samples

Average apogonid 
sp e c ie s  percentage

12 6.3

54 5.6

143 10.5

336 8 .0

386 8.3

364 9.9

688 7 .8

726 9.3

599 10.0

623 7 .9

321 10.0

285 9.7

342 7.9

Table 19. Percentage of apogonids in c o l l e c t io n s  of d if f e r e n t  
t o t a l  sp e c ie s  r ic h n e ss ,  the l a t t e r  c la ssed  in  ranges o f  sp e c ie s  
r ic h n e ss .  The number in parenthesis  fo llo w in g  the r ichness  
range i s  the number o f  c o l l e c t io n s  f a l l i n g  in that c la s s .



m .

and 68.5 fo r  the 60 range, which extends from 61 to 76) v s .  average 

apogonid percentage, i s  0 .2 7 2 . This va lue, for  n-2 « 13-2 = 11

degrees o f freedom, i s  in s ig n i f ic a n t  a t  the 5$ l e v e l  (Table Y in 

Hohlf and Sokal, 1969), hence there i s  no s ig n i f i c a n t  c o r re la t io n  

between apogonid percentage and c o l l - o t io n  r ic n n e ss .

The other reg ress io n  l in e  in Figure 5» fo r  y on x (y as a 

fu nction  o f  x) i s  thus a more appropriate rep resen ta t ion  of the 

r e la t io n s h ip  of the two v a r ia b le s ,  in d ica t in g  that apogonids tend to 

comprise about 9$ o f the sp e c ie s  in any s ized  c o l l e c t io n .  The 

o r ig in a l  reason for  a r b i t r a r i ly  favor ing  the o ther, inappropriate  

reg ress io n  l i n e , Athe fa c t  that that l in e  appeared to f i t  b e t te r ,  may 

be a p e c u l ia r i ty  of data which inoludes a large number of points  at  

y * o.

The error in the f i r 6 t  in te r p r e ta t io n  exem p lif ies  a kind of  

p i t f a l l  that i s  d i f f i c u l t  to d e f in e .  Perhaps another example i l l u s t r a t e s  

i t  more c l e a r ly .  I f  one were to  calculate^ l e t s  say  ̂ fo r  maternity  

ward n u rser ies  in American h o sp ita ls  on a given  day, the percentage  

of to ta l  babies that boys c o n s t i tu te  in n u rser ies  with only one boy, 

i t  would obviously be low, while boys would c o n s t i tu te  a higher  

percentage of to ta l  ch ildren  in n u rser ies  that included 25 boys.

ThiB change in percentage would co r r e la te  with t o ta l  nursery 

population B ize , s in ce  i t  would only be in r e la t iv e ly  large nursery 

populations that you could have as many as 25 boys, and s in ce  the 

l ik e l ih o o d  o f having only one boy a t  a given time i s  fa r  greater  for  

small nursery populations. I t  c e r ta in ly  could not, however^be said  

on th is  b a s is  that the larger  a nursery population i s ,  the higher the 

percentage o f  boys tends to  be.
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A f u l l  account and exp lanation  o f  the erroneous in ter p r e ta t io n  

of the s p e c ie s  r ich n ess  r e la t io n s h ip  has been included here because 

i t  seems to be so e a s i ly  made. Moreover, in a case where th is  kind 

of in te r p r e ta t io n  f i t s  one’s preconceptions, i t  may not be immediately 

recognized as e r r o n e o u s -a  case o f  tw is t in g  f a c t s ,  a l b e i t  unknowingly, 

to s u i t  th e o r ie s .

In the present case the author was, l e t  us say, not d i s s a t i s f i e d  

with evidence that might c o r r e la te  d iv e r s i ty  with apogonid sp ec ie s  

proportion , A proper in te r p r e ta t io n ,  however, in d ic a te s  the

complete lack of such c o r r e la t io n .



( e ) Body s iz e  patterns

1, Length-weight r e la t io n s h ip .

The length-w eight c a lc u la t io n s  per se were not o f as much 

in te r e s t  as the adu lt  body s iz e  con sid era tion s  enabled by them.

" C oeff ic ien t  of s tou tn ess" , the s t a t i s t i c  suggested and used 

for  summarizing the length weight r e la t io n s h ip  o f  a g iven sp e c ie s  in 

a s in g le  arb itrary  f ig u r e ,  probably has a c e r ta in  lim ited  u se fu ln e ss .  

However, s in c e  such c o e f f i c i e n t s  from d i f f e r e n t  sp e c ie s  can only be 

compared for  a given len gth , i t  r e a l ly  provides no more information  

than a simple statement o f the estim ated weight o f tiu.t sp eo ies  a t  

that len gth . This l a t t e r  s t a t i s t i c  i s  more stra ightforw ard , and 

was used in cer ta in  computations in 2 . ,  d iscussed  below.

2 . Body s iz e  d i f f e r e n c e s .

The r e la t io n s h ip  discovered between s to u tn ess  and adult s iz e  i s  

rem iniscent o f the tendency, discovered by Lindsey (1975) &nd ca lled  

plsomerism, for  ver teb ra l number to be co rre la ted  with maximum 

body-length within d i f f e r e n t  groups r e la ted  f i s h e s .  I t  remains to 

be seen i f  the s to u tn e ss - le n g th  negative  c o r r e la t io n  can a lso  be 

shown among d i f f e r e n t  groups of r e la te d  s p e c ie s .

The fo llo w in g  term i s  suggested fo r  t h is  phenomenon: 

allometromorphism (Gr. a l i o s : other; + Gr. metron: measure; +

Gr. morphe: form: + ism : noun-forming s u f f i x ) ,  s ig n i fy in g  the

v a r ia t io n  in form ( i . e .  s to u tn e ss )  that i s  r e la te d  to v a r ia t io n  in  

len gth .

Why i s  the phenomenon o f  s p e c ia l  in te r e s t ?  F irB t, (assuming for  

the moment that th is  r e la t io n s h ip  may prove to  occur in other groups
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o f  r e la ted  f i s h  s p e o ie s )  i t  may have Borne simple p red ic t iv e  value,  

i . e . ,  one could p red ict  the maximum adult s iz e  o f  a sp e c ie s  based on 

i t s  s to u tn ess  as a ju v a n ile .  This might, for  example, help  a 

taxonomist to recogn ize  adult specimens of a sp e c ie s  he i s  attempting  

to  d escr ib e  from ju ven ile  specimens. In the context of the present  

study, one is  led to the p red iction  that Apogon le p to c a u lu s , known 

from 4 specimens ranging in s iz e  from 23 .5  to 51*5 mm S. L. (G ilb ert ,

197^; Dale, 1977) and notably s lender in th is  range, i s  a rather large  

s p e c ie s ,  i t s  maximum s iz e  g rea t ly  exceeding 51-5 mm S. L,

Second, the phenomenon may r e f l e c t  an underlying evolutionary  

mechanism, sp e c if ica lly  a sp e c ia t io n  mechanism. I t  i s  not unreasonable 

that an in te r s p e c i f i c  d if fe r e n c e  in ju ven ile  s to u tn ess  might involve  

a f a i r l y  small g e n e t ic  d if f e r e n c e .  I t  i s  a l s o  conceivable that th is  

g e n e t ic a l ly  determined ju ven ile  stoutneos might somehow predetermine 

the maximum s i z e .  Perhaps there is  some "ideal adult stoutness"  fo r  

the "generalized" adult c a r d in a lf ish .  This would be reached by 

normal, a l lo m etr ic  ( i . e . ,  non-cubic) growth. Thus a f i s h  that i s  very 

slender as a ju v e n ile ,  l ik e  A. r o b in s iTwould keep on growing u n t i l  i*. 

reached the "ideal" s to u tn e ss .

The idea of an "ideal adult stoutness"  i s  supported by the 

general observation  that the various apogonid s p e c ie s  are , a t  t;.e ir  

"adult s iz e " ,  of a s im ila r  s to u tn e ss .  Thus, fo r  example, A. mosavi 

i s  estim ated  (u sin g  Table 13 va lu es)  to  be 0.834 g. at 30 mm ( i t s  

"adult length" i s  3C.7mm). Iij h y p o th e t ic a l ly , i t  were of exa ct ly  the 

Bame s to u tn ess  but 9C mm in length  i t  would weigh 22.5? g . The 

computation iB based on the cube law. This can be seen most simply 

aa fo l lo w s  (see  Lagler, 1956t l 6l ) i i f  30 mm i s  considered 1 length
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u n it  and 0 . 834g ia  considered 1 weight u n it ,  then a 1 ish  o f  3 length  

u n its  (=90 mm) w i l l  weigh 27 weight u n its  (=22.52 g).> This iB 

almost e x a c t ly  the estim ated  weight (using Table 13 v a lu es)  o f  a 

90 mm specimen o f  A. r o b in s i  (whose "adult length" i s  89.5  

i . e . ,  22 .22 g .

I f ,  on the other hand, the h yp otn etica l 90 mm A. mosavi were 

of a s to u tn ess  determined by i t s  ca lcu la ted  length-w eight r e la t io n sh ip  

(Table 13) , i t  would weigh 59*40 g ( making i t  q u ite  unlike the 

ty p ic a l  c a r d in a lf ish  in body form, and c e r ta in ly  far s to u ter  than 

any western A tla n tic  c a r d in a l f i s h .

Of what connection are these growth patterns to an evolutionary  

mechanism? Returning to the f i r s t  point of t h is  argument, i t  i s  not 

unreasonable to suggest that ju v en ile  s tou tn ess  p a ttern s ,  and hence 

adult s i z e  p a ttern s ,  may involve f a i r l y  small g e n e t ic  d i f f e r e n c e s .

I f  so , such d if fe r e n c e s  could presumably a r is e  f a i r l y  e a s i ly  ( i . e .  

without ex ten siv e  evolu tionary  change) between two a l lo p a tr ic  

populations of an a n ces tra l  s p e c ie s ,  and could r e s u l t  in body s iz e  

d if fe r e n c e s  s u f f i c i e n t  to  permit coex is ten ce  of the two forms i f  and 

when they became sympatric. To specu la te  a b i t  fu r tn er ,  i t  could 

e a s i ly  be imagined that the s to u tn e s s - s iz e  change might a lso  involve  

a s ize -a t-re p r o d u ct iv e -m a tu r ity  change which would serve to  

reproductive ly  i s o la t e  the two forms.

I t  should be noted that the argument does not r e a l ly  hinge on 

the sm allness of the g e n e t ic  change that might cause these d i f f e r e n c e s ,  

but the p o s s i b i l i t y  that the change could be small makes the 

mechanism o f  greater  p o te n t ia l  importance.

The question  o f  whether or not body s i z e  d if f e r e n c e s  have a r o le
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in perm itting co ex is ten ce  among these s p e c ie s ,  w i l l  be d iscu ssed  in  

3 . ,  below.

The e n t ir e  argument above, regarding the p o ss ib le  evolutionary  

importance o f  allometromorphiam, may a lso  be re lev a n t  in terms of  

pleomeriem (Lindsey, 1975 )•

3* E co log ica l s ig n i f ic a n c e  o f  body s iz e  d i f f e r e n c e s .

S ize  d if fe r e n c e  i s  perhaps the s im p lest  kind o f s p e c ia l iz a t io n

among r e la te d  specieB that a llow s resource sharing. Hutchinson 

(1959, 19o5) snowed that a r a t io  o f  about 1 .3  to  1 in b i l l  s i z e  

apparently provides a degree o f trophic  s p e c ia l i z a t io n  s u f f i c i e n t  to 

allow co ex is ten ce  among s im ila r  bird s p e c ie s .  Other s tu d ie s  have 

ind icated  a s im ila r  e c o lo g ic a l  r o le  for  s iz e  d if f e r e n c e s  among 

carnivora (Rosensweig, 1966), anoline l iz a r d s  (Rand and r fi ll i-m s ,

1^69; Williams, 1972), t r o p ic a l  bats (McNab, 1971) and freshwater  

a th er in id  f i s h e s  (Barbour, 1973).

MacArthur (1972:23) used th is  kind o f co ex is ten ce  permitted by 

s i z e  d if fe r e n c e  ( in  terms o f weight) as the b a s is  for  a d e f in i t io n  o f  

the com petitive ex c lu s io n  p r in c ip le :  "species that d i f f e r  only in

s i z e  seem to  require  that the larger  be about twice as heavy as the 

sm aller in order to  c o e x is t ."

In the case o f  apogonid or other coral r e e f  f i s h e s ,  body s iz e

d if fe r e n c e s  may fu n c tio n  to reduce com petition fo r  s p a t ia l  resources  

rather than fo r  troph ic  resou rces ,  or perhaps fo r  some complex 

combination o f  the two.

Among the three commonly co-occurring and most abundant 

apogonid s p e c ie s  in  the present study, the s iz e  d i f fe r e n c e s  in  terms
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o f r a t io s  are , between the la r g e s t  and interm ediate sp e c ie s  (Apogon 

maoulatus and Phaeoptyx c o n k l in i ): 1.42 to  1 in "adult length" and

3.25 to  1 in "adult weight* between the interm ediate and sm a llest  

sp e o ies  (]?. oon k lin i and A. townsendi): 1.12 to  1 in "adult length"

and 1.57 to 1 in  "adult w eight."  Thus in one case the 1.3  to  1 

s iz e  r a t io  and 2 to 1 weight r a t io  are exceeded, but in the other 

case they are not a t ta in ed .

Par more su ggest ive  than these d if fe r e n c e s  are the r e s u l t s  of 

the comparison of average adult s iz e  d if fe r e n c e  between p ositive ly-  

a sso c ia ted  sp e c ie s  and that between n eg a t iv e ly  a sso c ia ted  sp e c ie s  

(Table 17). Species tending to  occur together d i f f e r  in "adult 

length" by 1.39 to 1 , and in "adult weight" by 2 .15  to 1 , while 

sp e c ie s  tending not to occur together d i f f e r  in "adult length" by 

only 1.07 to 1 and in "adult weight" by only 1 .28  to 1 . These 

f in d in g s  provide strong support, although not proof by any means, for  

a view that body s iz e  d if fe r e n c e s  are important in com petition  

avoidance among these s p e c ie s .  They a l s o ,  th ere fo re ,  lend support to 

the p o s s i b i l i t y  that allometromorphism i s  a s p e c ia t io n  mechanism 

among c a r d in a l f i s h e s ,
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(y)  Occurrence of e c to p a r a s ite s

The only observed p a r a s i t i c  in fe s t a t io n  of p a r t ic u la r  importance 

to  the present stud;/ i s  that of Apogon townsendi by copepods, which 

seems common enough to  be a very important aspect o f  the b io logy  o f  

that s p e c ie s .  On se v era l  occasions qu ite  small in d iv id u a ls  (20 -  25 

mm 5. L . ) were observed carrying sev era l o f  the copepods, whose 

length (with t r a i l i n g  egg sa c s )  approached that of the h o s t .  I t  

would seem that sue:: a f i s h  must be appreciably slowed down, and 

presumably under p h y s io lo g ic a l  s t r e s s ,  to an ex ten t that i t s  surv iva l  

for  long enough to be noticed by a curious d iv in g  b io lo g i s t  i s  an 

improbable event. I t  thus seems l i k e l y  that many otners succumb to  

predators, and that these  copepods are therefore  a major fa c to r  

l im it in g  the population of A. townser.di.

On sev era l  occasions in the f i e l d ,  copepod-infested  Â _ townsendi 

in d iv id u a ls  were observing to  be r e s id in g  in very c lo se  proximity to ,  

i . e . ,  sharing the same small miorohabitat w ith, other uninfeBted  

c a r d in a lf ish  s p e c ie s ,  e s p e c ia l ly  A^ maculatus. One p o ss ib le  reason  

fo r  the d if fe r e n c e  would be th a t the u n in fested  s p e c ie s  are cleaned  

by one or more c lean er  s p e c ie s  that do not perform t h is  s e r v ic e  fo r  

A. townsendi. On one oooasion a t  a patch r e e f  o f f  Grand Bahama, a 

large Â  maculatuB in d iv id u a l was c lo s e ly  inspected  by a c lean in g  

goby, Gobiosoma g e n ie , but no a c tu a l o lean in g  was observed (D ale , 1975).



t Z 3 .

CHAPTER THREE? Topographic Factors

I .  METHODA 

(A) Geography

An e s s e n t ia l  consideration  in the context of Bahamian 

c a r d in a lf ish  co ex is ten ce  is  whether or not they have tue same 

geographic range within the Bahamas, i . e . ,  whether or not a l l  the 

sp e c ie s  are indeed sympatric.

The s im p lest  approach to th is  question would be to d ivide the 

to ta l  area of the 3ahamas into  severa l u n its  and tabulate  lo c a l i t y  

inform ation, from the l i t e r a tu r e  and from the c o l l e c t io n s  being 

s tu d ied , according to these d iv i s io n s .

In the author's  judgement the p o s s i b i l i t y  that deep water would 

somehow serve as a d is tr ib u t io n a l  barrier seemed as reasonable a 

p o s s i b i l i t y  as any. Therefore an attempt was made to  f ind  a 

natural d iv is io n  of the Bahamas, in to  u n its  that might possib ly  be 

zoogeographically  meaningful, by in sp ect in g  maps of the area that  

included depth inform ation.

One of the most s t r ik in g  aspects  of the bathymetry of the 

Bahamas region i s  tne presence of two large banks, the L i t t l e  

Bahama Bank, on which the northernmost is lan d s  o f the Bahamas are 

lo c a te d ,  including Grand Bahama and Great Abaco, and the much 

larger Great 3ahama Ba.n.̂ ., on which Bimini, Andros, New Providence, 

Eleuthera, Cat Island, Great Exuma, Long Island , and numerous 

sm aller is la n d s  are lo ca ted .  These two banks are separated from 

each other by the deep w .ter  of Northwest Providence Channel and 

Northeast Providence Channel (severa l hundred to severa l thousand



/  3 0 .

meters )»

The Great rahama 3ank is  separated from nearly a l l  o f  the 

remaining is lan d s  to the southeast by the deep water o f  the Crooked 

Island Passage \ 0ver two thousand m eters). Rum Cay and dan Salvador, 

southeast of Cat Island , may be lumped together witr. the Jreai 

Bahama 3ar.k is lands because of th e ir  proximity to i t .  An add itiona l  

area to the west of the Great 3ahaxa Bank, the Cay Sal Bank, does not 

include any s i/ .eab ie  islands.A lthough Bohlke and Chaplin made some 

c o l l e c t io n s  there, they did not obtain  apogonid records that were 

not a lso  obtained in the nearby Great Bahama Ban*, fo r  th is  reason, 

and because no Cay Sal Bank c o l l e c t io n s  are included in the present  

study, tn is  area was omitted from the present a n a ly s is .

Thus three broad su b d iv is ion s  01 the 3ahamas may be e a s i ly  

recognized , based on depth inform ation, as shown in Figure 12. The 

L i t t l e  Bahama 3ank is  designated as re. ion 1, and the Great Bahama 

bank + Hum Cay + Ban Salvador as region 2. The remaining is lan d s  to  

the so u th e a s t ,  including Crooked Island , A ck lin 's  Is lan d , Great 

Inagua, L i t t l e  Inagua, Samana Cay and Kayaguana Island , are assigned  

to region  3. A ' '.ulation o f  c a r d in a lf ish  d is tr ib u t io n  was prepared 

in accordance with these su b d iv is io n s .

By co in c id en ce , the boundaries based on depth are s im ila r  to 

the boundaries one might make using another parameter o f p oss ib le  

zoogeograpnic s ig n i f ic a n c e :  surface  water temperatures. On C olin 's

( l cr75s27o) map of the d is tr ib u t io n  o f  surface temperature in the 

tr o p ic a l  western North A tla n tic  Ocean during January, the 2 3 o °  C. 

and 25° C. isotherms d iv ide the Bahamas in to  almost the id e n t ic a l  

three reg io n s .



Figure 12. Three broad s u b d iv i s io n s  of  the Bahamas, s e p a ra te d  by 

deep water  a r e a s .  The d o i t e d  l i n e s  r e p r e s e n t  ICO fathom i s o b a tn s .
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(B) Depth

Another importan t  c o n s id e r a t i o n  i s  whether or  not  th e re  are  

any d i f f e r e n c e s  in depth  d i s t r i b u t i o n  among the v a r io u s  c a r d i n a l f i s h  

s p e c i e s .  In o th e r  words, i s  t h e r e  any v e r t i c a l  z o n a t io n  which 

might r e s u l t  in an avoidance of com pe t i t ion  between some of  the 

s p e c ie s  ?

Since the c o l l e c t i o n  da ta  f o r  a l l  of  the 3ahamian 1 ish  samples 

be ing  s tu d ie d  inc luded in fo rm a t ion  on depth  of  c a p tu r e ,  both 

^frequency of  occurrence  and numerical abundance of  each sp ec ie s  a t  

d i f f e r e n t  depth ranges  could be o b ta in ed .  Because of the la rge  

number of  c o l l e c t i o n s  made a t  v a r io u s  depths  between 0 and 4C f e e t ,  

and t.ne r e l a t i v e  pau c i ty  of c o l l e c t i o n s  from below 40 f e e t  to  a 

maximum of  140 f e e t ,  the fo l lo w in g  s e r i e s  of  depth ranges  ( in  f e e t ) ,  

in  which to  t a b u l a t e  and graph the d a t a ,  proved to  be conven ien t :

0- 10, 11-2 0 , 21- 30 , 31-4 0 , 41- 9 0 , 91- 140 .
from the d a ta  f o r  " t o t a l  c o l l e c t i o n s " ,  t a b l e s  g iv in g  the 

number of  samples and the  t o t a l  abundance of  each apogonid spec ies  

a t  each depth  range were p repared .



(C) H ab i ta t

A t h i r d  s p a t i a l  o r  " topograph ic"  parameter  th<..t i s  r e l e v a n t  to  

c a r d i n a l i ' i s h  c o ex is ten ce  i s  h a b i t a t  p r e fe r e n c e .  Are th e r e  d i f f e r e n c e s  

in  broad h a b i t a t  p re fe r e n c e  t h a t  might r e s u l t  in i n t e r s p e c i f i c  

com pet i t ion  avoidance?

To answer t h i s  q u es t io n  the au th o r  made UBe of  a c l a s s i f i c a t i o n  

of  Bahamian f i s h  h a b i t a t s  (C. L. Smitn, un p u b l i sh ed ) .  All o f  the 

samples being s tu d ie d  were c l a s s i f i e d  in one or  ano the r  of f i v e  

broad h a b i t a t  c a t e g o r i e s  in  t h i s  c l a s s i f i c a t i o n :  s h o r e l i n e ,  top of

bank, moat, o u te r  s h e l f ,  and d r o p - o f f .

T abu la t ion  of  h a b i t a t  d i s t r i b u t i o n  d a ta  was c a r r i e d  out  f o r  

these  f i v e  c a t e g o r i e s  in the same way tr .at  depth d i s t r i o u t i o n  da ta  

had been t a b u la te d  f o r  s i<  d i f f e r e n t  depth  ranges ,  as d esc r io ed  

e a r l i e r .

(L) K ic ro h a b i t a t

A f i n a l  p e r t i n e n t  s p a t i a l  parameter  to be cons ide red  i s  

m ic ro h a b i t a t  p r e f e r e n c e ,  ^hat  s p e c i a l  a s s o c i a t i o n s  with tne 

immediate b i o t i c  or a b i o t i c  environment a re  demonstrable  which would 

h e lp  d e f in e  the n iche of one or  more c a r d i n a l ! i s h  s p e c i e s ?

A p a r t i a l  answer to  t h i s  q u e s t io n  was a v a i l a b l e  in the l i t e r a t u r e .

A dd i t io n a l  d a ta  were sought  by the  au tho r  by means of d i r e c t  in  s i t u  

o b s e rv a t io n  du r ing  f i e l d  t r i p s  to  v a r io u s  p a r t s  of  the 3ahamas.
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I I .  HadULTi

(A) Geography

Table  20 shows the occurrence  in  the  th r e e  suggested  

s u b d iv i s io n s  of the Bahamian r e g io n ,  of  each of  the  20 apogor.id 

s p e c ie s  known from the Bahamas. Included in the  t a b u l a t i o n  are  

r e c o rd s  g iven  by Bohlke and Chapl in  (l9&d),  r e c o rd s  included

among the 154 ro tenone  c o l l e c t i o n s  examined in the p r e se n t  s tudy ,

a;,d a d d i t i o n a l  r e c o rd s  among specimens ca ta lo g ed  a t  the  American 

Muse am.

Four teen  of the  20 s p e c i e s  a re  seen to  occur  in  a l l  th ree

r e g i o n s .  Apogon mosavi i s  recorded  in only two r e g io n s ,  i-tecords

f o r  the  remain ing  l i v e  s p e c ie s  occur  in  only one of the th r e e  r e g io n s .
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Species Region 1 Region 2 Region

Apogon a f f i n i s + x + +

Apogon a n i s o l e p i s  

Apogon a u r o l i n e a t u s  

Apogon b in o t a t u s

X

X +

X

X + +

Apogon l a c h n e r i X X + x +

Apogon l e p to c a u lu s  

Apogon maculatus X + X +

+

X +

Apogon mosavi + +

Apogon phenax X + X + +

Apogon p i l l i o n a t u s  

Apogon p l a n i f r o n s X

X

X + +

Apogon pseudomaculatus 

Apogon quadrisquamatus X +

X + 

X + +

Apogon r o b i n s i X X + +

Apogon townsend i X + X + X +

Phaeoptyx c o n k l in i X + X + X +

Phaeopt.yx p igm en ta r ia X + X + X +

Phaeoptyx xenus X + X + +

Astrapogon p u n c t i c u l a t u s X + X + X +

Astrapogon s t e l l a t u s + X + +

Table 20 .  Occurrence of  apogonid s p e c ie s in  t h r e e s u b d iv i s io n s
the Bahamas; Region 1 -  L i t t l e  Bahama Bank} Region 2 - Great 
Bahama Bank + Rum Cay + San Salvador} Region 3 * remaining is la n d s  
to  so u th ea s t ,  in c lu d ing  Crooked Island , Aoklin’ s Island , Great 
Inagua, L i t t l e  Inagua, Samana Cay, and Mayaguana Is lan d , z  -  records
o f  Bfthlke and Chaplin (1968), + •  records in c o l l e c t io n s  o f  present
study plus other American Museum record s .
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(B) Depth

Tables  21 and 22 g ive  f requency  and abundance d a t a ,  f o r  s ix  

d i f f e r e n t  depth  r a n g e s ,  f o r  each apogonid s p e c i e s  p r e se n t  in  " t o t a l  

c o l l e c t i o n s . "  There seem to  be v a r io u s  depth  p re fe r e n c e  tendenc ie s  

among the v a r io u s  s p e c i e s .

rtith the d a ta  in  t h i s  form, however, between-depth  comparisons 

of  e i t h e r  f requency or  abundance f o r  a g iven  s p e c ie s  a re  d i f f i c u l t ,  

s ince  tne c o l l e c t i n g  e i f o r t  a t  the d i f f e r e n t  depths  v a r ied  widely.

To begin w itn ,  fewer  c o l l e c t i o n s  were made a t  the g r e a t e r  depth 

r a n g e s .  Moreover, the  deeper  c o l l e c t i o n s  tend to  oe s m a l le r  a m  

le s s  d iv e r s e  because of the bot tom-t ime l i m i t a t i o n s  t h a t  c u r t a i l  

the d i v e r ' s  c o l l e c t i n g  e f f o r t .

with these  c o n s i d e r a t i o n s  in mind, both the f requency and 

abundance d a ta  were conver ted  in to  p e rc en ta g e s ,  r i g u r e  13 i s  a

a e r i e s  of  t a r  graphs g iv in g ,  f o r  each s p e c i e s ,  the  pe rc e n t  of  the

t o t a l  apogonid samples from a given depth  range ,  f i g u r e  14 i s  a 

s e r i e s  of  bar graphs g iv in g ,  f o r  each s p e c i e s ,  the p e rc e n t  of the

t o t a l  apogonid abundance from a g iven  depth  range .  A c l e a r e r

idea of  tne "depth p r e fe r e n c e "  of  each s p e c ie s  may be ob ta ined  with 

r e f e r e n c e  to these  two s e r i e s  of  g raphs .

Apogon a f f i n i s  has an ap p a ren t  p r e fe r e n c e  f o r  the deep es t  of 

the s ix  depth  r a n g e s ,  both in terms of f requency and abundance.

I t  i s  uncommon and s p a r s e ,  or  a b s e n t ,  e l sew here ,

A. b i n o t a t u s  tends  t o  be moderate ly  f r e q u e n t  and abundant in 

a l l  dep th  rangeB excep t  the  d e e p e s t ,  where i t  i s  a b s e n t .

A. l a c h n e r i  i s  h ig h ly  f r e q u e n t  and abundant  in  the  two d eepes t  

c a t e g o r i e s ,  and r a r e  and s p a r s e ,  or  a b s e n t ,  in  the sha l low er  ran g es .
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Species 0-10

Depth Range ( f e e t )  

11-20 21-30 31-40 41-90
91'
14'

Apogon a f f i n i s 2 3 1 1 2

Apogon b inotatus 11 10 5 5 2 -

Apogon lachneri 1 - 3 4 6 9

Apogon lep tocaulus - - - - 1 -

Apogon maculatus 30 23 13 8 3 -

Apogon mosavi - - - 1 - 1

Apogon phenax - - 2 5 6 3

Apogon planifrona 4 3 2 1 1 1

Apogon quadrisquamatus 1 2 2 4 2 -

Apogon rob in s i 2 3 1 - - -

Apogon townsendi 7 9 11 8 6 3

Phaeoptyx con k lin i 36 21 13 13 4 2

Phaeoptyx pigmentaria 20 15 11 9 3 2

Phaeoptyx xenus 1 1 2 3 3 3

Astrapogon puncticu latus 21 9 - 4 - -

Astrapogon s t e l l a t u s 1 — — 1 —

Table 21 . Number o f eamples o f  d i f f e r e n t  apogonid s p e c ie s  taken a t  
d i f f e r e n t  depth ranges, in " to ta l  c o l l e c t io n s ."
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Species 0-10 11-20 21-30 31-40 41-90
91-
140

Apogon a f f i n i e 6 46 8 12 45

Apogon b in o ta tu e 88 43 11 22 3 -

Apogon l a c h n e r i 1 - 7 12 32 70

Apogon l e p to c a u lu s - - - - 1 -

Apogon maculatus 210 203 268 95 3 -

Apogon mosavi - - - 1 - 127

Apogon phenax - - 4 13 26 4

Apogon p l a n i f r o n s 11 17 3 1 9 4

Apogon quadrisquamatue 2 7 2 8 2 -

Apogon r o b i n s i 6 4 1 - - -

Apogon townsendi 32 114 122 85 19 12

Phaeoptyx c o n k l in i 1151 570 206 102 8 9

Phaeoptyx p ig m en ta r ia 51 56 17 23 4 2

Phaeoptyx xer.us 1 3 2 4 3 7

Astrapogon p u n c t i c u l a t u s 142 16 - 8 - -

Astrapogon s t e l l a t u a 1 - - 1 •

Table 22 . Total abundance o f  d i f f e r e n t  apogonid sp e c ie s  taken at  
d if f e r e n t  depth rangeB, in " to ta l c o l l e c t io n s ."
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Figure 13. Apogonid occurrence at various depths, based on "total  

c o l le c t io n s "  data. For each s p e c ie s ,  in a g iven depth range, the 

percent oi the to ta l  number of apogonid samples taken in that depth 

range, i s  g iven . £acn small v e r t i c a l  d iv is io n  of the grid  equals  

2%\ each large d iv is io n  equals 10£. Thus, fo r  example, ti.Ojh of  

a l l  the apogonid samples taken in the 0-10 f e e t  depth range were 

Apogon b in o ta tu s .
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Apogon a f f in l8

A. b inotatue

A. laohneri

A. leptocaulua

A. maculatua

A. moaavi

A, phenax

A. p la n ifro n s

0-10  11-20 21-30 31-40 41-90 91-140
f e e t  f e e t  f e e t  f e e t  f e e t  f e e t

FIGUHE 13 (let of 2 pages)
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Figure 14. Apogonid sp e c ie s  abundance at various depths, based on 

" to ta l c o l le c t io n s "  data. For each s p e c ie s ,  in a given depth range, 

the percent of the to ta l  number o f apogonid specimens taken in that  

depth range, i s  g iven . Each small v e r t ic a l  d iv is io n  of the grid  

equals 2$; each large d iv is io n  equals 10$. Thus, for  example, 12.}% 

of a l l  the apogonid specimens taken in  the 0-10 f e e t  depth range 

were Apogon maculatus.
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The s in g le  specimen o f A. lep tooau lu s f a l l s  in  the 41-90 f e e t  

range (a c tu a l ly  taken a t  70-80 f e e t ) .  The depth o f  capture o f  the 

three type specimens: 65- 70, 95-100, and 70-100 f e e t  (G ilb er t ,

1972), and a "photograph record" from 80 f e e t  (C olin , 1974s eee 

Dale, 1977) t together with the present record , in d ica te  that th is  

sp e c ie s  prefers f a i r l y  deep water.

A, maculatus i s  moderately to h igh ly  frequent and abundant in  

the f i v e  shallower ranges, and i s  absent in the deepest range.

The depth records included here fo r  A. mosavi, as w ell  as the 

depth records of the other three known samples (Dale, 1977), 

together comprising a range of 40-135 f e e t ,  in d ica te  a preference by 

th is  sp e c ie s  for  r e la t iv e ly  deep water.

_A. phenax i s  moderately to  h ighly  frequent and abundant in the 

deeper ranges, and absent in the two sha llow est  c a te g o r ie s .

A, p lan ifrons i s  present in f a i r l y  low frequency and abundance 

at a l l  depth ranges.

A. quadrisquamatus i s  present in f a i r l y  I j w  frequency and 

abundances a t a l l  depth ranges except 91-140 f e e t ,  where i t  i s  absent.

A. r o b in s i  i s  rare and sparse in the shallower ranges and 

absent in  the deeper ranges.

A. townsendi occurs in a l l  ranges, but iB e s p e c ia l ly  frequent  

and abundant in the intermediate depth ranges.

Phaeoptyx co n k lin i  i s  present in a l l  s i x  depth ranges, and 

predominates in frequency and abundance over other sp e c ie s  in  the 

shallower ranges. There i s  a steady d e c l in e  in i t s  commonness and 

numbers from the sha llow est  to the deepest c a te g o r ie s .

P. pigmentaria tends to be moderately frequent and abundant a t
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a l l  ranges, and seems to show a s l i g h t  preference fo r  interm ediate  

depths.

P. xenus i s  present a t a l l  depth ranges, but i s  frequent and 

f a ir ly  abundant only in  the deeper ranges.

Astrapogon puncticu latus  i s  very common and f a i r ly  abundant in  

the 0-10 f e e t  range, present in some intermediate depths, and absent 

in the deepest c a te g o r ie s .

L i t t l e  can be sa id  about the depth preference of A. s t e l l a t u s  

based on the depth of capture o f  the two specimens in the present  

data. ThiB sp e c ie s  l i v e s  as a commensal in the mantle ca v ity  of  

the queen conch Strombus g igas  (and o c c a s io n a lly  in  the pen s h e l l  

Atrina r ig id a ) .  and i s  only r a r e ly  c o l le o te d  apart from th is  

a s s o c ia t io n .  The depth preference o f  A  ̂ s t e l l a t u s  would presumably 

p a r a l le l  that of i t s  usual h o s t ,  whioh i s  f a i r l y  wide-ranging.
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(C) Habitat

Tables 23 and 24 g iv e  frequency and abundance data, fo r  f iv e  

d i f f e r e n t  broad h ab ita t  c a te g o r ie s ,  for  each apogonid sp e c ie s  

present in " to ta l c o l l e c t io n s ."  Although some h ab ita t  a s so c ia t io n  

tendencies are apparent among the d if f e r e n t  s p e c ie s ,  in te r p r e ta t io n  

of between-habitat d if fe r e n c e s  in frequency or abundance, fo r  a 

given s p e c ie s ,  i s  d i f f i c u l t  with the data in th is  form. As with the  

depth ranges, the c o l l e c t io n  e f f o r t  d if fe r e d  widely fo r  the d if f e r e n t  

h ab ita t  c a te g o r ie s .

Therefore the data were again converted to  percentages, which 

were then used to prepare bar graphs. Figure 15 g iv e s ,  fo r  each 

s p e c ie s ,  the percent of the t o ta l  apogonid samples from a given  

hab ita t  category. Figure 16 g iv e s ,  for  each s p e c ie s ,  the percent o f  

the t o ta l  apogonid abundance from a given h ab ita t  category, A more 

meaningful idea of the "habitat preference" o f  each sp e c ie s  iB 

obtained by examining these two s e r ie s  of graphs.

Apogon a f f i n i s  shows an apparent "preference" for  the drop-off  

zone, and i s  uncommon and sparse , or absent, e lsew here.

A. b inotatus  i s  quite  common and abundant in the top of bank 

category, moderate in frequency and abundance in three other areas ,  

and absent a t  the d ro p -o ff .

A, lach n er i i s  h ighly  frequent and abundant at the d rop -o ff ,  

and rare and sparse , or absent, e lsew here.

The s in g le  *i. leptocauluB specimen was taken at the drop-off.
Two of the three specimens on which the d e sc r ip t io n  i s  based are a ls o  

from d rop -off  areas (G ilb ert ,  1972).
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Habitat Category

Speoies
Shore­

l in e
Top o f  

bank Moat
Outer

s h e l f
Droj

o ff

Apogon a f f i n i s — 1 6 2

Apogon b inotatus 3 8 5 17 -

Apogon lachneri - 1 - 12 10

Apogon lep tocaulus - - - - 1

Apogon maculatus 17 8 7 45 -

Apogon mosavi - - - 1 1

Apogon phenax - - - 11 5

Apogon p lan ifrons 2 3 - 6 1

Apogon QuadrisQuamatus - - - 10 1

Apogon r o b in s i - 2 3 1 -

Apogon townsendi 1 3 3 33 4

Phaeoptyx co n k lin i 16 9 11 49 4

Phaeoptyx pigmentaria 9 8 6 33 4

Phaeoptyx xenus 1 1 1 7 3

Astrapogon puncticu latus 15 1 2 16 -

Astrapogon s t e l l a t u s 1 — - 1 -

Table 23 . Number of samples o f d if fe r e n t  apogonid sp e c ie s  taken in  
d if fe r e n t  h a b ita t c a te g o r ie s , in  Mt o t a l  c o l l e c t io n s ."
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Specieb
Shore­

l in e
Top o f  

bank Moat
Outer

s h e l f
Droj

ofi

Apogon a f f i n i s 3 69 45

Apogon binotatuB 8 89 14 56 -

Apogon lach n er i - 1 - 32 89

Apogon lep tocaulus - - - - 1

Apogon maoulatuB 95 24 17 643 -

Apogon mosavi - - 1 127

Apogon phenax - - - 41 6

Apogon planifronB 5 20 - 16 4

Apogon quadrisquamatus - - - 20 1

Apogon r o b in s i - 3 7 1 -

Apogon townsendi 11 8 7 344 14

Phaeoptyx co n k lin i 430 651 190 764 11

Phaeoptyx pigmentaria 23 40 13 72 5

Phaeoptyx xenus 1 1 3 10 5

Astrapogon puncticu latus 129 1 5 31 -

Astrapogon s t e l l a t u s 1 - — 1 -

Table 24# Total abundanoe of d if fe r e n t  apogonid specieB  taken in  
d if fe r e n t  h a b ita t o a te g o r ie s , In " to ta l e o l l e o t io n s ."
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Figure 151 Apogonid sp e c ie s  occurrence in various broad habitat  

c a te g o r ie s ,  based on " to ta l c o l le c t io n s "  data. For each s p e c ie s ,  

in a given  hab ita t  category, the percent o f the to ta l  number of  

apogonid samples taken in that category , i s  g iven . Each small 

v e r t ic a l  d iv is io n  of the grid equals 2$; each large d iv is io n  equals 

10#.
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Figure 16. Apogonid sp e c ie s  abundance in various broad h ab ita t  

c a te g o r ie s ,  baaed on "to ta l c o l le c t io n s "  data . For each s p e c ie s ,  

in a given h ab ita t  category, the percent of the t o ta l  number o f  

apogonid specimens taken in that category, i s  g iven , fiach small 

v e r t ic a l  d iv is io n  o f the grid equals each large d iv is io n  

equals 10/6.
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A, maculatus occurs very freq u en tly ,  and a lso  tends to be 

abundant in a l l  areas except the d r o p -o ff ,  where i t  i s  absent.

The two samples o f A. mosavi were taken in the outer s h e l f  

and d rop -off  c a te g o r ie s .

A. pnenax i s  frequently  p resen t, in low numbers, a t  the drop-off}  

rare and sparse in the outer s h e lf  category, and abBent in the 

other areas.

A, p lan ifrons i s  present in low frequency and abundance in a l l  

areas except the moat, where i t  i s  absent.

A. quadrisquaaatus i s  uncommon and sparse in the outer s h e lf  

and drop-off  ca teg o r ies  and absent elsew here.

A. ro b in s i  i s  absent in  the sh ore lin e  and d rop -o ff  ca teg o r ies  

and present in very low frequency and abundance in the other three.

A. townsendi i s  present in low to moderate numbers in four 

c a te g o r ie s ,  and i s  very frequent and abundant a t the outer s h e l f .

Phaeoptyx co n k lin i  equals or surpasses a l l  other sp e c ie s  in 

frequency and abundance in a l l  ca teg o r ies  except the d ro p -o ff ,  where 

i t  i s  f a i r ly  frequent, but in low numbers.

P. pigmentaria i s  rather frequent in a l l  c a te g o r ie s ,  in f a i r ly  

low numbers in each case ,

P. xenus i B  v e r y  rare and sparse in a l l  c a teg o r ie s  except the 

d ro p -o ff ,  where i t  i s  s l i g h t l y  more common.

Astrapogon puncticu la tu s  i s  h igh ly  frequent and abundant in the 

sh o re lin e  category, and f a i r l y  unoommon and sparse , or absent, e lsew here.

The two A. s t e l la t u s  specimens were taken in  the sh o re lin e  and 

outer s h e lf  o a te g o r ie s . Again, however, th is  provides l i t t l e  

inform ation on the r e a l h a b ita t a s so c ia t io n s  o f th is  sp eo iea , fo r  

reasons d iscu ssed  in  connection with i t s  depth d is tr ib u t io n .
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( D) M ic r o h a b i t a t

In March, 1973* the author took part in a seven-day saturated  

d iv in g  m ission from the underwater h a b ita t  "Hydrolab", o f f  Grand 

Bahama, together with C. Lavett Smith and Marvin Greenbaum. A few 

of the d e t a i l s  of t h is  mission w i l l  be described in the Temporal 

Factors chapter. A small patch re e f  at a depth of about 15 meters 

was choBen on the f i r s t  day and studied for  the r e s t  of the week.

An account o f various observations on card inal!'ishes  seen on or near 

that r e e f  haB been published (Dale, 1975). A few of the observations  

are p ertinent to  a con sid eration  of c a r d in a lf ish  m icrohabitat  

preferen ces , and may be summarized as fo l lo w s .

T hree a p o g o n id  s p e c i e s :  Apogon m a c u la t u s , A. p l a n i f r o n s . and

A, t o w n s e n d i , were d i u r n a l  r e s i d e n t s  o f  th e  r e e f  and one s p e c i e s ,

A. quadrisquamatus, inhabited crev ices  in the bottom nearby. Figure 

17 shows the study r e e f  and the daytime lo c a t io n s  of these  sp e c ie s .

The lo c a t io n s  contain ing A. townsendi, the most numerous 

ca r d in a lf ish  sp e c ie s  on the r e . f  (14 in d iv id u a ls ) ,  were mostly  

c a v e - l ik e  spaces with m ultip le  entrances, and ranged in s iz e  from 

sev era l hundred to severa l thousand cm^. The c o n s is te n t  occurrence  

o f  recogn izab le  in d iv id u a ls  in the same daytime p laces  indicated  

th a t ,  at l e a s t  fo r  the duration of t h is  study, each ind iv idua l  

resided  in the same lim ited  lo c a t io n  on the r e e f  from day to day.

One o f  t h e  A. to w n s e n d i  i n d i v i d u a l s  in  " u r c h in  c a v e "  was o b s e r v e d  

r e s t i n g  b e tw e e n  th e  s p i n e s  o f  a Diadema a n t i l l a r u m  s e a  u r c h i n  t h a t  

r e s i d e d  i n  t h a t  c a v e .

S ev en  i n d i v i d u a l s  o f  A. m a c u la tu s  were r e s i d e n t  on t h e  s tu d y  

r e e f .  No c o n s i s t e n t  d i f f e r e n c e s  b e tw e e n  i t s  m i c r o h a b i t a t s  and t h o s e



Figure 17. Typical daytime d is tr ib u t io n  of four c a r d in a lf ish  

sp e c ie s  on and near a patch r e e f  a t 50 f e e t  depth o f f  Grand Bahama, 

Caves were named a f te r  some d e sc r ip t iv e  fea tu re  to  f a c i l i t a t e  

n ote-tak in g  and comparison (from Dale, 1975).



= A p o q o n  A p o q o n
q u a d r i s q u a m a t u s  t o w n s e n d i

0    T

= A p o q o n  
m a c u I a t u s

M

< ^ T C 3  = Apoqon
p i a n i  f r o n s  

P  ------------------

SANO F L A T S  
S O U T H E A S T  

OF R E E F

O '  O 3
o  o *
C °  0 °  
o °  < 3 °
o  o
O  O *

0 ?
T O W N S E N D I  < ^  H

CAVE ^  \

<3-3 \
T P L A T E  CAVE

. O 3

CHAMBER UNDER 
ORANGE S PO NGE

< Q *

G R O U P E R  CAVE

H / < k ?  
/ T

L A B Y R I N T H  CAVE

S OU T H CAVE

< 3 *
S TU DY

U R C H I N  CAVE

M / O 3

LOW CAVE

0 * 3  0 °

5 m

FIGURE 17



t t  3 .

o f  A. townBendi were d iscerned . In three cases a cave was shared 

by the two sp e o ie s .  A, maculatus was more mobile than A. townsendi, 

tending to  roam between adjacent caves. One ind iv idual was 

observed on one occasion  between the spines o f the D. antillarum  

in "urchin cave".

Photographs of A. maculatus and A, townsendi. taken a t the 

study r e e f ,  are given in Figure 18.

At l e a s t  twelve in d iv id u a ls  o f  A. quadrisquamatus apparently  

resided  in c r ev ices  between p a r t ia l ly  buried rocks in the sandy area 

near the study r e e f .

In July , 1973 the author spent two weeks at the Lerner Marine 

Laboratory o f the American Museum, in Bimini, Bahamas. A number of  

observations were made, r e la ted  to  cardinalfiB h m icrohabitats, during 

numerous d iv in g  t r ip s  in the v i c in i t y  of Turtle flocks, just  south 

of the Bimini is land group.

In sev era l small caves in a more or l e s s  v e r t ic a l  rocky wall 

just  o f f  the northernmost o f  the Turtle Rocks is la n d s ,  an in te r e s t in g  

a s so c ia t io n  was observed. One to severa l A. maculatus specimens, 

plus one long-sp ined  sea urchin Diadema an til la ru m . and o ften  a lso  

one red-banded coral shrimp BtenopuB hiBpidus. shared an otherwise  

e s s e n t i a l l y  barren space. In each case the caves were q u ite  exposed,

i . e .  had entrances as wide as the caves them selves, so that the 

Diadema ind iv idua l was e v id en tly  the major p ro tec tio n  against  

predators for  A. maculatus (and p o ss ib ly  a lso  for  the shrimp).

I f  c lo s e ly  approached, the f i s h  sought s h e lte r  in the sp in es  o f the 

sea urchin.

Among sev era l coral r e e f  formations in the Turtle Rocks area



Figure 18. C ard ina lfishes  in  d iurnal m icrohabltat, on study r e e f  

near Etydrolab, o f f  Grand Bahama. (A) Two Apogon maculatus 

in d iv id u a ls  in small c a v e - l ik e  Bpace within the r e e f .  The w alls  

of the cave are p a r t ia l ly  covered with encrusting  and filam entous  

a lg a e . ( b ) A. townsendi in s im ila r  c a v e - l ik e  space. An en cru stin g  

sponge (mustard-colored in l i f e )  i s  seen a t  the r ig h t .  Several 

patches of en cru stin g  red algae are a ls o  prominent in the co lor  

s l i d e  from which t h is  conversion was made. (Photographs by 

K. Greenbaum)
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FIGURE 18 (A)
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FIGURE 18 (B)
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whoBe c a r d in a lf ish  r e s id e n ts  were observed, one patch r e e f  was 

e s p e c ia l ly  s c r u t in iz e d  (Figure 19) . I t  was a dome-shaped r e e f  a t  

about 10 meters depth, constructed almost e n t ir e ly  o f  Montastrea 

annularis  coral and completely penetrated by a large cave. This 

same r e e f  la te r  served as the example o f an intermediate stage in the 

model o f  Montastrea dome r e e f  su c cess io n  proposed by Smith and Tyler  

( 1 5 7 5 ) -  I t  was chosen by the author for  c lo se  observation and for  

a rotenone s ta t io n  because o f i t s  h igh ly  d iverse  and abundant 

ca r d in a lf ish  population . Specia l in te r e s t  was a lso  provided by one 

la r g e ,  oddly-pigroented c a r d in a l f i s h ,  quite  p oss ib ly  an undescribed  

s p e c ie s ,  r e s id in g  rfithin the r e e f .

This in d iv id u a l was a pale o l iv e -g r a y  in co lo r ,  and in body and 

f in  shape very much l ik e  an Apogon s p e c ie s .  I t  had no dark markings 

at a l l ,  and bad one a n tero p o ster io r ly  elongated white spot just  

below the p o ste r io r  n a if  of the second dorsal f i n .  This spot was as 

wide as the pupil and l-£ times as long. The f i s h  a lso  had two 

ir id e s c e n t ,  w hite, p a r a l le l  and h or izon ta l l in e s  on the i r i s ,  s im ilar  

to those of A. maculatus.

Numerous attem pts (by the author and by sev era l d iv in g  companions, 

inc luding  Dr. James C. Tyler) were made to  capture t h i s  in d iv idu a l w ith a 

slurp-gun or n e t ,  during sev era l d i f f e r e n t  d ives  to th is  patch r e e f  -  

without su c c e ss .  The la r g e s t  opening in to  the hollow r e e f  permitted  

only p a r t ia l  entry by a SCUBA-wearing d iv er ,  making the capture 

e f f o r t  d i f f i c u l t .  E ventually , a f t e r  carefu l notes had been taken on 

t h is  f i s h ,  s e v e r a l  (rather poor) co lor  photographs taken, and the 

reBt o f  the c a r d in a lf is h  population observed, the r e e f  was poisoned 

with rotenone. The "pale o a rd in a lfish "  did n ot, u n fortunate ly , turn



Figure 19. Dome-shaped, hollow patch r e e f  a t  10 m depth o f f  

Turtle Hocks, south o f  Bimini, Bahamas. The dome i s  approximately  

2 .5  ® in diameter and r i s e s  about 1 .3  ® from the bottom. I t  i s  

constructed almost e n t ir e ly  o f  Kontastrea annularis  c o r a l .  Several 

gorgonians and Beveral brown sponges ( AgelaB sparsu s?) are a lso  

prominent on the surface  of the dome. Small patches o f  Agaricla  

and P o r ite s  c o r a l ,  and sev era l small tubular sponges are sca ttered  

around the perim eter, (photograph by C. L. Smith)
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FIGURE 19
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up among the specimens c o l le c t e d .

Although i t  seems l ik e ly  that t h is  f i s h  was an undescribed  

s p e c ie s ,  another more in tr ig u in g  sp ecu la t ion  w i l l  be o ffered  here.

I t s  presence among a large population of A. maculatus. (114 specimens 

of that sp e c ie s  were c o l le c t e d )  and i t s  s im i la r i ty  to that sp e c ie s  

in sev era l resp ects  -  includ ing o v era ll  formt the i r i s  l i n e s ,  and the 

dorsal spot lo c a t io n  (but not co lor  -  i t  i s  a dark spot in A. m aculatus) — 

suggest the p o s s i b i l i t y  that i t  represents  a d i s t i n c t  co lor  phase 

of A, maculatus. Perhaps i t  iB a high male or terminal male phase, 

as known among many f i s h  groups. Such a s i t u a t io n  is,how ever,  

unknown in the fam ily  Apogonidae, and therefore seems u n l ik e ly .  The 

p o s s i b i l i t y  that th is  f i s h  was merely an aberrant A. maculatus. i . e . ,  

an anomaly, a lso  seems improbable, in view of the extreme d if fe r e n c e  

in pigmentation from the very uniform normal pattern . No eq u iva len t anomaly 

has, to  the au thor 's  knowledge, ever been noted among apogonids.

To return to the con sid eration  o f  c a r d in a lf ish  m icrohabitats,  

two important observations were made a t  t h i s  dome r e e f  in that regard.  

F ir s t  o f a l l ,  the observation  o f  the "sharing" o f one very large  

Diadema antillarum  in d iv id u a l -  apparently fo r  p ro tection  -  by no l e s s  

than f iv e  d i f f e r e n t  ca r d in a lf ish  s p e c ie s ,  i s  o f  in t e r e s t .  These 

sp e c ie s  were* Apogon maculatuB. A. b in o ta tu s . A. townsendi.

Phaeoptyx o o n k lin i . and P. pigmentaria. Two of these s p e c ie s  are 

v i s i b l e  in Figure 20, a photograph o f th is  o a r d in a lf ish -Diadema 

a s so c ia t io n  a t  the dome r e e f .

Secondly, the apparent preference of ca r d in a lf ish  sp e c ie s  

fo r  t h i s  kind of hollow , dome-shaped r e e f ,  as judged by th e ir  great  

d iv e r s i ty  and abundance in  the f i s h  community of the r e e f ,  iB a lso
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Figure 20. A ssoc ia tion  of o a r d in a lf isb e s  with a long spine sea  

urohin, in s id e  dome-shaped patoh r e e f  a t  10 a depth o f f  Turtle  

Hocks, south o f Bimini, Bahamas. Although f i v e  d i f f e r e n t  apogonid 

sp e c ie s  were observed to  a s so c ia te  with t h i s  Diadema antillarum  

in d iv id u a l ,  only two are v i s i b l e  in t h i s  photograph. A ll  but one 

are Apogon maculatus. Of the two f i s h  a t  the top o f the photograph, 

the one a t  the r ig h t  ( in  p o stero -v en tra l  a speot)  i s  A. townsendi. 

(Photograph by K. Greenbaum)
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FIGURE 20



" 3 .

o f  in t e r e s t .  The t o t a l  f i s h  specimen count o f  the rotenone  

c o l l e c t io n  was 558 in d iv id u a ls ,  o f  39 d i f f e r e n t  sp e c ie s  -  a f a i r l y  

large  and d iv erse  c o l l e c t io n .  Apogonids accounted fo r  336; or 

about 60# of the in d iv id u a ls ,  and 7 or about 18#, o f  the sp e c ie s  

(not includ ing  the u n co llec ted  "pale c a r d in a l f i s h " ) .  These seven  

Bpecies (and the number c o l le c t e d )  weret P. oon k lin i (166),

A. maculatuB (114)* A. townsendi (45)» b in otatu s  ( 6 ) ,  A. p lan ifrone  

( 2 ) ,  P. pigmentaria ( 2 ) ,  and A, lach n er i ( l ) .  The only other  

fa m il ie s  in the c o l l e c t io n  approaching t h is  abundance or d iv e r s i t y  

were pomacentrids (102 in d iv id u a ls  o f 6 s p e c ie s ) ,  wrasses (40 

in d iv id u a ls  o f  5 s p e c ie s )  and g o b iid s  (39 in d iv id u a ls  o f  5 s p e c ie s ) .

The preference o f apogonids fo r  la r g e ,  protected  c a v e - l ik e  

areas in re e fe  was observed on numerous other occasions a t  Bimini 

and elsewhere in the Bahamas. The p a r t ic u la r  type of patch r e e f  

described here in d e t a i l  was simply a pre-eminent example o f th is  

tendency, and perhaps represents an id ea l  apogonid s h e lt e r  s i t e .

Some f in a l  observations o f apogonid m icrohabitats were made by 

the author and by Mitch Alvo a t  New Providence, Bahamas, while he 

and I were involved in teaching a marine b io logy  course there in  

summer, 1975* The sym biotic  a s s o c ia t io n  between Apogon quadrisquamatus 

and the sea anemoneB Bartholomea annulata and CondylactiB g ig a n tea . 

f i r s t  described by Colin and H eiser (1973)» was e x te n s iv e ly  observed 

in shallow water a t  various lo c a t io n s  o f f  t h i s  is la n d ,  in most caseB 

in vo lv in g  B. annu lata . Although Colin and H eiser reported that the 

c a r d in a lf ish  (A, quadrisquamatus as w ell  as A. aurolineatuB , fo r  which 

they a ls o  described the anemone a s s o c ia t io n )  were o ften  stung by the 

anemones, t h is  was not observed a t  Hew Providenoe, and the white spots  or



l e s io n s  caused by contact with t e n t a c le s ,  reported to  be common by 

these authors, were absent from over 70 A. quadrisquamatus specimens
i

o o lle o te d  and a s im ila r  number observed but not c o l l e c t e d ,

~ On one occas ion , as the author was attem pting to  oapture an 

A. quadrisquamatus in d iv id u a l a s so c ia te d  with a B, annulata anemone, 

a speoimen o f  the c l in id  blenny Malacoctenus maoropus turned up 

instead in  the s lu rp  gun, I t  had not been observed before then, 

but there Beemed to  be some p o s s i b i l i t y ,  beoause o f  the manner o f  

oapture, that i t  had been a s so o ia t in g  with the anemone.

Also observed a t  New Providence by Mitch Alvo (p ers .  oomm.) 

was the ubc o f empty t e s t s  o f  the sea  b i s c u i t  Meoma ven tr io o sa  by 

Astrapogon punoticu latus as d iurnal s h e l t e r s .  Twenty-one 

specimens were c o l le c t e d  from a t o t a l  o f  60 t e s t e  examined. One 

Apogon quadrlsquamatus was a lso  found in h ab it in g  a M. ven tr ioosa  

t e s t .  An a d d it io n a l  Astrapogon punoticu latus  specimen was taken 

from one of three empty t e s t s  o f  Clypeaater rosaceus (?) examined.
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I I I .  DISCUSSION

(A) Geography

Among the Bix s p e c ie s  not present in a l l  three su b d iv is io n s  of  

the Bahamas (according to Table 20) three are sp e c ie s  known from only 

a very few c o l l e c t io n s  from any l o c a l i t y .  Thus Apogon a n iso le p is  i s  

known from only two specimens, one Bahamian; A. lep tocaulus  iB known 

from only four specimens, one Bahamian; A. mosavi i s  known from f iv e  

c o l l e c t io n s ,  three made in the Bahamas. I t  iB reasonable to specu late  

that i f  more c o l l e c t io n s  were made, a t  the appropriate depths and in 

the appropriate h a b ita ts ,  the gaps in d is tr ib u t io n  in the Bahamas 

would be f i l l e d .

Among the other three Bpecies, A. aurolineatus and A. p i l l io n a tu s  

are f a i r ly  uncommon among c o l l e c t io n s  from any l o c a l i t y  and might a lso  

be recorded in a l l  three regions with more c o l l e c t in g .  A record in 

"region 3" ( t e s t  Flana Cay) for  A, p i l l io n a tu s  i s  included among the 

paratypes for  that Bpecies (BBhlke and Randall, 1966), so i t  i s  only 

region 1 that lacks a record.

The r a r i ty  o f  A. pseudomaculatus in Bahamian c o l l e c t io n s  may w ell  

represent a r e a l  d is t r ib u t io n a l  barrier  between that area and other  

areas where i t  i s  very common. I t  was suggested e a r l ie r  ( in  DISCUSSION 

of Chapter 2 ) that i t  may be e c o lo g ic a l ly  replaced in the Bahamas by 

A. townsendi or Phaeoptyx pigmentaria. Perhaps the records in region  

2 represent s tra y s  from areas where i t  i s  abundant.

Thus most, i f  not a l l ,  o f  the twenty sp e c ie s  are probably found 

throughout the Bahamas, with the p o ss ib le  exception  o f A. pseudomaculatus.



(B) Depth

Reexamination o f  the sp e c ie s  a s so c ia t io n  data (Table 7) in  

l ig h t  o f  these depth data revealB a tendency fo r  s ig n i f i c a n t ly  

p o s i t iv e ly  a sso c ia ted  sp e c ie s  to  have s im ila r  depth preferen ces .

This i s  not su r p r is in g , o f  course, s in c e  p o s i t iv e ly  a s so c ia te d  sp e c ie s  

are, by d e f in i t io n ,  c o l le c te d  to g eth er . There i s  no in d ic a t io n  o f  

whether the depth preference s im i la r i ty  oauses the a s so c ia t io n ;  or 

i f  some actu a l mutual a t tr a c t io n  causes the a s s o c ia t io n  and the depth 

preference iB secondary; or i f  the two sp e c ie s  are independently  

s e le c t in g  a s im ila r  h a b ita t  or microhabitat that tends to  occur at  

cer ta in  depth ranges; or i f  some combination o f  these fa c to r s  i s  

involved.

Species which are not s ig n i f i c a n t ly  p o s i t iv e ly  a sso c ia ted  even 

though they show a more or l e s s  p a r a l le l  depth d is t r ib u t io n ,  may be 

s e le c t in g  d i f f e r e n t  h a b ita ts  in the same depth range; or may somehow 

be a c t iv e ly  excluding each other; or might indeed be demonstrably 

asso c ia ted  in larger sample s i z e s .

There iB a c le a r  tendency fo r  n eg a tiv e ly  a sso c ia ted  specieB to 

have Very d if f e r e n t  depth preferences . Here depth may have a primary 

or secondary ro le  in causing the negative  a s so c ia t io n ;  or i t  may 

r e f l e c t  a hab itat s e le c t io n ;  or a combination o f fa c to r s  may be 

involved.
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(C) Habitat

The broad hab ita t  ca teg o r ie s  used here are more or l e s s  

q u a l i ta t iv e ly  d i s t i n c t ,  though no e f f o r t  w i l l  be made here to  

character ize  them in any d e t a i l .  Because they are arraneed in  an 

order which corresponds to the sequence from n earest  to fu r th e s t  

from land, they may a lso  be assumed to vary in some roughly  

d ir e c t io n a l  sense in c e r ta in  q u a n tita t iv e  r e s p e c ts ,  most obviously  

in depth. Thus the frequency of occurrence and abundance of  

d if f e r e n t  sp e c ie s  in d i f f e r e n t  h a b ita ts  in the sh o re lin e  to drop-off  

sequence may be expected to  bear some s im i la r i ty  to  that in the 

depth range sequence from sha llow est  to d eep est.  Comparison of the 

depth and h ab ita t  data r e v e a ls  that such a s im i la r i ty  does indeed 

obtain .

As with the depth data, p o s i t iv e  a s so c ia t io n s  (Table 7) are more 

or l e s s  r e f le c te d  by s im ila r  habitat preferen ces , and negative  

a s so c ia t io n s  by d i f f e r e n t  h ab ita t  p referen ces . I t  iB again d i f f i c u l t  

to in fer  any causal r e la t io n s h ip s .

One of the p o ss ib ly  erroneous im p lica tion s  of speaking in terms 

of depth or hab ita t  "preferences", i s  that adult f i s h  a c t iv e ly  seek  

such s i t e s .  In the case o f  apogonids, and perhaps many other f i s h  

groups, i t  may be a "seeking" or p r e fe r e n t ia l  s e t t l i n g  a t  the la r v a l  

recruitment stage that brings a sp e c ie s  permanently to  a p a rt ic u la r  

s i t e .  This i s  ind icated  by the t o ta l  absence of c a r d in a lf ish  and 

near absence o f  other f i s h  sp e c ie s  from the dome r e e f  a t  Bimini for  

a t  l e a s t  10 days a f te r  the rotenone c o l le c t io n  was made ( j .  C. Tyier,  

pers, comm,).
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Indeed i t  i s  at recruitment or e a r l i e r ,  in the p e la g ic  la rv a l  

period o f  the l i f e  h is to ry  o f  c a r d in a lf ish e s  (and many other s p e c ie s ) ,  

that many c ru c ia l  com petitive mechanisms and com petit ion-avoid ing  

mechanisms may be op era tive ,  but there has been very l i t t l e  in v e s t ig a t io n  

in th is  area.

(D) Kicrohabitat

Certain o f the microhabitat a s s o c ia t io n s  observed, as w ell as 

certa in  others described in the l i t e r a t u r e ,  may c e r ta in ly  play an 

important ?:.rt in tne avoidance o f com petition among the various  

ca r d in a lf ish  rp ec ie s .

The a s so c ia t io n  o f  A. quadrisquamatus and A. aurolineatus with 

sea anemones (Colin and H eiser , 1973) observed for  the former sp e c ie s  

during the present study, not only p ro tects  these sp e c ie s  from 

predators, but a lso  provides them with s h e lt e r  space d i s t in c t  from 

that of other s p e c ie s .

The intim ate symbiotic a s so c ia t io n  o f Astrapogon s t e l l a t u s  with 

the l i v e  queen conch Strombus gigas (.Randall, 19o4 ) and sometimes 

with the b iva lve  mollusk Atrina r ig id a  (L iv ingston , 1971) provide 

i t  with a unique type of s h e lt e r .

Although Fhaeopt.yx xenus has been observed to be a sponge 

dw eller in the Bahamas and Aest Indies  ( l^ le r  and Bohlke, 1972), 

ev id en tly  lea v in g  i t s  sponge microhabitat only fo r  nocturnal foraging  

(Smith and Tyler, 1972), i t  has been observed apart from th is  

a s so c ia t io n  in the eastern  Gulf o f  Mexico (G. B. Smith, 1976).

This d if fe r e n c e  i s  rev ea lin g  in terms o f the com petition-avoid ing
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role  of the a s s o c ia t io n ,  Bince apogonids are far  l e s s  d iverse  in the 

l a t t e r  area and the congeners o f P. xenuB may even be absent 

(G. B. Smith assigned previous eastern  Gulf records o f P. con k lin i  

and P. pigmentaria to P. xen u s). The more h igh ly  com petitive  

m ilieu  o f Caribbean r e e f s  may be what sometimes promotes the occurrence 

of Apogon quadrisquamatus in tubular sponges (Tyler and Bohlke, 1972).

The ro le  of the apogonid-sea urchin a s so c ia t io n  in terms of  

in t e r s p e c i f i c  com petition i s  not a& c le a r .  The observation  of th is  

habit fo r  A. b in o ta tu s , A. maculatus, A. townsendi, P, con k lin i and 

Z* Pigtnentaria adds three sp e c ie s  to the l i s t  o f  apogonids showing 

the a s so c ia t io n  in the rfestern A t la n t ic .  Prev iously  i t  had been 

recorded fo r  A. maculatus (L iv ingston , 1971), P. pigmentaria (Smith 

and Tyler, 1972), and questionably fo r  A, quadrisquamatus (Smith and 

T^/ler, 1972 ). Since t h is  l i s t  now includes most o f  the more common 

and abundant sp e c ie s  (Tables 2 and 6 ), i t  seems qu ite  p o ss ib le  that  

the l i s t  w i l l  grow as more observations are made of the l e s s  common 

s p e c ie s ,  and that perhaps th is  behavioral c a p a b i l i ty  i s  the rule  

rather than the exception  for  c a r d in a l f i s h e s .

This suggests  that m icrohabitat s p e c i f i c i t y  may not be the 

cru c ia l  mechanism promoting c a r d in a lf ish  co ex is ten ce  in  gen era l,  

although i t  may be important fo r  a c er ta in  few s p e c ie s .  Also minimizing 

the r o le  o f  such s p e c i f i c i t y  i s  the apparent n o n - s p e c i f ic i t y  of  

A. quadriBquamatus, which has been recorded in a s so c ia t io n  with sea  

anemones, Bponges and sea urchins and a ls o  apart from any a s s o c ia t io n s .

The f a i lu r e  by the author to d e tec t  any m icrohabitat d if fe r e n c e s  

between A, maculatus and A. townsendi during the week-long Hydrolab
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o b s e rv a t io n s  argues  f u r t h e r  a g a in s t  m ic ro h a b i ta t  s p e c i f i c i t y .

Thus, a l though  the dep th  and h a b i t a t  a n a ly se s  showed t h a t  th e se  

param eters  may c o n t r ib u te  to a s p a t i a l  s e p a ra t io n  o f  c e r t a i n  s p e c ie s ,  

th e r e  iB e v id e n t ly  no such th in g  as a c l e a r l y  c ircu m scr ib ed  s p a t i a l  

n iche  f o r  each c a r d i n a l f i s h  s p e c ie s ,  w ith  a few p o s s ib le  ex cep tio n s  

such as  Astrapogon s t e l l a t u B  and P. x e n u s .

A s im i l a r  s i t u a t i o n  among s p e c ie s  o f the  t e r r i t o r i a l  pom acentrid  

g u i ld  on A u s t r a l ia n  r e e f s  led  Sale (1974, 1975* 1976) and Sale  and 

Eybdahl( 1975) to  propose a model of r e e f  f i s h  c o e x is te n c e  t h a t  

emphasizes s to c h a s t i c  f a c t o r s  r a t h e r  than  the  o rd e r ly  s p a c e -s h a r in g  

mechanisms emphasized by Smith and T y le r  (1972).

An a l t e r n a t i v e  h y p o th e s is  f o r  in s ta n c e s  o f c o e x is te n c e  w ithou t 

ap p aren t  s p a t i a l  n iche  p a r t i t i o n i n g  has been proposed by the au th o r  

(Dale, 1978 ) and w i l l  be d esc r ib e d  in  the  s e c t io n  t h a t  fo l lo w s .
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IV. MONEY-IN-THE-BANK: A MODEL FOR CORAL REEF FISH COEXISTENCE

A) Background

The apace sharing hypothesis  o f  Smith and Tyler (1972, 1973) 

i s  a comprehensive exp lanation  o f the co ex is ten ce  of sp e c ie s  in  coral  

r e e f  f i s h  communities. In th e ir  view the f in e n e s s  o f niche su b d iv is io n ,  

in terms o f various s p a t ia l  parameters, i s  a t  the b a s is  o f  the 

numerical s t a b i l i t y  of the h igh ly  d iv erse  r e e f  f i s h  community. ThiB 

view i s  c o n s is te n t  with the com petitive ex c lu s io n  p r in c ip le  and 

provides an important persp ective  fo r  understanding many o f  the 

adaptations o f  r e e f  s p e c ie s .

A ccording to  Sale  (1974, 1975) some in s ta n c e s  of r e e f  f i s h  

c o e x is te n c e  do n o t oonform to  t h i s  o r d e r ly  e x p la n a t io n ,  p a r t i c u l a r l y  

among s p e c ie s  o f  th e  t e r r i t o r i a l  pom aoentrid  g u i ld  t h a t  in h a b i t  ru b b le  

p a tc h e s .  These s p e c ie s  c o e x is t  d e s p i t e  th e  f a c t s  t h a t  space i s  

a p p a re n t ly  the  l i m i t i n g  f a c t o r  and t h a t  they a p p a re n t ly  have i d e n t i c a l  

Bpace re q u ire m e n ts .  Moreover, th e re  i s  no tendency f o r  a pa tch  to  

r e v e r t  to  i t s  o r i g i n a l  s p e c ie s  com position  a f t e r  ex p e r im en ta l  

d i s r u p t i o n ,  as might occur i f  the Bpecies com position  r e s u l t e d  from 

a  sy s te m a t ic  p a r t i t i o n i n g  o f l i v i n g  sp a c e .  S a le  and Dybdahl (1975) 

a t tem p ted  to  d e t e c t  s m a l l - s c a le  p a t t e r n s  o f s p e c ie s  d i s t r i b u t i o n  in  

sim ple h a b i t a t s  ( u n i t s  o f  l i v e  Aoropora o o ra l  and of dead c o r a l l i n e  

r o c k ) ,  b u t  f a i l e d  to  f in d  any tem pora l ( s e a s o n a l )  p a r t i t i o n i n g  of 

sp ace ,  any s u b t l e  m ic ro h a b i ta t  s p e c i a l i z a t i o n s ,  o r  any evidence of 

s p e c ie s  m utually  ex c lu d in g  each o th e r  from such u n i t s .

These f in d in g  le d  Sale  (1974, 1975, 1976) and Sale  and Eybdahl 

(1975) to  propose an e x p la n a t io n  o f  r e e f  f i s h  c o e x is te n c e  th a t
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emphasizes s to c h a s t i c  f a c t o r s  r a t h e r  than  o rd e r ly  re so u rc e  p a r t i t i o n i n g .

In  t h i s  view chance c o lo n iz a t io n  and chanoe m o r ta l i ty  determ ine s m a l l -  

s c a le  d i s t r i b u t i o n  o f s p e c ie s  and promote c o e x is te n c e .  The im portan t

f a c t o r s  t h a t  would a llow  t h i s  a r e t

1. vacant l i v i n g  space becomes a v a ila b le  randomly;

2. th e re  i s  u n c o n tro l le d  d i s p e r s a l  of p e la g ic  l a rv a e ;

3. vacancies are f i l l e d  on a f i r s t  come, f i r s t  served b asis ;

4 .  once r e c r u ite d ,  r e e f  f i s h  tend to be Bedentary.

The o v e r a l l  mechanism may be viewed as a r e e f  f i s h  l o t t e r y  (S a le ,  

1974, 1 9 7 b )  in  which superabundant p e la g ic  la rv a e  a re  t i c k e t s  in  a

l o t t e r y  f o r  space on the  r e e f  -  a  l o t t e r y  won by f i r s t  a r r i v a l s .

C oexistence  co n tin u es  because no s p e c ie s  wins or lo se s  a l l  the  tim e.

This model has provided a v a lu a b le  new p e r sp e c t iv e  f o r  u n d e rs tan d in g  

r e e f  f i s h  ecology. C e r ta in  c o n s id e ra t io n s ,  however, may argue a g a in s t  

i t s  g e n e ra l  a p p l i c a b i l i t y .

The r e la t iv e  im p o ss ib i l i ty  of making, in complex habitatB , the 

kinds of q u a n tita t iv e  observations or doing the kinds o f e legan t  

experiments that Sale (1974, 1975) and Sale and Dybdahl (1975) made 

and did in simpler h a b ita ts  perhaps d ic ta ted  th e ir  choice of these  

simpler h a b ita ts .  N everth e less ,  both rubble patches (S a le ,  1974,

1975) ar>d sm all ,  i s o l a t e d ,  l i v i n g  or dead c o ra l  c o lo n ie s  (Sale  and 

Dybdahl, 1975) may be q u a l i t a t i v e l y  d i f f e r e n t  in  some im portan t 

r e s p e c t s  from l a r g e r  r e e f  fo rm a tio n s  t h a t  su p p o rt  more d iv e rse  f i s h  

assem blages . I  would a s s e r t  t h a t ,  most im p o r ta n t ly ,  the  l a t t e r  

h a b i t a t s  seem to  be somewhat more p r e d ic ta b le  and more s t a b l e  (Smith,

1973; Smith and l'yl e r » 1975), although d ir e c t  comparison of the two 

h ab ita t  extremes by the same methods i s  needed to su b sta n t ia te  th is
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a s s e r t i o n .

There may be a more fundam ental f law  in  the  l o t t e r y  model 

r e l a t e d  to  i t s  b a s is  in  the  superabundant p ro d u c t io n  o f  d i s p e r s iv e  

p e la g ic  la rv a e  t h a t  i s  a p p a re n t ly  t y p i c a l  o f  many r e e f  f i s h  s p e c ie s .

I f  the g e n e ra l  f e a tu r e s  a s c r ib e d  to  t h i s  l a r v a  p ro d u c tio n  a re  t r u e ,  

and I  am no t a rg u in g  o th e rw ise ,  then  the  p o p u la t io n  o f  la rv a e  from 

which r e c r u i t s  a re  drawn may be viewed as a  m u l t i s p e c i f i c  poo l,  

d r i f t i n g  over f a i r l y  wide geograph ic  a r e a s ,  Random re c ru i tm e n t  from 

t h i s  pool would, s t a t i s t i c a l l y ,  have to  r e f l e c t  the  r e l a t i v e  

p ro p o r t io n s  o f  the  d i f f e r e n t  l a r v a l  s p e c ie s  in  the  poo l,  as 

emphasized by Sale and Dybdahl (1975* 1354)* "The s p e c ie s  com position 

o f a number o f  a d ja c e n t  pa tch es  w i l l  be a r e f l e c t i o n  o f  the  r e l a t i v e  

abundance of c o lo n i s t s  o f  d i f f e r e n t  3 p e c ie s ."  The l a r v a l  p ro p o r t io n s ,  

in  tu r n ,  r e f l e c t  a d u l t  p ro p o r t io n s ,  as  emphasized by Sale  (1974* 205)* 

" . . . t h e  number o f r e c r u i t s  p o t e n t i a l l y  a v a i l a b le  f o r  s e t t le m e n t  w ith in  

a  pa tch  of ru b b le  i s  dependent on the  t o t a l  p o p u la t io n  o f  anim als of 

t h a t  s p e c ie s  in  the r e g io n ,  and i s  independent of the  numbers in  th a t  

p a r t i c u l a r  p a tc h ."

I  would argue th a t  t h i s  framework p re c lu d e s  th e  p o s s i b i l i t y  o f 

a v o id in g  co m p e ti t iv e  e x c lu s io n  between two c lo s e ly  r e l a t e d  (or 

i n t r a g u i l d )  s p e c ie s .  E i th e r  each s p e c ie s  somehow always has an 

average  la rv a  p o p u la t io n  (average in  s p a t i a l  and tem poral term s) in 

t h i s  pool t h a t  i s  p r e c i s e ly  the  p ro p o r t io n  n ecessa ry  to  c o n t in u a l ly  

renew the  a d u l t  p o p u la t io n  p ro p o r t io n s ,  or one s p e c ie s  w i l l ,  based on 

even the  s l i g h t e s t  co m p eti t iv e  advan tage , have a  tendency to  

p r o g re s s iv e ly  enhanoe i t s  p ro p o r t io n s  in  the  l a r v a l  p o o l,  r e s u l t i n g  

in ex o rab ly  in  the  co m p eti t iv e  e x c lu s io n  of the  o th e r  s p e c ie s .
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Attainment of the f i r s t  con d ition , or avoidance o f  the second, would 

require the e x is te n c e  o f some counterbalancing mechanism or negative  

feedback c o n tr o l .

Sale (1974) c i t e s  Beverton and Holt (1957) in support o f one 

p o s s i b i l i t y ,  that high m ortality  of p e la g ic  larvae has some 

hom eostatic e f f e c t  on r e la t iv e  recruitment proportions, but how th is  

would work i s  not exp la ined . Perhaps there iB p r e fe r e n t ia l  predation  

on the more abundant la rv a l  s p e c ie s .  That larvae o f  c lo s e ly  re la ted  

sp e c ie s  might d i f f e r  enough for  such predator s e l e c t i v i t y  i s  

supported by McPhail's ( 1569) demonstration that larvae o f  two g e n e t ic  

v a r ie t ie s  of s t ick leb a ck  show behavioral d if fe r e n c e s  a f f e c t in g  th e ir  

v u ln e r a b i l i ty  to  predation.

In terms o f  the lo t t e r y  analogy, i f  one s p e c ie s  can boy a t l e a s t  

a few more t ic k e t s  than another, or , more p r e c i s e ly ,  i f  one sp ec ie s  

can have more t ic k e t s  in the drum at the moment o f drawing, then that  

s p e c ie s '  s t a t i s t i c a l l y  in e v ita b le  grea ter  number o f  wins w i l l ,  by 

p o s i t iv e  feedback, ev en tu a lly  e lim in ate  the other sp e c ie s  from the game.

I f  the "larval pool" scenario  i s  more or l e s s  v a l id ,  then the 

whole geographic range of two sympatric sp e c ie s  may be viewed more or 

l e s s  as a c losed  system. In that ca se ,  i f  the two sp e c ie s  are 

stron g ly  competing fo r  the l im it in g  resou rce , com petitive exc lu sion  

w il l  r e s u l t .  Again, i f  th is  scenario  iB v a l id ,  lo c a l  s p a t ia l  and 

temporal u n p r e d ic ta b i l i ty  i s  irr e le v a n t  -  i t  would only add some 

"noise" to  the system.

Sale and Dybdahl (1975* 1354) have a sser ted  that "The sp e c ie s  

composition of the f i s h e s  occupying small areas on a r e e f  w i l l  be 

best understood in terms of chance co lo n iz a t io n  and chance m o rta lity .
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Competitive in te r a c t io n s  between r e s id e n ts  seem l ik e ly  to be 

important only in so fa r  as they a f f e c t  e i th e r  o f  these proceases."

This may be true, but com petition in these terms i s  a l l  that i s  

necessary to  bring about com petitive ex c lu s io n .

In the a l te r n a t iv e  model (and f in a n c ia l  analogy) presented  

below, two or more sp e c ie s  (" investors" ) can c o e x is t  in some h ab ita ts  

("stock market") because o f  excess  larva production (" in terest" )  in 

other h ab ita ts  ("savings banks") in which they occur a lone.

(B) Analogy

At year ly  in te r v a ls ,  in vestors  a ,  £ ,  and c_ convert a l l  th e ir  

investments in to  cash, which they then r e in v e s t .  At each reinvestment  

time in vestors  a, b, and_c put 310,000 into  5$ annual in te r e s t  accounts  

at savings banks A, 3, and £ ,  r e s p e c t iv e ly ,  and a variab le  amount in 

the stock  market (X), A year la te r  each in vestor  converts hiB bank 

accou n t($10,500) and stocks in to  cash. He then r e in v e s ts  310,000 in 

the bank and the remainder in the stock  market. Each year be plays  

the stock  market with an amount equivalent to the money obtained from 

s e l l i n g  l a s t  y e a r 's  stocks plus h is  bank in te r e s t .  No matter how 

badly h is  stocks do in  any year , he always has a t l e a s t  3500 to  

in vest  in stocks the next year . The continued presence year a f te r  

year in a f lu c tu a t in g  stock  market o f  in vestors  a ,  h, and £ ,  whose 

luck and investment wisdom may n o ticea b ly  d i f f e r ,  w i l l  puzzle the 

observer who i s  unaware o f the bank accounts, and who looks only 

where a l l  three in vestors  are found togeth er , i . e . ,  the stock market.



(C) Model

In the model, in v esto rs  *i, b, and £  represent three sympatric  

r e e f  f i s h  s p e c ie s .  I n s t i tu t io n s  A, B, and £  are habitatB in to  which 

only Bpecies a, b, and r e s p e c t iv e ly ,  can r e c r u it  s u c c e s s fu l ly  and 

grow to maturity. £  i s  a h ab ita t  type that can and o ften  does support 

a l l  three s p e c ie s .  Luck and investment wisdom are analogous to  chance 

and com petitive advantage. X h ab ita ts  may be more common; consequently  

we would tend to conclude that the co-occurring sp e c ie s  have very 

s im ila r  hab ita t  preferences . I t  i s  the d iv e r s i ty  observed in X 

h ab ita ts  that we u su a lly  try to exp la in .

(D) Assumptions

This system could maintain a dynamic equilibrium  i f :

1. The planktonic larvae o f  these three sp e c ie s  c o n s t i tu te  a 

"pool" within which a t l e a s t  some of the larvae d isp erse  over a 

f a ir ly  wide geographic area.

2 .  The sp e c ie s  in question  are sedentary a f te r  recruitm ent.

3. Adults o f  a sp e c ie s  l i v in g  in i t s  monospecific h ab ita t  

produce enough larvae to  insure repopulation of that h a b ita t ,  plus a 

s u f f i c i e n t  excess  to  enter  in to  com petition with other Bpecies in the 

m u lt is p e c i f ic  h a b ita ts .

Assumptions 1 .  and 2 .  are more or I s b s  s im ila r  to  assumptions 

made by Sale (1974» 1976)  for  the r e e f  f i s h  lo t t e r y  model, and 

probably apply to a wide v a r ie ty  of r e e f  f i s h  s p e c ie s .  Assumption 3. 

i s  an exten sion  of assumption 1 .
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(E) Features

1 . The r e la t iv e  su ccess  of a, £ ,  and £  in repopulating  X 

h a b ita ts  could be v a r ia b le ,  depending on chanoe and d if fe r e n c e s  in 

com petitive advantage in X. h a b i ta t s .  I f  the an£* 

r e la t io n s h ip s  did not e x i s t  and only X was a v a i la b le  to £ ,  £ ,  and £ ,  

theBe two fa c to r s  would promote com petitive e x c lu s io n .  The model 

allows- a large s to c h a s t ic  element to  operate in X. h a b ita ts  without 

u p se tt in g  the dynamic equilibrium .

2. A, B, and £  could be rare h a b ita ts  i f  a great excess  o f  larva  

production i s  assumed, or l e s s  rare i f  l e s s  excess  i s  assumed.

3. There are two p o ss ib le  r e la t io n s h ip s  between a and A, e t c . i

a ) A i s  a marginal h ab itat for  a, b, and £ ,  a l l  o f  which 

s e t t l e  th ere , but only a su rv iv es .

b) A i s  the "preferred" h a b ita t  of a, and s e le c t io n  has 

promoted i t s  tendency to  r e c r u it  there; £  and £  do not 

r e c r u it  there s u c c e s s fu l ly .

Natural s e le c t io n  would tend to drive con d ition  a) to cond ition  b ),  

lead ing  to greater  and greater  d if fe r e n c e s  in  h ab ita t  preference, and 

l e s s  and l e s s  c o e x is te n c e .  U ltim ately  ja, £ ,  and £  would not be 

com petitors; s e le c t io n  could lead to adaptation and a decrease in  

what Slobodkin and F ish e lson  (1974) have termed "point d iv e r s i t y ."

4* I f  we look a t the sp e c ie s  in question  only in X, h ab ita ts  

(where we would tend to  concentrate our observation , in an e f f o r t  to  

understand that d i v e r s i t y ) ,  the apparent id e n t i ty  o f th e ir  hab itat  

requirements would seem to  be the proximate fa c to r  r e s u lt in g  in 

co ex is ten ce  o f  the three s p e c ie s .  This co ex is ten ce  u lt im a te ly



depends, however, on the niche d if fe r e n c e s  operating in A, B, and C_ 

h a b ita ts  -  d if fe r e n c e s  we would not tend to  see  in X. Thus h ab ita t  

s im i la r i ty  i s  required fo r  the coex is ten ce  to be observable a t  a 

point in  space and time, but would promote com petitive ex c lu s io n  in  

the long run, in the absence of A, B, and C h a b ita ts .

5. Production o f superabundant larvae over a prolonged breeding  

season seems to be a c h a r a c te r is t ic  that has evolved in many ree f

1 ish f a m i l ie s ,  and t h is  c h a r a c te r is t ic  would a llow  the great d iv e r s i ty  

we observe in these groupB. In f a c t ,  excesB r e cru ita b le  larva  

production would be s e le c te d  for  in th is  model.

6 . The la rv a l  pool would act as a b u ffer ,  insuring that lo c a l  

e x t in c t io n s  are only temporary, s in ce  such e x t in c t io n s  would have 

l i t t l e  e f f e c t  on the number of r e c r u it s  a v a ila b le  to  repopulate  

that area,

7 . In a variant o f  the model, two sp e c ie s  could c o e x is t  in X 

h ab ita ts  even i f  only one had a bank account h a b ita t ,  as long as the 

other sp e c ie s  had a d e c is iv e  com petitive advantage in X h a b ita ts .

8 . A_, 3, and £  h ab ita ts  could take severa l d i f fe r e n t  forms:

a) a suboptimal m icrohabitat: perhaps some f a c u lta t iv e

symcioses serve t h is  purpose

b) a marginal, broad hab ita t  type or depth range

c)  a geographic refugium: e . g . ,  i f  the upcurrent edge o f  the 

range o f  sp e c ie s  a_ i s  beyond that o f b_ (perhaps a_ can 

to le r a te  some environmental extreme b etter  than b) then 

th is  fr in g e  area would be the A h ab ita t  or bank account 

of sp e c ie s  a.
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(F) Examples

Certain patterns in the hab ita t  and depth data d iscussed  e a r l i e r  

seem to  f i t  the money-in-the-bank model. For example, in terms of  

broad hab ita t  types (Figures 15 and 16) Apogon lachneri i s  absent 

from the sh o re lin e  h ab ita t  but common and abundant at the d ro p -o ff ,  

while A. roaculatus iB absent at the drop-off  and common and abundant 

at the sh o r e lin e .  In a third h ab ita t  category, the outer s h e l f ,  both 

sp e c ie s  are present, o ften  in the same sample. This hab ita t  tends to  

have the g r e a te s t  apogonid sp e c ie s  r ichness  (as w ell as the h ighest  

o v era ll  f i s h  d iv e r s i t y )  o f  the three. The money-in-the-bank  

in ter p r eta t io n  would be that the sh ore lin e  and the drop-off  are the 

A and 3 h a b ita ts  o f  A. maculatus (a) and A. lach n er i (b ) ,  r e s p e c t iv e ly ,  

and that the outer s h e l f  i s  the X h a b ita t .  A. lachneri and 

A. maculatus a lso  d i f f e r  markedly in th e ir  dep’-h preference, and 

s in ce  these three hab ita t  tyres tend to  occur at d i f f e r e n t  depths, 

depth could be the overrid ing  fa c to r .

Another pair of sp e c ie s  may serve to exemplify the model in terms 

of depth (Figures 13 and 14 ) .  In the &-1C and 11-2C f e e t  ranges,

A. phenax is  absent from a l l  samples, while A. b inotatus  f a ir ly  

common. In the 91-140 f e e t  range A. b inotatus i s  absent and A. phenax 

i s  present. At intermediate depth ranges both sp e c ie s  occur, 

sometimes together . The in ter p r e ta t io n  here i s  that shallow water 

or deep water may provide bank account h a b ita ts  fo r  sp ec ie s  that  

c o e x is t  at intermediate depths.

F a cu lta t iv e  symbioses among western A tla n tic  apogonid sp ec ie s  

might a lso  be in terpreted  in terms of the model. quadrlBquamatuB
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and A. aurolineatue are each found in a v a r ie ty  o f  h a b ita ts ,  but 

both a s so c ia te  in some oases with sea anemones (as described e a r l i e r ) ,  

an a s so c ia t io n  whioh may function  as a bank account. The fa c u lta t iv e  

a sso c ia t io n s  o f  some apogonid sp e c ie s  with Diadema antillarum  might 

a lso  represent bank accounts v i s - a —v is  other sp e c ie s  lack ing  th is  

habit (u n le ss ,  as speculated e a r l i e r ,  the a b i l i t y  to  enter  such an 

a sso c ia t io n  i s  shared by most or a l l  o f  the s p e c ie s ) .

The examples g iven  above are not o ffered  as any kind o f d e f in i t iv e  

demonstration of the model, which would require far  more exten sive  

evidenoe.

G) Summary and concluding remarks

The money-in-the-bank model may be summarized as fo l lo w s .  Two 

or more sp e c ie s  among which there i s  no apparent s p a t ia l  resource  

p a r t it io n in g  in the h a b ita ts  in which they c o e x i s t ,  avoid com petitive  

exc lu sion  because of other habitatB in  which they occur a lone.

Excess larva production from the m onospecific h a b ita ts  insures a 

continual supply o f  r e c r u i t s  fo r  the m u lt i s p e c i f ic  h a b ita ts .

This model represents  a v a r ie ty  of niche overlap , and the variant  

(fea tu re  7.» above) i s  a v a r ie ty  of niche in c lu s io n  ( s e e ,  e . g . ,  Pianka, 

1974 and Colwell and Fuentes, 1975 fo r  d iso u ss io n s  o f th e s e ) .  In 

e i th e r  caBe, in the present a p p lic a t io n ,  the tendency toward 

com petitive exc lu sion  in the superimposed region  i s  m itigated by 

d isp e r sa l  from the non-superimposed r e g io n ( s ) .  Levin (1976a, 1976b) 

emphasizes the importance of d isp e r sa l  and o f  f u g i t iv e  s t r a t e g ie s  in 

f a c i l i t a t i n g  a s im ila r  kind o f  ooexistenoe o f com petitors. The r e e f
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f i s h  la r v a l  pool represents  the "bath" o f  h is  c a lc u la t io n s .

An underlying assumption of the model i s  that larvae o f the 

s p e c ie s  in question are e c o lo g ic a l ly  id e n t ic a l .  I t  i s  p o s s ib le ,  

however, that one or more mechanisms operating a t th is  stage provide 

the n egative  feedback necessary to prevent com petitive ex c lu s io n .

As mentioned e a r l i e r ,  d i f f e r e n t i a l  predation on the la rv a l  sp e c ie s  

might have th is  fu n ctio n . Various other kinds of niche separation in 

the p e la g ic  stage or at s e t t l i n g  might a lso  override the e f f e c t s  o f  

p o st la rv a l  com petition . In the v ir tu a l  absence of information on 

the ecology of r e e f  f i s h  larvae , one can only specu la te  on these  

m atters .

Another somewhat tenuous underlying assumption concerns the 

a p p l ic a b i l i t y  of the com petitive ex c lu sion  p r in c ip le .  In instances  

where predation keeps competing prey populations below carrying  

ca p acity ,  the p r in c ip le  may not apply, as has been shown in numerous 

f i e l d  s tu d ie s  ( e . g . ,  Connell, 1961) and laboratory s tu d ies  ( e . g . ,  

Slobodkin, 1964), as w ell as th e o r e t ic a l ly  (Parrish and B aila , 1970) 

and by sim ulation  (Cramer and Kay, 1972). ThiB e f f e c t  may be 

r e le v  nt in the present con tex t.  A lte r n a t iv e ly ,  a network o f  

in ter feren ce  com petition among s im ila r  s p e c ie s  may allow coex istence  

without any heavy predation (Jackson and Buss, 1975).

With or without these cautionary con sid eration s  I do not propose 

the money-in-the-bank model as a comprehensive explanation  of ree f  

f i s h  co ex is ten ce  and d iv e r s i t y .  I t  may, however, help exp la in  some 

apparent exceptions to  the space sharing h yp oth es is .  Perhaps other 

apparent exceptions w i l l  prove, upon c lo se r  in sp ect io n , not to  be 

e x cep t io n s .  On the other hand, in many cases  the mechanics of
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short-term species distribution patterns may indeed be best

understood in purely Btochastio terms.

Even communities that are s ta b le  over long periods may have a 

la rg e ly  s to c h a s t ic  b a s is .  I would suggest that the "urn and b a l l  

game" (Cohen, 1976} May, 1976) i s  an apt metaphor for  exp la in in g  

some o f the apparent order and determinism o f  larger r e e f  f i s h  

communities. In th is  game an urn i n i t i a l l y  contains one black, and 

one white b a l l ,  and then one b a l l  i s  randomly removed a t  a time and 

put back with another o f  the same c o lo r .  After a large number o f  turns 

the proportion of white b a l l s  w i l l  tend to  converge on some steady ,  

l im it in g  value. This va lue, however, i s  equally  l ik e ly  to be 

anywhere between 0 and 1, and e s s e n t i a l l y  depends on the vagaries  of  

the f i r s t  few turns. I f  only one run o f the game iB w itnessed , there  

i s  a strong i l l u s i o n  o f determinism, even though the r e s u l t  depends 

on a purely s to c h a s t ic  process . In the coral r e e f  co n tex t ,  the long  

term s t a b i l i t y  o f the t o ta l  b io t i c  community of a r e e f  may u lt im ate ly  

depend on the s t a t i s t i c a l  acc idents  of ear ly  co lo n iz a t io n .  Russel

e t  a l ,  (1974) demonstrated the importance o f chance fa c to r s  in the

c o lo n iza t io n  o f  a r t i f i c i a l  r e e fs  by cora l r e e f  f i s h e s .

I t  iB u n lik e ly  that co ex isten ce  o f sp e c ie s  in the coral r e e f  f i s h  

community, among the most d iverse  and complex of verteb ra te  communities, 

w il l  be completely exp la inab le  by any one general model. As pointed  

out by Clarke (1977)* d if f e r e n t  mechanisms may even operate among 

d if fe r e n t  sp e c ie s  w ithin  a s in g le  genus. I t  i s  p o s s ib le ,  however, 

that severa l sim ple, in te r a c t in g  mechanisms may adequately account 

fo r  the greater  part o f  the coex isten ce  and d iv e r s i ty  in t h is  community. 

The money-in-the-bank model i s  here proposed as one of these  mechanisms.



/  9 * .

CHAPTER FOURi Temporal Factors

I .  METHODS

(A) Reproductive se a so n a li ty

One p o ss ib le  means o f  com petition avoidance among the various  

apogonid sp e c ie s  would be d if fe r e n c e s  in reproductive season. This 

might function  in sev era l ways. For example, more t e r r i to r y  or more 

of a sp e c ia l  kind of s h e lte r  might be required during courtsh ip  or 

during the brooding o f eggs . Staggering o f reproductive season would 

reduce in te r s p e c i f i c  com petition fo r  such te r r i to r y  or s h e l t e r .

Another p o s s i b i l i t y  would be avoidance of s p a t ia l  or trophic  competition  

between newly recru ited  ju v en iles  of d i f f e r e n t  s p e c ie s .

One simple way of a s se s s in g  the p o s s i b i l i t y  of reproductive  

season d if fe r e n c e s  would be to record evidence o f reproductive condition  

in the adu lt  specimens being s tu d ied , and tab u late  these  data  

according to month of capture. This was done u sin g , as ev idence,  

mouth in brooding condition  ( i . e . ,  g r e a t ly  expanded buccal c a v i ty ) ,  

or eggs a c tu a lly  found in the mouth. Several in sta n ces  o f  oral 

brooding observed in tne f i e l d  were added to  t h is  ta b u la t io n ,  as were 

records from the l i t e r a t u r e .

A second kind of evidence would be seasonal d i f fe r e n c e s  in the 

occurrence o f r e c r u i t - s iz e d  in d iv id u a ls  of the d i f f e r e n t  s p e c ie s .

Such evidence was sought by ta b u la t in g  the occurrence of specimens 

under 15 mm standard length  according to  month o f  capture. This 

c r i te r io n  i s  approximately eq u iva len t to  " 20 mm t o t a l  length",

which Luckhurst and Luckhurst (1977) used to  d es ign ate  r e c r u i t - s iz e d  

apogonids.
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(B) Circadian a c t i v i t y  patterns

1. In s i t u  observation

C ard ina lfishes  in general are considered nocturnal in h a b its ,  

and there ere no known exceptions to  th is  in the western A tla n tic  

(although some d iurnal sp e c ie s  occur e lsew h ere) .  N everth e less ,  the 

c l a s s i f i c a t i o n  "nocturnal" may obscure more su b t le  d i f fe r e n c e s  in 

a c t i v i t y  c y c le s  that could be important in  the avoidance o f  com petition .  

Perhaps because o f the d i f f i c u l t i e s  and hazards involved in night  

d iv in g , few f i e l d  observations of card inall'ish  nocturnal h a b its  have 

been made, dome of' the most u se fu l and d e ta i le d  information was 

c o l le c te d  by C o lle t te  and Talbot (1972) during th e ir  saturated  d iv ing  

m ission from t;.e T ek tite  underwater h a b ita t .  The numerous advantages 

of d iv in g  under such con d it ion s  made p o ss ib le  the prolonged iji s i t u  

observations that enabled these in v e s t ig a to r s  to  document sub tle  

d if fe r e n c e s  in nocturnal-d iurnal changeover among various r e e f  f i s h  

s p e c ie s ,  inc lud ing  sev era l apogonid s p e c ie s .

C o llec t io n  of changeover data fo r  the present study was carried  

out by the author during the seven-day saturated  d iv in g  m ission (from 

the underwater h a b ita t  Hydrolab, o f f  Grand Bahama, in March, 1973) 

that was mentioned e a r l i e r .  During th is  week, the author and the two 

other aquanauts, C. Lavett Smith and Marvin Greenbaum, made a to ta l  

of 26 excu rs ion s , two men at a time, from the h ab ita t  to  a s e le c te d  

patch r e e f  a t  a depth of 15 m. Figure 17 shows the ty p ic a l  daytime 

d is tr ib u t io n  o f  apogonid sp e c ie s  on and near t h is  study r e e f .

The excursions averaged about 1 hour and 25 minutes each, and the 

author took part in 17 of them, includ ing  four during evening



changeover, two during morning changeover, and two n ight d iv es .  

A c t iv i ty  pattern  observations made during these  d ives  are described  

in Dale (1975) anci t h is  chapter.

2 ,  L a b o r a t o r y  o b s e r / a t i o n

During the summer of 1974 the author was able to spend about 3  ̂

months a t  the Lerner Karine Laboratory, the American Museum's f i e l d  

s ta t io n  in Dimini, Bahamas. One o f  the p ro jec ts  in i t ia t e d  during 

th is  time was a laboratory in v e s t ig a t io n  o f c a r d in a lf ish  changeover 

behavior.

Live specimens o f  s ix  d i f f e r e n t  apogonid sp e c ie s  were c o l le c t e d ,  

using SCUBA, with the f i s h  a n e s th e t ic  qu inald ine. Several c o l l e c t in g  

tr ip s  were made to  each of two lo c a t io n s :

Location # 1 i a curved rocky ledge about 75 m in len g th , a t  a 

depth of 3 to  7 m, in the Bimini lagoon about 250 m ea s t  o f  the 

d e sa lin a t io n  p lant on North Bimini.

Location $2t  a cora l-rock  ledge a t  about 7 m depth, about 15 m 

west o f the western s id e  of the northern end of the northernmost 

is land  of Turtle Hocks, south o f South Bimini.

Because of the i n i t i a l l y  high m orta lity  of specimens during and 

sh o r tly  a f t~ r  c o l l e c t io n s  were made, sev era l changes and improvements 

were made in the c o l l e c t in g  technique, which v ir t u a l ly  e lim inated th is  

problem:

a) At f i r s t ,  20$ quinaldine in acetone, carried  in a small

p la s t i c  dishwashing detergent b o t t le  with c lo sa b le  sq u ir t in g  

top, was used fo r  c o l l e c t in g  sev era l f i s h  a t a time. This 

concentration  was fa r  higher than necessary (and may have
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contributed to the lo s s  o f  specim ens), but s in c e  the 

quinald ine-acetone  so lu t io n  was d ilu ted  with incoming 

water a f te r  each squeeze, i t  seemed s u ita b le  to  s t a r t  with 

a high concentration  so that t h is  d i lu t io n  did not render 

the mixture in e f f e c t iv e  a f te r  the f i r s t  few squeezes. This 

problem was solved  by the invention  of a simple device for  

sq u ir t in g  the a n e s th e t ic  without any d i lu t io n  (Figure 21A). 

n'ith the aid o f  th is  d ev ice ,  10% quinaldine in acetone could 

be used.

b) Anesthetized f i s h  or stunned f i s h  (only p a r t ia l ly  

an esth et ized  and s t i l l  able to evade capture) were c o l le c te d  

with a dip net or s lurp gun and transferred  to a mesh bag 

(the standard ye llo w  nylon "goody bag" commonly a v a i la b le  in 

dive shops). Since the bag was not held open in any way 

a f te r  the metal r in g  at the mouth was c lo se d ,  f i s h  c o l le c te d  

soon a f te r  tne beginning of a dive were rubbed around quite  

a b i t  in the fo ld s  o f  the bag during the r e s t  of the d ive ,  

s u s ta in in g  damage to f in s  and s c a le s .  A kind of frame d e v ic e ,  

placed in s id e  the bag to  hold i t  open, was made by cu tt in g  

se c t io n s  out of a p l a s t i c  f iv e - g a l lo n  bucket (Figure 21B),

and th is  problem was minimized,

c) Because apogonids have a p h y so c lis to u s  swim bladder, which 

a d justs  buoyancy rather s low ly , i t  i s  p o ss ib le  that in sp ite  

o f  the r e la t iv e  shallowness o f the c o l l e c t i n g  lo c a t io n s ,  

specimens were injured as a r e s u l t  o f  swim bladder expansion  

during ascent to  the surface a t  the end o f  a c o l l e c t in g  d iv e .  

Therefore a p ra ct ice  of ascending very s low ly  with the



/97.

Figure 21. Two d ev loes  used in o o l le o t io n  o f  l i v e  f i B h  specimens.

(A) P la s t i c  b o t t le  used fo r  sq u ir t in g  quinaldine a n e s th e t ic  s o lu t io n ,  

without d i lu t io n  occurring during u se . (B o t t le s  o f  a s u i ta b le  e l s e  -  

about 200 to  400 ml -  with f l i p - t o p  n ozz les  or s im ila r  to p s ,  are 

used fo r  various household produots. The b o t t l e  should be f l e x i b l e  

but not s o f t ,  and f l a t  in  shape rather than o y l in d r io a l ) .  A 

polyethylene bag large  enough, when f u l l y  expanded, to  f i l l  the 

in s id e  o f  the b o t t le  and extend out and over the neck, i s  placed  

in s id e  and f i l l e d  with the quinaldine s o lu t io n .  The cap i s  screwed 

on over that part o f  the bag that extends over the neck (some 

v a s e l in e  or s i l i c o n e  grease f a c i l i t a t e s  t h i s ) .  For use underwater 

the nozzle  i s  opened and the b o t t le  i s  squeezed while covering the  

hole with the thumb. Irfhen the n ozzle  ie  c losed  and the thumb 

removed, an amount o f  water enters  the b o t t l e ,  ou ts id e  the bag, that  

i s  eq u iva len t to  the amount o f  s o lu t io n  that was ex p e lled  from the 

bag. This oan be repeated u n t i l  the bag i s  empty. (B) Frame 

d ev ice ,  placed in s id e  nylon mesh o o l l e c t in g  bag, to  reduoe in ju r ie s  

to c o l le c t e d  f i s h .  Four s e c t io n s  from the s id e s ,  and a c ir c u la r  

s e c t io n  from the bottom, are removed from a f l e x i b l e  p l a s t i c  

f iv e - g a l lo n  bucket.
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o o l le c te d  specimens (roughly two or three meters per minute) 

was soon adopted.

The f i s h  were maintained fo r  a t  l e a s t  a day a f te r  capture in one 

o f  the large outdoor concrete tanks at the Lerner Lab in f low in g  sea  

water. They were then transferred  to  a s e r ie s  o f  e ig h t  g la s s  and 

plywood aquaria, a lso  outdoors, which were provided with flow ing  sea  

water. The configuration  of these experimental tankB i s  shown in 

Figure 22*

As many as 12 in d iv id u a ls  o f a given c a r d in a lf ish  sp e c ie s  were 

kept in a given tank. Each tank was provided with an open area and 

a s h e lt e r  space (c inder b lock ).  The time of entrance in to  and e x i t  

from the s h e lt e r  spaces o f each sp e c ie s  in the morning and evening  

was monitored for  3 days and again fo r  6 days with a second s e r ie s  of  

p opulations. This was done by dropping a p le x ig la s  p a r t i t io n  between 

the open area and the s h e lt e r  space, and then counting in d iv id u a ls  in 

the two areas . The p a r t it io n  was then raised  u n t i l  the next count. 

Counts were made a t 15 minute in te r v a ls  during the morning and evening  

monitoring p eriod s. In most cases the monitoring covered the period 

between 0530 and 120C hours and between 1700 and 21GC hours. The 

r e s u lt in g  data were analyzed in an attempt to d etec t  s p e c ie s - s p e c i f i c  

d iffe r e n c e s  in changeover time.

Changing l i g h t  l e v e l s  during the course of these observations  

were monitored with a Photovolt l i g h t  meter (model #200, Photovolt  

Corp., N. Y. C .) which gave readings on four s c a le s :  5» 25» 100, and 

500 fo o t -c a n d le s .  A reading was taken once during each monitoring  

period , immediately a f t e r  the p a r t i t io n s  were dropped in the tanks.

Although each o f  the tanks was id e n t ic a l  in con stru ction  and



Figure 22. Outdoor f low in g  sea water aquaria a t  the Larner Marine 

Laboratory, (A) Tanks as modified fo r  changeover o b serv a tio n s .

Each tank i s  about $0 om wide x 65 cm long x 35 om deep, and i s  

constructed o f  plywood, with a g la s s  f r o n t ,  (B) Diagram showing 

tank m o d if ica t io n s .  1, Cinder blook in s id e  tank, ju s t  behind g la ss  

fr o n t .  2 .  P le x ig la s s  p a r t i t io n ,  shown in r a ise d  p o s i t io n ,  a llow ing  

passage o f  f i s h  between open area in rear o f  tank and the cinder  

block spaoes. When dropped th is  p a r t i t io n  sep arates  the two areas .  

3, One of two s l o t s  in s id e s  o f tank in which p a r t i t io n  s l i d e s  up 

and down. 4« Hole in p le x ig la s s  p a r t i t io n  in  whioh n a i l  i s  placed  

to  hold p a r t i t io n  in r a ise d  p o s i t io n .  5» Hire connected to  t h is  

n a i l  which permits dropping the p a r t i t io n  without c lo s e ly  

approaching the tank, thus minimizing the p o s s i b i l i t y  of d is tu rb in g  

f i s h  in the tank with a n o ise ,  shadow or r e f l e c t io n  from the  

approaohlng observer. 6 . Blaok p la s t io  cu rta in  oovering the tank 

g la s s .  7 . Metal rod taped in to  lower edge o f  ourta in  to  hold i t  

f l a t  a g a in s t  g la s s .  8. Tab made o f p l a s t i c  tape , fo r  r a i s in g  

cu rta in  (a f te r  p a r t i t io n  i s  dropped) to  observe and oount f i s h  in  

oinder blook spaoes.
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o r ie n ta t io n ,  the f i s h  population in each tank was transferred  each 

night a t  the end o f the evening monitoring period to the tank on i t s  

r ig h t ,  or, in the case o f the population in tre l a s t  tank to the 

r ig h t ,  to the 1 i r s t  tank on ihe l e f t .  This minimized tre p o ss ib le  

in fluence  on the r e s u lt s  of undetected d if fe r e n c e s  between the tanks.

Fish populations were fed , d a i ly ,  with e ith e r  fr eeze -d r ied  

brine shrimp or fr e sh ly  caught l iv e  zoop lan k ters . The l a t t e r  were 

c o l le c te d  in the evening a t tr.e Lerner Lab dock during incoming or 

outflowing t id e s ,  at which time there was ample t id a l  current in the 

Bimini lagoon fo r  such c o l l e c t io n  without the need fo r  towing a n et .

A waterproof lan tern , with ICO wart bulb (to  a t tr a c t  zooplankton) was 

suspended in fron t  of the mouth of a stan-ard zooplankton n et ,  which 

was dropped to just celow the su r face . In th is  way, enough tiny  

shrimps, copepods, f i s h  larvae, e t c . ,  were c o l le c te d  in a few minutes 

to feed the f i s h  populations in the e ig h t  tanns. Because the f i s h  

were fed far  more s u c c e s s fu l ly  on th is  l i v e  food than on the f r e e z e -  

dried food, use of the la t t e r  was avoided i f  p o s s ib le .

3. Brain morphology

The p o s s i b i l i t y  that brain morphology might in some way r e f l e c t  

d if fe r e n c e s  in changeover behavior was tnen in v e s t ig a te d .  A 

preliminary survey had suggested that a cer ta in  pattern might indeed 

be demonstrable, namely that sp e c ie s  which l e f t  the s h e lt e r  s i t e  la te r  

in the evening and returned e a r l ie r  in the morning, under darker 

con d ition s  in both cases  than other s p e c ie s ,  had larger o p t ic  lobes  

( r e la t iv e  to the r e s t  o f  the brain) than the e a r l ie r - in -e v e n in g ,  

la ter-in -m orn in g  s p e c ie s .  A simple way o f  c o l l e c t in g  data
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to  t e s t  th is  p o s s i b i l i t y  was decided on. l if ter  d i s s e c t in g  away the 

integument and muscle from the dorsa l surface o f the head, and the 

th in  roo f o f  the s k u l l ,  measurements were made with a d ia l  c a l ip e r ,  

to the nearest tenth m ill im eter ,  on the dorsal aspect ol' the brain.  

"Size o f  of t i c  lobes" was measured as the sum o f  the length  + width 

of those lobes;  "rest of brain" was measured as the sum of the lengths  

+ widths of the cerebrum, cerebellum, and medulla ( f ig u re  2 3 ) .

Several a l te r n a t iv e  ways of c o l l e c t in g  th is  data , which might 

seem more d ir e c t ,  had cer ta in  d isadvantages , fo r  example, comparing 

op tic  lobe s iz e  with the l in ea r  dimensions o f the whole brain was not 

su ita b le  because of the varied degree o f bending and compactness of  

the brain among d i f f e r e n t  s p e c ie s .  These v a r ia t io n s  seem to  represent  

a sort  o f anatomical accommodation to d i f f e r e n t - s i z e d  ey es ,  which 

occupy a large part of the volume o f the h=ad in the sp e c ie s  examined 

in th is  study. Another a l t e r n a t iv e ,  d i s s e c t in g  out the whole brain  

and making the comparison on a weight b a s is ,  was r e jec ted  because of 

the far greater  d i f f i c u l t y  of the technique.

Several minor d e t a i l s  of the brain measurement technique should 

be mentioned:

a) Because of a s l i g h t  assymetry o f the cerebrum, i . e . ,  the l e f t  

hemisphere tended to be s l i g h t l y  larger than the r ig h t  one, 

length  of the cerebrum was a r b i t r a r i ly  measured as the length  

of the r ig h t  hemisphere. Width o f  the cerebrum was measured 

across both hemispheres at the widest p o in t ,  viewed d o r s a l ly .

b) Length of the o p t ic  lobes was a ls o  a r b i t r a r i ly  measured as 

length  of the r ig h t  lobe, although no assymetry was noticed  

in t h i s  ca se .  Width was again measured across both lobes at
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Figure 23 . Camera lu c id a  drawing o f  the dorsa l aspect of the brain  

o f  Apogon maoulatus. The speoimen d is s e c te d  i s  39*4 mu SL, from 

c o l l e c t io n  no. GD73-2, taken o f f  Turtle Books, south of Bimini, 

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

c )  The l o n g  a x i s  o f  t h e  cerebrum  v a r i e d  from more or  l e s s  

a n t e r i o r - p o s t e r i o r  i n  i t s  o r i e n t a t i o n  i n  some s p e c i m e n s ,  t o  

an o r i e n t a t i o n  w i t h  a n o t i c e a b l e  a n t e r o - v e n t r a l  t i l t  i n  o t h e r  

s p e c i m e n s .  T h is  v a r i a t i o n  o c c u r r e d  among d i f f e r e n t - s i z e d  

i n d i v i d u a l s  o f  t h e  same s p e c i e s  and among s i m i l a r - s i z e d  

s p e c i m e n s  o f  d i f f e r e n t  s p e c i e s ,  A more r e l i a b l e  measurement  

o f  t h e  l e n g t h  o f  t h e  cerebrum  was t h e r e f o r e  a c h i e v e d  by 

m e a s u r i n g  i t s  l o n g  a x i s ,  e v e n  i f  t h a t  r e q u i r e d  t i l t i n g  th e  

s p e c i m e n  s o  t h a t  an a n t e r o d o r s a l  a s p e c t  was b e i n g  v i e w e d .

d)  A l t h o u g h  the  m e d u l l a  d i d  n o t  s t a n d  o u t  a s  a d i s t i n c t  l o b e  or  

b i l o b e d  s t r u c t u r e ,  and t h e r e f o r e  i t s  l e n g t h  would seem  

d i f f i c u l t  t o  m e a s u r e ,  i t  had a d i s t i n c t  d o r s a l  b u l g e  i n  a l l  

s p e c i e s  e x a m in e d .  The m easurem ent  was a r b i t r a r i l y  made b e t w e e n  

t h e  a n t e r i o r  and p o s t e r i o r  e d g e s  o f  t h i s  b u l g e .

Cne a d d i t i o n a l  p o s s i b i l i t y  o f  an a n a t o m i c a l  c o r r e l a t i o n  was a l s o

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

l i k e  o t h e r  n o c t u r n a l  v e r t e b r a t e s ,  t e n d  t o  have  l a r g e r  e y e s  a s  an 

a d a p t a t i o n  t o  t h i s  h a b i t  than  t h e i r  d i u r n a l  c o u n t e r p a r t s ,  i t  seemed  

r e a s o n a b l e  t o  s u p p o s e  t h a t  d i f f e r e n c e s  in  e y e  s i z e  among the  d i f f e r e n t  

n o c t u r n a l  a p o g o n id  s p e c i e s  m ig h t  show some c o r r e l a t i o n  w i t h  c h a n g e o v e r  

b e h a v i o r .  That i s ,  a s p e c i e s  which l e f t  s h e l t e r  l a t e r  i n  t h e  e v e n i n g  

and r e t u r n e d  e a r l i e r  i n  t h e  m orn in g ,  i n  g r e a t e r  d a r k n e s s  i n  e a c h  c a s e

than o t h e r  s p e c i e s ,  m ig ht  be in  some s e n s e  "more n o c t u r n a l "  than  t h e

o t h e r  s p e c i e s ,  and have  s l i g h t l y  l a r g e r  e y e s .  Eye d i a m e t e r  m easurem ents  

were made on s e r i e s  o f  s p e c i m e n s  o f  d i f f e r e n t  s p e c i e s ,  b u t  no a p p a r e n t  

p a t t e r n  or  c o r r e l a t i o n  was o b t a i n e d ,  and t h e  r e s u l t B  a r e  n o t  p r e s e n t e d .
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II. RESULTS

(A) Reproductive s e a so n a l i ty

Table 25 g ives  the number of samples o f each sp e c ie s  that  

included one or more specimens with expanded buccal c a v i t i e s ,  and 

the number that included one or more specimens under 15 mm SL, 

according to  month of capture. Also in the tab le  are records of oral 

brooding observed by the author in preserved specimens or in the f i e l d ,  

and records of t h is  habit made by other in v e s t ig a to r s  for apogoniis  

from the Bahamas,

(B) Circadian a c t i v i t y  patterns

1. In s i t u  observation

The evening changeover period o f the c a r d in a l i i sh e s ,  the 

period when they leave th e ir  diurnal m icrohacitats lo r  nocturnal 

feed in g  areas , was observed at the study r e e f  on Larch 14, 15» 1- ^nd 

17. A rb itra r ily  d e f in in g  the l im i t s  of th is  period as the e a r l i e s t  

observed emergence from the r e e f  and the l a t e s t  observation of an 

in d iv idu a l s t i l l  in i t s  diurnal p la ce ,  the evening changeover period 

o f  A. townsendi was estim ated to be 1810-1640, and that of A. maculatus 

to be 1835-1650. A s in g le  A. p lan ifron s  was observed within the r e e f  

aa la t e  as 1845» but was never seen leav in g  or hovering outside  the 

r e e f .  I t  iB suspected that i t s  changeover period came a f te r  that of

A. townsendi and A. maculatus .

The time o f su n se t ,  ca lcu la ted  from ta b les  in the American 

Ephemeris and N autical Almanac. waB about 1823 for  these  four days
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Table 2 5 . Reproductive data for  c a rd in a lf ia h es  in  the Bahamas, 

aocording to  month. May, September, and October are omitted from 

the v e r t i c a l  column headings beoause no c o l l e c t io n s  made in these  

months were examined in the present study, and beoause o f  a lack  

o f  ora l brooding recordB in the Bahamas for  th ese  months (except an 

October record fo r  A. a f f in iB  in Smith e t  a l . ,  1971). The 

h o r izo n ta l column heading "UNDER 15 dud" g iv es  the number o f samples, 

o f  a g iven s p e c ie s ,  that included one or more specimens Issb  than 

15 mm 5L. "B.C. EXPANDED" g iv e s  the number o f samples o f a given

sp e c ie s  which include one or more Bpeoimens with the bucoal oav ity  

expanded, in d ic a t in g  ora l brooding. "O.B. EVIDENCE" g iv e s  one o f  

the fo l lo w in g  kinds o f evidence of oral brooding! a -  eggs observed 

by author in  buccal o a v i t ie s  o f  preserved specimens examined in 

th is  study; b- f i e l d  ob servation s , by author a t  Bimini, o f  oral  

brooding} o~ Charney, 1976; d -  Smith e t  a l . ,  1971; e -  Breder, 1948; 

f -  Mitoh Alvo, pera. comm,; g~ Dale, 1975? Dale, 1977.



SPECIES (SAMPLES OF 
THIS SPECIES)

Apogon 
a f f i n i s  ( 9 )

UNDER 15 mm 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon
b i n o t a t u B (33)

UNDER 15 nun 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon
l a c b n e r i (23)

UNDER 15 mm 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon
lep tocau lu s  ( l )

UNDER 15 mm 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon (77)
m a o u l a t u B

UNDER 15 mm 
B.C. EXPANDED 
O.B. EVIDENCE

MONTH (COLLECTIONS MADE IN THIS MONTH THAT 
INCLUDED AT LEAST ONE APOGONID SPECIES)

JAN(33) FEB(7) MAR(3Q) APR(6) JUN(7) JUL(l3) AUG(g) NOV(22) DEC(5)

1
a

1
1

2
3
o

1
1

1
1

a ,b ,o

Table 25 (continued) 209,



Apogon
mosavl (2)

UNDER 15 nun 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon
phenax (16)

UNDER 15 mm 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon
plan ifrona (12)

UNDER 15 mm 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon
quadrlsquamatua ( l l )  

UNDER 15 mm 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon
ro b in e i  (6)

UNDER 15 nun 
B.C. EXPANDED 
O.B. EVIDENCE

Apogon
townaend i  (44)

UNDER 15 mm 
B.C. EXPANDED 
O.B. EVIDENCE

JAN(33) FEB(7) MAR(30) APR(6 ) JUN(7) JUL(l3) AUG(2) NOV(22) DEC(5)

1
a ,h

1
I

6
3
S

1
1

a ,b

Table 25 (continued)
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JAN(33) FSB(7) MAR(30) APR(6 ) JUH(7) JUL(l3) AUG(2) N0V(22) DEC(5)
Astrapogon 
punotlcu latus ( 34)

UNDER 15 mm 6 2 5 2 2  1 -  4 1
B.C. EXPANDED - 1  -  -  -  -  i
O.B. EVIDENCE -  _ _ _  _ _

Astrapogon 
s t e l l a t u s  (2 )

UNDER 15 mm -  -  _ _ _
B.C. EXPANDED -  -  -  -  -  _
O.B. EVIDENCE -  -  -  -  e _

Phaeoptyx 
co n k lln l  (89)

UNDER 15 mm 7 2 9 2 -  6 l
B.C. EXPANDED 2 1 6 3 5
O.B. EVIDENCE c c b

Phaeoptyx 
plgmentaria (6 0 )

UNDER 15 mm 2 -  -  -  2 _
B.C. EXPANDED -  -  -  -  -  1 1
O.B. EVIDENCE -  -  _ _ _  _ _  _

Phaeoptyx 
xenuB 1 1 3 )

UNDER 15 m m -  -  - 1 -  _ _  _ _
B.C. EXPANDED -  -  1 -  _ _ _
O.B. EVIDENCE -  -  -  _ _ _  _ _

Table 25 (continued)



2 /2 .

(a minute or so e a r l ie r  on March 14, and a minute la t e r  on March 17).

In th e ir  study of r e e f  f i s h  a c t iv i t y  patterns in the Virgin iBlands, 

C o lle t te  and Talbot (1972) determined that the evening changeover 

period (defined in th e ir  work as the e a r l i e s t  observed onset o f  

a c t i v i t y )  of A. townsendi was 1740-1845» or from sh o r tly  before to  

sh o r tly  a f te r  sunset (1156-1812  during th e ir  17 day study in September 

and October), This r e la t io n  to  sunset roughly co in c id es  with the 

present f in d in g s ,  further in d ic a t in g  th a t ,  as these authors suggested ,  

t h is  behavior i s  l igh t-m edia ted . C o l le t te  and Talbot (1972) a lso  

reported that the evening changeover period o f A. maculatun followed  

that o f A. townsendi. Based on more l im ited  data , they ca lcu la ted  

that A. maculatus became a c t iv e  at about lo40 , or roughly 30 to 40 

minutes a f te r  sunset (somewhat la te r  in  r e la t io n  to  sunset than found 

in the present study),

A. townsendi emerged from the r e e f  in the evening in a 

c h a r a c te r is t ic  manner. After slow ly lea v in g  th e ir  caves with 

approaching darkness, the,/ seemed to assemble in a loose  group over 

the south end o f the r e e f ,  and then moved down the s id e  of the r e e f  

and out to the adjacent sandy areas , a meter or l e s s  from the bottom, 

where they apparently spent the night feed in g . L iv ingston  (1971) 

reported that A. townsendi in the F lor id a  Keys foraged in d iv id u a lly  

or in groups, c lo se  to the bottom, near i t s  d iurnal h a b ita t .  Smith 

and l^yler (1972) found that the nighttim e feed in g  of A. townsendi took 

place 2 .5  m and higher above the sand f l a t s  adjacent to i t s  daytime 

patch r e e f  h a b ita t .  C o l le t te  and Talbot (1972) described the 

nocturnal feed in g  lo c a t io n  o f th is  sp e c ie s  as 25-30 cm above the r e e f .

A. maculatus, a t  l e a s t  the sm aller in d iv id u a ls ,  seemed to leave
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th e ir  caves and congregate near the base o f  the r e e f ,  a few inches  

from the bottom, h iding in  crev ices  i f  approached. Whether or not 

they moved further from the r e e f  la te r  on was not determined, but i t  

1b suspected that they a lso  spend the n ight feed in g  over the sand 

f l a t s .  Starck and Davis ( 1966) and Livingston  (1971) found that  

A. maculatus in the F lorida  Keys feed s  c lo se  to the bottom, near i t s  

daytime h a b ita t ,  and Smith and T^ler (1972) described s im ila r  habits  

for  th is  sp e c ie s  in the Virgin IBlands. C o lle t te  and Talbot (1972)  

reported that A. maculatus stayed low over the r e e f  a t  n ig h t .  Both 

A. maculatus and A. townsendi have been observed to  feed  to a lim ited  

extent during the day (L iv ingston , 1971).

Numerous in d iv id u a ls  o f  A. quadrisquamatuB were observed severa l  

times hovering over tne sand f l a t s  southeast o f  the t e s t  r e e f .  These 

observations were made, on the average, sh o r tly  a f te r  su n set ,  and 

before ar.d a f te r  su n r ise .  No attempt was made to judge how long they 

remained in th is  area, but they were not seen there during the day or 

during one v i s i t  to the r e e f  a t  n ig h t .  C o l le t te  and Talbot (1972) 

reported that A. quadrisquamatus was a c t iv e  from about 1820 (sh o r t ly  

a f te r  sun set)  gen era lly  u n t i l  O515 "to 0535» and on one occasion  u n t i l  

0550, apparently due to a storm-caused increase  in  tu r b id ity .  Sunrise 

occurred at 0609 to 0612 during th e ir  study.

The morning changeover period o f  A. townsendi and A, maculatus, 

that i s ,  the time when they return to the r e e f  from th e ir  nocturnal 

feed in g  areas and reen ter  th e ir  d iurnal m icrohabitats, was observed 

on two occas ions  (March 16 and 19). Defined as the period from the 

time o f e a r l i e s t  observed occupying o f  a daytime cave to the l a t e s t  

time an in d iv idu a l was observed ou ts id e  the r e e f  s tru c tu re ,  the
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morning changeover period of A. townsendi was estim ated to be 0550-0620,  

and o f  A. maculatus to be 0550-0615. These times are based on too 

few observations to be r e l i a b l e ,  but the o v e r a l l  impression, d i f f i c u l t  

to  quantify , vae that the morning changeover periods o f these  

two sp e c ie s  were s u b s ta n t ia l ly  overlapping. The time of sunrise  

on these  two mornings was 0623 (March 16) and 0620 (March 19 ) .  The 

manner in which the r e e f  was approached and entered by these two 

sp e c ie s  in the morning seemed to be the reverse  of the emergence pattern  

of the evening changeover period.

C o l le t te  and Talbot (1972) found that morning changeover (time 

o f  l a s t  observation  o f an a c t iv e  in d iv idu a l)  for  A. townsendi 

gen era lly  occurred between O5O5 and O6I 5 and was delayed about 45 

minutes during the storm-caused tu rb id ity  period. They estim ated the 

changeover period for  A. maculatus, fo r  which they again had l e s s  data,  

to be C540-C550. Thus the data o f the present study, which in d icate  

that these two sp e c ie s  both resume th e ir  diurnal a c t i v i t y  regime 

sh o r tly  before su n r ise ,  more or l e s s  r e f l e c t  the f in d in g s  of C o lle t te  

and Talbot (1972).

2 . Laboratory observation

Table 26 shows the numbers of in d iv id u a ls  in the tank populations  

during the two monitoring periods. Because of the fa c t  that only  

three sp e c ie s  were represented  by s iz a b le  populations during both 

p eriod s, the r e s u l t s  fo r  these  sp e c ie s  are emphasized.

Figure 24 shows the laboratory "changeover" data for  these three  

specieB . The three s p e c ie s  were: JP. c o n k l in i , c o l le c t e d  a t Turtle

Rocks; A. b in o ta tu s . c o l le c t e d  in the Bimini lagoon; and A. maculatus
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C o llec tio n  lo c a l i t y Tank population  Bize

Speoies

Apogon
maoulatus*

Apogon
bln otatu s*

Apogon
tovneendi

Phaeoptyx
oon k lin i*

Phaeoptyx
pigm entarla

Phaeoptyx
xenue

T urtle Bimini 1 s t  m onitoring 2nd m onitoring  
Hooke lagoon period per iod

9

9

6

1

8 + 9 

2 

1

10 

4 + 12

11

9

12 + 12 

3

Table 26 , Numbers o f in d iv id u a ls  o f  d if fe r e n t  apogonid sp e o ie s  in  
tank p op ulations o f ohangeover experim ents. Where tvo  numbers are  
g iv e n r they rep resen t populations in  two separate tanke. * The 
r e s u lt s  fo r  th ese  three sp e o ie s  are desoribed in  g rea ter  d e t a i l  
s in o e  they were represented  by ap p reciab le  numbers during both 
p er io d s.
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Figure 24 ( A - l ) ,  "Changeover" data fo r  outdoor tank populations of  

apogonid sp e c ie s  in an experiment performed a t  the Lerner Karine 

Laboratory in Bimini, Bahamas, August 1-3 , 10-15, 1974* Each curve 

represents  a "5-point moving average" of the percentage o f in d iv id u a ls  

in the open areas of the tanks ( l e f t  o r d in a te ) .  Data were taken at 

15 minute in te r v a ls .  KAC-BL o Apogon maculatus from Bimini lagoon, 

MAC-TR = Â_ maculatus from Turtle Rocks. BIN = Â_ b in o ta tu s . CON = 

Phaeoptyx c o n k l in i . + = photometer l i g h t  reading in fo o t-c a n d le s  

(r ig h t  o rd in a te ) .  See t e x t  for  fu rth er  exp lanation .
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c o l le c te d  from both p la c e s .

During both monitoring periods there were two tanks with 

P. c o n k l in i . In each case changeover was remarkably s im ila r  in the 

two tanks and the data fo r  P. oonk lin i were th erefore  pooled for  each 

day. Only one tank had A. b inotatus in i t  during each monitoring  

period, so no pooling  of data was required .

In the case of _A. maculatus there was one tank each of in d iv id u a ls  

from the two l o c a l i t i e s  during the f i r s t  monitoring period. In th is  

case the 2 populations behaved somewhat d i f f e r e n t ly  and the data were 

not pooled. Thus the changeover o f Bimini lagoon f i s h  i s  graphed 

sep arate ly  from that o f Turtle Socks f i s h .  For the second monitoring  

period, the data from two tanks conta in ing  A. maculatuB from the 

Bimini lagoon was pooled and graphed sep arate ly  from the data from 

one tank conta in ing  Turtle Socks in d iv id u a ls  o f  that s p e c ie s .

The ordinate on the l e f t  in each o f the nine graphs of Figure 24, 

labeled "percentage out o f  sh e lte r " ,  in d ica te s  the percentage of the 

in d iv id u a ls  of a given sp e c ie s  that was seen to be in the open a rea (s )  

of the t e s t  tank(s)  o f that s p e c ie s ,  i . e .  out of the cinder block  

sh e lt e r  a r e a ( s ) .

Each o f  the curves in a given graph rep resen ts  a "5-point moving 

average" fo r  that sp e c ie s  on the given day. Thus a point on a curve 

fo r  a g iven  time represents  the average of the "percentage out of  

sh e lter"  fo r  that time, 30 minutes b efore , 15 minutes b efore , 15 

minutes a f te r  and 30 minutes a f t e r .  This i s  why, fo r  example, the 

morning curves (except fo r  August l )  s ta r t  a t  0600, even though data 

were c o l le c t e d  s ta r t in g  a t  0530. Although computation o f the 5 -p o in t  

moving averages was very ted ious (over a thousand averages were



%X1.

com puted)  a p r e s e n t a t i o n  o f  t h e  d a t a  f o r  t h e  t h r e e  s p e c i e s  on one  

graph  would have  b e e n  v e r y  d i f f i c u l t ,  b o t h  t o  draw and t o  i n t e r p r e t ,  

w i t h o u t  t h e  u s e  o f  t h i s  c u r v e - s m o o t h i n g  t e c h n i q u e .  The c o m p u t a t i o n  

was somewhat f a c i l i t a t e d  by d e v e l o p i n g  a s i m p l e  program on a 

T o s h ib a  3C-1623G programmable c a l c u l a t o r .

A more or  l e s s  c o n s i s t e n t  p a t t e r n  o f  s h e l t e r - s e e k i n g  i n  t h e

morning i s  a p p a r e n t  f o r  e ac h  o f  the  t h r e e  s p e c i e s .  P. c o n k l i n i

t en ded  t o  s e e k  t h e  s h e l t e r  o f  t h e  c i n d e r  b l o c k  o p e n i n g s  e a r l i e s t ,  and 

most i f  n o t  a l l  i n d i v i d u a l s  were i n  t h e  s h e l t e r  by m id - m o r n in g .

A. b i n o t a t u s  s o u g h t  s h e l t e r  l a t e r ,  and by t h e  end o f  t h e  m orn ing  

m o n i t o r i n g  p e r i o d  r o u g h l y  1/4  o f  t h e  i n d i v i d u a l s  r e m a in e d  o u t  i n  t h e  

open a r e a .  A, m a c u la t u s  s o u g h t  s h e l t e r  l a t e s t ,  and i n  n e a r l y  a l l  

c a s e s  a s i z e a b l e  m a j o r i t y  o f  t h e  i n d i v i d u a l s  rem ain e d  i n  t h e  open a r e a  

a t  the end o f  t h e  morning p e r i o d .  In most  c a s e s  th e  T u r t l e  Hocks  

p o p u l a t i o n s  o f  k .  m a c u la t u s  were somewhat l e s s  s h e l t e r - o r i e n t e d  than  

the  B i m in i  l a g o o n  p o p u l a t i o n s .

A more o r  l e s s  o p p o s i t e  p a t t e r n  o f  e m e r g e n c e - f r o m - s h e l t e r  i n  th e

e v e n i n g  i s  a p p a r e n t  f o r  e ac h  o f  t h e  t h r e e  s p e c i e s .  In t h e  c a s e  o f

£ .  c o n k l i n i , no a p p r e c i a b l e  em er ge n c e  o c c u r s  u n t i l  a o o u t  1900 h o u r s .

3y t h a t  t im e  a b o u t  1/3  o f  t h e  A. b i n o t a t u s  i n d i v i d u a l s  were  i n  th e  open  

a r e a  o f  t h e i r  t a n k ,  and in  m ost  c a s e s  r o u g h l y  3/4  o f  t h e  i n d i v i d u a l s  

i n  th e  A. m a c u l a t u s  p o p u l a t i o n s  were i n  t h e  open a r e a s .  The T u r t l e  

Hocks p o p u l a t i o n s  o f  t h a t  B p e c i e s  a g a i n  t e n d e d  t o  be l e s s  s h e l t e r -  

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

Among t h e  s p e c i e s  n o t  i n c l u d e d  i n  t h e  g r a p h e d  r e s u l t s ,  A. t o w n s e n d i  

was somewhat e r r a t i c  i n  i t s  c h a n g e o v e r  b e h a v i o r  i n  r e l a t i o n  t o  th e  

o t h e r  s p e c i e s ,  b u t  t e n d e d  t o  a p p r o x i m a t e  t h e  " s c h e d u l e "  o f  A. m a c u l a t u s .
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P. pigmentaria tended to  be most s im ila r  to P. c o n k l in i . The s in g le  

specimen of P. xenus studied  in the f i r s t  monitoring period was 

perhaps the most sh e lte r -o r ie n te d  o f  a l l  the s p e c ie s .  At about 0630 

each morning i t  l i t e r a l l y  disappeared from view, a t  a time when most 

in d iv id u a ls  of the other sp e c ie s  were s t i l l  in the open areas . I t  

reappeared in the open area, on the two evenings o f  th is  monitoring 

period, at 2C45 and 200C -  a time when most in d iv id u a ls  of the other 

sp ec ie s  were out in the open areas again . Only a f te r  the end of the 

morning monitoring on August 3» when the cinder block was removed from 

i t s  tank, was i t  discovered that i t  had been h id ing in a th in  space 

between the cinder block and the plywood o f the s id e  of the tank. 

Although th is  P. xenus specimen was rather small (about 25mm S .L . ) i t  

had ev id en tly  been hiding in a crev ice  that was very l i t t l e  wider than 

i t s  body.

iihatever e f f e c t  d iii'erences  in tank-population s iz e  among the 

d if f e r e n t  sp e c ie s  nay have had on the r e s u lt s  i s  impossible to 

estim a te ,  but any such e f f e c t  is  b e liev ed  to be minimal. In the f i r s t  

p lace , there is  no ev ident trend in the r e s u l t s  to in d ica te  such an 

e f f e c t .  Secondly the degree of crowding in the cinder block s h e lt e r s  

(which might be supposed to  delay entry by in d iv id u a ls  s t i l l  ou ts id e)  

did not exceed the degree of crowding sometimes seen in the natural 

diurnal h ab ita ts  of these sp e c ie s .

The e f f e c t  i f  any, o f  d if fe r e n c e s  in average body s iz e  among 

the d i f f e r e n t  tank-populations i s  a lso  im possible to es t im a te ,  but 1b 

assumed to be secondary to the importance o f  sp e c ie s  id e n t i ty .  The 

A. maculatus and A. b inotatus specimens (averaging roughly 50-60mm S .L .)  

were somewhat larger than the _F. co n k lin i and F. pigmentaria specimens
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(35-45nm S .L .) ,  which were larger  than the A. townsendi specimens 

{30“35mro S .L . ). The s in g le  xenus ind iv idua l was about 25mm S .L .,

as noted above. (More p rec ise  measurements are not p o ss ib le  s in ce  

the specimens, preserved a f te r  the study, were la te r  l o s t  during  

shipment from Bimini to New York).

The s l i g h t  d iffe r e n c e  in changeover behavior between the 

A. maculatus in d iv id u a ls  from the two d if f e r e n t  c o l l e c t io n  s i t e s  may 

perhaps r e f l e c t  an average s iz e  d if f e r e n c e ,  s in ce  the Turtle Bocks 

specimens tended to be somewhat larger  than the Bimini lagoon  

specimens.

f ig u r e  24 a lso  shows, in ad d ition  to  the changeover data, the 

in te n s i ty  of the l ig h t  impinging on the tanks during the monitoring  

p eriods. The ordinate on the r ig h t  o f  each graph in d ic a te s  f o o t -  

candle readings taken with the photometer sensor aimed a t  the sky. 

Light i n t e n s i t i e s  exceeding 500 fo o t-o a n d les  are ind icated  on a l in e  

above the 0-500 s c a le ,  labeled  ^  500* because the photometer had 

a maximum upper range of 500 fo o t - c a n d le s . In most cases  where a 

l ig h t  reading i s  m issing, i t  was ra in in g  a t that point in the 

monitoring, and the photometer w s b  not used, to p ro tect  i f  from ra in  

damage. In a few cases  a l ig h t  reading was inadvertantly  om itted.  

Light l e v e l s  that r e g is te r e d  zero on the photometer, taken in early  

morning and la te  evening, are not included on the graphs.

Figure 24 shows th a t ,  roughly speaking, most o f  the morning 

changeover a c t i v i t y  of the three s p e c ie s  occurs before the l ig h t  

in te n s i ty  reaches 200-250 fo o tc a n d le s ,  and very l i t t l e  o f  the evening  

changeover occurs u n t i l  the l i g h t  in te n s i ty  again reaches that l e v e l .  

I f  a comparison i s  made between the progress o f morning changeovers



and evening changeovers a t  a given l i g h t  in te n s i ty ,  such as 200 

fo o t-c a n d le s ,  there ie  evidence of a la g  in the p h o to ta c t ic  response.  

This i s  seen by the f a c t  th a t ,  in gen era l,  s u b s ta n t ia l ly  greater  

proportions of in d iv id u a ls  are s t i l l  "out" a t that l ig h t  in te n s i ty  in  

the morning than the proportions of in d iv id u a ls  that have emerged at  

that l ig h t  in te n s i ty  in the evening.

The f a c t  that the evening changeover curves are more or l e s s  

c o n s is te n t ly  steep er  than those of the morning seems to r e f l e c t , a t  

l e a s t  p a r t ly ,  a s im ila r  steep n ess  d if fe r e n c e  between the evening and 

morning changes in l i g h t  in te n s i ty ,  which in turn i s  the r e s u lt  of a 

tendency toward in ter m itten t  c lo u d in ess ,  overca st ,  or even rain  

during the middle or l a t t e r  part o f  the monitoring periods. Skies  

were c le a r e r ,  in gen era l,  during the evening monitoring periods.

Also d isc e r n ib le  in Figure 24, but d i f f i c u l t  to quantify , are the 

e f f e c t s  of c e r ta in  day to day changes in the l ig h t  regime. For example, 

on the morning o f August 13 (F ig .  24G), a period o f  ra in  (from 0745 

to 0845» when no readings were taken) was follow ed 'ey heavy overcast  

an  ̂ the morning monitoring period ended a t a rather low l ig h t  

in te n s i ty  -  below 20C fo o t - c a n d le s . On that day each sp e c ie s  was 

l e s s  s h e lte r -o r ie n te d  than usual during the la t e r  morning monitoring. 

This e f f e c t  was e s p e c ia l ly  pronounced for A. townsendi, which iB not 

included in Figure 24. No more than one o f  the nine in d iv idu a ls  of  

that sp e c ie s  was ever seen to be in the she ltered  area during that  

e n t ir e  morning, whereas there were u su a lly  sev era l in d iv idu a ls  in the 

s h e lt e r  by la te  morning on other days.

One f in a l  p ert in en t  con sid era tion  i s  whether the morning 

changeover data fo r  a g iven  sp e c ie s  represents  a progressive  lo s s  of
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s p e c i f i c  in d iv id u a ls  from the s h e lt e r  which do not then return to the 

s h e l t e r ,  and whether the evening changeover rep resen ts  a progressive  

gain , with in d iv id u a ls  s ta y in g  in the s h e lt e r  once they en ter  i t .  

A lte r n a t iv e ly  the data could represent s t a t i s t i c a l  trends durint which 

the f i s h  are frequently  "changing p laces" . Obviously the f i r s t  

p o s s i b i l i t y  i s  not s t r i c t l y  tru e , otherwise there would be no small 

upward jumps in the morning curves, or downward dips in the evening  

curves, many o f which are apparent in Figure 24 . Without the use of  

f iv e  point moving averages th ese  jumps and dips would be even greater  

in frequency and magnitude,

N ev erth e less ,  there seemed to  be a c er ta in  tendency fo r  individual  

f i s h  to  be more or l e s s  c o n s is te n t ,  i . e . ,  to remain in the s h e lte r  area 

for  the morning once they entered i t  or to  remain out of the sh e lte r  

for  the evening once they l e f t  i t .  This impression was permitted by 

the fa c t  that many o f  the in d iv id u a ls  o f  a given sp e c ie s  became 

recognizable  (due to s i z e ,  markings, p a r a s ite s ,  e t c . )  over the course 

of the monitoring period .

3. Brain morphology

Figure 25 shows c le a r  d if fe r e n c e s  in r e la t iv e  o p t ic  lobe s iz e  

among the three s p e c ie s  emphasized previously  in  the laboratory study, 

over a wide s iz e  range. Figure 26 shows a p o s i t iv e  c o r re la t io n  

between r e l a t i v e  o p t ic  lobe s iz e  and photophobic tendency. Thus 

Fhaeopt.yjc co n k lin i has the la r g e s t  "optic lo b e s /r e s t  o f  brain" r a t io  

and i s  the most photophobic; Apogon binotatue i s  interm ediate in th is  

brain r a t io  and in photophobia; and A. maculatus has the sm allest  

r a t io  and i s  the l e a s t  photophobic o f the th ree . R epresentative brain
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Figure 25. D ifferen ces  in  r e la t iv e  s iz e  o f o p t ic  lo b es  in three  

o a r d in a lfish  s p e c ie s ,  m  ■ Apogon m aoulatus. X  -  Apogon b in o ta tu s . 

O  * Phaeoptyx c o n k lin i. L ines drawn are v is u a l e s tim a te s . The 

s iz e  ranges of specimens d is se c te d  are ( in  mm SL)t Apogon m aoulatust 

2 4 .6 -7 1 .4 ;  Apogon b in o ta tu s i 2 0 ,7 -6 8 .9 ;  Phaeoptyx o o n k lin ii 2 0 .7 -  

4 9 .8 .
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Figure 26. R ela tionsh ip  of r e la t iv e  o p t ic  lobe s i z e  to  photophobic 

tendency in three ca r d in a lf ie h  s p e c ie s .  "OPTIC LOBES/REST OF BRAIN" 

represents  the length + width o f  the o p t ic  lobes d iv ided  by the sum 

of the len gth s  + widths o f the cerebrum, cerebellum and medulla.

The mean and 95% confidence l im i t s  o f  the mean are shown fo r  each 

s p e c ie s .
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d is s e c t io n s  of the three sp e c ie s  are shown in Figure 27*

Brain measurements on the other three sp e c ie s  studied in the 

laboratory changeover experiments p artly  conform to and partly  

con trad ic t  eh i s  trend. Table 27 summarizes the brain measurement 

data for  a l l  s i*  sp e c ie s .  Both P. pigmentaria and F, xenus, 

apparently rather h igh ly  photophobic, have r e la t iv e ly  large o p t ic  

lo b es .  A. townsendi a lso  has large o p t ic  lobes cut i s  r e la t iv e ly  

low in photophobic tendency.



Figure 27 . R epresentative brain d i s s e c t io n s  o f  three o a r d in a lf ish  

s p e c ie s .  From l e f t  to  r igh t*  Phaeoptyx o o n k l in l , Apogon b in o ta tu s . 

Apogon maoulatus.
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FIGURE 27



"Optic lob es/R eat o f b ra in ”
Species N Range Mean S.D. S .E . 9556 C.L.

Apogon
maoulatus 15

24 #6 
-7 1 .4 O.486 0.022 0.006

0.486  
+ 0.011

Apogon
b in ota tu s 15

20 .7
-6 8 .9 0.518 0.021 0.005

0.518  
♦ 0 .010

Phaeoptyx
o o n k lin l 15

20 .7
-4 9 .8 0.576 0.021 0.005

0.576  
+ 0,010

Apogon
townsendi 15

19.8
-4 0 .5 0.573 0.023 0.006

0.573  
+ 0.012

Phaeoptyx
pigm entaria 6

25-4
-4 4 .1 0.551 0.024 0 .010

0.551  
+ 0.019

Phaeoptyx
xenus 6

25 .5
-4 2 .6 0.554 0.039 0.016

0.554  
+ 0.031

Table 27 . R ela tive  s i z e  of the o p tlo  lobes  o f s ix  apogonid s p e c ie s .
N * number o f specimens d is s e c te d .  S ize  Range ■ the s i z e  range in  
mm Standard Length of the specimens d is s e c te d .  "Optio lo b e s /f ie s t  o f  
brain" rep resen ts  the length  + width o f  the o p t io  lob es  d iv ided  by 
the sum of the len g th s  + widths o f  the oerebrum, cerebellum and 
medulla. S.D. ■ standard d e v ia t io n .  S .E . ■ standard erro r . 95?̂  C.L 
■ the 95$ oonfidenoe l im i t s  o f  the mean, computed as the mean ± 1.96  
standard error .
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III. Discussion

(A) Reproductive s e a so n a l i ty

The data given in Table 25 suggest th a t,  lo o se ly  speaking, 

apogonids reproduce throughout the year in the Bahamas. Gape in the

data on occurrence o f r e c r u i t s  and expanded mouths tend to r e f l e c t  a

low number of c o l l e c t io n s  made for  that month, or a low number of

samples of that s p e c ie s .  Thus in both January and March, when the

c o l l e c t in g  e f f o r t  was g r e a te s t ,  over h a lf  o f  the sp e c ie s  were 

represented by r e c r u i t - s iz e d  in d iv idu a ls  or by in d iv idu a ls  with 

expanded mouths, or both. And thus Phaeoptyx c o n k l in i , the most 

commonly c o l le c te d  of the s p e c ie s ,  i s  represented by r e c r u it s  or 

expanded mouths or both for  e ig h t  of the nine months during which 

c o l le c t io n s  were made; and Apogon maoulatus, the next most commonly 

c o l le c t e d ,  i s  represented by such evidence in s ix  of the nine months, 

and in a seventh by other evidence.

Therefore there i s  no in d ica tio n  of d i f f e r e n t ,  s t r i c t l y  defined  

breeding seasons among the various sp e c ie s  that might reduce 

com petition between them. There could , however, be d i f f e r e n t  peaks 

in breeding a c t i v i t y  that might serve th is  e c o lo g ic a l  fu n ction .

Because of the many d i s p a r i t i e s  in c o l l e c t io n  e f f o r t  and sample s i z e ,  

no e f f o r t  was made to estim ate  th is  p o s s i b i l i t y  with the present data.

Data from the l i t e r a tu r e  in d ica te  that there are peaks, but 

that they tend to be shared by d i f f e r e n t  s p e c ie s .  Luckhurst and 

Luckhurst (1977) observed peaks in the occurrence o f  r e c r u i t - s iz e d  

in d iv id u a ls  ( <  20mm to ta l  len gth ) o f A. la c h n e r i , A. townsendi, 

and P. co n k lin i in v i s u a l  censuses on coral r e e f s  in Curasao.
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A ll three sp e c ie s  showed one peak in  r e c r u it  abundance in  April-May 

and another in September, These are s im ila r  to the Karch-April and 

September-October peaks in la r v a l  apogonid abundance around Barbados 

reported by Powles (1975)*

One f in a l  kind o f  ob servation , that emphasizes the lack o f  

reproductive season d if f e r e n c e s  among d i f f e r e n t  apogonid s p e c ie s ,  was 

made by the author on two spearate occasions a t  Bimini. In July 1973, 

o f f  Turtle Rocks, one or more in d iv id u a ls  o f  each o f three d i f f e r e n t  

sp e c ie s  were observed o r a l ly  brooding eggs in the same small cave a t  

the same tim e. These sp e c ie s  weres A. maoulatus, A. townsendi, and 

P. c o n k lin i  -  the predominant c a r d in a lf ish  sp e c ie s  in that area at  

moderate depths (0-2Cm). A s im ila r  observation  was made in July 1974, 

in the same general area.

In summary, there i s  evidence that many apogonid sp e c ie s  

reproduce throughout the year , and that periods o f peak breeding are 

shared by d i f f e r e n t  s p e c ie s .  There i s  no evidence o f any staggering  

of reproductive a c t i v i t y .

In connection with th is  d iscu ss io n  o f apogonid reproduction, a 

b r ie f  account o f the evidence of oral brooding among these speoieB i s  

of i n t e r e s t .  The records of oral brooding in Table 25 ( in  preserved  

specimens, f i e l d  ob serv a tio n s , and l i t e r a t u r e )  are the only ones 

recorded to  date ( to  the author 's  knowledge) from apogonid sp e c ie s  in 

the Bahamas. These records thus a ss ig n  t h is  hab it  to  7 o f  the 20 

sp e c ie s  known from the Bahamasi Apogon a f f i n i s , A. maoulatus, A. mosavi, 

A. quadrisquamatus. A. townsendi, Astrapogon s t e l l a t u s  and Phaeoptyx 

o o n k lin i .

Prom my f a m i l ia r i t y  with specimens conta in ing  eggs in the mouth -
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seen in the f i e l d  or among preserved specimens -  I can say that i t  i s  

highly  probable that the records o f specimens with expanded buccal 

o a v i t ie s  (Table 25) represent oral brooding in d iv id u a ls  that e i th e r  

swallowed or spat out the egg mass during capture. (This tabula tion  

includes only specimens described in my notes as having the mouth 

"greatly  expanded", and omits those noted as "moderately expanded" or 

" s l ig h t ly  expanded".) On th is  b a s is  ora l brooding can be a ttr ib u ted  

to  12 o f  the 16 sp e c ie s  in " to ta l  c o l l e c t io n s " ,  in c lu d ing  6 not among 

those mentioned above* Apogon b in o ta tu s , A. la c h n e r i ,  A. phenax. 

ABtrapogon p u n cticu la tu s . Phaeoptyx pigm entaria, and _P. xenus.

Thus a t o ta l  of 13 o f  the 16 s p e c ie s  being examined in d e t a i l  in 

the present study may be considered oral brooders. I t  i s  l ik e ly  that  

the other 3 w i l l  a l s o  prove to have th is  h a b it .  Indeed i t  would seem 

to be a fam ily c h a r a c t e r i s t ic .  A summary o f the records o f  oral 

brooding fo r  apogonids in the e n t ir e  western A t la n t ic  i s  g iven  in 

Table 28 . (A search of the l i t e r a tu r e  was made, but some records  

may have been m issed).

(B) Circadian a c t i v i t y  patterns

1. _In s i t u  observations

Although the f i e l d  data presented here are rather l im ited  in 

scope, they do support three important g e n e r a l iz a t io n s  about 

ca r d in a lf ish  a c t i v i t y  p a ttern s .

a )  The patterns are s p e c ie s - s p e c i f i o ,  as ind icated  by the 

s im i la r i ty  o f  C o l le t te  and T albot's  (1972) r e s u l t s  to  those g iven  here.

-b) D if fe r e n t  s p e c ie s  fo llo w  a sequence in  time of changeover.
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S p ecie8 Reoorde o f ora l brooding

Apogon a f f in ia

A, b in o ta tu s  

A. lach n eri 

A. maoulatus

A. moaavi 

A, phenai

A, pseudomaoulatus 

A« quadrisquamatua 

A, townsendi

Aatrapogon
p u n ctiou latu s

A. B te lla tu s

Phaeoptyx o o n k lin i

P. pigm entaria

V a illa n t , 1903J Smith e t  a l . ,  1971; th is  
d is s e r ta t io n

Smith and l^jrler, 1972; t h is  d is s e r ta t io n  

thiB  d is s e r ta t io n

Longley and H ildebrand, 1941; Oppenheimer, 
1970; Charney, 1976; t h is  d is s e r ta t io n

H ale, 1977; t h is  d is s e r ta t io n

t h is  d is s e r ta t io n

Longley and Hildebr&nd, 1940

th is  d is s e r ta t io n

Smith and t y le r ,  1972; D ale, 1975; t h i B  
d is s e r ta t io n

L iv in g sto n , 1971; t h is  d is s e r ta t io n

Breder, 1948; Bohlke and Chaplin, 1968

Oppenheimer, 1970 (-R u b in off, p ers . comm.); 
FraBer, 1972; Charney, 1976; t h is  d is s e r ta t io n

Oppenheimer, 1970 (-R u b in off, p e r s . oomm.); 
F raser, 1972; th is  d is s e r ta t io n

P. xenus t h is  d is s e r ta t io n

Table 28 . Summary o f record s o f o ra l brooding in  western A tla n tio  
apogonid s p e c ie s .  Some o f the reoords from " th is  d is se r ta tio n "  
are based on in d ir e c t  ev id en ce , i . e . ,  on the presence o f  a g r e a tly  
expanded bucoal o a v ity  ( in  the manner o h a r a o te r is t io  o f o ra l  
brooding in d iv id u a ls )  in  preserved speoim ens, as desoribed  in  the 
t e x t .



This a lso  corroborates C o l le t te  and T albot's  f in d in g s  for  apogonids 

and the f in d in g s  o f  these  in v e s t ig a to r s  and others ( e .g .  Domm and 

Domm, 1973) for  other nocturnal as w e ll  as diurnal r e e f  f iB h es .

c) Changeover behavior i s  mediated by l i g h t .  Domm and Domm 

(1973) suggested that e i th e r  l ig h t  in t e n s i t y ,  ra te  o f  change o f l ig h t  

in t e n s i ty ,  or a change in wavelength s e t s  the phase o f  an endogenous 

rhythm which then co n tro ls  the changeover p attern . L ight-entra ined  

endogenous rhythms in re sp ir a t io n  have been shown for  d if f e r e n t  

c a r d in a lf ish  sp e c ie s  in the laboratory by L ivingston  (1971). In my 

opinion, however, these rhythms are not the cause o f changeover 

behavior. They do not even p a r a l le l  the changeover patterns in any 

apparent way, although there i s  presumably some adaptive synchrony 

between the m ultip le  peaks in r e sp ir a t io n  rate  and changing a c t iv i t y  

l e v e l  requirements for  a sp e c ie s  over the course of a 24 hour day.

An a l te r n a t iv e  view is  o ffered  in the fo llo w in g  s e c t io n .

1*. D i f f e r e n t ia l  phototaxiss  an explanation  fo r  the proximate 

cause of changeover patterns

In ny view l ig h t  (probably simply l i g h t  in te n s i ty )  has a d ir e c t  

cau sa tive  e f f e c t  on the movement o f apogonids and other r e e f  sp e c ie s  

in and out of the r e e f  during changeover, i . e .  that changeover is  

b a s ic a l ly  a kind o f  p h o to ta c t ic  response. This i s  c e r ta in ly  a more 

parsimonious explanation  for  contro l o f  changeover, and i s  more 

d e s ir a b le  fo r  that reason a lon e. I t  i s  a lso  supported by observations  

(by the author and o th ers)  that various kinds o f  changes in l ig h t  

l e v e l  apart from the d i e l  cy c le  tend to  cause a kind of sm a ll-sc a le  

changeover response. Thus diurnal f i s h e s  tend to  emerge s l i g h t l y
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from the r e e f ,  and nocturnal f i s h e s  tend to  stay  c lo se r  to  the r e e f ,  

on d e a r  moonlit n ig h ts .  And thus diurnal f i s h e s  tend to  hover 

c lo se r  to the r e e f ,  and nocturnal f i s h e s  tend to  be more v i s i b l e  and 

a c t iv e ,  on overcast days or in periods or areas o f  high tu r b id ity .

Even the momentary passing o f a cloud across  the sun on a c lea r  day 

makes some f i s h  respond in the p red ic tab le  manner.

C o lle t te  and Talbot (1972) observed that the morning changeover 

i t s e l f  was delayed fo r  most sp e c ie s  ( in c lu d in g  sev era l apogonid 

sp e c ie s )  during a notable increase in tu rb id ity  caused by a storm.

They suggested that these  sp e c ie s  might therei'ore have exogenous 

clocks c o n tr o l l in g  th e ir  changeover. Again, I b e l ie v e  that some kind 

of simple phototaxis  i s  a more parsimonious explanation  for  contro l  

o f  changeover, and the delay that C o lle t te  and Talbot observed could  

be understood just a; w ell in these terms.

How would phototax is  promote changeover? I t  i s  not d i f f i c u l t  to  

imagine in the case of nocturnal sp e c ie s  such as c a r d in a l f i s h e s ,  A 

photophobic tendency would cause them to shun the r i s in g  l ig h t  

in te n s i ty  a t dawn by seek ing  the darker rec e sse s  of the r e e f .  At dusk 

th is  m otivation would be removed.

I t  i s  more d i f f i c u l t  to imagine in the case of diurnal s p e c ie s .

A p h otop h ilic  tendency could be the b a s is  o f th e ir  emergence from 

s h e lt e r  a t dawn, but how could i t  promote th e ir  s h e lte r - se e k in g  at  

dusk, i . e . ,  how could p hotoph ilia  cause a sp e c ie s  to seek a recess  

w ithin the re e f  that i s  even darker than the r e e f  -urface?

I would suggest that the basic  r e la t io n s h ip  o f  diurnal and 

nocturnal f i.;hes  to the r e e f  environment d i f f e r s  in  a l undamental 

way which makes the p h o to ta c t ic  scen ar io  p la u s ib le ,  even fo r  diurnal
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s p e c i e s .  Let  us assume t h a t  the n o c tu rn a l  r e e f  s p e c i e s ,  in g e n e r a l ,  

a re  b a s i c a l l y  adapted to  l i f e  in the  water  column. In the  absence 

o f  a p p r e c i a b l e  l i g h t  to  s t i m u l a t e  t h e i r  photophobic  t e n d e n c ie s ,  they 

may be found hover ing  or  swi.-.ming over ,  around,  or  away from the  

r e e f .  At dawn t h e i r  photophobic  tendency causes  them to  seek the 

d a rk e r  co n f in es  of the  ree l ' ,  where they  spend the  d a y l i g h t  hours .

At dusk, as the s t im u lus  to  t h e i r  photophobia  i s  reduced ,  they 

reoccupy t h e i r  p lace  in the water  column. I n t e r s p e c i f i c  d i f f e r e n c e s  

in  the degree of  photophobia  would b r i n g  about the s e q u e n t i a l  na tu re  

o f  changeover .

In the case of d i u r n a l  r e e f  s p e c i e s ,  l e t  us assume they a r e ,  in 

g e n . r a l ,  h ig h ly  adapted to  l i f e  on or  in the r e e f ,  without a p p re c ia b le  

l i g h t  to  s t i m u l a t e  t h e i r  p h o to p h i l i c  t en d e n c ie s  they " r e s t "  in  c lose  

c o n ta c t  with the  r e e f .  At dawn t h e i r  p h o t o p h i l i a  causes  them to 

"emerge" from the  r e e f .  During the day they c a r r y  on t h e i r  r e s p e c t i v e  

d iu rn a l  a c t i v i t i e s  a t  a v a r i a b l e  d i s t a n c e  from the  r e e f ,  and a t  dusk 

the s t im u lu s  to  t h e i r  p h o t o p h i l i c  tendency d e c l i n e s  and they " s e t t l e "  

in to  the r e e f  a g a in .  The changeover sequence would r . s u l t  from 

i n t e r s p e c i f i c  d i f f e r e n c e s  in  p h o t o p h i l i a .

P h y s io lo g ic a l  c y c le s  or rhythms,  in  r e s p i r a t i o n  or  locomotor 

a c t i v i t y ,  whether  endogenous o r  exogenous, and whether l inked  to  

some a s p e c t  of  the p h o t i c  regime or n o t ,  could be expected to  show 

Borne kind of  synchrony with  t h i s  p h o t o t a c t i c  c y c l e .  They need n o t ,  

however, have any d i r e c t  causa l  r e l a t i o n s h i p  t o  the even ts  of  morning 

o r  evening  changeover .

The assumptions  r e g a rd in g  the fundamental  d i f f e r e n c e s  between 

d i u r n a l  and n o c tu r n a l  s p e c i r s  a re  not  without  c o r ro b o r a t iv e  su p p o r t .
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In a d i s c u s s io n  of  r e e f  f i s h  community e v o l u t i o n ,  Smith and Tyler  

(1972* 142-144) d i s t i n g u i s h e d  th re e  l e v e l s  of  s p e c i a l i z a t i o n  among 

r e e f  s p e c i e s .

The f i r s t  l e v e l  -  p h y lo g e n e t i c a l l y  c l o s e s t  t o  the  B of t - rayed  

f i s h e s ,  which a re  predominantly  midwater forms -  i s  the  l e a s t  

s p e c i a l i z e d  f o r  r e e f  d w e l l in g .  Smith and Ty le r  in c lu d e ,  in  t h i s  

l e v e l ,  the p re -p e rc i fo rm  genus H o lo c en t ru s , and c e r t a i n  g e n e ra l i z e d  

p e r c i fo r r a s : the l u t j a n i d s ,  pomadasyids, apogonids ,  and g e n e ra l i z e d

s e r r a n i d s .  These groups a l s o  happen to  be prominent among the 

n o c tu r n a l ly  a c t i v e  r e e f  f i s h e s .  The second l e v ^ l  inc ludes  groups t h a t  

a re  ir.ore s p e c i a l i z e d  f o r  r e e f  d w e l l in g  such as  d a m se l f i sh e s ,  g ro u p e rs ,  

w rasses ,  and p a r r o t i i s h e s . T..ese groups a re  prominent among the 

d i u r n a l l y  a c t i v e  r e e f  f i s h e s .  The t h i r d  l e v e l  inc ludes  the extremely  

s p e c i a l i z e d  r e e l  r e s i d e n t s  t h a t  do not  undergo changeover.

Thus th e r e  tends  to oe a fundamental d i f f e r e n c e ,  in s p e c i a l i z a t i o n  

f o r  r e e f - d w e l l i n g ,  between n o c tu rn a l  and d i u r n a l  s p e c i e s .

I t  should be noted t h a t  the photophobic and p n o to p h i i i c  a sp e c t s  

of the d i f f e r e n t i a l  p h o to ta x i s  h y p o th e s i s ,  e x p la in in g  the changeover 

of n o c tu rn a l  and d iu r n a l  f i s h e s ,  r e s p e c t i v e l y ,  a re  not  n e c e s s a r i l y  

in te rd e p en d e n t .  Indeed the photophobic  mechanism might rea so n ab ly  be 

assumed to  have a d i f f e r e n t  p h y s io lo g ic a l  and e v o lu t io n a ry  b a s i s  than  

the p h o to p h i l i c  mechanism. Demonstrat ion of the  e x i s t e n c e  of  one 

would n e i t h e r  prove nor r e q u i r e  the  e x i s t e n c e  of the  o t h e r .  They a r e ,  

however,  in each case p l a u s i b l e  e x p la n a t io n s  o f  changeover and have 

simply been proposed in  combination.  In  the a u t h o r ' s  view the 

photophobic  mechanism i s  a s l i g h t l y  more s a t i s f y i n g  e x p la n a t io n ,  but 

t h i s  may be due to  a g r e a t e r  f a m i l i a r i t y  with c a r d i n a l i i s h e s  than with
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d iu rn a l  s p e c i e s .

A f i n a l  importan t  argument in  f a v o r  of e i t h e r  the photophobic 

or p h o to p h i l i c  mechanism i s  t . . a t  i t  i s  f a l s i l i a t l e  as a g en e ra l  

e x p la n a t io n  of the proximate c a u s a t io n  of  changeover (o f  n o c tu rn a l  or 

d iu rn -1  x i r h e s ,  r e s p e c t i v e l y )  by the dem ons t ra t ion  of  a s p e c i e s  t h - t  

under oes changeover,  in an o the rw ise  t y p i c a l  manner,  a t  a t ime w..en 

no change in l i g n t  i n t e n s i t y  i s  o c c u r r in g  (see  Popper, 1968, on the 

importance of  f a l s i f l a b i l i t y .

The e c o l o g i c a l  s i g n i f i c a n c e  of changeover . e r a v i o r ,  a most 

c r u c i a l  c o n . i a e r a t i o n ,  w i l l  be d e a l t  with in a f i n a l  s e c t i o n  01 t h i s  

ch ap te r ,  ax'ter the d i s c u s s io n  of  l a b o r a t o r y  o b s e rv a t io n s  and b ra in  

measurements.

2.  l a b o r a t o r y  i n v e s t i g a t i o n

I t  snould be poin ted  ou t  t h a t  the exper im en ta l  tank environment 

i s  a poor analog  of  the r e a l  co ra l  r e e f  environment.  In x u c t ,  a l though  

the observed behav io ra l  changes have been d esc r ib ed  as "cha.ngeov-r ", 

the sp-ce l i m i t a t i o n s  of the tanks v i r t u a l l y  p reven t  any r e a l  s p a t i a l  

changeover.  Thus, f o r  example, the  m a jo r i ty  of  the Apogon maoulatus 

in d iv id u a l s  remain o u t s id e  of  tae  s h e l t e r  a r e a s  even a t  midday, and 

the r e s t  emerge a t  n i g h t .  This i s  n o t ,  however, ev idence  t h - t  the 

normal d i u r n a l  behavior  i s  p reven ted ,  s in ce  in  s i t u  o b s e rv a t io n s  r e v e a l  

t h a t  maculatus  i s  normally  found d u r in g  the day in r e l a t i v e l y  wel l 

l i t  a r e a s  w i th in  the r e e f ,  near  but  no t  n e c e s s a r i l y  in s id e  more 

p r o te c t e d  or more enc losed  spaces .  I t  i s ,  r a t h e r ,  the n o c tu rn a l  

behavior  -  movement away from the r e e f  comple tely  -  t h a t  i s  p reven ted  

in the tank .

Thus the  p r e se n t  d a ta  do not  r e a l l y  r e p r e s e n t  changeover par  s e ,
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but r a t h e r  the p h o t o t a t i c  r e sponses  which, i t  i s  argued h e re ,  a re  

the b a s i s  of changeover b eh av io r .

In  t h i s  c o n te x t ,  the  s p e c ie s  in F igure  24 could be a s s ig n ed  to

th re e  c a t e g o r i e s :  moderately  photophobic (A. m a o u la tu s ) .  in t e rm e d ia te

(A. b i n o t a t u s ), and h ig h ly  photophobic  (Phaeoptyx c o n k l i n i ) .  Among the  

o th e r  s p e c i e s ,  s tu d i e d  in  s m a l le r  numbers,  A. townsendi  would be in

the moderately photophobic c a te g o ry ,  while  P,_ p ig m en ta r i a  and

K  xenus wculd be in the h ig h ly  photophobic c a teg o ry .

C e r t a in  g e n u s - s p e c i f i c  t en d e n c ie s  a re  a p p a re n t  in these  d a t a .

The ^pogon sp e c ie s  a re  in te rm e d ia te  to  moderate i n  photophobia ,  while  

the Phaeoptyx sp e c ie s  a r e  h igh ly  photophobic .  The a p p a ren t  extreme 

photophobia  of F_. xenus may be r e l a t e d  to  i t s  sponge-dw el l ing  h a b i t .  

This a s s o c i a t i o n  g ives  i t ,  in  i t s  n a t u r a l  h a b i t a t ,  the d a r k e s t  and 

most s h e l t e r e d  h id in g  p lace  of  a l l  t h e se  s p e c i e s .  I t  would be 

i n t e r e s t i n g  to  de termine  the changeover schedule  o f  Astrapo. on 

s t e l l a t u s , whose i n p u i l i n e  h a b i t  i s  even more extreme.

The t r e n d s  in the p r e se n t  r e s u l t s  more or l e s s  p a r a l l e l  the t r en d s  

in  f i e l d  da ta  f o r  these  s p e c i e s .  Smith and Ty le r  (1972) inc lude  

,iata f o r  the same s ix  apogonid s p e c i e s .  The .ipogon s p e c ie s  tended^, in  

t h e i r  s tu d y ,  to  undergo changeover t o g e th e r  in  the  morning and in the  

even ing ,  while  _F. c o n k l i n i  and _P. p ig m en ta r ia  had a l a t e r  evening 

changeover t ime,  s h o r t l y  a f t e r  t h a t  of  the  Apogon s p e c i e s  ( these 

au th o r s  do not  inc lude  morning changeover in fo rm a t io n  f o r  F. c o n k l i n i  

or F. p ig m e n ta r i a ) .  P. xenus e v i d e n t l y  r e tu rn e d  to  i t s  d i u r n a l  

h a b i t a t  e a r l i e s t  in  the  morning and l e f t  i t  l a t e s t  in  the evening .  

C o l l e t t e  and Ta lbo t  (1572) inc lude  d a ta  f o r  f o u r  of  the Bix s p e c i e s ,  

which i s  roughly  c o n s i s t e n t  with the  f in d in g s  of Smith and T y le r .
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Dale (1975) found that a . maoulatus and a . townsendi d if fe r e d  only 

s l i g h t l y  in evening changeover, and not a t a l l  in morning changeover, 

which i s  again c o n s is te n t  with the laboratory r e s u l t s .

Chave (K-) showed s p e c i f i c  d if fe r e n c e s  in l i g h t  to lerance in 

the laboratory among severa l apogonid sp ec ie s  o f  Hawaii, (One specieB ,  

Apogonichthys w a ik ik i , behaved in a manner somewhat l ik e  that of  

_F. xenus in tae present study. I t  retreated  in to  t ig h t  corners or 

holes within the experimental tank for  the duration of her experim ents).  

These d if fe r e n c e s  were more or l e s s  p a ra lle led  by the r e s u l t s  of f i e l d  

measurements of the l ig h t  in t e n s i t i e s  in which they were located  in 

th e ir  diurnal h a b ita ts .  Chave concluded that l ig h t  in te n s i ty  was a 

c r i t i c a l  fa c to r  c o n tr o l l in g  th e ir  d iurnal lo c a t io n ,

3. Brain morphology

n’ithout further in v e s t ig a t io n  i t  i s  d i f f i c u l t  to say whether 

the c o r re la t io n  between r e la t iv e  o p t ic  lobe s iz e  and photophobic 

behavior observed amon  ̂ Apo- on maoulatus, A. b in o ta tu s , and i_. co n k lin i  

i s  based on some a ir e c t  or in d irec t  r e la t io n sh ip  between these two 

fa c to r s ,  or i s  merely fo r tu i to u s .  In the context of the idea that  

changeover is  an e s s e n t ia l ly  p h o to ta ct ic  phenomenon, such an 

anatomical c o r r e la t io n  would perhaps not be su r p r is in g ,  s in ce  changeover 

behavior may be a very fundamental aspect of the b io logy  o f these  

f i s h e s .  Furthermore, the o p t ic  lobes are exceedingly  prominent in 

these s p e c ie s ,  forming the predominant component of what i s  ev id en tly  

a rather large brain . Apogonids had the h igh est  "encephalization  

index" (a measure of r e la t iv e  brain s i z e )  among 35 t e le o s te a n  fa m il ie s  

from Hawaii in a recent study (Bauchot e t  a l , ,  1977).
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C o r r e l a t i o n s  b e t w e e n  b r a i n  a n a t o n y  and o t h e r  a s p e c t s  o f  b e h a v i o r  

o r  e c o l o g y  a r e  w e l l  known a m o n g  f i s h e s .  Most w i d e l y  s t u d i e d  a r e  

c o r r e l a t i o n s  w i t h  f e e d i n g  h a b i t s  (se e  Kapoor e t  a l . ,  1975* and t h e i r  

b i b l i o g r a p h y ;  Gupta and B h r i v a s t a v a ,  1972, a l s o  c i t e  many p e r t i n e n t  

r e f e r e n c e s ) .  F i s h e s  t h - t  r e l y  f o r  f o o d  s e l e c t i o n  on abundant  t _ s t e  

buds i n  t h e  s k i n ,  l i p s ,  o r  s e n s o r y  b a r b e l s  may h - v e  e n l a r g e d  l o b e s ,  

termed f a c i a l  l o b e s ,  i n  t h e  r e g i o n  o f  the  m e d u l l a  t h a t  r e c e i v e s  the  

f a c i a l  n e r v e  f i b e r s .  F i s h e s  r e l y i n g  on o r o - p h a r y n g e a l  t a s t e  buds ,  

which  a r e  s u p p l i e d  by t h e  g l o s s o p h a r y n g e a l  and v a g u s  n e r v e s ,  may have  

e n l a r g e d  v a g a l  l o b e s  on t h e  m e d u l l a .  F i s h e s  f e e d i n g  p r i m a r i l y  by 

s i g h t ,  in  which  c a t e g o r y  a p o g o n i d s  would pr e su m ab ly  be p l a c e d ,  t en d  

t o  have  p r o m in e n t  o p t i c  l o b e s .

B l i n d  cave  or  p h r e a t i c  f i s h e s  t e n d ,  a s  m ight  be e x p e c t e d ,  t o  have  

e x t r e m e l y  r e d u c e d  o p t i c  l o b e s  ( e . g .  F r c o l i n i  and B e r t i ,  1975)*

a r e l a t i o n s h i p  between cerebe llum  s iz e  and h - b i t a t  has a l s o  

been shown (Karamian, 1949), &nd a tendency toward in c re a se d  cerebellum  

s iz e  in  ca tas tom id  f i s h e s  has been c o r r e l a t e d  with l i f e  in f a s t e r  

water (M il le r  and Evans, l j v p ) .

A c o r r e l a t i o n  b e t w e e n  o p t i c  l o b e  s i z e  and a c t i v i t y  c y c l e s ,  such  

a s  t h a t  s u g g e s t e d  i n  t h e  p r e s e n t  f i n d i n g s ,  has  n o t  p r e v i o u s l y  been  

r e p o r t e d  i n  th e  l i t e r a t u r e ,

4 ,  P h o t o t a c t i c  h a b i t a t  p a r t i t i o n i n g :  a  p o s s i b l e  s p a c e - s h a r i n g

mechanism.

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

c h a n g e o v e r  p a t t e r n s  i s  i n  o r d e r ,  why do a p o g o n i d s  and o t h e r  r e e f  

f i s h e s  u n d er g o  n o o t u r n a l - d i u r n a l  c h a n g e o v e r  i n  a g r a d u a l ,  s e q u e n t i a l
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manner? rt'hat i s  the  e c o lo g ic a l  s ig n i f i c a n c e  o f the i n t e r s p e c i f i c  

d i f f e r e n c e s  in  time o f  changeover? Helfman (1978) has d iscu ssed  

sev era l hypotheses in  t h i s  r e g a rd .

Hobson (1972) found evidence in  Hawaii t h a t  f i s h e s  seek s h e l t e r  

( a t  dusk) in  o rd e r  o f  d e c re a s in g  v u l n e r a b i l i t y  to  p r e d a t io n ,  as 

roughly  in d ic a te d  by in c re a s in g  fco:y s i z e .  Elsewhere t h i s  seems to  

hold  f o r  w i th in - s p e c ie s  d i f f e r e n c e s  in  body s iz e  bu t no t f o r  between- 

s p e c ie s  d i f f e r e n c e s ,

Domm and Domm (1973) have su g g es ted  a second p o s s i b i l i t y :  t h a t

s e q u e n t ia l  s h e l t e r - s e e k in g  a t  dusk reduces  a k ind  of "confusion"  th a t  

would a id  p r e d a to r s ,  and a l s o  reduces  i n t e r s p e c i f i c  a g g re ss io n  

in v o lv e :  in  co m p e ti t io n  f o r  s h e l t e r  s i t e s .  However, th e re  a re  

c o n s id e ra t io n s  a rg u in g  a g a in s t  t h i s  view (Helfman, 1978). An 

o rd e r ly  sequence a l s o  occurs  in the morning, when confusion  might be 

more advantageous to  the prey s p e c ie s .  As f a r  as r e d u c t io n  of 

i n t e r s p e c i i i c  a g g re ss io n  is  concerned , i t  i s  o f te n  i n t r a s p e c i f i c  

a g g re s s iv e  co m p e tit io n  th a t  i s  most p rom inent.

A t r i r d  e x p la n a t io n  i s  t h a t  the o rd e r ly  sequence r e s u l t s  from a 

kind of tem poral re so u rc e  s u b d iv is io n  which reduces  co m p etit io n  f o r  

p re d a to r  avoidance (Helfman, 1978). In t h is  view the changeover 

time o f a g iven s p e c ie s  r e p re s e n ts  a compromise between the  need to  

maximize the time sp e n t  fe e d in g  or c a r ry in g  out Borne o th e r  a c t i v i t y ,  

and the need to  avoid  c re p u sc u la r  p r e d a to r s .  This t h i r d  e x p la n a t io n  

s t i l l  does not e s t a b l i s h  how the  o r d e r ly ,  s e q u e n t ia l  n a tu re  of 

changeover t h a t  i s  so s t r i k i n g  to  the  ob se rv e r  i s  conducive to  

p r e d a to r  avoidance a t  e i t h e r  dawn o r dusk,

A f o u r t h  h y p o t h e s i s  w i l l  be o f f e r e d  h e r e  a s  an e x p l a n a t i o n  f o r
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c h a n g e o v e r  t im e  d i f f e r e n c e s  among c a r d i n a l ! ' i s h e s ,  which may have  w id e r  

a p p l i c a b i l i t y ;  p h o t o t a c t i c  h a b i t a t  p a r t i t i o n i n g .  I n  t h e  c a s e  o f  

c a r d i n a l ! i s h e s  and o t h e r  n o c t u r n a l  s p e c i e s ,  t h i s  mechanism would  

work a s  f o l l o w s .  As l i g h t  l e v e l s  b e g i n  t o  r i s e  in  t h e  m o rn in g ,  t h e  

most  p h o t o p h o b i c  s p e c i e s  would r e t u r n  f i r s t  t o  the  r e e f ,  e v e n t u a l l y  

o c c u p y i n g  th e  d e e p e s t  and d a r k e s t  s p a c e s .  Then l e s s  p h o t o p h o b i c  

s p e c i e s  would r e t u r n  and s e e k  s h e l t e r  in  i n t e r m e d i a t e  s p a c e s ,  and 

f i n a l l y  th e  l e a s t  p h o t o p h o b i c  » p e c i e s  would r e t u r n  and o c c u p y  th e  

r e m a i n i n g ,  w e l l - l i t  s p a c e s .  In  t h i s  way a p a s s i v e  p a r t i t i o n i n g  o f  

s p a c e  on the  r e e f  would be e f f e c t e d .  In  th e  c a s e  o f  d i u r n a l  s p e c i e s  

one c o u l d  im ag in e  t h a t  a t  dusk  t h e  l e s s  p h o t o p h i l i c  s p e c i e s  would  

s e t t l e  i n t o  the  d e e p e r  r e c e s s e s  o f  t h e  r e e f  and t h e  more p h o t o p h i l i c  

s p e c i e s  would occupy  t h e  s h a l l o w e r  . p a c e s  t h a t  a r e  r e a s o n a b l y  w e l l - l i t  

f u r t h e r  i n t o  t h e  e v e n i n g  and r e m ain  s l i g h t l y  i l l u m i n a t e d  on m o o n l i t  

n i g h t s .  A ga i . . ,  t h e r e  i s  a p a s s i v e  p a r t i t i o n i n g  o f  s p a c e  on t h e  r e e f .

The a d v a n t a g e s  o f  t h i s  e x p l a n a t i o n ,  which  - r g u e  in  i t s  f a v o r ,  

may be summarized a s  f o l l o w s ;

a)  I t  i s  a s i m p l e r  e x p l a n a t i o n  th an  t h o s e  p r e v i o u s l y  p r o p o s e d ,  

b e i n g  e n t i r e l y  based  on a s i m p l e  p h o t o t a c t i c  r e s p o n s e .  The o p e r a t i o n  

o f  more complex b e h a v i o r a l  f a c t o r s  i s  i m p l i e d  i n  t h e  o t h e r  h y p o t h e s e s .

Thus i t  i s  f a v o r e d  by t h e  pars im ony  p r i n c i p l e  as  a p p l i e d  t o  an im a l  

b e h a v i o r .

I f  the  argument a d v a n c e d  e a r l i e r ,  i n  f a v o r  o f  d i f f e r e n t i a l  

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

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

e c o l o g i c a l  s i g n i f i c a n c e  o f  c h a n g e o v = r .

b )  S i n c e  s p a c e  i s  w i d e l y  b e l i e v e d  t o  be t h e  l i m i t i n g  f a c t o r  f o r
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f o r  most  r e e f  f i s h  s p e c i e s ,  t h i s  mechanism would p r o v i d e  a f u n d a m e n t a l  

means o f  c o e x i s t e n c e  among t h e s e  s p e c i e s .  Any e x p l a n a t i o n  whose  

e c o l o g i c a l  s i g n i f i c a n c e  i s  framed i n  terms o f  r e s o u r c e s  o t h e r  than  

s p a c e  i s  t h e r e f o r e  l e s s  s a t i s f y i n g .

The o v e r a l l  d i u r n a l - n o c t u r n a l  t r a n s i t i o n  i s  i t s e l f  a b a s i c  

s p a c e - s h a r i n g  mechanism (Sm ith  and T y l e r ,  IS-7 2 ) ,  a l l o w i n g  t h e  two 

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

s t r u c t u r e .  H a b i t a t  p a r t i t i o n i n g  i s ,  i n  a s e n s e ,  an e x t e n s i o n  or  

e l a b o r a t i o n  o f  t : .a t  mechanism.

c )  The h y p o t h e s i s  i s  f a l s i f i a b l e  on two d i f f e r e n t  l e v e l s ,  r ' i r s t  

o f  a l l ,  i t  would l o s e  a c e r t a i n  b a s i c  s u p p o r t  i f  d i f f e r e n t i a l  

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

were f a l s i f i e d  in  t h e  manner p r e v i o u s l y  d e s c r i b e d ,  o e c o n d l y ,  i t  

would be f - l s i i i e d  by t h e  d e m o n s t r a t i o n  o f  r e l a t e d  s p e c i e s  t h a t  a r e  

n o t  s p a c e - l i m i t e d  bu t  t h a t  c l e a r l y  d i f f e r  in  p h o t o t a c t i c  r e s p o n s e  and 

chunb£Over t i m e .

d)  The e v o l u t i o n a r y  b a s i s  o f  th e  c h a n g e o v e r  d i f f e r e n c e s  beh in d  

th e  p a r t i t i o n i n g  i s  no more d i f f i c u l t  t o  e n v i s i o n  than  t h a t  o f  o t h - r  

c o m p e t i t i o n - r e s t r i c t i n g  n i c h e  d i f f e r e n c e s  t h a t  have  been  s u g g e s t e d ,  

such  a s  f o o d  or  h a b i t a t  p r e f e r e n c e s .  One c o u l d  im ag ine  t h a t  a l l o p a t r i c  

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

p h o t o t a x i s  i n  r e s p o n s e  t o  s l i g h t l y  d i f f e r e n t  p h o t i c  e n v i r o n m e n t s .

.After breakdown o f  th e  g e o g r a p h i c  b a r r i e r ,  t h e s e  d i f f e r e n c e s  would 

e n h an c e  t h e  c o e x i s t e n c e  o f  t h e  two fo rm s  by p r o m o t i n g  h a b i t a t  

p a r t i t i o n i n g .

A somewhat r a s h  s p e c u l a t i o n  i n  t h i s  c o n t e x t  would be t h a t  t h e  

e v o l u t i o n  o f  i n t e r s p e c i f i c  d i f f e r e n c e s  i n  a d u l t  body s i z e  may be
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l in k e d  in  some way to  d i f f e r e n c e s  in  p h o to ta x i s ,  and hence in  

changeover t im e. Hobson (1972) found e v id en ce ,  mentioned e a r l i e r ,  

o f  a body s iz e  sequence d u r in g  c o r a l  r e e f  changeover. In  a d d i t io n ,  

th e r e  i s  a widespread tendency among marine and f r e s h w a te r  f i s h e s  

f o r  w ith in -sp e c ie B  or b e tw een -sp ec ie s  d i f f e r e n c e s  in  body s i z e  to  

be r e l a t e d  to  l i g h t  p re fe r e n c e s  ( in c lu d in g  n o c tu rn a l  v s .  d iu rn a l  

h a b i t s )  o r  to o th e r  a p p a re n t  p re fe re n c e s  ( e . g .  d e p th ,  w ater 

tu rb u le n c e )  t h a t  may in  f a c t  r e p r e s e n t  l i g h t  p r e f e r e n c e s .

Perhaps a l lo m e t r io  d i f f e r e n c e s  (o n to g e n e t ic  o r  p h y lo g e n e t ic )  

in  some m orphological f a c t o r  (eye o r b r a in  anatomy?) a re  a t  the  

b a s is  o f  th e se  p r e fe r e n c e s .  The s i z e - l i g h t  p re fe re n c e  r e l a t i o n s h i p  

is  g e n e ra l ly  one in  which la r g e r  forms a re  a s s o c ia te d  w ith  d a rk e r  

c o n d i t io n s ,  and t h i s  would be l o g i c a l  i f  the  r e l a t i o n s h i p  has a 

m orphological b a s i s ,  s in c e  l a r g e r  f i s h  can have, e . g . ,  l a r g e r  eyes 

and o p t i c  lo b e s ,  c o n ta in in g  more senso ry  c e l l s  and neurons.

In c o n c lu s io n ,  i t  would seem t h a t  l i g h t  i s  a very  fundam ental 

f a c t o r  in  r e e f  f i s h  eco logy . This i s  most c e r t a i n l y  t r u e  f o r  

c a r d i n a l f i s h e s .  I t  may be viewed, f o r  example, as  the  very  b a s is  of 

t h e i r  fe-.d ing  h a b i t s ,  in  the  sense t h a t  t h e i r  p h o to t a c t i c  te n d e n c ie s  

put them ( s p a t i a l l y  and tem p o ra lly )  where a c e r t a i n  food supply i s  

a v a i l a b l e .  A dap ta tions  f o r  e x p lo i t i n g  th it .  p a r t i c u l a r  food supply 

could be viewed a s ,  in  a se n se ,  su b o rd in a te  to  the  n o c tu rn a l  h a b i t  

a d a p ta t  ion.

Perhaps p h o t ic  f a c t o r s ,  e i t h e r  in  terms o f l i g h t  i n t e n s i t y  or 

w ave-leng th , a r e  a l s o  invo lved  in  th e  s e l e c t i o n ,  by l a r v a l  r e e f  

f i s h e s ,  o f  h a b i t a t  or depth  a t  the time o f  r e c ru i tm e n t .  Such f a c t o r s  

could well be among the  most im portan t c o m p e t i t i o n - r e s t r i c t i n g
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mechanisms o f  c o r a l  r e e f  f i s h e s ,

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

f a c t o r  p r o m o t i n g  r e e f  f i s h  d i v e r s i t y .  I t  p r o v i d e s  a h e t e r o g e n e i t y  i n  

t h e  t e m p o r a l  d i m e n s i o n  t h a t  s p e c i e s  have  e x p l o i t e d  i n  t h e i r  a v o i d a n c e  

o f  i n t e r s p e c i f i c  c o m p e t i t i o n .  T h i s  iB p r o b a b l y  t r u e  o f  a n i m a l s  i n  

g e n e r a l ,  ouch a f u n d a m e n t a l  e c o l o g i c a l  r o l e  o f  t h e  l i g h t - d a r k  c y c l e  

i s  p e r h a p s  n o t  s u r p r i s i n g  i n  v i e w  o f  i t s  e x i s t e n c e  a s  p a r t  o f  the  

p h y s i c a l  e n v i r o n m e n t  o f  t h e  p l a n e t  s i n c e  b e f o r e  l i f e  e v o l v e d .
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CHAPTEfl FIVE: Trophic F a c to rs

I .  METHODS

(A) Feed ing  h a b t i s

1. Stomach o o n ten t  a n a ly s is

a )  S e le c t io n  o f specimens

The fe e d in g  h a b i t s  of s e v e ra l  of the more abundant c a r d i n a l f i s h  

s p e c ie s  were in v e s t ig a te d  by means of stomach c o n te n t  a n a ly s i s .  

Because o f  an awareness of c e r t a i n  d i f f i c u l t i e s  in  i n t e r p r e t i n g  

i n t e r s p e c i f i c  fe e d in g  h a b i t  d i f f e r e n c e s ,  f i s h  samples were chosen f o r  

t h i s  s tudy  which met the  fo llo w in g  c r i t e r i a :

( i )  On the assum ption th a t  most of the fe e d in g  a c t i v i t y  of the 

s p e c ie s  concerned i s  n o c tu rn a l ,  and in  the  absence of 

n ig h t  c o l l e c t i o n s ,  only morning c o l l e c t i o n s  were ana lyzed . 

Food organisms taken  a t  n ig h t  would be more r e a d i ly  

i d e n t i f i a b l e  in f i s h  c o l l e c te d  in  th e  fo renoon . Moreover, 

om ission of a f te rn o o n  samples minimized the  com plica tion  

o f  in c lu d in g  d iu r n a l ly  taken  food organ ism s, which might 

d i f f e r  in  some fundamental way.

( i i )  C o l le c t io n s  from only a few d i f f e r e n t ,  r e l a t e d  h a b i t a t

types  were s e le c te d  to  reduce the p o s s ib le  com p lica tio n  o f 

having  unequal samples from h a b i t a t s  in  which prey 

a v a i l a b i l i t y  d i f f e r e d  w ide ly .

( i i i )  C o l le c t io n s  were chosen which inc luded  a t  l e a s t  f iv e

specimens each ( a l l  over 20ram SL) o f  a t  l e a s t  two d i f f e r e n t  

s p e o ie s ,  so t h a t  w i t h in - c o l l e c t i o n  comparisons could be 

made. On t h i s  b a s is  s ix  d i f f e r e n t  c o l l e c t i o n s  were



2 5 -8 .

s e le c te d . Within each c o l le c t io n  a l l  20mm+ apogonid 

specimens were d is s e c te d , up to  a maximum o f 20 specimens 

fo r  a g iven  sp e c ie s .

b) Volumetric e stim a tio n  of d if f e r e n t  food itemBt a new 

method

Specimens were opened by cu ttin g  in to  the v iso e r a l ca v ity  a t i t s  

a n te r io r , d o r sa l, and p o ster io r  margins on the r ig h t  s id e  o f the 

body. Stomachs were removed by c u tt in g  through the esophagus and 

p ylorus. (Prelim inary d is s e c t io n s  had in d ioated  that v ir tu a l ly  no 

id e n t if ia b le  food item s were to  be found fu rth er  on in the d ig e s t iv e  

t r a c t ) .

The percent fu l ln e s s  o f the stomach was v is u a lly  estim ated to  

the n earest 10$. Both the r e la t iv e  th in n ess o f the stomach w all and 

the volume of i t s  co n ten ts , considered in  r e la t io n  to the s iz e  o f  

the specim en, allow ed th is  rather su b jec tiv e  estim ate  to  be reasonably  

c o n s is te n t . ThiB was shown by the fa o t  th at reestim atee  o f f u l ln e s s ,  

without knowledge o f the f i r s t  e s tim a te s , u su a lly  d iffe r e d  from the 

f ir B t  estim a tes by no more than 10$, and only r a r e ly  by more than 

20$,

I d e n t if ic a t io n  o f food items ranged in  p r e c is io n  from " u n id en tified  

animal m aterial"  to  s p e c ie s .  The percent volume o f  each category (o f  

whatever p r e c is io n )  o f the t o ta l  con ten ts o f a g iven  stomach, was 

v is u a lly  estim ated to  the n earest 10$, or to  the n earest 1 or 2$ fo r  

ca te g o r ie s  Judged to  comprise 5$ °r  l e s s .

M ultip ly ing th is  value by the percent f u l ln e s s  o f that 

p a rtic u la r  stomach gave a value rep resen tin g  the " fr a o t io n -o f - fu l l -  

stomach" fo r  th at food oategory, fo r  th a t speoim en. Thus i f
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stomatopod larvae o o n stitu ted  an estim ated  50# o f  the con ten ts o f  a 

stomach judged to  be 30# f u l l ,  stomatopod larvae had a " fr a c t io n -o f -  

fu l  1-stom ach11 value o f 15#*

The reason fo r  c a lc u la t in g  t h is  somewhat a r t i f i c i a l  f ig u r e  was 

that i t  seemed more reasonable in  o er ta in  r e sp e c ts  to  add such 

f ig u r e s  together fo r  a group o f speoimens o f a g iven  sp e c ie s  to  

estim ate  the importance o f food o a te g o r ie s  than to  add togeth er  

e ith e r  a c tu a l weight or volume u n its , or sim ple percentages o f  

stomach oon ten ts .

The reasons fo r  th is  are as fo llo w s:

( i )  U nless only specimens from a narrow s iz e  range are used

in a stomach content study (o ften  p o s s ib le , no doubt, but 

not so in the present ca se )y adding estim a tes  made in  grams 

or oubic cen tim eters may unreasonably overemphasize those  

item s found in la rg er  specim ens. Thus, h y p o th e t ic a lly , a 

60mm f is h  might have a f u l l  stomach con ta in in g  only nysid  

shrim ps, and a 30mm f is h  might have a f u l l  stomach 

con ta in in g  only stom atopods. The stomatopods from the 

sm aller f i s h  would amount to only about l / lO  the volume 

or weight o f the nysida from the la rg er  f i s h  (based on the 

approximate len gth -w eigh t r e la t io n sh ip  o f the ty p ic a l  

apogonid B p ecies, and assuming th at the proportionate s iz e  

o f  the stomach i s  s im ila r  in large and sm all f i s h ) .  Thus 

i f  only weights or volumes are added in p oo lin g  the food  

data for  a g iven  f i s h  s p e c ie s ,  the q ysid s in the larger  

f i s h  would add ten  tim es more to  the mysid category than 

the stomatopods from the Bmaller f i s h  would add to  the
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stomatopod category . Thia g iv e s  the r e s u lt s  an u n d esirab le  

b ia s . I t  i s  su re ly  more reasonable to g iv e  a stom ach -fu ll 

o f  mysids and a stom aoh -fu ll o f  stomatopods equal im portance, 

reg a rd less  o f the s iz e  o f f i s h  from which they came. I f  

there i s  some reason to consider the feed in g  h a b its  o f  

sm aller f i s h  fa r  le s s  im portant, i t  makes more sen se  to  

sim ply omit them from the study. I f  th e ir  feed in g  h a b its  

are b e liev ed  to be fundamentally d if f e r e n t ,  then they should  

be stu d ied  sep arate ly  fo r  that very reason , s in c e  the  

meaning of pooled r e s u lt s  in such a case would be rath er  

ambiguous.

( i i )  Adding sim ple percentages o f stomach con ten ts  w ithout

oonBidering r e la t iv e  fu lln e s s  iB m islead ing in a d if fe r e n t  

way. In t h is  oase, for example, one isopod com prising the 

e n t ir e  stomach con ten ts o f a l / l O - f u l l  stomaoh co n tr ib u tes  

ten  tim es more to  the isopod category than a s im ila r ly -s iz e d  

amphipod, com prising l / lO  o f the stomaoh con ten ts o f a l u l l  

stomach, con tr ib u tes to the amphipod category . Surely th is  

overem phasizes isopods. Using the method d evised  fo r  the 

present study, described  above, the isopod and the amphipod 

in  th is  example would con trib u te  eq u a lly  to  th e ir  r e sp e c tiv e  

c a teg o r ie s  in the pooled r e s u lt s .  Equal importance is  

given  to  the e a t in g  of a " ten th -o f-sto m a o h -fillin g "  isopod  

and the e a t in g  o f a " te n th -o f-s to m a o h -fill in g ” amphipod,

(even though the amphipod-eater had a lo t  more o f other  

th in gs to ea t o r , a lte r n a t iv e ly ,  the isopod ea te r  

reg u rg ita ted  90$ o f i t s  Btomach con ten ts during ca p tu re).
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The need fo r  avoid in g  th ese p l t f a l l e  i s  not as apparent (and 

perhaps not r e a l ly  as important) in  s tu d ie s  o f  the feed in g  h ab its  o f  

a s in g le  s p e c ie s , or even in purely d eso r ip tiv e  s tu d ie s  o f Beveral 

s p e c ie s .  In the present stu d y , however, the primary o b je c tiv e  i s  

to  e s ta b lish  the degree o f s im ila r ity  or d is s im ila r ity  o f the 

feed in g  h ab its  o f  d if fe r e n t  s p e c ie s .  In order to do th is  with any 

oonfidence, a l l  such sources o f m islead ing r e s u lt s  must be avoided.

To the au th o r 's  knowledge, the method here described  fo r  doing so  

has not been p rev iou sly  proposed.

c) D escrip tion  and comparison o f  apogonid feed in g  h a b its .

Follow ing the procedures described  in a) and b) above, stomachs 

were removed from 286 specimens o f ten d if fe r e n t  s p e o ie s . S ix  o f 

the sp e c ie s  were represented  by enough specimens with non-empty 

stomachs to a llow  a t le a s t  a te n ta t iv e  d e sc r ip tio n  o f th e ir  feed in g  

h a b its . For each sp e c ie s  su b to ta ls  o f  " fra ctio n -o f-fu ll-sto m a ch "  

v a lu es  fo r  each food category were converted to percentages o f the 

t o ta ls  o f  va lu es fo r  a l l  food ca te g o r ie s  and the r e s u lt s  were 

tab u la ted .

Fhaeoptyx o o n k lin l and Apogon maoulatus c o n stitu te d  more than 

h a lf  the specimens d is s e c te d . T heir rep resen ta tio n  togeth er in  s iz a b le  

numbers in four of the c o l le c t io n s  perm itted a somewhat more d e ta ile d  

comparative study.

For th is  purpose c a lc u la t io n s  were made o f the degree o f food  

overlap  between the two s p e c ie s ,  u sin g  the overlap  measure o f  

M orisita (1959)* as m odified by Horn (1966), and as uBed fo r  

comparing feed in g  h a b its  o f  f is h e s  by Zaret and Rand (1971) 1



where S i s  the t o ta l  number o f food c a te g o r ie s , and and are 

the proportions o f t o ta l  d ie t  o f B pecies X and Y, r e s p e c t iv e ly ,  

represented  by food category i .  cA v a r ie s  from 0, when two sp e c ie s  

samples have no food ca teg o r ie s  in  oommon, to  1, when the samples 

are id e n t ic a l in proportional food oategory com position,

Food oategory ta b u la tio n s  of the kind mentioned e a r l ie r  do n o t, 

b,y them selves, permit any r e l ia b le  q u a n tita tiv e  com parisons. 

Converting them in to  p ie  diagrams, as i s  o fte n  done, only crea tes  

an i l lu s io n  o f g rea ter  com p arab ility . The CA s t a t i s t i c  provides  

a to o l fo r  tru ly  q u a n tita tiv e  com parisons.

d) M iscellaneous remarks on stomach content a n a ly s is  

As pointed out by Randall (1967:669), stomach content s tu d ie s  

of carnivorous f is h e s  taken with rotenone may be u n re lia b le  because 

such f is h e s  may feed  on organisms th a t succumbed to  the poison f i r s t ,  

but which are not o rd in a r ily  fed  on, Apogonids, however, are among 

the sm all f is h e s  th at succumb alm ost im m ediately, and th e ir  stomach 

con ten ts are th erefo re  not in flu en ced  in  t h is  way to  any s ig n if ic a n t  

e x te n t , (They may in  turn be taken by la rg er  p red ators, Buch as  

groupers, during the p o ison in g . This was freq u en tly  observed by 

the author during a p p lic a tio n  o f the f i s h  a n e s th e t ic  q u in a ld in e, 

which does not cloud the water in  the way rotenone d o es).

F ish es reported on in  the presen t study were a l l  taken in



r e la t iv e ly  shallow  w ater, so there was no p a r tic u la r  problem from 

ewim bladder expansion having caused r e g u r g ita tio n . Although not 

included in  the presen t d ata , many specimens taken from deeper 

water (e s p e c ia l ly  Apogon la o h n er i) were a lso  d is se o te d . I t  was 

freq u en tly  observed in suoh cases th a t the stomach was large  and 

th in -w a lled  but empty and d o rso -v en tra lly  f la t te n e d , ev id e n tly  as  

a r e s u lt  o f swim bladder expansion. Such in d iv id u a ls  had presumably 

reg u rg ita ted  the con ten ts o f r e la t iv e ly  f u l l  stom achs, fo r  i f  th e ir  

stomachs had been empty they would be th iok -w alled  and con tracted . 

Any study o f the food habitB o f  apogonids o o lle c te d  in deep water 

would have to contend with th is  problem.

2 . F ie ld  and aquarium ob servation s

An e f fo r t  was made to  gain a d d itio n a l inform ation on feed in g  

among the various sp e c ie s  by observing them in  the f i e ld  and in  

aquaria. _In s i t u  ob servation s were made on sev er a l oooasions at  

n ight and during the day. To aid in the d iurnal observation  o f  

p o ss ib le  prey organism s, a s p e c ia l mask apparatus was oonstru cted , 

with a r o ta t in g  p o la r iz in g  f i l t e r  (Figure 2 8 ) .  Emery (1968) used 

a la r g e , hand-held sh eet o f  p olaroid  p la s t io ,  r o ta t in g  i t  to  the 

co rrect plane o f  p o la r iz a t io n , to  f a c i l i t a t e  the d e te c tio n  o f sm all 

transparent p lankton. The mask apparatus d ev ised  fo r  the present 

study allow ed use o f the hands fo r  other purposes while making 

such o b serv a tio n s.

Various c a r d in a lf ish  sp e c ie s  were kept on d if fe r e n t  occasion s  

in  outdoor aquaria a t  the Lerner Lab in  B im ini, and in  a marine 

aquarium a t  the American Museum. A few casual ob servation s o f
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Figure  28, Face mask w ith  p o l a r i z in g  f i l t e r  a t ta c h m e n t,  f o r  

f a c i l i t a t i o n  o f jLn s i t u  v iew ing  o f t r a n s p a r e n t  p la n k to n ic  o rgan ism s. 

The p o l a r i z in g  d is c  c o n s i t s  of a s h e e t  of p l a s t i c  p o l a r i z in g  m a te r ia l  

bonded between two th i n  s h e e ts  o f c l e a r ,  r i g i d  p l a s t i c .  I t  i s  

a t ta c h e d  a t  the t i g h t e n in g  b o l t  o f  th e  m etal mask fram e. A s h o r t  

p iece  o f th in  metal rod i s  ben t a t  one end in  a t i g h t  c i r c l e  around 

t h i s  b o l t  and a t  the  o th e r  end i s  b en t  in  a n o th e r  t i g h t  c i r c l e  so 

th a t  i t  may be r i v e t e d  to  the d i s c .  For u se ,  the  d i s c  i s  r o t a t e d  

u n t i l  the  p lane o f  p o l a r i z a t io n  i s  ach ieved  t h a t  b e s t  r e v e a l s  the 

t r a n s p a r e n t  o rganism s. I t  was found, in  t r y i n g  d i s c s  o f  high 

t ra n sm iss io n  m a te r ia l  (approx . 40$) and lower t ra n sm iss io n  m a te r ia l  

(approx . 30$) t h a t  the h igh t ra n sm iss io n  m a te r ia l  was p r e f e r a b l e ,  

because of an a p p a ren t  t r a d e - o f f  between p o la r i z in g  enhancement 

and d arken ing  o f the  v i s u a l  f i e l d .
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feed in g  behavior were made on th ese  o cca s io n s .

(B) Soannlng e lec tr o n  mioroscopy o f  tee th

Before d escr ib in g  the d e t a i l s  o f  the s e le c t io n ,  preparation , 

and exam ination o f m ateria l carried  out in t h is  stu d y , the r a t io n a le  

fo r  a scanning e lec tr o n  mioroBoope (SEM) study o f c a r d in a lfish  

tee th  w i l l  be exp la in ed .

1. R ationale

Adaptations which would a llow  troph io  s p e c ia l iz a t io n  by various  

r e la te d  sp e c ie s  would be important fa c to r s  a llow in g  the co ex isten ce  

o f those s p e c ie s . S tud ies o f A frican o ic h lid s  have revealed  

m o d ifica tio n s o f the tee th  that are c le a r ly  r e la te d  to feed in g  

s p e c ia l iz a t io n s .  Within the s in g le  genus Haplochromls. there i s  a 

complex array o f d e n t it io n a l types corresponding to  an eq u a lly  

complex array o f feed in g  s p e c ia l iz a t io n s  in o lu d in g  p isc iv o r y ,  

in se c t iv o r y , lepidophagy, a lg a l scrap in g , m ollusc e a t in g , and 

gen era lized  feed in g  (Greenwood, 1973» 1974)*

I t  was apparent a t the o u tse t  o f  the present study that such 

v a r ie ty  in  tooth  morphology or feed in g  h a b its  was not l ik e ly  to  be 

found among western A tla n tio  apogonids. In fa o t there i s  probably 

l e s s  o v e r a ll  d ivergence in  d e n t it io n  and feed in g  types in  the 

e n t ir e  fam ily  Apogonidae than in Haplochromis. N e v er th e le ss ,th ere  

was an i n i t i a l  assum ption, in  the present study, that the kind o f  

scru tin y  enabled by the SEN might r ev ea l much Bmaller d iffe r e n c e s  

th at would help  d efin e  more f in e ly  p a r tit io n ed  trophio n ich es .

An i n i t i a l  survey o f the d e n t it io n  of the various s p e c ie s ,  by
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exam ination under a d is s e c t in g  m icroscope, had f a i le d  to  rev ea l 

muoh divergence from a ty p ic a l p a ttern , beyond those in stan ces  

already recognized  and used by taxonom ists. TheBe taxonomic 

characters include the enlarged can ines o f  Apogon o f f in 1 b . the 

la te r a l  ex ten sio n  o f the prem axillary tooth  patches in  A, r o b in s i , 

and the s l ig h t ly  enlarged teeth  o f Phaeoptyx pigm entaria. Even i f  

th ese r e la t iv e ly  minor tooth c h a r a c te r is t ic s  could be shown to  be 

re la ted  to feed in g  s p e c ia l iz a t io n s , the m ajority o f sp e c ie s  would 

remain unaccounted fo r  in th is  regard.

With th is  background, a scanning e le c tr o n  microscope survey  

seemed appropriated and su ita b le  fo r  d e tec tin g  su b tle  d iffe r e n c e s  

in the te e th .

The scanning e lec tro n  microscope a ffo rd s the view er a depth 

of focus 3OO-5OO tim es greater  than o p t ic a l l ig h t  microscopy (B lack , 

1970) and provides c le a r , high co n tra st black and w hite photos o f  

high ly three-d im ensional su r fa ce s . I ts  use i s  described  in  d e ta i l  

by Hearle e t  a l . ( l9 7 2 )  and b io lo g io a l a p p lica tio n s  are reviewed by 

H ollenberg and Erickson (1973). I t s  e f fe c t iv e n e s s  fo r  studying  

f i s h  tee th  has been shown q u ite  r e c e n tly  by Liem (1972), R eif (1973), 

Preusohoft e t  a l .( l9 7 4 )»  Lanzing and Higginbotham (1 9 7 6 ), and 

S h e ll is  and Berkovitz (1976).

2. S e le c t io n ,  p r e p a ra t io n ,  and exam ination

The study was a r b itr a r ily  lim ited  to the jaw te e th , i . e . ,  those  

on the prem axillary and dentary. S u p e r f ic ia l ly ,  a t l e a s t ,  there  

seemed to  be more in te r s p e c if ic  v a r ia t io n  in  these te e th  than among 

those o f the other tooth -b earin g  bones.



16*.

Specimens were s e le c te d  fo r  the study th at met the fo llo w in g  

c r i t e r ia i

a) approxim ately 40 mm SL. Comparison would be f a c i l i t a t e d  i f  

no great s iz e  d iffe r e n c e s  were in vo lved . The specimens

s e le c te d  ranged from 37.5 to 40 .5  SL.

b) undamaged, and not apparently aberrant among others o f  the 

same sp e c ie s

c) c o lle c te d  from "region 2" of the Bahamas. Although there  

was no evidence o f geographic v a r ia tio n  in  any m orphological 

fe a tu re s  o f apogonids in the Bahamas, i t  was reasoned that  

any such e f f e c t ,  i f  p resen t, would be minimized i f  a l l  

specimens were taken from one general reg ion  o f the Bahamas. 

The specimens se le c te d  came from Bim ini, Ragged Islan d ,

L it t le  Ragged Islan d , Rose Islan d , L i t t le  San Salvador,

Cat Isla n d , and the Berry Is la n d s, a l l  in  "region 2" (see  

Figure 12) .

Since there was v ir tu a l ly  no inform ation in the l ite r a tu r e  

regarding the preparation o f f i s h  jawc fo r  the SEM, a o erta in  amount 

o f t r ia l  and error was involved in  f in d in g  a s u ita b le  technique.

The most d e l ic a te  asp ect involved removing the s o f t  t is s u e  from the 

v io in ity  o f the te e th . I t  was d isoovered  th a t the use o f very b r ie f  

h eatin g  or b r ie f  treatm ent with try p sin  f a c i l i t a t e d  th is  rem oval, 

but in any exoess tended to  loosen  the connection of the t e e th .

The fo llo w in g  procedure, presumably s u ita b le  fo r  preparing the 

jaws of any sm all f i s h  speoimen fo r  the SEM, was ev en tu a lly  adopted!

a) D isse c t  and remove upper and lower jaws from one s id e  o f  

specim en.

b) C arefu lly  separate dentary from a r t ic u la r  and prem axilla
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from m ax illa .

c ) Under a d is s e c t in g  mioroacope, piok and brush away as much 

as p o ss ib le  o f the sk in , m uscle, con n ective t is s u e ,  and 

o ra l mucosa from the dentary and p rem axilla , e s p e c ia lly  

near the te e th .

d) F lace in a sm all t e s t  tube and b o il  in  d i s t i l l e d  water fo r  

ten seconds over an a lco h o l lamp. Cool by immersing t e s t  

tube in cold  water,

e )  C arefu lly  brush tooth  patches fo r  th ir ty  seconds with a 

saturated try p sin  solution ( in  b u ffe r ) ,  uBing a Bmall, 
s t i f f - b r i s t l e d  a r t i s t s '  brush.

f )  Rinse in  d i s t i l l e d  water.

g) P lace in  10055 isopropyl a lco h o l in  a sm all beaker, place  

beaker in an u ltra so n ic  bath, and c lean  fo r  s ix ty  seconds.

h) Allow bones to  dry in a ir ,  place in  acetone in a sm all 

beaker, and c lean  again with ultrasound fo r  s ix ty  seconds.

i )  Allow to  a ir  dry and a ttach  to  a numbered aluminum SEM 

specimen stub with conductive p a in t.

j)  Coat specimen with go ld .

ThiB f in a l  coatin g  s te p , and the subsequent operation  o f the 

SEM fo r  view ing and photography, were oarried out by the author at 

the SEM f a c i l i t y  in the B iology Department a t  C ity C ollege o f the 

City U n iv ersity  o f New York, during the f ir B t  p ortion  o f th is  study. 

The SEM at th is  f a c i l i t y  i s  a Kent-Cambridge, Model S -4 . Photographs 

were taken with Polaroid  b lack  and w hite 4 x 5  f ilm , p o s i t iv e -  

n e g a tiv e , type 55, using  a Polaroid  Land 4 x 5  camera back* A data  

sh eet was prepared so that a l l  s e t t in g s  used in  ob ta in in g  a given



photograph could be recorded, in c lu d in g  m agn ifica tion , Z , 0xy, f in e  

m agn ifica tio n , v o lta g e , filam en t ourrent, fo cu sin g  m agn ifica tion , 

r ig h t ,  middle and f in a l  oondenser, b lack  l e v e l ,  s ig n a l ,  working 

d is ta n c e , m agn ification  fa c to r , l in e  and frame running s e t t in g s  

fo r  record r a s te r , and con trast and b righ tn ess s e t t in g s  fo r  camera. 

This f a c i l i t a t e d  reproducing the s e t t in g s  with which good r e s u lt s  

were obtained .

The study was completed a t the SEM f a c i l i t y  o f the American 

Museum, where c o a tin g , operation  o f  the SEM, and photography were 

carried  out by a tech n ic ia n . This SEM i s  a lso  a Kent-Cambridge, 

Model S -4 , and the same type o f f ilm  and camera were used.
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I I .  RESULTS

(A) Feeding H abits

1 . Stomach content a n a ly s is

Table 29 summarizes the  im portan t  d a ta  on l o o a l i t y ,  e t c .  f o r  

the  s ix  c o l l e c t i o n s  from which specimens were tak en  f o r  th e  food 

h a b i t  s tu d y .

a) D escrip tion  o f food h a b its  o f s ix  sp e c ie s

Tables 30-35 g iv e  food h ab it summaries fo r  the s ix  o a rd in a lfish  

sp e c ie s  represented  by ten  or more specimens in  th ese  s ix  c o l le c t io n s .  

Several p o in ts regarding th ese summaries should be noted.

Widely d if fe r e n t  taxonomic le v e ls  are used as food c a te g o r ie s .  

This iB commonly done in such s tu d ie s  ( e .g .  R andall, 1 9 6 7 ) and is  

required by the v a r ia b le  i a e n t i f i a b i l i t y  o f  food item s due to  

d iffe r e n c e s  in  degree o f d ig e s t io n , and other fa c to r s .

The category designated  "shrimp and shrimp larvae" in c lu d es, 

fo r  the most p a r t;u n id en tif ie d  decopod shrimps (suborder N atan tia ), 

probably m ostly oarideans and caridean la rv a e , but not those  

id e n t if ia b le  (by th e ir  unique snapping o h e lip ed s, which are la rg e ,  

th ic k -s h e lle d , and slow to d ig e s t )  as a lp h e id s , which are l i s t e d  

sep a ra te ly  s in ce  they form a su b s ta n tia l food oategory fo r  Borne 

c a r d in a lf ish  s p e c ie s .  "Shrimps" id e n t if ia b le  as q ysid s (ty s id a cea )  

and euphausids ( Euphausidacea) are l i s t e d  as such.

Although f is h  eggB were prominent in  a number o f Btomachs, 

there was evidenoe th at in  some oases th ese may have represented  

o ra l broods swallowed a t  the time o f capture. An egg mass, spat  

out by the brooder during poisoning^m ight be ea ten  by another f i s h |
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F ie ld
Number L o c a l i ty Date Time H a b ita t

Depth
( f e e t )

S64- 8O San S a lv ad o r ,  r e e f  
in  Graham's Harbor

17-XI-64 0945-
1145

to p  of bank, 
c o r a l  s t a c k

to  12

S65-41 A c k l in 's  I s la n d ,  
n r .  S a l in a  P o in t

3-IV-65 0900-
1030

o u te r  s h e l f ,  
p a tch  r e e f

2-15

S66-3 L i t t l e  San Salvador, 
West Bay

4- H I -66 0830-
1000

o u te r  s h e l f ,  
p a tch  r e e f

to  10

S66-26 L i t t l e  Inagua, o f f  
Southwest p o in t

18-111-66 0715-
0900

o u te r  s h e l f ,  
p a tch  r e e f

to  25

S68-1 New Prov idence , 
o f f  C l i f t o n  P i e r

8-1 -68 0900-
0945

o u te r  s h e l f ,  
c o ra l  s ta c k

38

GD73-2 Bim ini, o f f  T u r t le  
Rocks

31-V II-73 1035-
1220

o u te r  s h e l f ,  
p a tch  r e e f

28

Table 29. C o l le c t io n s  from which specimens were tak en  f o r  stomach 
c o n ten t  a n a l y s i s .
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Food Percentage
FiBh and f i s h  fragm ents 30 .0

C rus tacean  fragm ents 27 .8

Shrimp and shrimp la rv a e 11.4

Stomatopods 8 .5

L arv a l stomatopods 5 .3

Paguroid la rv a e 5 .1

Megalopa 4 .1

U n id e n t i f ie d  anim al m a te r ia l 2 .1

IsopodB; in c lu d in g  1 ju v e n i le  g n a th id 1.4

A lpheids 1.3

PolychaeteB 1 .0

Brachyuran crabB 0.7

Upside 0 .5

Oetracods 0.4

Copepodst C alano id : in c lu d in g  Pleurogramma ? 0 .3
Cyclopoidi in c lu d in g  co ry cae id s  

N ebaliaceans  0 ,2

Table 30. Food h a b i t s  o f  F haeop ty i c o n k l in i . Based on 86 
specim ens; 2 0 .1 -4 8 .0  mm SL; 31 empty; from 6 c o l le c t io n s *  
S64-80, 365-41, S66-3, S66-26, S68-1, and GD73-2. The p e rcen tag e  
g iven  i s  based on a v o lu m e tr io  e s t im a t io n  tech n iq u e  d e sc r ib e d  in  
th e  t e x t .
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Food Percentage
Shrimp and shrimp larvae 30.3

Stomatopods 17.6

Alphe ids 15.0

Crustaoean fragments 1 5 .0

Fish and f i s h  fragments 12.5

U n id en tified  animal m aterial 3.4

Brachyuran crabs 2 .5

Paguroid crabs 0 .9

Megalopa 0 .9

Hysids 0 .8

Amphipods 0 .6

EuphauBids 0 .3

Polyohaetes 0 .2

Table 31* Food h a b its  of Apogon m aculatus. Based on 82 specim ens) 
2 0 .1 -6 2 .9  SL; 17 empty) from 5 c o lle c t io n s *  S65- 4 I ,  S66-3, 
S66-26, S68-1, and GD73-2. The percentage g iv en  i s  based on a 
relu m etrio  estim a tio n  technique described  in  the t e x t .



Pood Percentage
CruBtacean fragm ents  31*8

Copepodei Calanoid 17.3
Qyolopoidt in c lu d in g  F a r ra n u la  

g r a c i l i s  Wilson 
H arpaotacoid

Shrimp and shrimp larvae 14 .0

Fish and f i s h  fragments 13.1

AlpheidB 11.7

Crab larvae: in c lu d in g  brachyuran 5 .1

U n id en tified  animal m aterial 2 .8

Fish scaleB 1.2

Amphipods 1.1

Polyohaetes 1 .0

MysidB 0 .8

Ostracods 0 .2

Table 32. Food h a b its  o f  Apogon tovrnsendl. Based on 54 specim ens; 
2 6 .5 -3 7 .4  mm SL; 15 empty; from c o l le c t io n s i  364-80, S66-3, 
S66-26, S68-1, and CD73-2. The percentage g iven  i s  based on a 
volum etric  estim ation  technique described  in  the t e x t .
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Food Percen tage

Crustaoean fragm ents  54*7

Shrimp and shrim p la rv a e  13.9

F ish  and f i s h  fragm en ts  10 .0

U n id e n t i f ie d  animal m a te r ia l  4 .9

Itysids 4 .4

Copepodsi C a lano id t  in o lu d in g  Pleurogramma ? 3 .8
Cyolopoid: in c lu d in g  co ry cae id s

Brachyuran c ra b s ,  la rv a e  3 .0

Ostracods 1 .9

P aguroid  la rv a e  1.3

Cumaoeans 1 .1

Isopodsj in c lu d in g  ju v e n i le  g n a th id ,  1 .0
probably  P a rag n a th ia  Bp.

Table 33* Food h a b its  of Apogon b inotatuB . Based on 25 specim ens; 
2 2 .7 —71.4 mm SLj 11 empty; from 5 c o lle c t io n s *  S64-80, S66-3, 
S66-26, S68-1, and GD73-2. The percentage g iven  i s  based on a 
volum etric e stim a tio n  technique described  in  the t e x t .
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Food__________________________________  Percentage
Crustacean fragments 37 .0

Fish and f i s h  fragments 20 .1

Ify-sids 18.2

Amphipoda 1 3 .0

Euphausids 5.2

U n id en tified  animal m aterial 5.2

Shrimp and shrimp larvae 1.3

Table 34* Food h a b i t s  of Phaeoptyx p ig m e n ta r ia . Baaed on 21 
specim ens; 2 2 ,6 -3 7 .9  mu SL; 4 empty; from 5 c o l l e c t i o n s :
S64-80, S65-41j S66-26, S68-1, and GD73-2. The p e rcen tag e  g iven  
i s  based on a  v o lu m e tr ic  e s t im a t io n  techn ique  d e sc r ib e d  in  th e  t e x t .
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Pood Percentage

Pish and f i s h  fragments 52.3

Stomatopods 24.7

Shrimp and shrimp larvae 13.6

Crustacean fragments 8 .1

Cumaoeans 1 .0

Ostracods 0.5

Table 35* Pood h a b l t a  o f Apogon a f f i n i s . Based on 10 specim ens; 
2 7 .3 -5 2 .7  mm SLj 1 empty; from 2 c o l l e c t i o n s :  S66-3, and S66-26. 
The p e rcen tag e  g iv en  i s  based on a v o lu m e tr io  e s t im a t io n  techn ique  
d e s c r ib e d  in  the  t e x t .
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or the brooder i t s e l f  might swallow the egg mass. One Apogon 

townsendi specimen, fo r  example, had a large mass o f eggs in the 

stomach (and nothing e l s e ) ,  but alBo a few ( id e n t ic a l)  eggs in the 

mouth and an expanded bucoal c a v ity . D ele tio n  o f f i s h  eggs from 

the data in cases where brood sw allow ing was suspected  led  to  

e lim in a tin g  most cases o f f is h  eggs in stom achs. Among the remaining 

cases some id e n t if ic a t io n s  (as f i s h  egrs rather than crustacean eggs)  

were d ou b tfu l. Therefore a l l  f i s h  egg data were a r b itr a r ily  d e le te d .

The "crustacean fragments" category in clu d es ( in a few c a se s)  

p a r t ia l ly  d igested  whole cru stacean s, and (in  most ca se s)  v a r io u sly  

fragmented crustaceans which could not be more p r e c is e ly  id e n t if ie d .

In some cases a mass o f fragments may have included non-crustacean  

m a teria l, but s in ce  the only recogn izab le  fragments were crustacean , 

the whole mass was id e n t if ie d  as such. Perhaps i f  specimens had been 

in jec ted  with form alin sh o r tly  a f te r  capture, in  ad d itio n  to  being  

sim ply immersed in  form alin , stomaoh con ten ts would have been 

s l ig h t ly  l e s s  d ig e ste d . This procedure would c e r ta in ly  be e s s e n t ia l  

fo r  larger  f is h  sp e c ie s , but i s  probably le s s  c r i t i c a l  for  apogonid- 

s ized  f is h e s .

U nfortunately , "crustacean fragm ents", a rather im precise  

category, forms a very large part o f  the stomach con ten ts data fo r  

some s p e c ie s .  In many oases a f a ir ly  r e l ia b le  estim ate  o f the 

id e n tity  o f such fragments on some lower taxonomic le v e l  oould have 

been made. However, in the au th or 's  view , u n id e n tif ie d  specimens 

were fa r  l e s s  und esirab le than m is id e n t if ic a t io n s , and th erefore a 

co n serv a tiv e  approach was m aintained in th is  regard throughout the 

study. With a grea ter  degree o f c o n su lta tio n  with s p e c ia l i s t s
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or a greater  use o f referen ce  specim ens (both done in a few c a s e s ) ,  

g rea ter  taxonomic p r e c is io n  would have been p o s s ib le . For th is  

study, however, most id e n t if ic a t io n s  were made by the author u sin g  

variou s published referen ces  (B rattegard , 19^9, 1970; D avis, 1955?

Day, 1973; Gosner, 1971; Gurney, 1942; Jespersen e t  a l . ,  1939;

Manning, 1961; Newell and N ew ell, 1967; Owre and Foyo, 1967; flenaud, 

1956; Tregouboff and Rose, 1957a, 1957b).

b) Q uantitative comparison o f the food h a b its  o f Phaeoptyx 

oon k lin i and Apogon m aculatus.

The food ca teg o r ies  fo r  _P. c o n k lin i and A. m aculatus, in the 

four c o l le c t io n s  in which they were represented  togeth er in s iz a b le  

numbers, are shown in Table 36. This ta b u la tio n  d e le te s  (from 

Table 30 and 31 data) the "crustacean fragments" and " u n id en tified  

animal m aterial"  c a te g o r ie s , considered too n on -d escrip t to be of 

comparative v a lu e , and a lso  the stomach con ten ts o f  the specimens 

o f th ese  sp ec ie s  in the other two c o l le c t io n s .

Based on th is  pooled data (Table 36) the C. X value fo r  these  

two sp e c ie s  i s  O.635. This value in d ic a te s  a su b sta n tia l amount of 

overlap in the d ie ts  o f th ese  two s p e c ie s . In terp reta tio n  o f th is  

r e s u lt  i s ,  however, d i f f i c u l t  fo r  se v e ra l reason s. Most sim ply, i t  

may be presumed that id e n t if ic a t io n s  o f food items a t lower taxonomic 

le v e ls  would considerab ly  reduce t h is  overlap . Some degree of 

d i f f i c u l t y  in th is  regard seems unavoidable,

A "pooling a r t ifa c t"  may a lso  be in volved . Pooling may tend to  

average out r ea l d iffe r e n c e s  that e x i s t  in s in g le  c o l le c t io n s ,  and 

thus magnify the overlap . C onversely, poolin g  could r e s u lt  in  a 

m islead in g ly  low i f  the two sp e c ie s  had s im ila r  d ie t s  in  one 

c o l le c t io n  and other d ie t s  (again  s im ila r  in  the two s p e c ie s )  in
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Percentage In 
P, o o n k lin l Pood

Feroent&ge in  
A. Daoulatus

0 .3 N ebaliaceans 0

0 .5 Oetraoods 0

2 .1 Isopods 0

14.4 Shrimp and 
shrimp larvae

38.5

7 .5 Paguroid larvae 0

5 .1 Megalopa 1 .2

1 .0 Braohyuran crab 3 .2

44 .5 Fish  and f is h  
fragments

15 .9

1 .5 Polychaetes 0 .2

12,6 Stomatopods 2 2 .4

0 .7 Hysids 1 .1

1 .9 AlpheidB 15.3

7 .8 Larval stomatopods 0

0 Amphlpods 0 .7

0 Euphaus id s 0 .4

0 Paguroid orabs l . l

C alculated  
overlap i

C A .  0,635

Table 36 , Pood h ab it data fo r  Phaeoptyx o o n k lin i and Apogon 
maculatue from 4 c o l le c t io n s t  S65- 4 1, S66-3/  S(>6-26, and GD73-2. 
The percentage g iven  i s  based on a volum etric e stim a tio n  technique  
described  in the t e x t .  The 6X  value g iv en , ca lcu la ted  from the 
data in  the ta b le , i s  a measure o f food overlap .
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other c o l l e c t io n s ,  but were not s im ila r ly  represented ( in  numbers 

o f  specimens) in  the d i f f e r e n t  c o l l e c t i o n s .  Pooling  such data 

would make the d ie t s  appear d i f f e r e n t .  This second problem would 

be minimized by maximizing the sample s i z e .

A new a n a ly t ic  approach, proposed in  t h is  d i s s e r t a t io n ,  which
A

makes use o f  the CA s t a t i s t i c ,  may provide a way of studying food 

overlap which avoids some of these d i f f i c u l t i e s .  I t  i s  described  

in the fo llo w in g  se o t io n .

c) InterBpecific-intraoollection-overlap v s .  intraspeoifio- 
intercollection-overlap* a proposed analytical approach.

I f  the food habits of P. conkllni and Â, maoulatuB are compared
A

in each of the four c o l l e c t io n s ,  much lower CA values are obtained!

O.454 , 0 .426 , 0 .416 , and O.484, or an average o f 0.445* Thus i t  would 

seem that the higher value for  the pooled data r e su lte d  from a
-A .

pooling  a r t i f a c t .  A lte r n a t iv e ly , the lowered CA value may simply 

r e f l e c t  random d if fe r e n c e s  due to  Bmall sample s i z e .  This may be 

checked by c a lc u la t in g  c X  for  eaoh p o ss ib le  w ith in -sp e c ie s ,  

b e tw een -co llec t io n  comparison, and obtain ing an average. Thus the 

data fo r  P. co n k lin i from c o l le c t io n  1 are oompared with that from 

c o l l e c t io n  2 , then with that from c o l l e c t io n  3» and so fo r th ,  u n t i l  

a l l  the fo llo w in g  comparisons are madet

for  P. c o n k l in i i 1 vs  2 ,  1 vs 3» 1 vs 4» 2 vs 3 , 2 vs  4 , 3 vs 4

fo r  A. maculatus! 1 vs 2 ,  1 vs 3, 1 va 4 ,  2 vs 3, 2 vs 4 ,  3 vs 4 .

When CA i s  ca lcu la te d  fo r  eaoh o f  these 12 data p a ir s ,  an average

value o f  0 .556  *8 obtained.

Thus the average in t e r s p e c i f i c —in tr a c o l le c t io n  cA value i s

0 .4 4 5 1 aB oompared with an average in tr a s p e c i f io —in te r c o l le c t io n  cX
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value o f  O.556. This oould be in terpreted  as evidence that apeoies  

id e n t ity  i s  more o f  a determinant o f  d ie t  fo r  these two sp e c ie s  than 

o o l le c t io n  id e n t i ty  ( i . e .  than lo o a l  fa c to r s  such as a v a i l a b i l i t y  

o f  p rey). Put in a d i f f e r e n t  way, i t  i s  ev idence that the "food 

preferences" o f  the two sp e o ies  are at leaBt s l i g h t l y  d i s t i n c t .

This i s  not a t r i v i a l  con c lu sion . In the case of a pair  of  

sp e c ie s  whose d ie t s  are very o p p o rtu n is t ic ,  but appear to be 

s im ila r  in a given h a b ita t ,  i t  provides an unambiguous approach to  

t e s t in g  the p o s s i b i l i t y  that th e ir  feed in g  p references  a re ,  in  f a c t ,  

e s s e n t ia l ly  id e n t ic a l .  Such a p o s s i b i l i t y  would not be unreasonable 

among many p a irs  o f r e e f  f i s h  s p e c ie s ,  in c lu d ing  apogonids such as 

P. oonklin i and A. maculatus.

To be tru ly  q u a n tita t iv e  t h is  approach must, o f  course, be 

given a s t a t i s t i c a l  framework.

The question o f  whether or not a s im i la r i ty  or d if fe r e n c e  in  

d ie t ,  however i t  i s  shown, i s  an in d ica t io n  of com petition or 

lack of com petition , i s  a separate sub ject  fraught with i t s  own 

in te r p r e ta t io n a l  d i f f i c u l t i e s ,  which w i l l  be described in  the 

DISCUSSION s e c t io n .

2 .  F ie ld  and aquarium observations

During the excursions made a t  dusk from the Bydrolab h a b ita t ,  

that were described e a r l i e r  ( in  the Temporal Factors ohapter), a 

few iso la te d  observations were made regarding the nighttim e  

forag ing  areaB o f  the sp eo ies  whioh were d iurnal r e s id n e ts  o f  the 

study r e e f .  These ob servation s , and Borne r e la te d  information from the 

l i t e r a t u r e ,  are described  (under (B) Circadian a o t iv i t y  p a ttern s ,
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1. In s i t u  ob servation ) In the RESULTS s e c t io n  o f  that ohapter.

L iv in gston  (1971) reported th at both o f th ese  sp e c ie s  

o c c a s io n a lly  feed  during the day, and numerous attem pts were made 

to  observe d iurnal feed in g  by th ese  or other s p e c ie s . The 

p o la r iz in g  f ilte r -m a sk  (with the h igher transm ission  p o la r iz in g  

m a ter ia l) was h e lp fu l in  r ev ea lin g  various p lankton ic organisms in  

the v a c in ity  o f the r e e f ,  p a r t ic u la r ly  during use o f the devioe a t  

B im ini, o f f  Turtle Rocks, Here i t  was h e lp fu l in  view ing uysids  

and a lso  a p a r t ic u la r ly  transparent larvaoean tu n ica te  (Oikopleura 

s p .? ) .  Feeding on plankton by c e r ta in  r e e f  f is h e s  (in c lu d in g  

Eupomaoentrus and Coryphopterus s p e c ie s )  was observed on these  

o cca s io n s , but no feed in g  by c a r d in a lf ish  was observed. On another 

o cca sio n , in  shallow  water o f f  New Providenoe, d iurnal feed in g  by 

Apogon maculatus on u n id e n tif ied  cru stacean s was observed.

Feeding behavior by o a r d in a lfish e s  in  the outdoor aquaria a t  

the Lerner Marine Laboratory was observed during the changeover 

experim ents carried  out in August, 1974. As described  in  that  

se c tio n  of th is  d is s e r ta t io n ,  tank popu lations were fed  a t n ig h t, 

whenever p o s s ib le ,  on fr e sh ly  oaught l iv e  p lankton. A ll o f  the  

d iffe r e n t  sp e c ie s  kept in  the tankB a t th a t time seemed to feed  

v o ra c io u sly  and n o n -se le o t iv e ly  on the v a r ie ty  o f organisms contained  

in the food they were presented w ith , which included cru stacean s, 

polyoh&eteB, la r v a l f is h e s  and o th er zooplankton. On a few ocoasions  

they were a ls o  fe d , much le s s  s u c c e s s fu lly ,  with fr ee z e -d r ied  b rin e  

shrimp. My im pression was th at the non-m otile nature o f th a t food  

was the reason fo r  the low frequency of feed in g  on i t .

Observations o f  feed in g  by A. maculatus were a lso  made when
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in d iv idu a ls  o f  th a t sp e o ies  were kept in an "Instant Ocean" marine 

aquarium in the Ichthyology Department a t  the American Museum.

They were purchased through the marine aquarium trade and kept for  

experiments on th e ir  optomotor behavior (Dale, MS). They were fed ,  

on d i f f e r e n t  o cca s io n s ,  l i v e  brine shrimp, guppieB, and chunks of  

frozen  shrimp. Again l i v e ,  moving prey was voraciously  eaten , while  

the f i s h  had to  be "coaxed" in to  taking the shrimp chunks. The 

l a t t e r  food was only taken while i t  was s in k in g  to  the bottom of  

the tank. I f  not taken by the f i s h  before i t  reached bottom i t  was 

picked up and dropped again from the top.

Two observations regarding th e ir  feed in g  on guppies are 

noteworthy. F i r s t ,  on more than one oooasion A. maculatus in d iv idu a ls  

fed on guppies nearly two th irds as long as them selves. In such 

cases the guppy was swallowed head f i r s t  and i t  took as long as 

f i f t e e n  minutes or so before the t a i l  o f  the guppy f u l l y  disappeared 

in to  the mouth. Secondly, d esp ite  th is  rather voracious predatory 

c a p a b i l i ty ,  the general impression o f  the a c t  o f  predation on f i s h  

mas one o f considerable awkwardness. Despite the d is tr e s se d  and 

in e f f e c t iv e  esoape attempts o f  the prey (there were no h id ing  p laces  

in the tank) i t  o f ten  took sev era l awkward approaches and snaps o f  

the jaws before su c c e ss fu l  predation was achieved by the c a r d in a lf is h .  

Apparently A. maculatus i s  not a s w i f t  and sure p isc iv o r e .

(B) Scanning e le c tr o n  microscopy o f  tee th

At l e a s t  one good photograph o f the premaxillary te e th ,  and one 

o f  the dentary te e th ,  were obtained fo r  each o f  12 d i f f e r e n t  s p e c ie s ,  

at m agnifications ranging from 65x to  26Qx (Figures 2 9 -4 0 ) .
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Figure 29 . Scanning e le c tr o n  photomicrographs o f  the jaw tee th  

o f  Apogon a f f i n i s , (A) Fremaxillary te e th ,  ven tra l a sp e c t ,  x 130, 

(B) Dentary te e th ,  d o r so la te r a l  a sp e c t ,  x 65.
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FIGURE 29 (A)

FIGURE 2 9  (B )
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Figure 30. Soanning e le c tr o n  photomicrographs o f the jaw teeth  

of Apogon b in o ta tu s . (A) Premaxillary te e th ,  ven tra l a sp e c t ,  

x 130. (B) Dentary te e th ,  d o r so la tera l  a sp ect ,  x 260.
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FIGURE 30 (A)

FIGURE 30  (B )



Figure 31. Scanning e le c tr o n  photomicrographs of the jaw tee th  of 

Apogon la c h n e r i . ( A) Premaxillary te e th ,  ven tra l a sp e c t ,  x 130. 

(B) Dentary t e e th ,  d o r so la te r a l  a sp e c t ,  x 260,
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FIGURE 31 (A)

FIGURE 31  (B )



Figure 32. Scanning e le c tr o n  photomicrographs o f the jaw tee th  

Apogon maculatus. (A) Premaxillary t e e th ,  ven tra l a sp e c t ,  

x 130, (B) Dentary te e th ,  d o r so la te r a l  a sp e c t ,  x 260.
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FIGURE 32 (B )



Figure 33* Scanning e le c tr o n  photomicrographs o f the jaw teeth  

of Apogon phenax. (A) Premaxillary te e th ,  v e n tr o la te r a l  aspect,  

x 130. (B) Dentary te e th ,  d o r so la te r a l  a sp e c t ,  x 25O.
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FIGURE 33 (A)

FIGURE 33 (B )
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Figure 34. Scanning e le c tr o n  photomicrographs of the jaw tee th  

of Apogon p la n ifr o n s . (A) Premaxillary te e th ,  v en tra l a sp e c t ,

x 130. (B) Dentary te e th ,  d o r so la te r a l  a sp e c t ,  x 260.
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FIGURE 34 (A)

FIGURE 34 (B )
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Figure 35* Soanning e lec tro n  photomicrographs of the jaw teeth  

°** Apogon quadLrlsqueinatus. (A) Premaxillary te e th ,  v en tra l a sp ect ,  

x 130. (B) Der.tary te e th ,  la t e r a l  a sp e c t ,  x 260.
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Figure 36. Scanning e le c tr o n  photomicrographs of the jaw teeth  

of Apogon r o b in s i . (a ) Premaxillary te e th ,  v en tra l a sp e c t ,  i  130. 

(B) Dentary te e th ,  l a t e r a l  a sp ect ,  x 250.
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FIGURE 36 (A)

FIGURE 36 (B )



Figure 37. Scanning e le c tr o n  photomicrographs of the jaw teeth  

of Apogon townsendi. (A) Premaxillary te e th ,  v en tra l a sp ect ,  

x 130. (B) Dentary te e th ,  d o r so la te r a l  a sp e c t ,  x 260.
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FIGURE 37 (A)

FIGURE 37 (B )



Figure 38. Scanning e le c tr o n  photomicrographs of the jaw tee th  

of Phaeopt.yx c o n k l in i . (A) Premaxillary t e e th ,  v e n tr a l  a sp e c t ,  

x 130. (B) Dentary te e th ,  d o r so la te r a l  a sp e c t ,  x 250.
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FIGURE 38 (A)

FIGURE 3 8  (B )
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Figure 39. Scanning e le c tr o n  photomicrographs o f the jaw teeth  

of Fhaeoptyx pigm entaria. (A) Preraaxillary t e e th ,  ven tra l a sp e c t ,  

x 130. ( b ) Dentary te e th ,  d o r so la te r a l  a sp e c t ,  x 260.



FIGURE 39  (A)

FIGURE 39  (B )
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Figure 40 , Scanning e le c tr o n  photomicrographs of the jaw teeth  

of Fhaeoptyx xenus. (A) prem axillary te e th ,  v e n tr o la te r a l  a sp ect ,  

x 130, (B) Dentary te e th ,  la t e r a l  a sp ect ,  x 250.



FIGURE 40 (A)

FIGURE 4 0  (B )
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Photographs o f  the  p re m a x il la  a re  v e n t r a l  o r  v e n t r o - l a t e r a l  viewB, 

o en te red  a t  a p o in t  in  the  a n t e r i o r  t h i r d  o f  t h a t  bone (bu t never 

a t  th e  a n t e r i o r  e n d ) ,  and the d e n ta ry  i s  photographed in  d o r s a l ,  

d o rso -m ed ia l ,  or d o r s o - l a t e r a l  views a t  a p o in t  about l /3  to  2/5  

of the  d i s ta n c e  from the a n t e r i o r  to  the  p o s t e r i o r  end of the  to o th -  

b e a r in g  edge of the  bone.

This SEK Btudy provided no s p e c ia l  r e v e la t io n  about the 

comparative morphology of the teeth  that could be re la ted  to the 

feed in g  h a b its  of these f i s h e s .  The enlarged canines o f  A. a f f i n i s  

(Figure 29} and the s l i g h t l y  enlarged te e th  o f  _P. pigmentaria 

(Figure 3 9 ) ,  are qu ite  evident under a d i s s e c t in g  microscope, as 

mentioned e a r l i e r  (and even with the naked eye in the case of  

A. a f f i n i s ) . These s p e c ia l iz a t io n s  may have some demonstrable 

trophio s ig n i f ic a n c e .  In the food habits  data o f A. a f f  in i s  (Table 

35) there were more "fish  and f i s h  fragments" (52 . 3$) than fo r  any 

other sp e c ie s  stu d ied . The enlarged canines may indeed g ive  th is  

sp e c ie s  a sp e c ia l  p isc ivorous c a p a b i l i ty .  The food habits  of 

P. pigmentaria (Table 34) a lso  include a large proportion o f "fish  

and f i s h  fragments" (20 .1$) but the food h ab its  o f  P. c o n k l in i , 

which does not have enlarged te e th ,  included even more (30 .0$) in 

that category.

There are sev era l other s tru c tu ra l  fe a tu r e s  o f the teeth  

revealed  in the SEM study, and v i s i b l e  in Figures 29-40, that are 

noteworthy even though they have no presently  demonstrable 

comparative e c o lo g ic a l  s ig n i f ic a n c e .  These include the curious  

shovel-shaped t ip s  of the te e th  of most s p e c ie s ,  and the manner o f  

tooth attachment and replacement. D escription  of these fea tu res  

w i l l  not be undertaken here.
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I I I .  DISCUSSION!

(a ) Feeding h ab its

1. Stomach content a n a ly s is

a ) D escription o f  food h ab its  o f  s ix  Bpecies  

The food h ab its  ind icated  fo r  s ix  c a r d in a lf ish  sp e c ie s  in  

Tables 30-35 serve as q u a l i ta t iv e  in d ica t io n s  o f  the d ie t s  of  

these s p e c ie s .  For three o f the s p e c ie s :  A. b in o ta tu s ,  P.

pigmentaria. and A. a f f i n i s , the data are based on too few specimens

to be considered more than very te n ta t iv e  in d ic a t io n s .

Three o f the food items encountered Bhould be commented om

i )  Copepods were present in  the d ie t s  o f A. townBendi (1 7 .3 $ ) ,

A. b inotatus (3.8$)> and P. co n k lin i  (0 .3$)»  Corycaeids 

(order Calanoida) were represented among these copepods in 

a l l  three o f these s p e c ie s ,  e s p e c ia l ly  A. townsendi. where 

one corycaeid sp e c ie s :  Farranula g r a c i l i s  Wilson, was

e s p e c ia l ly  common (8 stomachs). The presence o f  th is

sp e c ie s  and o f  other coryoaeids i s  noteworthy beoause o f

th e ir  very small s i z e .  F. g r a c i l i s  i s  l e s s  than ltnm in  

length (see  Owre and Foyo 19^7*119). I t  seems su r p r is in g  

that f i s h  with mouths and teeth  capable of capturing f i s h e s  

not too much sm aller than themselves and swallowing them 

whole, Bhould a lso  capture t in y  transparent organisms 

sm aller than the head o f  a p in . A p o ss ib le  exp lanation  i s  

that such organisms are the prey of some la r g e r ,  so ft -b o d ied  

organism, which iB eaten by the o a r d in a lf ish  and d ig ested  

q uick ly , r e le a s in g  the contents  o f  i t s  own d ig e s t iv e  tra c t  

in to  the f i s h  stomach.
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i i )  Juvenile  gnathid isopods (Suborder F la b e l l i f e r a )  were

present in two stomachst one in  an A. b inotatus  specimen, 

one in a co n k lin i speoimen. Suoh forms are known to  be 

f i s h  e c to p a r a s ite s  (Barnes, 1974»570) and the p o s s i b i l i t y  

that occas ion a l ec to p a r a s ite  feed in g  ( i . 0#>"oleaning") i s  

included in the feed in g  h ab its  o f these sp e c ie s  i s  

suggested . Far more ev idence, however, would be required  

to su b s ta n t ia te  t h i s  suggestion ,  

i i i )  Ten ctenoid  f i s h  s c a le s  (1-2-Jmm in diameter) were present

in one A. townsendi stomach. No other f i s h  parts  (or other  

food item s) were present. Further evidence would be 

required , however, to suggest that lepidophagy i s  part o f  

the feed in g  h ab its  o f  t h is  s p e c ie s ,

b) Q uantitative comparison o f  the food h ab its  of Phaeoptyx 

con k lin i and Apogon maculatus.

The overlap ind icated  by the pooled data fo r  these  two Bpecies,  

c X  = 0.635> i-8 w ithin  the range that Zaret and Rand (1971) sp e c ify  

as in d ic a t iv e  of s ig n i f i c a n t  overlap (0 ,6 0  -  1 ,0 0 ) .  As pointed out 

e a r l i e r ,  however, imprecise taxonomic id e n t i f i c a t io n s  and pooling  

a r t i f a c t s  may g r e a t ly  a f f e c t  the ca lcu la ted  overlap ,

Randall (1967) included these same two sp e c ie s  in h is  study o f  

West Indian r e e f  f i s h  food h a b its .  To compare h is  r e s u l t s  with the 

present f in d in g s ,  food overlap was ca lcu la ted  in the same way with 

his  data, a f t e r  e l im in a tin g  the " un identified  crustaceans" oategory  

from h is  data (see  Table 37)* The ca lcu la te d  value of C X i s  a very  

low 0.045 i f  "shrimp larvae -  a lpheids"  i s  considered d i s t i n c t  from 

"shrimp and shrimp larvae -  oarideans", as in Table 37 . On the



Percentage in  
P. co n k lin i Pood

Peroentage in  
A. maculatus

29 .5 ♦Shrimp larvae — alpheids 0

2 3 .0 Amphipods 0 .7

12.2 Crab larvae 0

8 .9 Tunicates 0

7.2 Polyohaetes 4 .2

7.2 Copepods 10.4

6.5 Isopods 1.3

3 .3 Tanaids 0

2 .2 Fish  eggs 0

0 ♦Shrimps and shrimp 
larvae -  oarideane

56.1

0 Crabs 27 .1

A  i
Calculated overlap t CA •  0 .045

♦ I f  "Shrimp larvae -  a lpheids" and "Shrimps and shrimp 
larvae -  carideans" are considered eq u iva len t)

CA -  0.616

Table 37. Pood overlap in  Phaeoptyx co n k lin i  and Apogon maculatus. 
based on data o f Randall ( 1967) .  Percentages are that author's  
"Volume (?£)" f ig u r e s ,  adjusted  a f t e r  d e le t io n  o f  " un identified  
crustaoeans" category.
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chance that these two ca teg o r ies  were not e n t ir e ly  d i s t i n c t ,  but 

shared some shrimp v a r ie t i e s  in common (a lp h eid s  are carideans)  

then these  c a te g o r ie s  might be treated  as a s in g le  oomparable
/V

"shrimp" category. When th is  i s  done, a much higher CA v a lu e ,

O.615, i s  obtained fo r  Randall's  data. This c l e a r ly  i l l u s t r a t e s  

the e f f e c t  o f  data ca te g o r iz a t io n  on ca lcu la ted  overlap . I t  a lso  

renders comparison with the present f in d in g s  rather d i f f i c u l t .

A d e ta i le d  comparison o f  these  f in d in g s  with feed in g  s tu d ie s  on 

other apogonid s p e c ie s ,  from other geographic areas ( e .g .  H iatt  

and Strasburg, I960; Hobson, 19745 V ivien , 1975) w i l l  not be 

undertaken here. A more or l e s s  s im ila r  v a r ie ty  o f  prey organisms 

was shown for  apogonids in these s tu d ie s .  In nearly  a l l  cases  

crustaceans predominate.

To return to the su b jec t  of food overlap as measured by the
A .
CA, s t a t i s t i c ,  l e t  us ignore the various reasons fo r  question ing  the 

c a lcu la te d  value (O.635) for  the pooled data, and assume i t  has 

some v a l i d i t y .  What does th is  f a i r ly  high degree of overlap say 

about com petition fo r  food in these two sp e c ie s?  According to the 

in ter p r e ta t io n  o f many published e c o lo g ic a l  s tu d ie s ,  s im i la r i ty  of  

d ie t  in f i s h e s  or other animals i s  an in d io a tio n  o f  com petition .

In my view the opposite  in ter p r e ta t io n  makes more sen se .

Hynes (1970x376) makes th is  p o in t,  with referen ce  to  fresh  water 

f i s h e s j  "...Kawanabe (1959) argues, surely  c o r r e c t ly ,  that change 

o f  d ie t  caused by the presence o f  another sp e c ie s  ind icated  

com petition fo r  food, not s im i la r i ty  of d i e t .  Indeed, one oan 

probably go further and argue that s im i la r i ty ,  or near id e n t i t y ,  of  

d ie t  between two sp e c ie s  in the same h ab ita t  in d ic a te s  th a t ,
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however e l s e  they may be competing, they are not competing for  

food."  I t  would seem that there i s  some confusion about the 

meaning o f  in te r s p e c i f i c  com petition .

Perhaps the confusion comes from d escr ib in g  s i tu a t io n s  as*  

com petitive which only s a t i s f y  part of the kind of d e f in i t io n  of 

competition exem plified  by that o f Weatherly (19&3) ■’ "Competition 

iB the demand, t y p ic a l ly  a t  the same time, of more than one 

organism fo r  the same resource of the environment in excess  of  

immediate supply."  I t  i s  the l a s t  part o f  the d e f in i t io n  -  "in 

excess  o f  immediate supply" -  that i s  not alwayB s a t i s f i e d .

Zaret and Rand (1971) showed that high overlap va lues  occurred 

among the d ie t s  o f  c e r ta in  tr o p ic a l  stream f i s h e s  during times of  

abundant food sup] l y , when com petition would be low, and low overlap  

values occurred a t  a time o f food s c a r c i ty .  This i s  in keeping with 

Hynes1 (1970) view o f  com petition quoted above.

Considering the widely accepted view that food i s  not, in 

gen era l, l im it in g  to coral r e e f  f i s h e s ,  some appreciable degree of  

overlap would not be unexpected among r e la ted  s p e c ie s .  Evidently  

such overlap does e x i s t  between P. co n k lin i  and A. maculatus. but 

i s  not complete, as ind icated  by the " in te r s p e c i f i c - in t r a c o l l e c t io n -  

overlap v s ,  in tr a s p e c i f ic - in te r c o l le c t io n -o v e r la p "  approach.

2 . F ie ld  and aquarium observations

The f i e l d  and aquarium observations o f  feed in g  by o a rd in a lf ish es  

were quite  l im ite d .  They do, however, support cer ta in  g e n e r a l iz a t io n s .  

I t  would seem that c a r d in a lf ish e s  are o p p o rtu n is t ic ,  g en era lised  

carn ivores . They seem to  attempt to  feed on almost anything -  w ith in



a rather wide s i z e  range -  that moves. They are probably prim arily  

v is u a l  predators, although the importance o f  the oephalio  sensory  

oanals and sensory buds oannot be d iscounted . (Ida and Moyer, 1974* 

showed th ese  to  be s e l l  developed in  various P a c i f ic  apogonid 

s p e o ie s . )  F in a l ly ,  they seem to be rather awkward predators.

Perhaps t h is  i s  amply compensated fo r  in th e ir  natural fo rag in g  

h ab ita t  by excep tion a l v isu a l  c a p a b il i ty  a t  n ig h t .

(£) Soanning e le c tr o n  microscopy o f  tee th

In h in d sig h t ,  the e s s e n t ia l ly  negative r e s u l t s  o f  t h is  

painstaking study are not su rp r is in g .  One would not expect  

extremely Bubtle s p e c ia l iz a t io n s  in  the tee th  o f  rather genera lized  

f e e d e r s , fo r  whom space rather than food i s  probably the l im it in g  

fa c to r .

And y e t  there are h in ts  that tooth morphology may have some 

very basio  e c o lo g io a l  and evolutionary s ig n i f ic a n c e  fo r  these  

s p e c ie s .  Fraser and RobinB ( 1970) described and i l lu s t r a t e d  s l i g h t  

d iffe r e n c e s  in the s i z e  of the dentary te e th  between the eastern  

A tlan tio  populations (Gulf o f  Guinea) and western A tla n tic  

populations of both A. a f f i n i s  and P. pigm entaria. In eaoh sp e c ie s  

the tee th  are s l i g h t l y  sm aller in eastern  A t la n t ic  specimens.

Although these  authors asoribed no s p e c ia l  s ig n i f ic a n c e  to  these  

d if fe r e n c e s ,  a sp ecu la t ion  w i l l  be offered  here. Only three apogonid 

sp e o ie s  are known from the Gulf o f  Guinea 1 these  two s p e c ie s  and 

Apogon lm berbis. In the western A t la n t ic ,  o f  course, there i s  a 

d iverse  c o l l e c t io n  o f  o a rd in a lf isb es  (twenty sp e c ie s  known from the 

Bahamas, f o r  example). Perhaps the greater  tooth  Bize o f  western



A tla n tic  specimens o f A. a f f i n i s  and _P. pigmentsria represents  

character displacement r e s u lt in g  from greater  in t e r s p e c i f i c  

trophic com petition in th is  more d iverse  fauna,1
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CHAPTER SIX* Taxonomic Factors

The d iv e r s i ty  o f Bahamian apogonids, e s p e c ia l ly  that o f  the 

Apogon ap eices  and the co ex is ten ce  o f  r e la te d  s p e c ie s  that promotes i t  -  

cen tra l problems o f  the present study -  are made m anifest by the 

p rev a il in g  taxonony. I t  i s  therefore  e s s e n t ia l  to  consider the  

e x te n t ,  i f  any, to which that taxonomy might improperly b ias the 

perception of these problems.

Since the assignment o f  rank to any su p r a sp e c if ic  taxon i s  

e s s e n t ia l ly  a rb itra ry , the d iv e r s i ty  o f Apogon could be an a r t i f a c t  

of  a "lumping" tendency in the taronomy, or simply of poor knowledge 

of the group. Even prior  to the present study, n e ith er  explanation  

seemed s a t i s fa c to r y  in t h i s  case , s in oe  the taxonomy had been quite  

r e c e n t ly  and r igorou sly  defined (Bohlke and Randall, 19685 Fraser and 

Robins, 1970; Fraser, 1972).

In the oourse of the present study, a new apogonid spec ies  

( Apogon roosavi) was discovered (Dale, 1977)* This sp e c ie s  possesses  

at l e a s t  one of the characters d ia g n o s t ic  for  Fhaeoptyx. but i s  c lo se r  

to  Apogon in most other characters, and was placed in  the la t t e r  genus. 

The intermediacy o f  th is  new sp e c ie s  suggested that Apogon and 

Phaeoptyx might be very c lo s e ly  r e la te d ,  and indeed that the v a l id i t y  

of  Fraser and Robins' (1970) removal o f  the three Phaeoptyx sp e c ie s  

from Apogon should perhaps be reappraised.

Three characters separating  Phaeoptyx and Apogon are mentioned in  

both the ab stra ct  of the o r ig in a l  gen er ic  d e sc r ip t io n  (FraBer and 

Robins, 1970*302) and in the remarks on the genus Fhaeoptyx in  

F raser 's  (1972*25) study o f  apogonid o s te o lo g y ,  which are the only two
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s e c t io n s  in these works s p e c i f i c a l l y  l i s t i n g  characters separating  

the two genera.

The f i r s t  of these characters, as s ta ted  in the d ia g n o s is ,  i s :  

"fleshy poBteroventral portion  of f r e e  preopercular margin w ell 

developed, extending w ell p o ster io r  to a l in e  along the v e r t i c a l  

margin o f  the preopercle" , a condition  which i s  not d i s t i n c t  from that  

in Apogon lep tocau lu s  (G ilb er t ,  1972:422).

The second, "caudal sk e le to n  with 3 hypurals", i s  present a lso  in 

A' rcosavi and A. quadrisquamatus. Large numbers o f  both these  Bpecies  

were X-rayed in conduction with the d e sc r ip t io n  o f  A. moBavi (Dale,

1977)* Although some v a r ia b i l i t y  was p resen t, 94% o f  A. mosavi and 

65% o f  Â. quadrisquamatus examined had three hypural elements ra.ther 

than f iv e  separate hypurals as in other Apogon s p e c ie s .

The th ir d ,  "basisphenoid present, reduced, or absent", in d ica te s  

an advanced trend. I t  i s  not by i t s e l f  d ia g n o s t ic ,  however, s in ce  i t  

does not d is t in g u ish  Phaeoptyx c o n k lin i ,  which may have a complete 

basisphenoid (Fraser, 1972:25), from Apogon.

Another d ia g n o st ic  character , "coloration  brown, the pattern  

composed o f  obvious melanophores over the e n t ir e  surface o f  the body", 

does not ( in  a lo o h o l,  a t  l e a s t )  d is t in g u ish  some ex c e p t io n a lly  

pigmented specimens o f  A. quadriBquamatus from Phaeoptyx (p ers ,  o b s . ) .

A f i f t h  d ia g n o st ic  character , "scaleB on body ctenoid" , i s  present in  

Apogon subgenera except Apogon (P aroncheilus) (Fraser, 1972:20).

The value o f the l a s t  remaining d ia g n o st ic  oharacter , "inner 

p e lv io  ray connected along i t s  e n t ir e  length  by a membrane to  the 

abdomen", may be questioned fo r  two reason s. F i r s t ,  an examination of  

t h i s  character in Phaeoptyx and Apogon in d ic a te s  that a q u a l i ta t iv e
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d if fe r e n c e  i s  im possible to d e f in e .  Instead there seems to be a 

continuum o f  connectedness; with some Apogon s p e c ie s  having only a 

short connection, other Apogon sp e c ie s  ( in c lu d in g  A. mosavi. A. 

le p to o a u lu s , and A. la c h n e r i ) having a connection of interm ediate  

len gth , and Phaeoptyx having the lo n g est  connection.

Second, the west A t la n tic  genus Astrapogon, although i t  may not 

be c lo s e ly  re la ted  on other grounds, i s  not d is t in g u ish ed  from 

Phaeoptyx by th is  oharacter or by three other o f  the remaining f iv e  

characters in the Phaeoptyx d ia g n o s is .  I t  hae an inner p e lv ic  ray to  

body connection comparable, in i t s  length  along the inner p e lv ic  ray, 

to  Phaeoptyx (p ers . o b s . ), has three hypurals and lacks the 

basisphenoid (Fraser, 1972*13,14), and has a co lo ra t io n  not d i s t in c t  

from that s p e c if ie d  in the Phaeoptyx d iagn osis  (p ers . o b s , ) .

This taxonomic reap p ra isa l suggested i n i t i a l l y  to the author 

that the three sp e c ie s  in Phaeoptyx should be referred  back to 

Apogon, Bince the Phaeoptyx d ia g n o s is ,  as o r ig in a l ly  s ta te d ,  did not 

now include any s in g le  character , derived or otherw ise , r igorou sly  

l im ited  to the Phaeoptyx s p e c ie s .  Certain nerve patterns (T. H. Fraser,  

pers, comm.) or behavioral and e c o lo g ic a l  fa c to r s  (L iv in gston , 1971) 

may provide such a character , but a s u f f i c i e n t  number of Apogon Bpecies 

has not as y e t  been studied  in e i th e r  case .

There are other reasons, h o w e v e r ,  fo r  r e ta in in g  the present  

taxonomy. Phaeoptyx can be rea d ily  d is t in g u ish ed  by the d ia g n o st ic  

oharaoters in combination, and there i s  no evidenoe that i t  i s  not 

monophyletic. Although a l l  su p ra sp ec if ic  taxa should id e a l ly  be 

defined by synapomorphies fo r  a tru ly  phylogenetic  c l a s s i f i c a t i o n ,  

s e l e c t i v e  in s is t e n c e  on such a d e f in i t io n  in the e x i s t in g  taxonomy
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ignores the complexity o f percoid sy ste m a tic s .  A more prudent 

approach would be to look further  fo r  synapomorphic characters in  

Phaeoptyx. Perhaps the preopercular f la p  i s  a synapomorphy, and i t s  

presence in A. lep tooau lus could be shown, by parsimony, to  represent  

a convergence.

These taxonomic observations tend to s t r e s s  the re la ted n ess  of  

the western A tla n tic  apogonid taxa. The p o s s i b i l i t y  that they might, 

in f a c t ,  form a monophyletic group ( Bensu Hennig, I 966) led to  an 

e f f o r t  to c la r i f y  th e ir  phylogenetic  r e la t io n sh ip s  and biogeographio  

h is to r y .

A c l a d i s t i c  a n a ly s is  o f  the f i v e  western A tla n tic  sup ra sp ec if ic  

taxa ( Phaeoptyx, Astrapogon. and three Apogon subgeneraj Apogon,

Zapogon, and Paroncheilus) . based on data in Fraser (1972) was 

in co n c lu s iv e .  U lt im a te ly ,  a numerical c l a d i s t i c  a n a ly s is  was performed 

on the e n t ir e  subfamily Apogoninae (Dale, in preparation).

An attempt to  understand the h i s t o r i c a l  biogeography of western  

A tla n tic  c a r d in a lf ish e s  led to the com pilation o f  the records o f  a l l  

A tla n t ic  apogonid sp e o ies  (o f  the subfamily Apogoninae, to which a l l  

inshore sp e c ie s  b e lo n g ) .  No r e a l  progress has y e t  been made in so lv in g  

the biogeographic problems, but the com pilation o f  A tlan tic  apogonid 

d is tr ib u t io n  i s  summarized and presented in Figure 41 . The "Nest In d ies1' 

category ( in c lu d in g  adjacent co n t in en ta l  s h o r e l in e s )  i s  based on 

records in Starck ( I 968) ,  Bfthlke and Chaplin (1968), G ilbert (1972), 

and Dale (1977). The "Bermuda" records are baBed on recent c o l l e c t in g  

there and supersede previous (some apparently erroneous) reoords  

(W, F. Smith-Vaniz, p ers . comm.). The "Brazil" records are based on 

G ilbert (1977)* the "Gulf o f  Guinea" records on Fraser and Robins
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Figure 41 . Summary of the d is tr ib u t io n  o f shallow water 

c a r d in a lf ish  sp e c ie s  in the A tla n t ic .  Nine d i f f e r e n t  d is tr ib u t io n a l  

ca teg o r ie s  are shown on s ix  maps (A-F),
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mosavi, Apogon phenax. Apogon p i l l io n a t u a . Apogon p la n lfr o n s . 
Apogon quadrlsquamatue, Apogon r o b in e i , Astrapogon a lu tu s . 
Astrapogon p u n ctio u la tu s . Phaeoptyx c o n k l in i . Phaeoptyx xenuBz

BERMUDA! 
Apogon Bp

ASCENSION- 
ST. HELENA* 
Apogon 
a x i l l a r i sBRAZIL) 

Apogon 
americanus



3 Z*t.
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GULF OF GUINEA* 
Apogon a f f I n i s

BERMUDA-WEST INDIES* 
Apogon maoulatuB, 
Apogon townsendi

EASTERN ATLANTIC' 
MEDITERRANEAN* 
Apogon imberbis
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BERMUDA-WEST INDIES-BRAZILi 
Apogon pseudom aculatus, 
Astrapogon punotiou latus

BERMUDA-WEST INDIES- 
BRAZIL-GULF OF GUINEAi 
Fhaeoptyx pigmentaria
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(1970), the "Asoension-St. Helena" records on Cadenat and Marchal 

(1963)» and the "Eastern Atlantic-M editerranean" records on Fowler 

(1936),  Cadenat (1950), Garnaud (1962),  Fraser and Robins (1970),  

Lalami (1971) ,  and C ollignon and A loncle (1973).
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CHAPTER SEVENi Summary and Coneluslone

SUMMARY

C ardinalfishes are a very prominent component o f cora l r e e f  

f i s h  communities in the Bahamas and elsew here. C la r i f ic a t io n  of  

the b asis  o f  th e ir  d iv e r s i t y  and th e ir  avoidance of com petitive  

exc lu s io n , and, by ex ten sio n , c l a r i f i c a t io n  o f  these matters in 

the en t ir e  r e e f  f i s h  community, were cen tra l o b je c t iv e s  of th is  

d is s e r ta t io n  research . Information was sought by studying an 

ex ten sive  s e r ie s  of rotenone c o l l e c t io n s  of Bahamian r e e f  f i s h e s  

and by means of f i e l d  and laboratory ob servation s . The approaches 

used f a l l  in to  severa l c a te g o r ie s .

1. 'fypolo^ic Factors

A study of s p e c ie s  abundanoe patterns indicated  that Bahamian 

c a r d in a lf ish e s  f i t  a lognormal curve i . e . ,  an overlapping, 

multidimensional niche h ypothesis .

A study of abundance-frequency patterns among a l l  the sp e c ie s  in 

Bahamian r e e f  f i s h  communities emphasized the prominence, perhaps 

even the predominance, o f  c a r d in a lf ish e s  in these  terms.

In v e st ig a t io n  o f s p e c ie s  a s so c ia t io n  p a ttern s ,  using 2 x 2 

contingency ta b le s ,  revea led  that nine sp e c ie s  pa irs  showed a 

p o s i t iv e  and two a negative  a s s o c ia t io n .

In te r e s t  in specieB d iv e r s i ty  patterns led to the d er iva tion  of  

a new s t a t i s t i c ,  the om ission e f f e c t  index, which estim ates  the 

contribution  o f  a taxon or other u n it  to  the Shannon-Weaver sp e c ie s  

d iv e r s i ty  index o f  a community. The two most important Bahamian 

apogonid genera were found, using t h i s  s t a t i s t i c ,  to  have prominent 

though opposite  e f f e c t s  on ca lcu la ted  sp e c ie s  d iv e r s ity *  Apogon
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makes a " p osit ive  contribution" and Fhaeoptyx makes a "negative  

contribution".

A study of the r e la t io n s h ip  o f  apogonid s p e c ie s  r ich n ess  v s ,  

community sp e c ie s  r ich n ess  determined that apogonid sp e c ie s  comprise 

about 8-10$ o f the t o ta l  sp ec ie s  in communities o f  various t o ta l  

r ich n ess .

In v e st ig a t io n  o f  body s iz e  patterns included the c a lc u la t io n  of  

length-w eight r e la t io n s h ip s ,  and o f  " c o e f f ic ie n t s  of s toutness"  for  

14 s p e c ie s .  Estimates o f "adult length" and "adult weight" were a lso  

made, and a negative  co r r e la t io n  was discovered  between adult length  

and Btoutness a t a given s i z e ,  A name was suggested for  th is  

r e la t io n sh ip s  allometromorphism, and i t s  p o ss ib le  evolutionary  

s ig n i f ic a n c e  was d iscu ssed .

Comparison o f  adult body s iz e  data with the abundance and 

frequency data and with the sp e c ie s  a s so c ia t io n  r e s u l t s  provided 

evidence that body s iz e  d if fe r e n c e s  may play a r o le  in in te r s p e c i f ic  

com petition avoidance.

In the oourse o f examining specimens, a frequent e c to p a r a s i t ic  

in fe s ta t io n  o f  Apogon townsendi was noted, and two undescribed  

p a r a s i t ic  copepods were d iscovered .

2 .  Topographic fao to rs

An in v e s t ig a t io n  of the geographic d is tr ib u t io n  o f  d i f f e r e n t  

apogonid sp e c ie s  within the Bahamas ind icated  that most, perhaps a l l ,  

o f  the twenty sp e c ie s  known from the Bahamas are found throughout 

that area, with the p o ss ib le  excep tion  o f  A. pseudomaculatus.

Based on r e la t iv e  abundanoe and frequency a t d i f f e r e n t  ranges o f  

depth o f oapture, a c e r ta in  depth a s so c ia t io n  was shown fo r  each
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s p e c ie s ,  ranging from a f a i r l y  c le a r  preference fo r  shallow er water 

by Phaeoptyx oonklin i and Astrapogon p u n cticu la tu s .  and fo r  deeper 

water by Apogon a f f i n i s , A. la c h n e r i , A. phenax. and xenus. to  Iobb 

pronounced tendencies among other s p e c ie s .

Based on r e la t iv e  abundance and frequency in c o l l e c t io n s  from 

d if f e r e n t  broad h ab ita t  c a te g o r ie s ,  the most notable apparent 

"preferences" are by Astrapogon puncticu latus fo r  the sh o re lin e  

category, by Apogon a f f in iB  and A. lachneri for  the dropoff category,  

by A, b inotatus for  the top o f bank category, and by A. townsendi for  

the outer s h e l f  category. Other sp e c ie s  showed lesB pronounced 

ten d en c ie s .

Among various m icrohabitat a s s o c ia t io n s  observed, f a c u lta t iv e  

a sso c ia t io n  with the long spine sea urchin Diadema an til laru m , 

recorded fo r  the f i r s t  time fo r  three ad d it io n a l c a r d in a lf ish  s p e c ie s ,  

i s  the most widespread, and tends to emphasise a lack o f s t r i c t l y  

defined and d is t in c t  microhabitate among most o f  the common s p e c ie s .

Consideration of the lack of a c le a r ly  circumscribed s p a t ia l  

niche fo r  most apogonid sp e c ie s  led to  proposal o f  a model of r e e f  

f i s h  coex is ten ce  for  exp la in in g  3uch in s ta n c e s .  I t  i s  o ffered  as an 

a lte r n a t iv e  to the "reef f i s h  lo tte r y "  model, which does not ( i t  i s  

argued) provide a means of escaping com petit ive  e x c lu s io n .  In the 

proposed "money-in-the-bank" model (and f in a n c ia l  analogy) two or 

more sp e c ie s  (" in vestors" ) can co n t in u a lly  o o e x is t  in some h ab ita ts  

("stock market") because o f  exoess  larva production (" in te r e s t" )  in 

other h a b ita ts  ("savings banks") in which they occur a lon e . Various 

fe a tu r e s  o f  th is  model are described and examples among c a r d in a lf ish e s  

from the present r e s u l t s  are suggested .
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3. Temporal FactorB

Tabulation, according to month, o f  sev era l kinds o f evidence o f  

reproduction, inc lud ing  evidence o f ora l brooding and oocurrenoe of  

r e c r u i t - s iz e d  in d iv id u a ls ,  indicated that apogonids tend to reproduce 

throughout the year , and do not avoid com petition by a staggering  o f  

breeding season. D irect or in d irec t  evidence o f the oral brooding 

habit was obtained in the present study fo r  12 d if f e r e n t  sp e c ie s ,  

including three for which th is  habit had not previously  been reported.

In s i t u  observations o f cardinalfiB h changeover patterns  

supported previous reports  o f  the s p e c ie s - s p e c i f i c  and seq uentia l  

nature o f th is  behavior, and o f i t s  mediation in some way by l i g h t .

A new hypothesis  i s  o ffered  to  expla in  the proximate cause o f  th is  

behavior: d i f f e r e n t i a l  p h oto tax is .  Arguments in terms o f i t s

conformity to various ob servation s , i t s  grea ter  parsimony, and i t s  

f a l s i f l a b i l i t y  are o ffered  in favor of t h is  h yp oth es is .

Laboratory observation of c a r d in a lf ish  changeover behavior 

corroborated the view o f  i t B  s p e c ie s - s p e c i f i c ,  s eq u e n tia l ,  and 

light-m ediated  nature.

Brain d is s e c t io n s  indioated a kind o f  brain morphology- 

behavior co rre la t io n  previously  unreported in the l i t e r a t u r e .  S l ig h t  

d if fe r e n c e s  in r e la t iv e  o p t ic  lobe s iz e  were shown to be p o s i t iv e ly  

correla ted  with photophobic tendency among the three sp e c ie s  for  

which the laboratory changeover data were most r e l i a b le .

In add ition  to the d i f f e r e n t ia l  phototaxis  h ypothesis ,  which 

addressee the "how" o f  ohangeover behavior, a new explanation i s  

proposed for  the "why" o f  th is  behavior, i . e . ,  fo r  i t s  e c o lo g ic a l  

s ig n i f ic a n c e .  ThiB h yp oth es is ,  termed p h oto tactic  h ab itat
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p a r t it io n in g ,  s ta t e s  that ohangeover i s  a space-sharing  mechanism 

in which d if fe r e n c e s  in photophobia or p h otop h ilia  r e s u lt  in a 

p ass ive  p a r t it io n in g  o f  s h e lt e r  space on the r e e f .  I t  i s  argued 

that th is  explanation i s  parsimonious, i s  framed in  terms o f  the 

resource that i s  widely considered l im it in g  fo r  most r e e f  f i s h e s  

( i . e . ,  s h e lte r  sp ace) ,  i s  f a l s i f i a b l e ,  and has a p la u s ib le  

evolutionary  b a s is .

4 .  Trophic fa c to rs  

Stomach content analyses were performed u t i l i z i n g  a new 

volum etric estim ation  method. In th is  technique the fr a c t io n  of  

a stomach's contents that a given food item represents  i s  m ultip lied  

by the f u l ln e s s  fr a c t io n  of that stomach, g iv in g  a " fr a c t io n -o f -  

fu ll-stom ach" value fo r  that item. Adding and comparing such 

va lues  to determine a sp e c ie s '  food h ab its  avoids cer ta in  m isleading  

c h a r a c te r is t ic s  of other methods. Food habits  determined by th is  

method were tabulated for  s ix  s p e c ie s .  Crustaceans dominated the 

food h ab its  of a l l  except A. a f f i n i s , in which f i s h  co n st itu ted  

more than h a l f  the d i e t .

Food overlap between two o f  the s ix  s p e c ie s ,  A. maculatus 

and _P. c o n k lin i .  was stud ied  with the d x  s t a t i s t i c .  Although 

the ca lcu la te d  overlap between these sp e c ie s  i s  h igh, i t  i s  

argued that p o ss ib le  pooling  a r t i f a c t s  render such resultB  

u n r e l ia b le .  An a n a ly t ic  approach i s  suggested fo r  t e s t in g  the 

p o s s i b i l i t y  that the food h ab its  o f  two such sp e c ie s  are e s s e n t i a l l y  

id e n t i c a l .  This approach, termed " in te r s p e c i f i c - in t r a c o l l e c t io n -  

overlap  v s .  in tr a s p e c i f io - in te r o o l le c t io n -o v e r la p " ,  i s  intended 

to  s p e c ify  whether sp e c ie s  id e n t i ty  or c o l l e c t io n  id e n t i ty  i s
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more o f  a determinant of d i e t .

The p i t f a l l e  o f  r e la t in g  food overlap to com petition are  

dieouBBed.

A few f i e l d  and aquarium observations o f  feed in g  were made.

Most notably they supported a view that c a r d in a lf ish e s  are 

voracious, o p p o rtu n is t ic ,  gen era lized  carn ivores , whose somewhat 

awkward predatory behavior i s  o f f s e t  by superior v isu a l  c a p a b i l i ty .

The r a t io n a le  fo r  a comparative study of the tee th  using the 

scanning e lec tro n  microscope i s  exp la in ed , and the methods fo r  

s e le c t in g  and preparing m aterial for  that Btudy are d escr ibed .  

Photographs o f  the prem axillary and dentary tee th  of twelve sp ec ie s  

did not revea l any s p e c ia l  m od ifica tion s  which could be shown to  

be re la ted  to feed in g  d if f e r e n c e s .  The enlarged te e th  o f  A. 

a f f i n i s  and P. pigm entaria, which do not require the SEM for  

demonstration, may be a sso c ia ted  with p isc iv o ry  by these s p e c ie s .

5. Taxonomic Factors

The discovery o f a new apogonld sp e c ie s  led to an examination  

of  the characters separating Phaeoptyx from Apogon and Astrapogon, 

which tended to s t r e s s  the re la ted n ess  o f  these  genera. This, in 

turn, led  to system atic  and biogeographic in v e s t ig a t io n s .  These 

are not described , but a summary o f  A t la n t ic  apogonid d is tr ib u t io n  

i s  presented, without comment.

CONCLUSIONS

The d iv e r s i ty  o f  apogonids, e s p e c ia l ly  Apogon s p e c ie s ,  in 

the Bahamas and in the cora l r e e f  environments throughout the  

world, was described a t length in the Introduction. Various f in d in g s
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o f  the present study contribute  to an understanding o f th is  

d iv e r s i ty .

In v e s t ig a t io n  of abundanoe-frequency p a ttern s ,  o f  " d ivers ity  

contribution" among the d i f f e r e n t  r e e f  f i s h  taxa, and of sp e c ie s  

richness  p a ttern s , confirmed the view that c a r d in a lf ish e s  are a 

cen tra l component of high d iv e r s i ty  r e e f  f i s h  communities in the 

Eahamas, A b r ie f  geographic a n a ly s is  indicated  that moBt, i f  not 

a l l ,  o f  the various sp e c ie s  are indeed sympatrio w ithin the 

Bahamas, Evidence was a lso  d iscussed  which suggested that  

Bahamian c a r d in a lf ish  s p e c io se n e s s , and that of Apogon in 

p a r t ic u la r ,  i s  not merely a taxonomic a r t i f a c t .

Curiously enough (s in c e  not by d esign) the f i r s t  ca lcu la ted  

"resu lts"  presented -  the f in d in g  that Bahamian c a r d in a lf ish  

sp e c ie s  abundance patterns f i t  a lognormal curve, i . e .  an 

overlapping, multidimensional niche hypothesis  -  provide a kind 

of f i r s t  approximation or in d ica tion  o f  the most general concluson  

of th is  study: that Bahamian c a r d in a lf ish  sp e c ie s  c o e x is t  within

a complex array o f com petitive r e la t io n s h ip s .  These r e la t io n sh ip s  

include sev era l important com petit ion-avoid ing mechanisms for  

which evidence was provided by subsequent aspects  o f  the study.

To begin with, there i s  evidence that adu lt  body s iz e  

d iffe r e n c e s  are greater  among sp e c ie s  that tend to  be found 

together than among Bpecies which tend to be found apart. This 

could have a r o le  in reducing in te r s p e o i f ic  com petition for  

e i th e r  food or space. "Allometromorphism" might be an evolutionary  

mechanism promoting such body s iz e  d i f f e r e n c e s .

Depth and broad h ab ita t  "preferences" aocount fo r  some
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are probably o f great importance fo r  only a few specieB . The money- 

in-the-bank model may help exp la in  cases  of co ex is ten ce  without any 

apparent s p a t ia l  resource p a r t it io n in g .

Among p o ss ib le  temporal f a c to r s ,  reproductive s e a so n a l i ty  i s  

apparently not an important com petit ion -avoid ing  mechanism. On 

the other hand, d if fe r e n c e s  in changeover time, which may be 

promoted by a simple d i f f e r e n t ia l  p h o to ta x is ,  seem to represent a 

very fundamental h a b ita t -p a r t i t io n in g  mechansim.

In v e s t ig a t io n s  o f food habits  and o f  the comparative 

morphology o f  the tee th  in d ica te  th a t trophic  niche p a r t it io n in g  

does not provide a c r i t i c a l  com petit ion -avoid ing  mechanism for  

most s p e c ie s .

Even i f  s l i g h t l y  d i f f e r e n t  food h ab its  could be e s ta b lish ed  

for  d i f f e r e n t  apogonid s p e c ie s ,  and correla ted  with d e n t it io n a l  

or other anatomical fa o to rs  re la ted  to fe e d in g ,  these fa c to r s  may 

s t i l l  be subordinate to  more fundamental d i f f e r e n c e s .  I do not 

b e l ie v e  a given sp e c ie s  i s  somehow "programmed" to  consume a given  

combination o f  prey organisms, or somehow seeks out the prey that  

i t s  dental equipment iB b es t  su ited  fo r .

Instead I b e l ie v e  that apogonids and perhaps many other r e e f  

s p e c ie s ,  are e s s e n t ia l l y  op p ortu n is tic  feed ers  that ea t  what they 

are "presented" with as a r e s u lt  o f  being where they are . Being 

where they are may be a r e s u l t ,  over the d i e l  c y c le ,  o f  fa c to r s  

Buch as p h o to ta c t ic  response. Over th e ir  e n t ir e  juven ile  and adult  

l i f e  span (assuming that they remain more or l e s s  sedentary a f te r  

reoru itm ent) ,  i t  i s  a r e s u l t  of the depth and/or h ab ita t  fa o to rs
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that promoted their Bottling from planktonic larval existence.
Table 38 summarizes a l l  o f  the fa c to r s  o f  probable and 

p o ss ib le  importance in the reduction  of com petition among the 

s ix te e n  apogonid sp e c ie s  in th is  study. The sp e c ie s  are arranged 

in order of decreasing estim ated adu lt  body s i z e .  D ifferen ces  in 

t h is  dimension, shown in Chapter 2 to  be o f  apparent e c o lo g ic a l  

s ig n if ic a n c e  among these s p e c ie s ,  represent the s im p lest  kind of  

s p e c ia l iz a t io n s  that a llow  resource sharing. "Adult weight" i s  

used in Table 38 as the estim ate o f  adult body s i z e ,  and the 

reader should r e c a l l  that a tw o-fo ld  d if fe r e n c e  in body weight 

seems to  be s u f f i c i e n t ,  according to MacArthur (1972), to allow  

co ex is ten ce  of otherwise s im ila r  animal s p e c ie s .  In the fo llo w in g  

remarks each of the s ix te e n  apogonid sp e c ie s  i s  d iscussed  in terms 

of the e c o lo g ic a l  fa c to r s  which may separate i t  from other sp ec ie s  

of  roughly s im ila r  s i z e .

Apogon r o b in s i  i s  nearly  three times larger  in "adult weight" 

than the second la r g e s t  s p e c ie s ,  A. b in o ta tu s , and may lack the

la t t e r  s p e c ie s '  a b i l i t y  to a s so c ia te  with the long spine sea

urchin Diadema an tillaru m . ( i t s  d i s t i n c t i v e  d e n t it io n  may a lso  

give  i t  some s p e c ia l  feed in g  c a p a b i l i t y . )

A. b inotatus  i s  not much larger  than the next three smaller

s p e c ie s ,  but d i f f e r s  from them in other ways: i t  d i f f e r s  from A.

maculatus in photophobic tendency; from A. p lan ifron s  (p o ss ib ly )  

in the a b i l i t y  to  a s s o c ia te  with Diadema. and from A. phenax in 

depth and h a b ita t  preference, as w ell  as in the Diadema a s s o c ia t io n .

A. maculatus d i f f e r s  from each o f  the two sm aller sp e c ie s  (o f  

roughly s im ila r  s i z e )  in Diadema a s s o c ia t io n ,  and from A, phenax in
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Table 38. I n te r s p e c if io  d if fe r e n c e s  in various fa c to r s  that may be 

r e la te d  to reduction o f com petition among s ix te e n  c a r d in a lf ish  

sp e c ie s  in the Bahamas. "Adult weight" data are from Table 16, 

Depth and hab ita t  preference data are from Figures 13, 14, 15» ar>d 

16| a dash in d ic a te s  no pronounced in d ic a t io n .  Microhabitat and 

photophobic tendency data are from Chapters 3 and 4 ,  r e s p e c t iv e ly ;  

dashes in d ica te  no data; a l l  Diadema a s so c ia t io n s  are f a c u l t a t iv e .  

Teeth s p e c ia l iz a t io n s  are t e n ta t iv e ly  included, even though th e ir  

importance was argued a g a in st  e a r l i e r  ( in  Chapter 6 ) ,



Species
"Mult weight"

(grama)
Depth Habitat Photophobic

Apogon
r o b in s1 21.78

Apogon
bin otatu s  7 .80

Apogon
maculatus 7.55

Apogon
p la n ifro n s  6.72

Apogon
phenax 5*44

Apogon
a f f i n i s  3 .08

Phaeoptyx
co n k lin i 2 .32

Apogon
quadr isquamatus 2 .23

Aatrapogon
puncticu latua 2 .17

Preference Preference Microhabitat Tendency

shallow

shallow -
intermediate

sha llow -
intermediate

top of  
bank

absent a t  
dropoff

deep

deep

shallow

dropoff

dropoff

l e a s t  common 
a t  dropoff

Diadema

Diadema

Diadema

sea anemones

shallow sh ore lin e
empty
te 3 ts

intermediate

low

high

Table 38 . (continued)

Teeth
S p e c ia l iz a t io n

extending out 
on prem axilla

canine 
jaw tee th

L
it



Species

Apogon
lach n er l

Phaeoptyx
pigmentarla

Phaeoptyx
xenus

Apogon
townsendl

Apogon
tnosavi

Astrapogon
s t e l l a t u s

Apogon
lep tocau lu s

"Adult weight"
(grams)

Depth Habitat Photophobic
Preference Preference Microhabitat Tendency

1.85 deep dropoff

1.74

1.54

1.48

deep

-  Diadema

most common sponge-
at dropoff dw eller

outer
interm ediate s h e l f Diadema

high?

high?

low?

0 .9 1

interm ediate?

deep

Strombua
gi6a3

large' deep?

Table 38 . (continued)

Teeth
S p e c ia l iz a t io n

enlarged  
jaw tee th

extending out 
on prem axilla

9
ii



depth and h a b ita t  preference.

Although no c lea r  trends in depth or h a b ita t  preference by 

A. p la n ifro n s  were apparent in the present study, Bbhlke and Chaplin 

(1968) descr ibe  i t  as a shallow water s p e c ie s ,  and thus i t  may 

d i f f e r  most from A. phenax in th is  r e sp e c t .

A, phenax d i f f e r s  from the next sm aller s p e c ie s ,  A. a f f i n i s , 

in lack in g  enlarged canine jaw te e th ,  and consequently may d i f f e r  

in feed in g  c a p a b il i ty  from the l a t t e r  s p e c ie s .

A. a f f i n i s  d i f f e r s  from the various sm aller (but not much 

sm aller)  sp e c ie s  in variouB ways. I t s  preference fo r  deep water and 

the dropoff hab itat d i f f e r s  from the depth and h ab ita t  preferences  

of Phaeoptyx c o n k l in i , Astrapogon p u n cticu la tu s , and Apogon townsendi. 

I t  may lack the a b i l i t y  o f £ .  c o n k l in i , P. p igm entaria , and A. 

townsendi to a s so c ia te  with Diadema, and i t s  enlarged canine jaw 

te e th  may g ive  i t  some d i s t i n c t  feed in g  c a p a b i l i ty .  F in a l ly ,  i t  

a ls o  lacks the m icrohabitat s p e c ia l iz a t io n s  o f  A. quadrisquamatus. 

Astrapogon puncticu latus  and P. xenus.

P. co n k lin i d i f f e r s  from each of the sm aller s p e c ie s ,  except  

P. p igm entaria, in e i th e r  depth and h ab ita t  preference , m icrohabitat,  

or photophobic tendency. I t  i s  apparently q u ite  s im ila r ,  e c o lo g ic a l ly ,  

to P. pigm entaria, but may d i f f e r  in i t s  feed in g  h ab its  in some 

way r e la te d  to  itB lack in g  the enlarged tee th  of the l a t t e r  s p e c ie s .

A. quadrisquamatus has the h a b it ,  unique among these 16 sp e c ie s  

(but shared by the rarer A. a u r o l in e a tu s ). o f  a s so c ia t in g  with the 

sea anemones Bartholomea annulata and CondylactiB g ig a n tea .

Astrapogon puncticu latus  d i f f e r s  from the sm aller sp e c ie s  in  

depth, h ab ita t  or m icrohabitat.



Apogon lachneri d i f f e r s  from the three sm aller (but not much 

sm aller) sp e c ie s  e i th e r  in depth, h a b ita t ,  or m icrohabitat  

p referen ce .

P. pigmentaria d i f f e r s  from P. xenus in lack in g  the l a t t e r  

s p e c ie s '  sponge-dw elling h a b it ,  from A. townsendi in photophobic 

tendency, and from both of these s p e c ie s  and A. mosavi in i t s  jaw 

d e n t it io n  and, p o ss ib ly ,  in i t s  consequent feed in g  c a p a b i l i ty ,

Z* xenus i s  the only o b lig a te  sponge dw eller among these  

s ix te e n  sp e c ie s  (A. quadrisquamatus may carry out that habit  

f a c u l t a t i v e l y ) ,  and a lso  tends to d i f f e r  in depth, h a b ita t ,  and 

photophobic tendency from the most s im ila r ly  s ized  s p e c ie s ,  A. 

townsendi,

A. townsendi d i f f e r s  in  depth preference from the sm a llest  

s p e c ie s ,  A. mosavi and perhaps a lso  in the .Diadema a s so c ia t io n  

h ab it .

The remaining two s p e c ie s ,  Astrapogon s t e l l a t u s  and Apogon 

lep tocau lu s  were not represented by enough specimens fo r  any adult  

body s i z e  estim ate  to  be p o ss ib le .  Based on BBhlke and Chaplin's  

(1968) remarks, Astrapogon s t e l l a t u s  i s  probably an in term ed iate-  

Bized c a r d in a lf ish  as an a d u lt .  I t s  curious habit as an in q u ilin e  

in the mantle cav ity  o f Strombus giga3 g iv es  i t  a unique m icrohabitat.

Apogon lep tocaulus  i s  s im ila r  in morphology, inc lud ing  

d e n t it io n ,  to A. r o b in s i . and may a l s o  be a very large sp e c ie s  (see  

the d iscu ss io n  o f  allometromorphism in Chapter 2 ) .  I t  ev id en tly  

d i f f e r s  markedly from A. r o b in s i  in depth preference.

Thus fo r  each o f the s ix te e n  sp e c ie s  there i s  evidence of  

some fa c to r  or combination o f fa o to rs  a s so c ia te d  with i t  which may
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be s ig n i f i c a n t  in itB e c o lo g ic a l  separation  from the other s p e c ie s .  

Is  any general pattern  d isc e r n ib le ?

In a recent paper on mosaic phenomena in natural communities, 

Robert Whittaker and Simon Levin (1976) concluded th atj  "E co log ists  

have sought a theory or master plan o f ev o lu tio n  perm itting  

in ter p r e ta t io n  o f communities through a l im ited  number o f strongly  

linked and widely s ig n i f i c a n t  r e la t io n s h ip s .  Such a theory i s  

naturally  desired  by e c o lo g i s t s  as s c i e n t i s t s ;  but the reasoning  

of th is  paper suggests  that there may be no master plan excep t ,  

perhaps, the ev o lu tio n  of such a d iv e r s i t y  of r e la t io n s h ip s  as to  

fr u s tr a te  that d e s ir e ."

This view may be correct fo r  other b i o t i c  communities, but I 

b e l ie v e  i t  i s  too p e s s im is t ic  to apply to s tu d ie s  o f  coral r e e f  

f i s h  communities. Indeed I think there is  mounting evidence that  

the space-sharing hypothesis  o f Smith and Tyler (1972) represents  

a durable b asic  explanation of d iv e r s i t y  and co ex is ten ce  in these  

communities. Most, i f  not a l l ,  o f  the mechanisms suggested in the 

present study as being important for  com petition avoidance among 

ca r d in a lf ish e s  have th e ir  u ltim ate s ig n i f ic a n c e  in  terms o f  th is  

fundamental u n ify in g  p r in c ip le .



B ibliography

Abel, E. 1960a. Fische zwisohen S e e ig e l-S ta o h e ln .  Natur Volk. 

90«33-37.

Abel, E. 1960b. Zur Kenntnis des Verhaltens und der Gkologie von 

Fieoher an K orallenrifi'en  b e i Ghardaqa (Rotes Meer). Z. Morph. 

Oekol. T ie r s .  48*430-503.

A llen , G. R. 1972. The aneraonefishea* th e ir  c l a s s i f i c a t i o n  and
1

b io lo g y .  New J ersey .  TFH Pub. 288p,

A levizon, W. S. and M. G. Brooks. 1975* The comparative structure  

o f  two Western A t la n tic  r e e f - f i s h  assemblages. B u ll,  o f  Mar.

S o i. 25*482-490.

Antonovics, J. and H. Ford. 1972. C r ite r ia  fo r  the v a l id a t io n  or 

in v a lid a tio n  o f  the com petitive ex c lu s io n  p r in c ip le .  Nature. 

237*406-408.

Austin , H. and S. A ustin . 1971. The feed in g  h ab its  o f  some juven ile

marine f i s h e s  from the mangroves in Western Puerto Rioo.

Carib. J. S c i .  11*171-178.

Ayala, F. J. 1969. Experimental in v a l id a t io n  of the p r in c ip le  of

com petitive e x c lu s io n .  Nature. 224:1076-1079*

Ayala, F. 1971. Competition between spec ies*  frequency dependence.

S cien ce . 171*820-824.

B a iley , R. M., J. E. F itc h ,  E. S. Herald, E. A. Lachner, C. C. Lindsey,

C* R. RobinB, and W. B. S co tt .  A l i s t  o f  oommon and s c i e n t i f i c
rd.names o f  f i s h e s  from the United S ta tes  and Canada. 3 ed.

Amer. F ish . Soc. 6*1-149.

Bakus, G. J . 1964. The e f f e c t s  o f  f i s h -g r a z in g  on invertebrate



3 1 3 .

ev o lu t io n  in shallow tro p io a l waters, A llan Hanoook Pound.

Pub. 2 7 t1-29.

Barbour, C, D. 1973* A biogeographioal h is to r y  o f Chiroatoma

( P isc e s t  A therin idae)t  a s p e c ie s  f lo o k  from the Mexican 

p lateau . Copeia, 533-556,

Bardach, J. E. 1958. On the movements o f  c e r ta in  Bermuda r e e f

f i s h e s .  Ecology. 39*139-146.

Barlow, G. W. 1974. C o n tra s ts  in  s o c ia l  beh av io r  between C e n tra l  

American c i c h l i d  f i s h e s  and c o r a l - r e e f  surgeon f i s h e s .  Am.

Zool. 14*9-34.
r iBarnes, R, D. 1974. Invertebrate Zoology. 3 ed. if, B. SaunderB 

Co., Ph ila . 870p.

Bartnik, V. G. 1970. Reproductive i s o la t io n  between two sympatric

dace, Rhiniohthys a tra tu lu s  and _R. o a ta ra cta e , in  Manitoba. J.

F ish .  Res. Bd. Canada. 27*2125-2141.

Bauchot, R., M. L, Bauchot, R. F la te l  and J. M. R idet. 1977* Brains 

o f  Hawaiian tr o p ic a l  f i s h e s j  Brain s iz e  and e v o lu tio n .  Copeia. 

1977*42-46.

Bertram. B, C. R. 1965. The behav iou r o f  M altese f i3 h e s  by day and 

n i g h t .  Rep. Underwater Assoc. M alta . 1 139—41- 

B everton , R. J .  H. and S. J .  H o lt.  1957* °n the  dynamics of

ex p lo ited  f i s h  populations. M inistry of A gricu lture , F is h e r ie s ,  

and Food. Great B r ita in  F ish . Invest . 19*1-533.

Black, J .  T. 1970, SEMt Soanning e lec tro n  mioroscope. Photographic 

A pplications in Science, Technology and Medicine. Mar. 1970.

P .  2 9 - 3 5 ,  4 4 .



3 4 4 .

BohIke, J. £ .  and C. C. G, Chaplin. 1968. F ishes  o f  the Bahamas

and adjacent tr o p io a l  waters. L iv ingstone Pub. Co. Penn. 771p. 

BBhlke, J .  E, and J . E, Randall. 1968. A key to  the shallow-water  

west A tla n tic  cardinal f i s h e s  (Apogonidae) with d e scr ip t io n s  

of f iv e  new s p e c ie s .  Proc. Aoad. Nat. S c i .  Fhilad. 120:175-206,  

Bond, J. 1971» Birds o f the 4est In d ie s ,  Houghton-M ifflin.

Boston. 2^6p.

Bowman, R. I .  1961. Morphological d i f f e r e n t ia t io n  and adaptation  

in the Galapagos fincheB . Univ. C a li f .  Pub, Zool, 58*1-26,  

Brattegard, T. 1969* Marine b io lo g ic a l  in v e s t ig a t io n s  in the

Bahamas. 10. Mysidaoea from shallow water in the Bahamas and

southern F lor id a . Part 1, S a rs ia ,  39:17-106,

Brattegard, T. 1970* Marine b io lo g ic a l  in v e s t ig a t io n s  in the

Bahamas. 11, ftysidaoea from shallow water in the Bahamas and

southern F lo r id a . Part 2 , S a rs ia .  41*1-35*

Breder, C. K. 1948, Observations on co lo ra t io n  in reference to  

behavior in  t id e -p o o l  and other marine shore f i s h e s .  B u ll .

Amer. Mus. Nat. H is t .  92:281-312.

Brian, M. V. 1953. Species freq u en cies  in random samples from 

animal populations. J . Anim. Eool. 22:57-64.

Brock.,,ann, H. J. 1973. The fu notion  o f  p o s te r -c o lo r a t io n  in the

beaugregory, Eupomaoentrus leu costlo tuB  (Pomacentridae, P i s c e s ) .

Z. T ierpsyohol. 33*13-34.

Cadenat, J. 1950* Poiason de mer du Senegal. In s t .  Franjais  

d'Afrique Noire. I n i t ia t io n s  A fr ic a in e s .  I I I i l - 3 4 5 .

Cadenat, J. and E. Marohal. 1963. R esu lta ts  de oampagnes

oo£anographique de la  Reine-Pokou aux t i e s  Sainte-H elene e t



3 MS.

Asoeneion. P o isson s . B u ll ,  de L 'I .F .A .N . T.XXV, a er . A, no .4*

Charney, P. 1976, Oral brooding in the o a r d in a lf ish e s  Phaeoptyx

co n k lin i  and Apogon maculatus from the Bahamas. Copeia. 1*198— 

200.
Chave, E. H. (MS). E co log ica l separation  o f s ix  apecieB o f  

Hawaiian o a r d in a lf ish e a .

Chave, E. H. and D. B. Eckert. 1974. E co log ica l aspects  of the 

d is tr ib u t io n  o f  f i s h e s  a t  Fanning I s la n d , P a c if .  S c i .  28* 

297-317.

Clarke, R D, 1977. Habitat d is tr ib u t io n  and sp e c ie s  d iv e r s i ty  of  

chaetodontid and pomacentrid f i s h e s  near Bimini, Bahamas.

Marine Bio. 40*277-289.

Cody, K, L. 1973. C oexistence, coevo lu tion  and convergent 

e v o lu tio n  in seabird communities. Ecology, 54*31-44.

Cohen, J. 19t>6. A model o f simple com petition . Cambridge*

Harvard Univ. Press . 138p.

Cohen, J, 1968. A ltern ative  d er iv a t io n s  o f  a species-abundance 

r e la t io n .  Amer. Nat. 102*165-172.

Cohen, J. E, 1976. Irreproducible r e s u l t s  and the breeding o f p igs

(or nondegenerate l im i t  random va r ia b les  in b io lo g y ) ,

B iosoience 26*391-394.

Colin , P. L. 1974. Mini-prowlers o f  the n ight r e e f .  Sea F ro n tiers .

20*139-145.

Colin, P. L. 1975. Neon g ob ies .  T. F. H. Pub. Ino. New Jersey .

304p.

C olin , P. L. and J, B. H eiser . 1973. A sso c ia t io n s  o f  two sp eo ies  o f  

c a r d in a lf ish e s  (Apogonidae* P iso e s )  with sea anemones in the



3 4 6 .

West Ind ies . B u ll ,  of Mar. S o i.  23*521-524*

Colinvaux, P. A. 1973. Introduction to  eco logy . John rfiley and 

Sons, Inc. New York. 621p.

C o l le t te ,  B. B. and F. H, Talbot. 1972. A c t iv i ty  patterns o f

ooral r e e f  f i s h e s  with emphasis on nocturnal-d iurnal changeover. 

R esults o f  the T ek tite  Program* Eoology o f  coral r e e f  f i s h e s .  

B u ll.  Natur. H ist .  Mus. L. A. 14*98-124.

Collignon, J, and H. A loncle , 1973* Catalogue r a iso n n l des po issons
§ jq sdes mers Marocaines. 2 Partie*  PoiBsons Osseux I .  B u ll ,  

de L 'In s t .  des pSohes maritimes. No. 21.

C olw ell, R. K. and E. R. Fuentes. 1975* Experimental s tu d ie s  of

the n iche. A .-in. Rev. Ecol. S y st .  6 :281-310.

Connell, J. H. 1961. E ffeot  o f  com petition , predation by Thais 

l a p i l l u s , and other fa c to r s  on natural populations o f the 

barnacle Balanus b a la n o id es . Ecol. Monogr, 31*61-104.

Connell, J .  H. and S. Orias. 1964. The e c o lo g io a l  reg u la t io n  of

sp e c ie s  d iv e r s i t y .  Amer. Nat. x c v i i *399-414.

Cooper, D. W. 1968. The s ig n i f ic a n c e  l e v e l  in  m ultip le  t e s t s  

made sim ultaneously . H eredity. 23*614-617.

Cramer, N. F. and R, M, May. 1972, I n te r s p e c i f ic  com petition ,

predation and sp e o ies  d iv e r s ity *  a comment. J. Theor. B io l .  

34*289-293.

Crombie, A. C. 1947. I n t e r s p e c i f ic  com petition . J .  Anim, Ecology. 

16*44-73.

D ale, G, 1975* O bserva tion  on the  c a r d i n a l f i s h  p o p u la t io n  o f  a 

pa tch  r e e f  in  the  Bahamas. Hydrolab J .  3*67-75*

Dale, G. 1977. Apogon mosavi, A new western A t la n t ic  c a r d in a lf is h ,



347.

and a note on the occurrence o f  Apogon lep tocau lu s  in  the  

Bahamas. Proc. B io l .  Soo. Wash. 90:19-29 .

Dale, G. 1978. Money-in-the-bank: a model fo r  coral r e e f  f i s h  

co e x is te n c e .  Env, B io l .  F ish , ( in  p r e s s ) .

Dale, G. (MS). A cinematographic technique fo r  analyz ing  eye

movements in the f lam efish  Apogon maculatus.

Davis, C. C. 1955* The marine and fresh -w ater  plankton. Michigan 

State  Univ. P ress . 562p.

Davis, J. 1957. Comparative foraging  behavior o f  the spotted  and 

brown towhees. Auk. 74:129-166.

Day, J. H. 1973. New Polychaeta from Beaufort, with a key to a l l  

sp e c ie s  recorded from North Carolina, NOAA Technical Report 

NKF3 CIRC -  375* U. S. Dept o f  Commerce. 140p,

DeKartini, E. E. 1969. A c o r r e la t iv e  Btudy of the ecology and

comparative feed in g  mechanism morphology of the Eknbiotocidae 

( s u r f - f i s h e s )  as evidence of the fa m ily 's  adaptive ra d ia t io n  

in to  a v a i la b le  e c o lo g ic a l  n ich es .  The Wasmann J. o f  Bio,  

27:177-247.

Dickman, M. 1968. Some in d ices  of d iv e r s i t y .  Ecology. 49:1191-1193.

Dobzhansky, T. 1950. Evolution in the tropioB. Amer. S c i .  38: 

208-2 21.
Domm, S. B, and A. J. Domm. 1973. The sequence o f  appearanoe a t  

dawn and disappearance a t  dusk o f  some ooral r e e f  f i s h e s .  Pao.

S o i .  27:128-135*

Doyle, A. C. 1930. A soandal in  Bohemia. In: The complete

Sherlock Holmes. Doubleday, Garden C ity . N. Y. 1122p,

E hrlioh , P. R. 1975* The population b io logy o f  cora l r e e f  f i s h e s .



3 4 8 .

Annual Rev. o fE o o l .  aid SyBt. 6*211-246.

E ib l-E ib eB fe ld t ,  I .  von. 1961. Eine symbioee von f is c h e n  ( Siphamia 

v e r s ic o lo r )  und B ee ige ln . Z. T ier-p sych o l.  18*56-59*

Eldredge, N. and S, J. Gould. 1972* Punctuated e q u i l ib r ia :  an

a l te r n a t iv e  to  p h y le t ic  gradualism, 0 .5  PP* 82-115 In Models 

in p a leob io logy . T. J. M. Sohopf (Ed.) Freeman, Cooper and 

Co, San Francisco, 250p.

E lton , C. 1958. The eco logy  o f  invasions by animals and p la n ts .

Methuen, London. l8 lp .

Emery, A. R. 1968. Preliminary observations on coral r e e f  plankton.

Limnology and Oceanography. 13*293-303.

Emery, A. R. 1973* Comparative ecology and fu n c tio n a l  o s teo logy

o f  fourteen  sp e c ie s  o f  dam selfish  (P isces*  Pomaoentridae) a t  

A ll ig a to r  Reef, F lorida  Keys. B u ll ,  o f  Mar. S c i .  23*649-770. 

Emmel, T. C. 1973* An in troduction  to  ecology and population b io logy .

W, tf. Norton and Co., Inc. N. Y. 196p.

E r c o lin i ,  A. and R. B e r t i .  1975* Light s e n s i t i v i t y  experiments

and morphology s tu d ie s  of the b lind  ph reatic  f i s h  Phreatichthys  

andruzzii  Vinciguerra from Somalia. Monitore Zool. i t a l ,

(N .S .)  Suppl. VI:29-43*

Feder, H. M. 1966, Cleaning sym biosis  in the marine environment.

In* Sym biosis, Vol. 1, ed. S. K. Henry. 327-380. N. Y.tAcad.

F ish e lso n , L , ,  D. Popper, and N. Gunderman. 1971. Diurnal 

o y o l ic  behaviour o f  Pempheris o u a len sis  Cuv. and Val.

(Pempheridae, T e le o s t e i ) .  J.  Natur. H is t .  5*503-506.

F isch er ,  A, G. I960. L atitu d in a l v a r ia t io n s  in organio d iv e r s i t y .

E volu tion . 14*64-81.

F ish er ,  R. A ., A. S. Corbet, and C. B. Williams, 1943* The r e la t io n



349.

between the  number o f  s p e c ie s  and the  number o f  in d iv id u a l s  in 

a  random sample o f  an anim al p o p u la t io n .  J .  Anim. E o o l . ,

12*42-58.

Forbes, S. A. 1914. Freshwater f i s h e s  and th e ir  eco logy . I l l i n o i s  

^tate Lab. Hat. H is t .  Urban^ 111.

Fowler, H. W. 1936. The Marine f i s h e s  o f  West A fr ica , B u ll .

Amer. Kus. Hat. H ist .  Vol. LXX, Pt. I I ,  607-1493.

Frank, P. W. 1952. A l a b o r a to ry  s tu d y  o f  i n t r a —sp e c ie s  and

in te r sp e c ie s  com petition in Daphnia p u l ic a r ia  and Simooephalus 

v e tu lu s .  P h ys io l .  Zool. 25*178-204.

Frank, P. W. 1957. CoactionB in  laboratory populations o f two 

sp e c ie s  o f  Daphnia. Ecology. 38*510-518.

Fraser, T. H, 1972. Comparative osteo logy  o f the shallow water

c a rd in a l f iB h e s  (P e ro ifo rm e s : Apogonidae) with r e fe re n c e  to  the

syB tem atics  and e v o lu t io n  o f  the  f a m ily .  I c h th y o lo g ic a l  B u ll ,  

o f  the  J .  L. B. Smith I n s t ,  of Ich .  Rhodes Univ. Grahamstown. 

3 4 : 1 0 5 .

Fraser, T. H. and C. R. Robins, 1970. A new A tla n tic  genus of

c a r d i n a l f i s h e s  w ith  comments on some s p e c ie s  from th e  Gulf o f  

Guinea. Stud. t r o p .  Oceanogr. 4*302-315*

F ricke , H. W, 1970. Ein mimetisohes Kollektiv-Beobaohtungen an

FischBchw&rmen, d ie  S e e ig e l  nachahmen. Mar. B io l .  5*307-314.

F r ic k e ,  H. rf. 1975* The r o l e  o f  behav iour in  marine sym biotic  

anim als. Symbiosis Symp. o f  the Soc. f o r  Exp. Bio. x x ix .

Cambridge Univ. P ress .

F ry e r ,  G. 1965. P re d a t io n  and i t s  e f f e c t s  on m ig ra t io n  and

sp e o ia t io n  in Afrioan f is h e s *  a comment. Proo. Zool, Soc.



3 5 0 .

London. 144(30-310.
Fryer, G. and T. D. l i e s .  1972. The c ic h l id  f i s h e s  o f the Great 

Lakes o f  A fr ica . O liver and Boyd, Edinburgh.

Gamaud, J. 1962. Monographie de l 1 Apogon Mldit6rran6en Apogon 

imberis (Linn6). B u ll .  In s t .  0c6anogr. Monaco, 59*1-83,

Gause, C. F. 1934. The stru gg le  fo r  e x is te n c e .  Williams and 

Wilkins, Baltim ore. I63p.

G ilb ert ,  C. R.  1972. Apogon le p to c a u lu s , a new c a r d in a lf ish  from 

Florida and the western Caribbean sea , Proc, B io l .  Soc. Wash, 

85:419-426.

G ilb er t ,  C. R. 1977* Status o f  the Western South A tla n tic  apogonid 

f i s h  Apogon americanus, with remarks on other B ra z il ia n  

Apogonidae. Copeia. 1:25-32.

G ilp in , K. E. and K. E. J u s t ic e ,  1972. R ein terp reta tion  of the

in v a lid a t io n  o f  the p r in c ip le  o f  com petitive e x c lu s io n .  Mature. 

236:273-274, 299-301.

Goldman, B. and F. H. Talbot. 1976. Aspects of the eoology o f  

coral r e e f  f i s h e s .  In: Jones, 0. A. and K. Endean, (Eds),

Biology and geology o f coral r e e f s ,  Vol. I I I .  Bio. 2 Acad. Press .  

New York, x x i .  435P*

GoBner, K. L. 1971. Guide to  id e n t i f i c a t io n  o f marine and estu arin e  

in verteb ra tes .  W iley-In tersc ien oe . N. Y. 693p.

Goulden, C. E. 1966. La aquada de Santa Ana Vieja: An

in te r p r e t iv e  study of the Cladooeran m icrofO Bsils. Archiv fur  

Hydrobiologie. 62*373-404.

Greenwood, P. H. 1973* Morphology, endemism and sp e o ia t io n  o f  

African o ic h l id  f i s h e s .  Sonderdruck aus Verhandlungen der



351.

Deutschen Z oolig ischen  G e se l ls c h a ft ,  66, JahresverBammlung.

GuBtav F ischer Verlag.

Greenwood, P. H. 1974. The c ic h l id  f i s h e s  o f Lake V ic to r ia ,  East 

A frica: the b io logy and ev o lu tio n  of a sp e c ie s  f lo c k .  B u ll ,

B r i t .  Mus. Nat. H ist .  (S u p p l .). 6.

Gupta, 0. F. and R, K. Shrivastava, 1972. S tudies on the fu n ctio n a l  

morphology and anatomy of the oentra l nervous system of  

Xenentodon oan cila  (Ham, ) inc lud ing  i t s  h is to lo g y  1 ,  the brain .  

Okajimas F o l,  anat. jap, 49*111-128.

Gurney, R. 1942. Larvae o f decapod Crustacea, Ray Soc. London.

No. 129. 306p.

Hairston, N. G. 1969* On the r e la t iv e  abundance of s p e c ie s .

Ecology. 50:1091-1094.

Hamilton, T. H. 1961. The adaptive s ig n i f ic a n c e  of in tr a s p e c i f ic  

trends o f v a r ia t io n  in wing length  and body s iz e  among bird 

s p e c ie s .  Evol. 1$:130-195.

Hardin, G. I960. The com petitive ex c lu s io n  p r in c ip le .  Sc ience ,  

131:1292-1297.

Hartley, P. H. T. 1948. Food and feed in g  r e la t io n s h ip s  in a 

community o f freshwater f i s h e s .  J, Anim. Ecol, 17:1-14 .

Hearle, J, W. S . ,  J, T, Sparrow and P. M. Cross. 1972. The use of  

the scanning e lec tro n  microscope, Fergamon P ress .  Oxford.

Helfman, G. S. 1978. Patterns o f community etruoture in f i s h e s :  

summary and overview. Env, B io l ,  F ish .  ( in  pret-s).

Hennig, W, 1966. Phylogenetic  sy ste m a tise .  The Univ. o f  111. P ress .  

Urbana.

Herskowitz, I .  H. 1965. G enetics. L i t t l e  Brown, Boston. 554p.



3 5 1 .

H ia tt ,  R. W. and D. if. Strasburg. I960. E co lo g ica l r e la t io n sh ip s  

of the f i s h  fauna on coral r e e f s  o f  the Marshall I s la n d s .

Ecol. Monog. 30:65-127.

Hinde, R. A. 1959. Behaviour and sp e c ia t io n  in  birds and lower 

v er te b r a te s .  B io l .  Rev. 34:85-128.

Hobson, E. S. 1965- Diurnal-nocturnal a c t iv i t y  of some in shore 

f i s h e s  in the Gulf o f C a lifo rn ia .  Copeia. 291-302.

Hobson, E. S. 1968a. Predatory behavior o f some shore f i s h e s  in the 

Gulf of C a lifo r n ia .  Res. Rep. 73 Bur. Sport F ish . W ildl. 1-92.

Hobson, E, S, 1968b. Coloration and a c t i v i t y  o f f i s h e s ,  day and 

n ig h t.  Underwater Natur. W in ter :6 - l l .

Hobson, E. S. 1969. Comments on c e r ta in  recent g en era liza t io n  

regarding c lean in g  symbiosis in f i s h e s .  Pac. S c i .  23:35-39.

Hobson, E. S. 1972. A ct iv ity  o f Hawaiian r e e f  f i s h e s  during the 

evening and morning tr a n s i t io n s  between day light and darkness.

F ish . B u ll .  70:715-740.

Hobson, E. S, 1974. Feeding r e la t io n sh ip s  of t e le o s te a n  f i s h e s  on 

coral r e e f s  in Kona, Hawaii. F ish .  B u ll .  U. S. 72:915-1031*

Hollenberg, K. J. and A. M. Erickson. 1973. The scanning e le c tr o n  

microscope: p o te n tia l  u se fu ln ess  to b i o l o g i s t s .  A review.

J. Histochem. and Cytochem, 21:107-130.

Horn, H. S. 1966. Measurement o f  "overlap" in  comparative 

e c o lo g ic a l  s tu d ie s .  Amer, Nat. 100:419-424*

H urlbutt, I .  1968, Coexistence and anatomical s im i la r i ty  in  two 

genera o f  m ites , Veigaia and Asoa. S yst .  Zool. 17:261-271.

Hurlbert, S. H. 1971. The nonooncept o f  sp e c ie s  d iv e r s i ty :  a



3 S 3 .

c r i t iq u e  and a l te r n a t iv e  parameters. Ecology, 52*577-586, 

Hutchinson, G. E. 1959. Homage to Santa R osa lia ,  or why are there

eo many kinds of animals, Amer. Natur, 93*145-159.

Hutchinson, G. E. 1959. II con cetto  raoderno d i  n icoh ia  e c o lo g ie s ,

Mem. iB t i tu to  I t a l .  Id r o b io lo g ia ,  1 1 :9 -22 .

Hutchinson, G. E. 1965* The niche: an a b s tr a c t ly  inhabited

hypervolume p. 26-78 . Ini The e c o lo g ic a l  theater  and the 

evolutionary p la y . Yale Univ. P ress , New Haven,

Hutchinson, G. E. and E. S. Deevey, Jr. 1949. E co log ica l s tu d ies  

on p op u lation s . (Survey of B io l .  P rogress ,  Vol. I ,  p . 325-359)* 

Acad. Press . N, Y.

Ifynes, H. B. N. 1970. The ecology o f  running waters. U. of 

Toronto P ress . 555P*

Ida, H, and J. T. Moyer. 1974. Apogonid f i s h e s  o f  Miyake-Jiraa and 

Ish igaki-J im a, Japan, Kith d e sc r ip t io n  of a new B p e c ie s ,  Jap.

J . o f  Ich. 21:113-128.

I to ,  Y. 1971. Some notes  on the com petitive ex o lu s io n  p r in c ip le .

Res. Popul. E col. c i i i *46-54•

Jackson, J . B. C. and L. Buss. 1975* A lle lop ath y  and s p a t ia l

com petition among ooral r e e f  in v e r te b r a te s .  Proc. Nat. Acad. 

S ci.  U. S. A. 72*5160-5163.

Jespersen, P. e t  a l .  1939- Conseil permanent in te r n a t io n a l  pour 

1 'ex p lo ra tio n  de la  mer. P iohes d 1 id e n t i f i c a t io n  du 

eooplankton, (various numbers)

Jones, R. S. 1968. E co log ica l r e la t io n s h ip s  in  Hawaiian and

Johneton Island Acanthuridae ( su r g e o n f ish e s }. Micronesica. 

4:309-461 .



354.

Kapoor, B. G., H. E. Evans, and R. A. Fevzner. 1975* The gustatory  

system in f i s h .  IN: Advances in Marine Biology 13* F. S.

Russel and C. M. Younge (E d s .) .  Aoad. P ress .  London.

Karamian, A. I .  1949. Evolution of fu n c tio n a l in te r r e la t io n s  between 

cerebellum and cerebral hemispheres. I .  Functional in te r r e la t io n  

o f  cerebellum to cerebral hemispheres in bony f i s h e s ,

F iz io lo g ic h e s k i i  Zhurnal. 35*167-181.

Karplus, I . ,  M. Tsurnamal and M. Szlep . 1972. A sso c ia t iv e  behavior 

of the f i s h  Cryptooentrus cryptocentrus (Gobiidae) and the 

p i s t o l  shrimp Alpheus d .jlboutensis  (Alpheidae) in a r t i f i o a l  

burrows. Mar, B io l .  15*95-104.

Karr, J. R. and R. R. Roth. 1971. Vegetation s tru ctu re  and avian  

d iv e r s i ty  in se v e r a l  New World areas . Am. Nat. 105*423-435*

Kawanabe, H, 1959* Food com petition in some r iv e r s  o f  Kyoto

P refectu re , Japan. Mem. C o ll .  S c i .  Engng. Kyoto imp. Univ. 526.

Kear, J. 1962. Food s e le c t io n  in f in ch es  with s p e c ia l  reference  to  

in t e r s p e c i f i c  d i f f e r e n c e s .  Proc, Zool. Loc. London. 138:163-204.

Keast, A. and D. Webb. 1966. Mouth and bodyform r e la t iv e  to  

feed in g  ecology in the f i s h  fauna of a small la k e , Lake 

Opinicon, Ontario. J. F ish . Res. Bd. Canada. 23*1845-1874.

K lopfer, P. H. and R. H. MaoArthur. 1961. On the causes o f  tr o p ic a l  

sp e c ie s  d iv e r s i t y  and niche overlap . Am. Natur. 95*223-226.

Kohn, A. J. and P. H e lfr ic h .  1957. Primary organic p rod u ctiv ity  

o f  a Hawaiian ooral r e e f .  Limnol. Ooeanogr. 2:241-251 .

Lachner, E. A, 1955* Inquilin ism  and a new record fo r  Paramia

b ipunctata , a c a r d in a lf ish  from the Red 5ea. Copeia. 53-54 .

Lack, D. L. 1945* Ecology o f  o lo s e ly  r e la ted  sp e c ie s  with



35 5 .

s p e c ia l  reference to cormorant ( Phalaorooorax oarbo) and 

Bhag (J?. a r i s t o l e l i s ). J . of Animal Eoology. 1 4 i1 2 -1 6 .

Laok, D. L, 1947. Darwin's PinoheB. Cambridge Univ. PresB, Camb.

Lack, D. L. 1949. The s ig n if ic a n c e  o f e c o lo g ic a l  i s o la t io n ,  p.

299-308. IN: G. L. Jepsen, G. G. Simpson, and E. Mayr ( e d s ) .

G enetics, palentology and e v o lu t io n .  Princeton Univ. P ress .  

Princeton.

Lagler, K. F. 1956. Freshwater f ish e r y  b io lo g y .  Wm. C. Brown Co, 

Dubuque, Iowa.

Lalami, Y. 1971. Contribution a l 'e tu d e  syst&oatique b io lo g iq u e ,

eco log iq u e , e t  s t a t i s t iq u e  des poissons de la  pScherie d 'A lger.  

Pelagos, B u ll ,  de l ' I n s t .  OoSanogr. d 'A lger, Vol. I l l ,

F a sc icu le  4 .  1-150.

Lanzing, if. J. R. and D. R. Higgenbotham. 1976. Scanning microscopy 

of pharyngeal and oral tee th  o f  the t e l e o s t  T ila p ia  mossambica 

(P e te r s ) .  Hydrobiologi'a. 48:137-319.

Larkin, P. A. 1956. I n t e r s p e c i f ic  com petition and population control

in freshwater f i s h e s .  J. F ish , Res. Bd. Canada. 8:164-177.

Levin, S. 1974. D ispersion  and population in te r a c t io n s .  Amer,

Nat. 108:207-228.

Levin, S. A, 1976a. S p a tia l  pattern ing  and the s tru ctu re  of

e c o lo g ic a l  communities. Lectures on mathematics in the l i f e  

s c ie n c e s ,  8:1-35*

Levin, S. A. 1976b. Population dynamic models in heterogeneous

environments. Ann. Rev. Ecol. S y st .  7*287-310.

Liem, K. F. 1972. Some approaches and methods in comparative 

anatomy. F ie ld  Mus, B u ll .  July Aug. 1972. pp. 5 -7 .



3 5 6 .

Limbaugh, C. 1964. Notes on the l i f e  h is to ry  o f  two C aliforn ia  

pomaoentrids: g a r ib a ld is ,  Hypsypops rublcunda (Gerard), and

blaoksm iths, Chromie punctip inn is  (Copper). Pao. S c i .  18:41-50 .

Lindsey, C, C, 1975* Pleomerism, the widespread tendency among

r e la ted  f i s h  s p e c ie s  fo r  v erteb ra l number to be corre la ted  with 

maximum body len gth . J. P ish . Res. Bd. Can. 32:2453-2469.

L iv ingston , R. T. 1971. Circadian rhythms in the r e sp ir a t io n  o f

e ig h t  sp e c ie s  of cardinal f i s h  (P iso e s:  Apogonidae): comparative

a n a ly s is  and adaptive s ig n i f ic a n c e .  Mar. B io l .  9:253-266.

Lloyd, M,, J. H. Zar, and J. R Karr. 1968. On the ca lc u la t io n  

of in fo rm a tio n -th eo retica l  measures o f  d iv e r s i t y .  Am Midi.

Natur. 79:257-272.

Longley, W. H. and 3, F. Hildebrand, 1940. New genera and sp e c ie s  

of f i s h e s  from Tortugas, F lor id a , Papers Tortugas Lab. 32 

(Carnegie In s t ,  Wash. Publ. ). 517:223-285.

Longley, W, H. and 3. P. Hildebrand. 1941. System atic catalogue of  

the f i s h e s  o f Tortugas, F lorida with observations on co lo r ,  

h a b its ,  and lo c a l  d is t r ib u t io n .  Carnegie I n s t ,  flash. Pub.

517:535.

Losey, G. S. 1972. The e c o lo g ic a l  importance o f  c lean ing  Bymbiosis. 

Copeia. 820-633.

Lotka, A. J. 1925. Elements of physica l b io lo g y .  Williams and 

Wilkins. B a lt .  460p. Reprinted by Dover Pub. N. Y. 1956.

Low, R. M, 1971. I n t e r s p e c i f ic  t e r r i t o r i a l i t y  in  a pomaoentrid r e e f  

f i s h  Pomaoentrus f lav icau d a  W hitley. Ecology. 5 2 :648- 654.

Lowe-McConnell, R. H. 1969. Speciation  in tr o p ic a l  freshwater  

f i s h e s .  B io l .  J. Linn. Soc. 1:51-75* IN: Lowe-KcConnell,



357*

R. H. 1969« ( e d . ) .  S pecia tion  in  tr o p io a l  environments,

Acad, P ress . London.

Luckhurst, B. E. and K. Luckhurst. 1977. Recruitment p atterns o f  

ooral r e e f  f i s h e s  on the fr in g in g  r e e f  o f  Curasao, Netherlands, 

A n t i l l e s .  Can. J. Zool. 55*681-689.

MacArthur, R. H. 1955. F lu ctu ation s  o f  animal populations and a

measure o f  community s t a b i l i t y .  Ecology. 35*533-536.

KacArthur, R. H, 1957. On the r e la t iv e  abundance o f  bird s p e c ie s .  

Proc. Nat. Acad. S c i .  43*293-295.

KacArthur, R, H, 1958. Population ecology o f  some warblers of  

northeastern con iferous f o r e s t s .  Ecology. 39*599- 619.

KacArthur, R. H. I960. On the r e la t iv e  abundance o f  s p e c ie s .  Amer. 

Nat. 94*25-36.

KacArthur, R. H. 1964. Environmental fa c to r s  a f f e c t in g  bird sp e c ie s  

d iv e r s i t y .  Amer. Nat. 96*367-397.

MacArthur, R. H. 1965. Patterns o f  sp e c ie s  d iv e r s i t y .  B io l .  Rev. 

40:510-533.

KacArthur, R. H. 1972. Geographical eco lo g y . Patterns in the

d is t r ib u t io n  o f  s p e c ie s .  Harper and Row. Pub. N. Y. 2o9p.

KacArthur, R. H. and R. Levins. 1964• Competition, h ab itat

s e le c t io n  and character displacement in a patchy environment, 

Proc. Nat, Acad. S c i .  51*1207-1210,

MacArthur, R. H. and J. KacArthur. 1961. On bird s p e c ie s  d iv e r s i t y .  

Ecology. 42*594-598.

KacArthur, R. H., H. Recher and M. Cody. 1966. On the r e la t io n  

between h a b ita t  s e le c t io n  and s p e c ie s  d iv e r s i t y .  Am, Nat. 

100:319-325.



5 5 8 .

Magnus, D. B. 1967. E colog ica l and e th o lo g ic a l  s tu d ie s  on

ecbinodermB of the Hed Sea. Stud. Trop. Oceanogr. Miami. 5* 

635-664.

Manning, R. B. 1961. Stomatopod Crustacea from the A tla n tic  coast  

of northern South America. A llan  Hancock A tla n tic  Expedition,  

Report No. 9* Univ. of Southern Cal. PreBS. Los Angeles. 46p. 

Marshall, N. B. 1966. The l i f e  of f i s h e s .  Universe Books. N. Y.

402p.

Mason, C. P. and R. J. Bryant. 1974* The stru ctu re  and d iv e r s i ty  

of the animal communities in a broadland reedswarap. J. Zool. 

London. 172*289-302.

May, R. K. 1973* S t a b i l i t y  and complexity in model ecosystem s.

Princeton Univ. P ress . Princeton , N. J. 235p.

May, R. M. 1974. Q u a lita tive  s t a b i l i t y  in model ecosystem s.

Ecology. 54:638-641.

May, R, K. 1976. Irreproducible r e s u l t s .  Nature. 262:646.

NcNab, B. K. 1971. The structure  o f  tr o p ic a l  bat faunas. Ecology. 

52:352-358.

KcPhail, J , D. 1969. Predation and the evo lu tion  o f  a s t ic k le -b a c k  

( G asterosteu s). J. P ish . Res. Bd. Can. 26:3183-3208.

Medawar, P. B. 1969. Induction and in tu i t io n  in s c i e n t i f i c  thought, 

Amer. P h il .  Soc, 62p.

M ille r ,  R. J. and H. E. Evans. 1965. External morphology o f the 

brain and l ip s  in catostomid f i s h e s .  Copeia. 4:467-487 .  

M orisita , M. 1959. Measuring of in t e r s p e c i f i c  a s so c ia t io n  and 

s im i la r i ty  between communities. Mem. Pac. S c i .  Kyushu Univ.

Ser. E. (B io lo g y ).  3*65—80.



Motomura, I .  1932. A s t a t i s t i c a l  treatment o f  a s s o c ia t io n s  ( in  

Japanese). Japan. J. Zool. 44*379-383.

Munro, J. L .,  V. C. Gaut, R. Thompson and P. H. Reeson. 1973. The 

spawning seasons o f  Caribbean r e e f  f i s h e s .  J. F ish . B io l .

5 j69-84.

%-rberg, A. A. Jr. 1972. S o c ia l  dominance and t e r r i t o r i a l i t y  in  

the b ic o lo r  d am self ish , Eupomacentrus p a r t itu s  (Poey) (P isces*  

Fomacentridae) .  Behaviour. 41:207-231.

Myrberg, A. A. Jr. and R. E. Thresher. 1974. I n te r s p e c i f ic

aggression  and i t s  relevance to the concept of t e r r i t o r i a l i t y  

in r e e f  f i s h e s .  Am Zool. 14:81-96.

Newell, G. £ . ,  and R. C. Newell. 1967. Marine plankton, a p r a c t ic a l

guide. Hutchinson Educ. Ltd. 221p,

Newell, N. P. 1971. An o u t l in e  h is to ry  of t r o p ic a l  organic r e e f s .

Amer. Mus. Nov. 2465:37.

Odum, E. P. 196°. The s tra teg y  o f  ecosystem development. Science  

I 64 s262-270.
p dOdum, E, P. 1971* 3 sd. Fundamentals of eco logy . //. B.

Saunders Co. P h ila .  574p -

Odum, H. T. and £. P. Odum. 1955* Trophio s tru ctu re  and p rod u ctiv ity  

o f  a windward ooral r e e f  community on Eniwetok A to l l .  Eool.  

Monogr. 25:291-320.

Okuno, R. 1963. Observations and d iscu ss io n  on the s o c ia l  behavior 

o f  marine f i s h e s .  Pub. Seto. Mar, B io l ,  Lab. 11:281—336.

Oppenheimer, J. R. 1970. Mouthbreeding in f i s h e s .  Anim. Behav. 

18*493-503.

Orians, G. H. 1969. The number o f  bird sp e c ie s  in some trop ioa l  

f o r e s t s .  Ecology. 50*783-801.



3t>0.

Osterhaus, K. B. 1962. Adaptive m od ifica tion s  in the l e g  s tru ctu re  

of  some North American warblers. Amer. Midland Nat. 68(474-486.  

Owre, H. B . , and M. Foyo. 1967. Copepods o f  the F lorida current.  

Fauna Caribaea, 1 , Crustacea, Part 1* Copepoda. Univ. of  

Miami, 137p.

Paine, R. T. 1966. Food web complexity and s p e c ie s  d iv e r s i t y .

Amer, Nat, 100(65-75*

Park, T, 1948. Experimental s tu d ie s  of in te r s p e c i f i c  com petition .

I .  Competition between populations o f f lo u r  b e e t le s  Tribolium 

confusum Duvaland T, oastaneum Herbst. P h y s io l .  Zool. 18(265-308.

Park, T. 1954. Experimental s tu d ie s  o f  in t e r s p e c i f i c  com petition ,

I I .  Temperature, humidity and com petition in two sp e c ie s  o f  

Tribolium. P h y s io l .  Zool. 27:177-238.

Parrish , J, D. and S. B. S a i la .  I n t e r s p e c i f ic  com petition , predation  

and sp e c ie s  d iv e r s i t y .  J . Theor. B io l .  27(207-220.

Paterson, A. 1972. Birds of the Bahamas. B urre ll  Pubs, d i s t r i b .

by Stephen Greene PresB. B rattleboro, Vermont. l80p.

P earl,  H. and L. J .  Heed. 1920. On the ra te  o f  growth o f  the

population o f the United S ta tes  s in ce  1970 and i t s  mathematical 

rep r e se n ta t io n .  Proc. N atl.  Acad. S c i.  Wash. 6(275-288.

P eet, B. K. 1974. The measurement o f  sp e c ie s  d iv e r s i t y .  Annual 

Rev. o f  Eco. and S y st .  5 :285-307.

P e j l e r ,  B. 1956. I n t r o g r e s s io n  in  p ia n k to n ic  R o ta l a r i a  w ith  some 

pointB of view on i t s  causes  and conce iv ab le  r e s u l t s .  Evol. 

1 0 (246- 261 .

P e te r s ,  R. H. 1976. Tautology in ev o lu tio n  and eco logy . Amer. Nat. 

1 1 0 :1- 12 .



341.

Pianka, E. R. 1966. L a titu d in a l grad ien ts  in  sp e c ie s  d iv e r s i t y !

a review  o f  concepts. Amer. Mat. 100:33-46.

Pianka, E. R. 1969* Habitat s p e c i f i c i t y ,  s p e c ia t io n ,  and s p e c ie s

d e n s ity  in  A ustra lian  d eser t  l i z a r d s .  Ecology, 50*498-502. 

Pianka, E. R. 1971. Lizard sp e c ie s  d en sity  in the Kalahari

D esert. Ecology. 52:1024-1029.

Pianka, E, R, 1974. Evolutionary eco logy . Harper and Row. M. Y.

356p.

P ie lo u ,  E. C. 1967. The use o f  information theory in the study of

the d iv e r s i ty  of b io lo g ic a l  pop u lation s, Proc, 5 ^  Berkeley  

Symp, on the Math S ta t .  and Prob. 4:163-177*

P ie lo u ,  E, C, 1969. An in troduction  to mathematical eco logy .

Wiley. In te r sc ie n c e .  U. Y,

P ie lou , E. C. 1974. Population and community eco logy . P r in c ip le s

and methods. Gordon and Breach Science Pubs. N. Y. 424p. 

Popper, K. R. 1968. The lo g ic  o f  s c i e n t i f i c  d isco v ery . Harper

and Row. h. Y. 480p.

F'owles, H. 1975* Abundance, s e a s o n a l i ty ,  d is t r ib u t io n  and aspects

o f the ecology of some la rv a l f i s h e s  o f f  Barbados. Ph. D.

t h e s i s ,  McGill Univ. Montreal. P. Q.

Preuschoft, H., W. E, R e if ,  and W. H. Muller. 1974.

Funktionsanpassungen in Form und Struktur an H aifischzahnen,

Z. Anat. Entwickl. Gesoh. 143:315-344.

Preston, F. W. 1948, The oommonness and r a r ity  o f  s p e c ie s .

Eoology. 29:254-283.

Preston , F. rf. i 960 . Time and space and the v a r ia t io n  o f  s p e c ie s .

Ecology. 41:611-627 .



3 4 2 .

PreBton, F. W, 1962a. The canonical d is tr ib u t io n  o f commonness 

and r a r i t y .  Part I .  Ecology. 43:185-215•

Preston , F. W, 1962b. The canonical d is tr ib u t io n  o f commonness 

and r a r i t y .  Part I I .  Ecology. 43:410-432.

Hand, A. 2. and E. E. Williams. 1969. The anoles o f La Palma:

aspectB o f  th e ir  e c o lo g ic a l  r e la t io n s h ip s .  Brevoria. 327:1-19* 

Randall, J. E. 1961, Tagging r e e f  f i s h e s  in the Virgin Is la n d s .

Proc, Gulf Caribb. F ish . In s t .  14:201-241.

Randall, J . E. 1964. Contributions to the b io logy  of the queen

conch, Strombus g ig a s . B u ll .  Mar. S c i .  Gulf Caribb. 14:246-295* 

Randall, J. E. 1967* Food h ab its  o f  r e e f  f i s h e s  of the rfest In d ies ,  

Stud. Trop, Oceanogr, Miami. 5:665-847*

Randall, J. E . , R, E. Schroeder, and W. A. Starck. 1964* Notes on 

the bio logy of Diadema an til laru m . Caribb. J . S c i .  4:421-433* 

Rasa, 0 .  A. E. 1969* T e r r i to r ia l i t y  and the establishm ent of  

dominance by means o f v isu a l  cues in Pomacentrus .jenkinsi 

(P isc e s :  Pomacentridae). Z. T ierpsychol. 26:825-845*

Raup, D. M. , S. J. Gould, T. J. M. Schopf, and D. S. Simberloi'f,

1973. S to ch a st ic  models o f phylogeny and the ev o lu tio n  of 

d iv e r s i t y .  The J. of Geology. 81:525-542.

Reese, E. S. 1964* Ethology and marine zoology. Ann. Rev.

Oceanogr. Mar. B io l .  455-488.

Reese, E. S. 1973* Duration of res idence  by coral r e e f  f i s h e s  on 

"home r e e f s" .  Copeia, 145-149*

R e if ,  V. E. 1973* Morphologie und U ltrastru k tu r  des Hai "Schmelzes".

Zoologioa S c r ip ts .  2:231-250.

Renaud, J. C. 1956. A report on some polyohaetous annelids from



the Miami-Bimini a r e a .  Amer. Mus. N o v ita te s .  1812:1-40.

Risk, M. F. 1972. F ish  d iv e r s i ty  on a cora l r e e f  in the Virgin  

I s la n d s ,  A to l l .  Res. B u ll,  153:1-6 .

Rohlf, F. J. and R. R. Sokal. 1969. S t a t i s t i c a l  Tables, tf. H.

Freeman and Co, San Francisco. 253P.

Rosenzweig, K. L. 1966. Community s tru ctu re  in sympatric carnivora.

J. Mammal. 47:602-612 .

Ross, H. 1957. P r in c ip le s  o f  natural co ex is ten ce  ind icated  by 

l e a f  hopper p opu lations. Evolution . 11:113-219*

R u sse l l ,  B. C,, F. H. Talbot and S. Bornm. 1974. Patterns of

c o lo n iz a t io n  o f  a r t i f i c i a l  r e e f s  by ooral r e e f  f i s h e s .  Proc. 

Second In te r .  Coral Reef Symp. 1:207-215.

S a le ,  P. F. 1971. Extremely l im ited  home range in a coral r e e f  f iB h ,

Dasoyllus aruanus (P isc es:  Pomacentridae) .  Copeia, 324-327.

Sale , P. F. 1974. Mechanisms of c o -e x is te n c e  in a gu ild  o f

t e r r i t o r i a l  f i s h e s  a t  Heron Is lan d , In: Proc. Second In ter .

Coral Reef Symp. 1:193-206.

S a le ,  P. F. 1975. P a t t e r n s  o f  use o f  space in  a g u i ld  o f t e r r i t o r i a l

r e e f  f i s h e s .  Mar. B io l .  29 :89 -97 .

S a le ,  P. F. 1976. Reef f i s h  lo t t e r y .  Nat. H is t .  85 :60- 65 .

S a le ,  P. F . ,  and R. Dybdahl. 1975* Determinants of community

stru ctu re  fo r  coral r e e f  f i s h e s  in an experim ental h a b ita t .

Ecology. 5 6 11343-1355.

Sanders, H. L. 1969. Benthio marine d iv e r s i ty  and the s t a b i l i t y  

time h yp oth es is .  In: D iv ers ity  and s t a b i l i t y  in e c o lo g ic a l

system s. Brookhaven Symp. B io l .  22.

Sohoener, T. rf. 1968. The A nolis  l i z a r d s  o f  Bimini: Resource



34.H.

p a r t it io n in g  in a complex fauna. Ecology. 49*704-726.

Schroeder, R. E. and if. A. Starck, 1964* Photographing the

night creatures o f  A ll ig a to r  Reef. Nat. Geogr. 125*128-154.

Schwartz, A, and R. Thomas. 1975* A check l i s t  o f  West Indian

amphibians and r e p t i le B .  Carnegie Jfus. o f  Nat. H is t .  Specia l  

Pub. No. 1.

Shannon, C. E. and V. Weaver. 1949* The mathematical theory of  

communication. Urbana, 111, Univ. I l l i n o i s  P ress . 117p.

She11 i s ,  R. P. and B. K. B. Berkovitz . 1976. Observations on the 

dental anatomy o f  piranhas (Characidae) with s p e c ia l  reference  

to tooth s tr u c tu r e .  J , Zool. London, 180:69-84.

Simpson, G. G. 1964. Species d en sity  o f North American recent  

mammals. S y st .  Zool. 13*57-73*

Slobodkin, L, B. 1961. Growth and reg u la t io n  of animal populations.

H olt, Rinehart and Winston. N. Y.

Slobodkin, L. B. 1964. E co log ica l populations o f  Hydrida. J. Anim.

E co l. 33:131-148.

Slobodkin, L. B. and L, E ish e lson , 1974. The e f f e c t  of the cleaner  

f i s h  LabroideB dim idiatus on the point d iv e r s i t y  of f i s h e s  on

the r e e f  fro n t  a t  E i la t .  Am. Natur. 108*369-376.

Slobodkin, L. and H. Sanders. 1969. On the con tr ibu tion  of

environmental p r e d ic ta b i l i t y  to sp e c ie s  d iv e r s i t y .  In: D iv e r s ity  

and s t a b i l i t y  in e c o lo g ic a l  system s. Brookhaven Symp. B io l ,  22,

Smart, J ,  S. 1976. S t a t i s t i c a l  t e s t s  o f  the broken-st ick  model of

species-abundance r e la t io n s .  J .  Theor. B io l .  59*127-139.

Smith, C. L. 1971. A r e v is io n  of the Amerioan groupers*

EpinepheluB and a l l i e d  genera. B u l l ,  o f  the Amer. Mus. o f



3 6 S .

Nat. H is t .  1 4 6 i 6 9 -2 4 1 .

Smith, C. L. 1973. Small rotenone s ta t io n s :  a to o l  fo r  studying

coral r e e f  f i s h  communities. Amer. Hus. N o v ita te s .  2512:1-21.

Smith, C. L. 1975* A nalysis  o f  a c o r a l - r e e f  f i s h  community: Bize

and r e la t iv e  abundance. Hydrolab J. 3 :31 -38 .

Smith, C. L. 1978. Coral r e e f  f i s h  communities: a compromise

view. Envir. B io l .  F ish ,  ( in  p r e s s ) .

Smith, C. L . , E, H. Atz, and J. C. T y ler . 1971. Aspects o f  oral 

brooding in the c a r d in a lf ish  C heilod ipterus a f f i n i s  Poey 

(Apogonidae).  Amer. Kus. Nov. 2456:1-11.

Smith, C. L. and J. C. Ttyler. 1972. Space resource sharing in a

coral r e e f  f i s h  community. R esu lts  o f  the T ektite  Program: 

Ecology of coral r e e f  f i s h e s .  B u ll .  Natur. H ist .  Kus. L. A. 

14:125-170.

•Smith, C. L. and J. C. T yler . 1973. D irect observations of

resource sharing in coral r e e f  f i s h .  Helgolander Wise. 

Meeresunters. 24:264-275.

Smith, C. L. and J. C. Ttyler. 1975* Succession  and s t a b i l i t y  in 

f i s h  communities o f  dome-shaped patch r e e f s  in the West 

In d ie s .  Amer, Kus. Nov. 2572:1-18 .

Smith, G. B. 1976. Ecology and d is t r ib u t io n  o f  eastern  Gulf of

Kexico r e e f  f i s h e s .  F la . Mar. Res. Publ. No. 19. 78p.

Smith, J. L. B. 1965. A new sponge-dw elling apogonid f i s h  from

the Red Sea. Ann. Mag. Nat. H is t .  Ser. 13. 7*529-531.

Smith, M. M. 1975* Common and s c i e n t i f i c  names of the f i s h e s  o f

Southern A fr ica . Part I .  Marine f i s h e s .  Specia l Publ. No.

14. J. L. B. Smith I n s t ,  o f  Ich . Rhodes Univ. Grahamstown,

S. A fr ica .



Sokal, R. R. and F. J. Rohlf. 1969* Biometry. The p r in c ip le s  

and p r a c t ic e  o f  s t a t i s t i c s  in b io lo g ic a l  research . W. H. 

Freeman and Co, San Francisoo. 776p.

Springer, V. G. and A. J. McErlean, 1962. A study o f  the behavior 

of  some tagged south F lorida cora l r e e f  f i s h e s .  Am Midi. Natur. 

6 7 s386-397.

Starck, 'rf. A. 1968. A l i s t  o f  f i s h e s  o f  A ll ig a to r  Reef, Florida  

with comments on the nature of the F lorida  r e e f  f i s h  fauna. 

Undersea B io l .  1 :4 -40 .

Starck, if. A. and if. P. Davis. 1966. Night h ab its  o f  f i s h e e  at  

A llig a to r  Reef, F lo r id a . Ic th y o lo g ica .  38:313-356.

Starck, if. A. and R. E. Schroeder. 1965. A coral r e e f  at n ig h t .

Sea F r o n tiers ,  1:66—74.

S t e h l i ,  F. G., R. G. Douglas, and N. D. Newell. 1969* Generation  

and maintenance o f  gradients  in taxonomic d iv e r s i t y .  Science.

164:947-949.

Stephens, J. S, J r . ,  R. K, Johnson, G. S. Key, and J. E. McCosker.

1970. The comparative ecology o f  three sym patiic sp e c ie s  of

C a liforn ia  b len n ies  o f the genus Rypsoblennius G il l  (Teleostom i,  

B len n iid a e) ,  Ecol. Monogr. 40:213-233.

Strasburg, D. if. 1966. Observations on the ecology of four apogonid 

f i s h e s ,  Pac. S c i .  20:338-341.

Tr^gouboff, G. and K, Rose. 1S57&. Manuel de p lanctonologie

medit£rran£enne, Tome I ,  Texte. Centre National de la  

recherche s c ie n t i f iq u e .  P a r is .  587p.

Trfigouboff, G. and M. Rose. 1957b. Manuel de p lanctonologie



3 6 7 .

m^ditererraneenne, Tome I I .  I l lu s t r a t io n s .  Centre National  

de la  recherche s o ie n t i f iq u e .  P a r is ,  207 p la te s .

Tsukada, M, 1967* F o s s i l  Cladocera in Lake N o j ir i  and e c o lo g ic a l  

order. Quaternary Research (Japan). 6:101-110 .

Tyler, J. C. and J, S. Bohlke. 1972. Records o f  sponge-dw elling  

f i s h e s ,  prim arily  of the Caribbean. B u ll ,  o f  Kar, S c i .  22: 

601-642.

V a il la n t ,  1, 1903. Incubation bucco-branchiale observes sur un

C h eilo d ip tlre  de la  Martinique. B u ll .  Mus, d 'H is t .  Nat.

P a r is .  9:207-209.

V erhulst, P. F. 1838. Notice sur la  l o i  que la  population s u i t  

dans son accro issem en t. Corresp. Math, e t  Phys, 10:113-121.

V ivien , K. L. 1973. Contribution a la  connaissance de l re th o lo g ie  

alim enta ire  de 1 • ichtyofaune du p la t ie r  in terne des r e c i f s  

c o r a l l ie n s  de Tulear (Madagascar). Tethys. Suppl. 5 :221-306.

V ivien , M. L, 1975- Place o f  apogonid f i s h  in the food webs o f  a 

Malagasy coral r e e f .  M icronesica, 11:185-198.

V iv ien , M. L. and M. Peyrot-C lausade. 1974. A comparative study

o f  the feed in g  behaviour of three coral r e e f  l 'ishes  

(H olocentr id ae), with s p e c ie a l  reference  to  the polychaetes  

o f  the r e e f  cryptofauna as prey. Proceedings o f the second 

in ter n a t io n a l  coral r e e f  symp. 179-192.

V olterra , V. 1926. V ariations and f lu c tu a t io n s  of the number of  

in d iv id u a ls  in animal sp e c ie s  l iv in g  to g eth er . Ini Animal 

Ecol. (H. N. Chapman, ed ) .  McGraw-Hill Book Co., Inc. N. Y.

p. 409-448.

Wallace, A. R. I 878. Tropical nature and other e s sa y s .  London.



346.

Macmillan, 356p.
Weatherley, A. H, 1963. Notions o f  niche and com petition among 

anim als, with Bpeoial re feren ce  to  freshw ater f i s h .  Nature. 

197:14-17.

Wells, J. W. 1957. Coral r e e f s .  In* T re a tise  on marine ecology  

and p a leoeco logy . Vol. I ,  (Ed, Hedgpeth, J. W.),  G eological  

3oc. of Amer. 12?6p.

Whitley, G. P. 1959. fore ic h th y o lo g ic a l  sn ip p e ts .  Proc, Roy,

Zool, Soc. New South Wales ( fo r  year 1957-5®):11-26.

Whittaker, R. H. 196G. i/egetation  o f the S isk iyou  Mountains, Oregon 

and C a lifo rn ia ,  E colog ica l Monographs, 30:279-338.

Whittaker, 3. H. 1965. Dominance and d iv e r s i t y  in land plant

communities. Science . 147:250-260.

Whittaker, R. H. 1970. Communities and ecosystem s. MacMillan,

N. Y. I62p.

Whittaker, 3. H. 1972. Evolution and measurement of sp e c ie s

d iv e r s i t y .  Taxon. 21:213-251.

Whittaker, R. H. and S. A. Levin. (1976). The r o le  o f  mosaic

phenomena in natural communities. Contribution to a meeting 

on patch phenomena in ecology a t Santa C atalina Is lan d , April 

17-18, 1976, from research p r o je c ts  supported by the National 

Science Foundation.

Williams, C. B. 1964. Patterns in the balance of nature. Acad, 

P ress .  N. Y. 324p.

'Williams, E. E. 1972. The o r ig in  o f  faunas. Evolution of l iea rd

congeners in a complex island fauna: a t r i a l  a n a ly s i s ,  p. 47-



89 . In: Evolutionary Biology 6 . T. Dobahansky, e t  a l . ,  ed s .

Appleton-Century-Crofts. N. Y.

Wilson, E. 0. and irf. H. B ossert. 1971. A primer o f  population

b io lo g y .  Sinauer ABSooiates, Inc* Pubs. Stamford, Conn. 192p. 

Youngblutfc, K. J. 1968. Aspects o f  the ecology and e th o logy  o f  the 

c lean in g  f i s h ,  Labroides phthirophagus Randall. Z.

T ierpsychol. 25:915-932.

Zaret, T. M. and A. S. Rand. 1971. . Competition in t r o p ic a l  stream  

f i s h e s :  support for  the com petitive ex c lu s io n  p r in c ip le .

Ecology. 52:336-342,


