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ABSTRACT 

Q u a l i t a t i v e  a n d  q u a n t i t a t i v e  s u r v e y s  o f  m a c r o - i n f a u n a l  a s s o c i a t e s  of l i v i n g  c o r a l s  i n  J ama ica  
r e v e a l e d  a  number of p r e v i o u s l y  u n r e p o r t e d  a s s o c i a t i o n s ,  i n c l u d i n g  a  new s p e c i e s  o f  L i t h o p h a g a .  

T h e  mud s h r i m p ,  Upogebia  o p e r c u l a t a  was found  b o r i n g  i n  P o r i t e s  a s t r e o i d e s  where  mated p a i r s  
e x c a v a t e  r a m i f y i n g  chambers  s i m i l a r  t o  t h e i r  b e t t e r - k n o w n  mud bu r rows .  

Two c o r a l  c r a b s ,  P s e u d o c r y p t o c h i r u s  c o r a l l i c o l a  and  P. h y p o s t e g u s  l i v e  i n  d i f f e r e n t ,  
n o n - o v e r l a p p i n g  h o s t s .  A l though  a  s i n g l e  c o r a l  s p e c i e s  ( o r  even a  s i n g l e  c o l o n y )  may c o n t a i n  a  nunbe r  
o f  a s s o c i a t e s  o f  d i f f e r e n t  t a x a ,  no c o r a l  s p e c i e s  was i n h a b i t e d  by b o t h  c r a b s .  S i m i l a r l y ,  two b a r n a c l e  
s p e c i e s ,  C e r a t o c o n c h a  q u a r t a  and B o s c i a  madrepora rum i n h a b i t  d i f f e r e n t  h o s t  s p e c i e s .  

L i t h o p h a g a  m a d r a c e n s i s ,  a  new, s m a l l  m y t i l i d  b i v a l v e  i n h a b i t s  M a d r a c i s  m i r a b i l i s  and M. 
d e c a c t i s  be low a p p r o x i m a t e l y  1 0  m  i n  b o t h  f o r e  and back  r e e f  e n v i r o n m e n t s  a t  D i s c o v e r y  Bay. 

The  more  g e n e r a l i z e d  b o r e r ,  L. b i s u l c a t a  h a s  been found  i n  1 0  c o r a l  s p e c i e s  b e l o n g i n g  t o  6  
f a m i l i e s .  However ,  i t  i s  mos t  common i n  o n l y  two c o r a l s ,  S t e p h a n o c o e n i a  m i c h e l i n i  and  S i d e r a s t r e a  
s i d e r e a .  I t  a l s o  b o r e s  i n t o  dead b a s e s  o f  c o l o n i e s  and i n  c o r a l  r o c k .  F i t n e s s  of t h i s  b i v a l v e  s p e c i e s  
i n  1  i v i n g  and dead c o r a l  was examined t o  d e t e r m i n e  the  r e l a t i v e  a d v a n t a g e s  o f  t h e  two m i c r o - h a b i t a t s .  
R e s u l t s  i n d i c a t e  t h a t  b i v a l v e s  i n  l i v i n g  c o r a l  a r e  more s u c c e s s f u l .  L a r v a l  s t a g e s  d i s p l a y  d i f f e r e n t  
b e h a v i o u r  p a t t e r n s  on the  two s u b s t r a t e  t y p e s  and o b s e r v a t i o n s  of l a r v a l  b e h a v i o u r  p r o v i d e  t h e  f i r s t  
c l u e s  t o  how l a r v a e  o f  l i v i n g  c o r a l  a s s o c i a t e s  h a n d l e  t h e  s u r f a c e  t i s s u e  l a y e r  when s e t t l i n g .  

Des C t u d e s  q u a l i t a t i v e s  e t  q u a n t i t a t i v e s  d e  l a  m a c r o - f a u n e  a s s o c i b e  aux c o r a u x  v i v a n t s  en 
J a m a i q u e  a  mon t rh  p l u s i e u r s  a s s o c i a t i o n s  n o n  e n c o r e  d e c r i t e s ,  i n c l u a n t  u n e  n o u v e l l e  e s p b c e  d e  
L i t h o p h a g a .  

L a  c r e v e t t e  d e  v a s e ,  Upogebia  o p e r c u l a t a  p e r f o r e  P o r i t e s  a s t r e o i d e s  d a n s  l e s q u e l s  l e s  c o u p l e s  
c r e u s e n t  d e s  chambres  r a m i f i 6 e s  s e m b l a b l e s  B c e l l e s  mieux  c o n n u e s  dans  l a  v a s e .  

Deux c r a b e s  d e  c o r a u x ,  P s e u d o c r y p t o c h i r u s  c o r a l l i c o l a  e t  P, h y p o s t e g u s ,  v i v e n t  dans  d e s  h 6 t e s  
d i f f b r e n t s ,  non  e m b r i q u e s .  B i e n  q u ' u n e  s e u l e  e s p b c e  d e  c o r a i l  ( o u  m6me u n e  s e u l e  c o l o n i e )  p u i s s e  
c o n t e n i r  p l u s i e u r s  a s s o c i b s  d e  d i f f C r e n t s  t a x a ,  il n ' e x i s t e  pas  une  e s p b c e  de  c o r a i l  ob  h a b i t e n t  l e s  
deux  c r a b e s .  De m h e ,  deux  e s p b c e s  d e  b a r n a c l e ,  C e r a t o c o n c h a  q u a r t a  e t  B o s c i a  madrepora rum h a b i t e n t  d e s  
e s p b c e s  h 6 t e s  d i f f C r e n t e s .  

L i t h o p a g a  m a d r a c e n s i s ,  u n e  n o u v e l l e  p e t i t e  moule  h a b i t e  M a d r a c i s  m i r a b i l i s  e t  M. d e c a c t i s ,  en 
d e s s o u s  d e  10m de  p r o f o n d e u r  e n v i r o n  dans  l e s  e n v i r o n e m e n t s  d ' a v a n t  e t  d ' a r r i b r e  r b c i f  h D i s c o v e r y  Bay. 

Le  p e r f o r a n t  l e  p l u s  f r C q u e n t ,  L, b i s u l c a t a  a  e t b  t r o u v e  d a n s  1 0  e s p & c e s  d e  c o r a i l  a p p a r t e n a n t  
i 6  f a m i l l e s .  C e p e n d a n t ,  i l  e s t  r b e l l e m e n t  commun d a n s  s e u l e m e n t  deux  e s ~ b c e s ,  S t e p h a n o c o e n i a  m i c h e l i n i  
e t  S i d e r a s t r e a  s i d e r e a .  I1 p e r f o r e  a u s s i  l e s  b a s e s  d e  c o l o n i e s  m o r t e s  e t  l e s  b l o c s  c o r a l l i e n s .  
L ' a p t i t u d e  d e  c e t t e  e s p h c e  de  b i v a l v e  B v i v r e  dans  l e  c o r a i l  v i v a n t  e t  dans  l e  c o r a i l  mort e s t  examinee 
p o u r  d C t e r m i n e r  l e s  a v a n t a g e s  r e l a t i f s  d e  c e s  deux  m i c r o h a b i t a t s .  L e s  r b s u l t a t s  i n d i q u e n t  q u e  l e s  
b i v a l v e s  d a n s  l e s  c o r a u x  v i v a n t s  s o n t  p l u s  f a v o r i s b s .  Les s t a d e s  l a r v a i r e s  m o n t r e n t  d i f  f b r e n t s  modes de 
compor t emen t  s u r  l e s  deux  t y p e s  d e  s u b s t r a t s  e t  l e s  o b s e r v a t i o n s  du  compor t emen t  l a r v a i r e  f o u r n i s s e n t  
l e s  p r e m i e r s  i n d i c e s  p r o u v a n t  que l e s  l a r v e s  a s s o c i b e s  a u x  c o r a u x  v i v a n t s  ~ r 6 s e n t e n t  une m o d i f i c a t i o n  
d e  l a  couche  s u p e r f i c i e l l e  d e  l e u r  t i s s u  en  s ' i n s t a l l a n t .  



INTRODUCTION 

Fauna i n h a b i t i n g  l i v e  c o r a l  c o l o n i e s  on 
Caribbean r e e f s  have been l i t t l e  s t u d i e d .  
U s u a l l y  o n l y  s i n g l e  s p e c i e s  o r  taxonomic g roups  
have been d e s c r i b e d  (eg .  P a t t o n ,  1967; Bacon, 
1976; Shaw and Hopkins ,  1977).  No community 
s t u d i e s  have been d e t a i l e d ,  l i k e  t h o s e  which a r e  
a v a i l a b l e  f o r  s e v e r a l  l o c a t i o n s  i n  t h e  Indo- 
P a c i f i c  ( A u s t i n  e t  a l .  1980; G o t e l l i  and Abe le ,  
1983,  e t c . ) .  I n  most c a s e s  i t  i s  n o t  c l e a r  from 
t h e  a v a i l a b l e  l i t e r a t u r e  what c o r a l s  c o n t a i n  
which a s s o c i a t e s  o r  what type  of a s s o c i a t i o n  
e x i s t s  ( eg .  amensa l i sm,  commensalism, 
p a r a s i t i s m ,  e t c .  For an e x c e p t i o n  s e e  Glynn,  
1983).  T h i s  b a s i c  i n f o r m a t i o n  i s  r e q u i r e d  f o r  
an u n d e r s t a n d i n g  of  t h e  dynamics of  c o r a l  r e e f  
communit ies  i n  t h e  Car ibbean  and f o r  comparison 
of t h e  Car ibbean  w i t h  t h e  bet ter-known Indo- 
P a c i f i c  r e e f  communit ies .  The p r e s e n t  s t u d y  
w i l l  examine some a s p e c t s  of t h e s e  v a r i a b l e s  of 
c o r a l - a s s o c i a t e  eco logy  and w i l l  p r o v i d e  a  
p r e l i m i n a r y  comparison of  t h e s e  two r e e f  
p r o v i n c e s .  

HATERIALS AND UETEODS 

Macro- in fauna l  a s s o c i a t e s  of l i v i n g  c o r a l s  
a t  and n e a r  Discovery  Bay, .Jamaica (18O 28' N ,  
77' 24'W) were su rveyed  between December, 1982 
and December, 1984 by t h r e e  methods:  a  
d e s t r u c t i v e  s u r v e y ,  a  v i s u a l  s u r v e y  of c o r a l  
b o r e r s  u s i n g  q u a d r a t s  and a  ree f -wide  s e a r c h  f o r  
a l l  he rmatyp ic  c o r a l  s p e c i e s  f o r  i n  s i t u  
examina t ion  of a s s o c i a t e s .  w h i l e  
macrofauna l  a s s o c i a t e s  i n  l i v i n g  c o r a l  were 
recorded  t h e s e  s u r v e y s  a r e  q u a n t i t a t i v e  o n l y  f o r  
t h e  c r u s t a c e a n s  and b i v a l v e s  because  of t h e  
sampl ing  methods employed. P o l y c h a e t e s  o t h e r  
than  S p i r o b r a n c h u s  g i g a n t e u s  may have been t o o  
s m a l l  t o  be sampled w i t h o u t  d i s s o l v i n g  t h e  c o r a l  
s k e l e t o n  ( H u t c h i n g s ,  1978).  For a  q u a n t i t a t i v e  
comparison of b o r e r s  i n  l i v i n g  and dead c o r a l ,  
dead c o r a l  was a l s o  sampled f o r  a l l  L i thophaga  
s p e c i e s  and Upogebia o p e r c u l a t a .  A  l i v i n g  c o r a l  
i n f a u n a l  a s s o c i a t e  is  d e f i n e d  a s  one which l i v e s  
i n  t h e  c o r a l  s k e l e t o n  and whose a p e r t u r e  opens  
o n t o  t h e  l i v i n g  c o r a l  t i s s u e .  

Sha l low E a s t  Back Reef D e s t r u c t i v e  Survey.  - --- 
A  120 m t r a n s e c t  l i n e  was l a i d  on a  b e a r i n g  
p e r p e n d i c u l a r  t o  t h e  r e e f  c r e s t .  T h r e e  l i v i n g  
c o l o n i e s ,  i f  p r e s e n t ,  of a l l  common c o r a l  
s p e c i e s  were c o l l e c t e d  around t h e  20 m i n t e r v a l  
markers  of t h e  t r a n s e c t ,  a t  d e p t h s  from 1  m  t o  
5.6 m. At t h e  Discovery  Bay Marine L a b ,  t h e y  
were broken i n t o  s m a l l  p i e c e s  w i t h  a  hammer and 
c h i s e l  t o  e x t r a c t  t h e  macrofauna l  a s s o c i a t e s .  
A l l  c o l o n i e s  were weighed and l e n g t h  and w i d t h  
measured. S u r f a c e  a r e a  was c a l c u l a t e d  u s i n g  t h e  
a p p r o p r i a t e  fo rmula  f o r  a  r e c t a n g l e ,  c i r c l e  o r  
hemisphere ,  depending  on c o l o n y  shape.  

V i s u a l  Survey of  Bore rs .  Bore rs  were 
su rveyed  v i s u a l l y  a t  8  s i t e s  i n  and around 
Discovery  Bay by l a y i n g  a  1  m 2  q u a d r a t  end t o  
end 30 t imes  p e r p e n d i c u l a r  t o  t h e  r e e f  s l o p e  t o  
make a  h o r i z o n t a l  t r a n s e c t  of 30 m 2 .  T h i s  
t r a n s e c t  was r e p e a t e d  a t  s e v e r a l  d e p t h  i n t e r v a l s  
a t  t h e  s i t e s .  I n  a l l ,  26 t r a n s e c t s  of 30 n 2  o r  
a  t o t a l  of  780 m2 of  r e e f  were examined between 

3  and 30 m d e p t h .  A l l  L i t h o p h a g a  b i s u l c a t a  and -- 
Upogebia o p e r c u l a t a  and t h e i r  h o s t s  were 
-- - 
r e c o r d e d .  The t o t a l  number of b o r e r s  i n  l i v i n g  
c o r a l  on t h e  ree f  de te rmined  by t h i s  v i s u a l  
c e n s u s  was a d j u s t e d  hy a  c o r r e c t i o n  f a c t o r  t o  
a l l o w  f o r  h o l e s  missed d u r i n g  t h e  s u r v e y .  T h i s  
c o r r e c t i o n  f a c t o r  (1.143) was c a l c u l a t e d  a s  a  
r a t i o  of b o r e r s  e x t r a c t e d  i n  t h e  E a s t  Back Reef 
Survey t o  h o l e s  counted i n  s i t u  w h i l e  c o l l e c t i n g  -- 
t h e  c o l o n i e s .  

Survey  of  c o r a l s .  The r e e f  was e x a u s t i v e l y  
su rveyed  f o r  a  r e p r e s e n t a t i v e  sample (minimum o f  
10 c o l o n i e s ,  e x c e p t  f o r  v e r y  r a r e  s p e c i e s )  of 
a l l  h e r m a t y p i c  c o r a l s  r e c o r d e d  from Jamaica  by 
Wells  and Lang (1973) .  Forty- two of t h e  49 
h e r m a t y p i c  s p e c i e s ,  p l u s  Madrac i s  formosa were -- - 
censused .  Deep r e e f  s p e c i e s  were c o l l e c t e d  w i t h  
t h e  a i d  of  PC-8, a  two-man s u b m e r s i b l e  
main ta ined  a t  t h e  mar ine  l a b ;  a l l  o t h e r s  were 
examined i n  s i t u  by SCUBA d i v i n g .  -- 

P e r c e n t  c o v e r  of  c o r a l s  was d e t e r m i n e d  a t  4  
s i t e s ,  known l o c a l l y  a s  Gorgo H e i g h t s ,  Arena, 
Columbus Park  and E a s t  Back Reef ,  by t h e  p o i n t  
t r a n s e c t  method (Dodge, e t  a l . ,  1982) .  A 1.5 m 
l i n e  marked a t  10 cm i n t e r v a l s  was thrown 
r e p e a t e d l y  o v e r  t h e  r e e f  and a l l  c o r a l  s p e c i e s  
and o t h e r  s u h s t r a t e  t y p e s  were r e c o r d e d  under  
a p p r o x i m a t e l y  4500 p o i n t s .  I n  a d d i t i o n ,  p e r c e n t  
c o v e r  f o r  Rio Bueno was g e n e r o u s l y  s u p p l i e d  by 
T e r r y  Hughes. 

Aggress ion  rank  was d e t e r m i n e d  from Lang ' s  
(1973)  a g g r e s s i o n  h i e r a r c h y  ( 1  = most dominant  
s p e c i e s ) .  C o r a l s  w i t h  e q u a l  numbers of 
s u b o r d i n a t e  s p e c i e s  were ranked e q u a l l y .  

Polyp d i a m e t e r  was e s t i m a t e d  by measur ing  
t h e  d i s t a n c e  between po lyp  c e n t r e s .  Da ta  were 
t a k e n  from Z l a t a r s k i  and E s t a l e l l a  ( 1 9 8 2 ) ,  Wells  
(1973)  o r  d i r e c t  measurement. 

Larvae  from Li thophaga  b i s u l a t a  b o r i n g  i n t o  
S tephanocoen ia  m i c h e l i n i  were r e a r e d  by t h e  
b a s i c  methods of  Loosanoff  and Davis  (1963)  and 
R. Mann ( p e r s .  comm.). They were fed  I s o c h r y s i s  
g a l b a n a  ( T a h i t i a n  s t r a i n )  f o r  24 d a y s  t o  t h e  
p e d i v e l i g e r  s t a g e  ( s h e l l  d i a m e t e r  a p p r o x i m a t e l y  
350 pm). They were then  o f f e r e d  a  v a r i e t y  of 
c o r a l  s p e c i e s  and c a l c i u m  c a r b o n a t e  a s  
s e t t l e m e n t  s u b s t r a t e s .  T h e i r  subsequen t  
b e h a v i o u r  was observed  under  a  d i s s e c t i n g  
microscope .  

Da ta  were a n a l y s e d  u s i n g  r e g r e s s i o n ,  
c o r r e l a t i o n  and m u l t i p l e  r e g r e s s i o n  a n a l y s i s  
( Z a r ,  1984) .  A l l  d a t a  were t e s t e d  f o r  
v i o l a t i o n s  of t h e  assumpt ions  of t h e s e  
p r o c e d u r e s .  Where v i o l a t i o n s  o c c u r r e d  ( u s u a l l y  
of n o r m a l i t y )  non-paramet r ic  r e g r e s s i o n s  were 
performed on t h e  ranked d a t a .  Pearson  
C o r r e l a t i o n  C o e f f i c i e n t  (PCC) and Spearman 
C o r r e l a t i o n  C o e f f i c i e n t  (SCC) were used f o r  
p a r a m e t r i c  and non-paramet r ic  d a t a ,  
r e s p e c t i v e l y .  

RESULTS 

Survey r e s u l t s .  A  l i s t  of a s s o c i a t e s  and -- 
t h e i r  h o s t  c o r a l s  was compiled from a l l  s u r v e y s  



T a b l e  1. L i s t  of  c o r a l  a s s o c i  
J a m a i c a  and t h e i r  % i n f e s t a t i o n  

ASSOCIATE 

PORIFERA 
C l i o n a  mucronata 

Madracis  formosa 
C l  i o n a  l a n g a e  -- - 

P o r i t e s  a s t r e o i d e s  -- 
C l i o n a  v e r m i f e r a  

M o n t a s t r e a  a n n u l a r i s  
C l  i o n a  l a t i c a v i c o l a  -- 

M o n t a s t r e a  a n n u l a r i s  
A g a r i c i a  a g a r i c i t e s  -- 

Cl iona  j a n a t r i x  -- 
M o n t a s t r e a  a n n u l a r i s  
A g a r i c i a  a g a r i c i t e s  -- 

Siphonodic tyon  s p .  
M o n t a s t r e a  a n n u l a r i s  

sp.  X 
M o n t a s t r e a  a n n u l a r i s  
A g a r i c i a  a g a r i c i t e s  

SIPUNCULA 
L i t h a c r o s i p h o n  a l t i c o n u s  

P o r .  e s  a s t r e o i d e s  
Phascolosoma p e r l u c e n s  - 

P o r i t e s  b r a n n e r i  -- 
s p .  ? 

P o r i t e s  f u r c a t a  -- - 
s p .  ? 

A g a r i c i a  a g a r i c i t e s  

POLYCHAETA 
S p i r o b r a n c h u s  g i g a n t e u s  

Acropora palmata 
S i d e r a s t r e a  s i d e r e a  -- 
P o r i t e s  a s t r e o i d e s  
P o r i t e s  b r a n n e r i  -- 
P o r i t e s  f u r c a t a  -- 
D i p l o r i a  s t r i g o s a  
Montas t rea  a n n u l a r i s  

BIVALVIA 
Li thophaga  b i s c u l a t a  

S tephanocoenia  m i c h e l i n i  
A g a r i c i a  a g a r i c i t e s  
S i d e r a s t r e a  s i d e r e a  
S i d e r a s t r e a  r a d i a n s  
D i p l o r i a  s t r i g o s a  -- 

Li thophaga  sp .  
Madrac i s  d e c a c t i s  
Madrac i s  m i r a b i l i s  
Madrac i s  formosa 

CIRRIPEDIA 
Cera toconcha  q u a r t a  

S i d e r a s t r e a  s i d e r e a  --- 
S i d e r a s t r e a  r a d i a n s  
P o r i t e s  a s t r e o i d e s  
P o r i t e s  b r a n n e r i  -- 
P o r i t e s  f u r c a t a  -- 
M o n t a s t r e a  a n n u l a r i s  

Bosc ia  madreporarum 
Stephanocoenia  m i c h e l i n i  
Madrac i s  formosa -- 
A g a r i c i a  a g a r i c i t e s  
A g a r i c i a  grahamae -- -- 
H e l i o s e r i s  c u c u l l a t a  
Dichocoenia  s t o k e s i  

a t e d  i n f a u n a  i n  
of c o r a l  hos t s .  

% INFESTATION 

DECAPODA 
P s e u d o c r y p t o c h i r u s  c o r a l l i c o l a  

S tephanocoenia  m i c h e l i n i  10 
D i p l o r i a  c l i v o s a  -- - 5  6 
D i p l o r i a  s t r i g o s a  - -- 7 
Manicina a r e o l o a t a  50 
Montas t rea  a n n u l a r i s  -- 38 
I s o p h y l l i a  s i n u o s a  --- - 50 

P s e u d o c r y p t o c h i r u s  hypos tegus  
A g a r i c i a  a g a r i c i t e s  2  0  
A g a r i c i a  l a m a r c k i  -- 7 0  
A g a r i c i a  grahamae -- 
S i d e r a s t r e a  s i d e r e a  

Domecia acan thophora  
Acropora pa lmata  - -- 

Upogebia o p e r c u l a t a  
P o r i t e s  a s t r e o i d e s  

( T a b l e  1). I t  i n c l u d e s  some new and i n t e r e s t i n g  
a d d i t i o n s  t o  t h e  c o r a l - a s s o c i a t e d  f a u n a l  
assemblage.  

An u n d e s c r i b e d  s p e c i e s  o f  L i t h o p h a g a  
( S c o t t ,  s u b m i t t e d )  i s  common i n  M a d r a c i s  -- 
d e c a c t i s  and M, m i r a b i l i s .  I t  a l s o  occur red  i n  
s u b m a r i n e  c o l l e c t i o n s  o f  M. f o r m o s a  f r o m  4 9  m 
d e p t h .  

Upogebia o p e r c u l a t a ,  of t h e  n o r m a l l y  mud- 
b u r r o w i n g  f a m i l y  U p o g e b i d a e ,  was f o u n d  b o r i n g  
a l m o s t  e x c l u s i v e l y  i n  P o r i t e s  a s t r e o i d e s .  Mated 
p a i r s  l i v e d  i n  r a m i f y i n g  t u n n e l s .  B o r i n g  
appeared  t o  be mechanica l  o r  m a i n l y  mechanc ia l  
w i t h  r e i n f o r c e d  c h e l a e .  B o r e h o l e s  a r e  l i n e d  
w i t h  f i n e  o r g a n i c  mud and CaC03 p a r t i c l e s .  

S i p u n c u l a n s  w e r e  f o u n d  b o r i n g  i n  l i v i n g  
c o r a l s ,  e s p e c i a l l y  s p e c i e s  of P o r i t e s .  Al though  
common i n  d e a d  c o r a l s  and r u b b l e ,  t h i s  i s  t h e  
f i r s t  r e c o r d  of  t h e  g r o u p  i n  a s s o c i a t i o n  w i t h  
l i v i n g  c o r a l  s p e c i e s .  

Two s p e c i e s  o f  b a r n a c l e ,  C e r a t o c o n c h a  
q u a r t a  and B o s c i a m a d r e p o r a r u m ,  w e r e  common a t  
D i s c o v e r y  Bay. They were n e v e r  found t o g e t h e r  
i n  t h e  same h o s t  ( s p e c i e s  o r  e v e n  f a m i l y ) .  C. 
q u a r t a  was mos t  common i n  P o r i t e s  a s t r e o i d e c  
B. m a d r e p o r a r u m  i n  A g a r i c i a  a g a r i c i t e s .  - -  
S i m i l a r l y ,  t w o  g a l l  c r a b  s p e c i e s ,  
P s e u d o c r y p t o c h i r u s  c o r a l l i c o l a  and - P. hypos tegus  
d i d  n o t  h a v e  o v e r l a p p i n g  h o s t  s p e c i e s  o r  
f a m i l i e s .  P. c o r a l l i c o l a  p r i m a r i l y  i n h a b i t e d  
f a v i i d s ;  h y p o s t e g u s  was more a b u n d a n t  i n  
a g a r i c i i d s .  A  t h i r d  c r a b ,  Domecia acan thophora ,  
l i v e d  i n  Acropora palmata. 

The t o t a l  number of  a s s o c i a t e s  was n o t  
c o r r e l a t e d  w i t h  t h e  s i z e  of c o l o n y  de te rmined  by 
s u r f a c e  a r e a  o r  w e i g h t  f o r  3  of  t h e  4 common 
c o r a l s  i n  t h e  E a s t  Back R e e f ,  P, a s t r e o i d e s ,  
S i d e r a s t r e a  s i d e r e a  and  M o n t a s t r e a  a n n u l a r i s .  -- 
The e x c e  t i o n  was A. a g a r i c i t e s  ( P  = 0.043 and  
0.039,  r' = 0.22 a n d 0 . 2 3  f o r  s u r f  a c e  a r e a  and 
w e i g h t ,  r e s p e c t i v e l y ) .  T h e  n u m b e r  o f  
a s s o c i a t e s / c m 2  was a l s o  u n r e l a t e d  t o  s u r f a c e  
a r e a  o f  c o l o n y  a t  P  4 0 . 0 5 ,  e x c e p t  f o r  A, 
a g a r i c i t e s ,  w i t h  w h i c h  a s s o c i a t e  abundance was 
n e g a t i v e l y  c o r r e l a t e d  (P = 0.03, r 2  = 0.25). 
The number o f  a s s o c i a t e s  p e r  kg was s i m i l a r l y  
u n r e l a t e d  t o  c o l o n y  s i z e ,  e x c e p t  a g a i n  w i t h  A, 
a g a r i c i t e s ,  i n  w h i c h  n u m b e r l k g  d e c r e a s e d  w i t h  



i n c r e a s e  i n  c o r a l  weight  ( P  = 0 .02 ,  r 2  = 0 .29) .  
Although they  a r e  s i g n i f i c a n t ,  o n l y  a  s m a l l  
amount of v a r i a n c e  i s  e x p l a i n e d  by t h e s e  
r e l a t i o n s h i p s  between s i z e  of A g a r i c i a  
a g a r i c i t e s  colony and abundance of  a s s o c i a t e s .  

There was no s t a t i s t i c a l l y  d i s c e r n i b l e  
r e l a t i o n s h i p  between abundance of  a s s o c i a t e s  and 
d e p t h  i n  any of t h e  s u r v e y s .  The p e r c e n t  of 
c o r a l s  c o n t a i n i n g  a l l  a s s o c i a t e s  d e c r e a s e d  
i n s i g n i f i c a n t l y  w i t h  d e p t h  f o r  a l l  g roups  
combined (P = 0 .24 ,  r 2  = 0 . 4 1 )  a s  w e l l  a s  f o r  
b a r n a c l e s  (P = 0.11,  r2  = 0 . 6 2 ) ,  c r a b s  
(P  = 0 .49 ,  r 2  = 0.17) and b i v a l v e s  (P  = 0 .98 ,  
r 2  = 0.00) a l o n e .  The second s u r v e y  (of  b o r e r s )  
a l s o  i n d i c a t e d  t h e i r  abundance was n o t  r e l a t e d  
t o  d e p t h  i n  t h e  3  t o  30 m r a n g e  s t u d i e d  ( P  = 

0 .21 ,  r 2  = 0.36,  s l o p e  p o s i t i v e ) .  

A s s o c i a t e s  occur red  more f r e q u e n t l y  i n  t h e  
more common, l e s s  a g g r e s s i v e  c o r a l s  w i t h  s m a l l e r  
po lyps .  The p e r c e n t  of c o r a l s  c o n t a i n i n g  
a s s o c i a t e s  was s t a t i s t i c a l l y  c o r r e l a t e d  w i t h  
c o r a l  abundance (SCC = 0 .432 ,  P  = 0 .005 ,  n  = 41) 
and i n v e r s e l y  c o r r e l a t e d  w i t h  c o r a l  a g g r e s s i o n  
rank  (SCC = -0.458, P  = 0.004, n  = 38) and po lyp  
s i z e  (SCC = -0.463, P  = 0 .003 ,  n  = 3 8 ) .  Non- 
p a r a m e t r i c  m u l t i p l e  r e g r e s s i o n  of a s s o c i a t e  
abundance vs.  t h e  t h r e e  v a r i a b l e s  ( w i t h  
i n t e r a c t i o n  e f f e c t s )  was a l s o  s i g n i f i c a n t  
(P  = 0 .04 ,  r2  = 0.670).  

L a r v a l  exper iments .  Competent p e d i v e l i g e r s  
-- 

of approximate ly  350 pm showed no r e a c t i o n  t o  
c o n t a c t  wi th  t i s s u e s  of  t h e  most f r e q u e n t  h o s t s  
Stephanocoenia m i c h e l i n i  and S i d e r a s t r e a  
s i d e r e a .  Once on t h e  l i v i n g  c o r a l  s u r f a c e  t h e  
p e d i v e l i g e r s  extended t h e  f o o t  f o r  s h o r t  p e r i o d s  
of  e x p l o r a t i o n  (approx .  30 s t o  1  min) fo l lowed  
by somewhat l o n g e r  i n a c t i v e  p e r i o d s .  However, 
t h e  p e d i v e l i g e r  r e t r a c t e d  t h e  f o o t  v i o l e n t l y  
when exposed t o  o t h e r  c o r a l  s p e c i e s ,  eg. 
Scolymia l a c e r a ,  A g a r i c i a  a g a r i c i t e s  and Favia 
-- - 
fragum. When c l o s e d ,  o r  n e a r l y  c l o s e d ,  t h e  
b i v a l v e s  were moved a long  t h e  c o r a l  s u r f a c e  hy 
c o r a l  c i l i a r y  c u r r e n t s  and /or  by i t s  own velum. 
With t h e  v a l v e s  t i g h t l y  s h u t  t h e  l a r v a e  were 
undamaged by c o n t a c t  w i t h  any c o r a l  s p e c i e s ,  
a l t h o u g h  Artemia n a u p l i i  o f f e r e d  t o  t h e  same 
c o l o n i e s  were q u i c k l y  p a r a l y s e d  and i n g e s t e d .  

I n  t h e  case  of most of  t h e  c o r a l s  o f f e r e d  
a s  s u b s t r a t e ,  t h e  l a r v a e  e i t h e r  swam away from 
c o n t a c t  w i t h  t h e  l i v i n g  s u r f a c e  o r ,  w i t h  t h e i r  
v a l v e s  t i g h t l y  c l o s e d ,  they  were caught  up i n  
mucus s t r a n d s  and sloughed o f f  t h e  edge  of t h e  
co lony .  However, on S. m i c h e l i n i ,  a p p r o x i m a t e l y  
78% of t h e  time the-bivalves were i n g e s t e d .  
These c o r a l s  d i d  no t  i n g e s t  empty v a l v e s  o r  
t i g h t l y  c l o s e d  l i v i n g  l a r v a e .  The v e l i g e r s  
which were i n g e s t e d  r e t a i n e d  t h e  v a l v e s  
s l i g h t l y  agape ,  w i t h  o c c a s i o n a l  f o o t  c o n t a c t  
w i t h  t h e  t i s s u e .  V e l i g e r s  l e s s  than  300 pm, n o t  
y e t  competent t o  s e t t l e  were d i g e s t e d  by the  
c o r a l  and t h e  v a l v e s  e j e c t e d  w i t h i n  24 - 48 
hours .  P e d i v e l i g e r s  of o t h e r  b i v a l v e  s p e c i e s  
were a l s o  d i g e s t e d  and e j e c t e d  w i t h i n  
a p p r o x i m a t e l y  48 - 72 hours .  L i thophaga  
b i s u l c a t a  p e d i v e l i g e r s  were not e a t e n ,  bu t  
s u r v i v e d  d i g e s t i o n  and over  a  p e r i o d  of 52 days  
grew i n s i d e  t h e  c o r a l  polyp. During t h i s  p e r i o d  

t h e  p resence  of the  l a r v a e  cou ld  n o t  be d e t e c t e d  
by i n s p e c t i o n  of t h e  c o r a l  s u r f a c e .  The b i v a l v e  
l a y  wedged between s c l e r o s e p t a ,  c r e a t i n g  no hump 
i n  t h e  f l a t t e n e d  o r a l  d i s c ,  even when t h e  c o r a l  
was f u l l y  r e t r a c t e d .  A f t e r  52 days  t h e  h i v a l v e  
had n o t  y e t  begun t o  bore  i n t o  t h e  s k e l e t o n  of  
S. m i c h e l i n i .  - 

DISCUSSION 

I t  h a s  o f t e n  heen supposed ,  a l t h o u g h  never  
t e s t e d ,  ( e g .  Newman and Ladd, 1974;  C a s t r o ,  
1976) t h a t  l i v i n g  c o r a l  a s s o c i a t e s  have l a r v a l  
s t a g e s  a d a p t e d  t o  s e t t l i n g  on l i v i n g  c o r a l  
t i s s u e .  I t  h a s  never  been sugges ted  how t h e y  
might accompl i sh  t h i s .  I t  i s  now c l e a r  t h a t ,  a t  
l e a s t  i n  t h e  c a s e  of  L i thophaga  b i s u l c a t a  they  
a r e  i n g e s t e d  by t h e  po lyps  and s u r v i v e  
c o e l e n t e r i c  d i g e s t i o n  much a s  a  p a r a s i t e  does .  
Such a  f i n d i n g  i s  n o t  comple te ly  s u r p r i s i n g  
s i n c e  i t  i s  known t h a t  Fungiacava e i l a t e n s i s  
l i v e s  i t s  e n t i r e  l i f e  w i t h  t h e  s i p h o n s  opening  
i n t o  t h e  c o e l e n t e r o n  of  i t s  h o s t  (Goreau e t  a l . ,  
1970). S. m i c h e l i n i  was o f t e n  observed  w i t h  i t s  
mouth s l i g h t l y  open;  such  a  p o s t u r e  would a l l o w  
the  i n t r a c o e l e n t e r o n i c  b i v a l v e  t o  pump wate r  
from t h e  e x t e r n a l  env i ronment .  

Behaviour of t h e  p e d i v e l i g e r  on t h e  h o s t  
appeared t o  i n d i c a t e  a  r e c o g n i t i o n  of 
nematocys t s  and /or  t h e  h o s t  t i s s u e .  Almost a l l  
c o r a l s  were e x p l o r e d ,  however b r i e f l y ,  u s u a l l y  
w i t h  t h e  f o o t  but  o c c a s i o n a l l y  a l s o  w i t h  t h e  
mantle .  C o r a l s  g e n e r a l l y  i n g e s t e d  t h e  b i v a l v e  
when t h e  v a l v e s  were open s l i g h t l y  bu t  r e j e c t e d  
i t  when they  were t i g h t l y  s h u t .  Once i n g e s t e d  
t h e  h i v a l v e  d i s a p p e a r e d  from s u r f a c e  view and 
seemed t o  remain i n  t h a t  p o s i t i o n  f o r  t h e  52 
days of t h e  exper iment .  S ince  i t  d i d  n o t  beg in  
t o  d i s s o l v e  t h e  s k e l e t o n ,  i t  may have been 
w a i t i n g  f o r  t h e  c o r a l  t o  s e c r e t e  s k e l e t o n  over  
i t .  A l t e r n a t i v e l y ,  t h e  b i v a l v e  may have been 
s t i l l  t o o  s m a l l  a t  400 pm t o  r e q u i r e  e n l a r g i n g  
t h e  ho le  and would have begun t o  bore i f  t h e  
experiment  had run f o r  a  l o n g e r  p e r i o d .  

The mode of l a r v a l  s e t t l e m e n t  may a l s o  
e x p l a i n  t h e  c o r r e l a t i o n s  of a s s o c i a t e s  w i t h  some 
c h a r a c t e r i s t i c s  of  t h e  h o s t .  Large polyped 
c o r a l s  surveyed  d i d  n o t  c o n t a i n  a s s o c i a t e s .  The 
d i s t a n c e  from t h e  o r a l  d i s c  t o  base  of t h e  po lyp  
may be unfavourab le  f o r  s u f f i c i e n t  wate r  
exchange,  and t h e  s c l e r o s e p t a  may be too w i d e l y  
spaced f o r  t h e  s e t t l i n g  l a r v a  t o  g a i n  a  
purchase.  A h i s t o g r a m  of % c o r a l  s p e c i e s  
c o n t a i n i n g  a s s o c i a t e s  vs .  polyp s i z e  ( F i g u r e  1)  
shows t h a t  t h e  spec t rum of cora1.s c o n t a i n i n g  
b a r n a c l e s  have a  s m a l l e r  mean s i z e  (2 .91)  than 
those  c o n t a i n i n g  c r a b s  ( 4 . 5 0 ) ;  t h i s  may be 
d i r e c t l y  r e l a t e d  t o  d i f f e r e n c e s  i n  s i z e s  of t h e  
s e t t l e m e n t  s t a g e s  of  t h e  two groups.  B i v a l v e s  
a r e  i n t e r m e d i a t e  (3 .161 ,  but  t h e  much l a r g e r  L, 
b i s u l c a t a  l i v e  i n  h o s t s  w i t h  l a r g e r  poLyps 
(3.70) than  t h e  t i n y  L. sp .  ( 2 . 2 5 ) ,  which 
presumably h a s  s m a l l e r  eggs  and l a r v a e .  

The c a u s e s ,  i f  any,  of an i n v e r s e  
c o r r e l a t i o n  between a g g r e s s i o n  rank and X c o r a l s  
wi th  a s s o c i a t e s  a r e  u n c l e a r .  I t  i s  n o t  y e t  
unders tood  how t h e  a g g r e s s i o n  h i e r a r c h y  is 
main ta ined  among c o r a l s .  Polyp s i z e  may be 



i n v o l v e d ,  a s  t h e r e  i s  a  s t r o n g  c o r r e l a t i o n  
between a g g r e s s i o n  r a n k  and  p o l y p  s i z e  
(SCC = 0 . 7 8 8 ,  P  = 0 .0001 ,  n  = 3 5 ) .  E x a m i n a t i o n  
of s i z e  o f  m e s e n t e r i a l  f i l a m e n t s  and n e m a t o c y s t  
t y p e ,  s i z e  and c o n c e n t r a t i o n  of a l l  c o r a l  
s p e c i e s  may p r o v i d e  c l u e s .  A l t h o u g h  
s c l e r a c t i n i a n s  have  a  r educed  number o f  

i n e m a t o c y s t  t y p e s  compared w i t h  o t h e r  c n i d a r i a n  
g r o u p s ,  marked d i f f e r e n c e s  were  n o t e d  i n  t h e  
r e a c t i o n  o f  b i v a l v e  l a r v a e  t o  l i v i n g  t i s s u e  o f  i d i f f e r e n t  c o r a l  s p e c i e s .  
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i Figure 1. P e r  c e n t  o f  c o r a l  s p e c i e s  containing 
e a c h  o f  t h e  t h r e e  most  common a s s o c i a t e  g r o u p s  
v s .  p o l y p  s i z e .  N = number of c o r a l  s p e c i e s  

7 s u r v e y e d  w i t h  p o l y p s  i n  t h e  s i z e  r a n g e  i n d i c a t e d  
below.  

Only two a s s o c i a t e s  were  h o s t  s p e c i f i c .  
Domecia a c a n t h o p h o r a  o c c u r r e d  o n l y  i n  Acropora  
p a l m a t a .  However, i t  a l s o  o c c u r s  e p i f a u n a l l y  -- 
i n  o t h e r  c o r a l  s p e c i e s  ( P a t t o n ,  1967; Bak e t  
a l . ,  1982) .  Upogeb ia  o p e r c u l a t a  was found o n l y  
i n  p o r i t - e s  a s t r e o i d e s  a l t h o u g h t  i t  a p p a r e n t l y  
o c c u r s  i n  o t h e r  s p e c i e s  a t  o t h e r  C a r i b b e a n  
l o c a l i t i e s  (Kleemann,  1984) .  I t  is  n o t  an  
o b l i g a t e  a s s o c i a t e  s i n c e  5 o p e r c u l a t a  a l s o  
l i v e s  i n  c o r a l  r u b b l e  and r o c k .  O t h e r  
a s s o c i a t e s  t e n d  t o  l i v e  i n  t h e  l o c a l l y  most 
a b u n d a n t  s p e c i e s  w i t h i n  t h e i r  p o t e n t i a l  h o s t  
a s s e m b l a g e .  T h i s  may b e  t h e  r e s u l t  o f  s i m p l e  
s t a t i s t i c a l  p r o b a b i l i t y  o f  f i n d i n g  a  g i v e n  
s p e c i e s  d u r i n g  t h e  s e t t l e m e n t  p e r i o d .  
Comparison w i t h  o t h e r  C a r i b b e a n  l o c a l i t i e s  c o u l d  
b e  used  t o  t e s t  t h i s  h y p o t h e s i s .  

Lack o f  o v e r l a p  o f  h o s t  s p e c i e s  between 
c l o s e l y  r e l a t e d  a s s o c i a t e s  a p p e a r s  t o  b e  u n i q u e  
t o  t h e  C a r i b b e a n .  I n d o - P a c i f i c  s h r i m p s ,  c r a b s  
and  b a r n a c l e s .  i n  c o n t r a s t ,  f r e q u e n t l y  have 
o v e r l a p p i n g  h o s t s  ( B r u c e ,  1976;  C a s t r o ,  1976;  
Newman, e t  a l . ,  1 9 7 6 ) .  The g r e a t e r  a g e  of t h e  
I n d o - P a c i f i c  r e e f  community h a s  p e r m i t t e d  
e x t e n s i v e  s p e c i a t i o n  o f  r e e f  a s s o c i a t e s  w i t h  
s p e c i a l i z a t i o n s  f o r  c o r a l  i n h a b i t a t i o n  which 
a p p a r e n t l y  d o  n o t  i n c l u d e  h o s t  s e g r e g a t i o n  ( e g .  
t r o p h i c  r e s o u r c e  a l l o c a t i o n ) .  The C a r i b b e a n  
a s s o c i a t e s  a r e  l e s s  s p e c i a l i z e d .  The b a r n a c l e s ,  
f o r  example ,  a r e  p l e s i o m o r p h i c ;  t h e r e  a r e  no  
d e r i v e d  fo rms  and no s p e c i e s  a r e  m o d i f i e d  t o  
f e e d  on  c o r a l  t i s s u e  o r  mucus (Ross  and N e m a n ,  
1969;  Newman and Ladd,  1974;  N e v m a n e t a l . ,  
1976) .  Among t h e  d e c a p o d s ,  no  s h r i m p s  and o n l y  
3  of 63  o b l i g a t e  c o r a l  commensal c r a b  s p e c i e s  
l i v e  i n  t h e  t r o p i c a l  A t l a n t i c  a n d ,  o f  t h e s e ,  t h e  
two h a p a l o c a r c i n i d s  a r e  l e s s  h o s t  s p e c i f i c  t h a n  
t h e i r  P a c i f i c  c o u n t e r p a r t s  ( B r u c e ,  1976; 
C a s t r o ,  1 9 7 6 ) .  

The f a m i l i e s  of c o r a l s  most commonly 
I n h a b i t e d  by a s s o c i a t e s  d i f f e r  i n  t h e  P a c i E i c  
and  t h e  C a r i b b e a n   a able 2 ) .  S i d e r a s t r e i d a e  and 
A g a r i c i d a e ,  two r e l a t i v e l y  u n i m p o r t a n t  Indo- 
P a c i f i c  f a m i l i e s ,  c o n t a i n  t h e  most  a s s o c i a t e s  i n  
Jamaica .  P o c i l l o p o r i d s  a r e  i m p o r t a n t  i n  b o t h  
r e g i o n s  b u t  f a v i i d s ,  which a r e  e x t r e m e l y  
i m p o r t a n t  I n d o - P a c i f i c  h o s t s ,  c o n t a i n  r e l a t i v e l y  
few a s s o c i a t e s  i n  t h e  p r e s e n t  C a r i b b e a n  s u r v e y .  

Table 2. L i s t  o f  C a r i b b e a n  c o r a l  f a m i l i e s  and t h e  p e r c e n t  o f  t h o s e  c o r a l s  i n h a b i t e d  by a s s o c i a t e s .  

FAMILY 

SIDERASTREIDAE 
AGARICIIDAE 
POCILLOPORIDAE 
ASTROCOENIIDAE 
ACROPORIDAE 
PORITIDAE 
FAV I ID AE 
MUSSIDAE 
MEANDRINIDAE 

BARNACLES CRABS UPOGEBIA LITHOPHAGA ALL ASSOC. 



CONCLUSION UNESCO. Paris. pp. 251-261. 1 
Macro-infaunal associates of corals in 

Jamaica include seven species of sponges; at 
least two sipunculans; the polychaete, 
Spirobranchus giganteus; two species of 
Lithophaga; two barnacles; three crabs and one 
thalassinid. Distribution of the associates was 
correlated with coral abundance and inversely 
correlated with aggresion rank and polyp size, 
all of which may affect the settlement success 
of larval stages. Distribution was not strongly 
related to depth or coral colony size. It has 
been demonstrated that l, bisulcata larvae do 
land and settle on the living coral tissue where 
they are ingested but not digested. 

Associate species which are unspecialized 
and endemic to the Caribbean; differences in 
the families of coral which are important hosts; 
and in host specificity of the associates 
indicate large differences in the evolutionary 
history of associations in the two reef 
provinces. 
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