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ABSTRACT 

The m a j o r i t y  o f  Western A t l a n t i c  c o r a l  r e e f s  a r e  
remarkably  s i m i l a r  i n  terms o f  the  c o r a l  s p e c i e s  
p r e s e n t  a t  most s i t e s  ( t h e  e x c l u s i o n  o f  co ld -  
i n t o l e r a n t  t a x a ,  such a s  Acropora and o t h e r s ,  from 
Bermuda and the  Flower G a r d e n s  an e x c e p t i o n ) .  
L o c a l i t i e s  d i f f e r  g r e a t l y ,  however,  i n  r e l a t i v e  
abundance of c o r a l  s p e c i e s  and c o r a l  d i v e r s i t i e s  
(H'). The former  canno t  be r e a d i l y  r e l a t e d  t o  
geog raph i c  l o c a t i o n ,  i n d i c a t i n g  the  p r e sence  o f  a  
g r e a t  deg ree  o f  h e t e r o g e n e i t y  w i t h i n  t he  p rov ince  
which is due t o  d i f f e r e n c e s  i n  ambient  
envi ronments  a n d ,  pe rhaps ,  s t o c h a s t i c  p r o c e s s e s .  
Co ra l  s p e c i e s  d i v e r s i t y  e x h i b i t s  d i s t i n c t  
geog raph i c  t r e n d s  w i th  t he  l owes t  v a l u e s  o c c u r r i n g  
a t  t he  s o u t h e r n  (Colombian and Venezuelan c o a s t a l  
a r e a s ) ,  no r thwes t e rn  (Campeche Bank, n o r t h e r n  Gulf 
of Mexico) and n o r t h e a s t e r n  (Bermuda) margins  o f  
t he  p rov ince .  Th i s  p a t t e r n  appea r s  t o  be  l a r g e l y  
media ted  by t empe ra tu r e ,  no t  r e s t r i c t i o n  o f  l a r v a l  
d i s p e r s i o n .  F i n a l l y ,  l o c a l i t i e s  a l s o  d i f f e r  i n  
r e l a t i v e  abundance o f  s e s s i l e  b e n t h i c  community 
components i n  a d d i t i o n  t o  c o r a l s .  

The Western A t l a n t i c  Reef P rov ince  encompasses a  
g e o g r a p h i c a l l y  d i v e r s e  a r e a ,  i n c l u d i n g  t he  
Car ibbean and A n t i l l e s ,  South F l o r i d a  and t h e  
Bahamas, t h e  Gulf of Mexico, Bermuda, and B r a z i l  
( F i g .  1 ) .  I f  t h e  o u t l i e r s  of  B r a z i l  (23OS) and 
Bermuda ( 3 2 0 ~ )  a r e  o m i t t e d ,  t h e  a r e a  spans  some 17 
d e g r e e s  o f  l a t i t u d e  from the  Car ibbean c o a s t  o f  
South  America ( 1 1 0 ~ )  t o  t h e  n o r t h e r n  Gulf of 
Mexico ( 2 8 0 ~ ) .  Of t h e  abundant  s t u d i e s  d e a l i n g  
w i th  Western A t l a n t i c  r e e f s  o n l y  a  r e l a t i v e l y  
s m a l l  number p r o v i d e  q u a n t i t a t i v e  d a t a  on  s e s s i l e  
b e n t h i c  community composi t ion .  Of t h e s e ,  most 

a r e  concerned o n l y  w i th  c o r a l s ,  a r e  r e s t r i c t e d  t o  
narrow dep th  r a n g e s ,  o r  do no t  p r e s e n t  t h e i r  d a t a  
i n  such a  way a s  t o  a l l ow  compar isons  between 
s i t e s .  

The p r e s e n t  paper  i n c o r p o r a t e s  t he  f i n d i n g s  o f  
o t h e r  a u t h o r s  w i th  o u r  c ensus  d a t a  c o l l e c t e d  a t  
f i v e  Western A t l a n t i c  r e e f  s i t e s  i n  an a t t emp t  t o  
de t e rmine  geog raph i c  t r e n d s  i n  c o r a l  s p e c i e s  
d i v e r s i t y  and r e l a t i v e  abundances  a s  we l l  a s  
geog raph i c  t r e n d s  i n  t he  r e l a t i v e  abundances o f  
v a r i o u s  l a r g e r  taxonomic g roups  o f  s e s s i l e  
ben thos .  Inc luded a r e  t he  Flor ida-Bahamian,  
Bermudan, Gulf o f  Mexico, and Ca r ibbean -An t i l l e an  
a r e a s  of t he  Western A t l a n t i c  P rov ince .  S i t e s  v a r y  
from mainland l o c a l i t i e s  ( ~ o l o m b i a ,  Q. Roo, SE 
F l o r i d a ,  Venezuela)  t o  l a r g e  ( J ama ica ,  Pue r to  
R i c o ) ,  r e l a t i v e l y  sma l l  (Ba rbados ,  Curacao) and 
t i n y  ( A l a c r a n ,  T r i angu lo s  Oes t e )  i s l a n d s .  

Census d a t a  were c o l l e c t e d  a t  Colombia,  Curacao, 
and Barbados i n  1977; a t  Alacran  on  the  Campeche 
Bank i n  1985; and a t  Jamaica  a t  v a r i o u s  i n t e r v a l s  
between 1980 and 1984 ( L i d d e l l  e t  a l .  1984, 
L i d d e l l  & Ohlho r s t  1987; F i g .  1 ) .  With t he  
e x c e p t i o n  o f  t he  Alacran  d a t a ,  o u r  d a t a  were 
c o l l e c t e d  p r i o r  t o  s e v e r a l  of t he  major  
d i s t u r b a n c e  e v e n t s  which have  a f f e c t e d  t h e  Western 
A t l a n t i c  i n  r e c e n t  y e a r s ,  Hur r i c ane  Al len  i n  1980 
(Woodley e t  a l .  1981) ,  t h e  mass m o r t a l i t y  of t h e  
u r c h i n  Diadema a n t i l l a r u m  i n  1983 ( L e s s i o s  e t  a l .  
1984 ) .  and widespread b l each ing  of c o r a l s  i n  
1987-1988 ( R o b e r t s  1987) .  

L o c a l i t i e s  were t he  fo l l owing :  a t  Jamaica ,  t h e  
West and Eas t  Fore  Reefs i n  t he  v i c i n i t y  o f  
Discovery  Bay ( s e e  L i d d e l l  5 Ohlhors t  1987, t h e i r  
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Figure 1 .  Western A t l a n t i c  Reef P rov ince  (modif ied  from Atwood e t  a l .  1988).  Number of g e n e r a / s p e c i e s  a s  
de t e rmined  from l i t e r a t u r e  review p l o t t e d .  



Fig .  1 ) ;  a t  Curacao,  t he  f r i n g i n g  r ee f  j u s t  n o r t h  
of P i s cade rabaa i  ( s e e  Bak 1977, h i s  F ig s .  1  and 
2 ) ;  a t  A lac ran ,  t he  s o u t h e a s t  c o r n e r ,  n e a r  t he  
" b o i l e r s "  and a  s i t e  4km n o r t h  a long  the  b a r r i e r  
nea r  s e v e r a l  sh ipwrecks  and 2  km s o u t h  of  t h e  
prominent s u r g e  channel  ( s e e  Kornicker  & Boyd 
1962, t h e i r  F ig s .  1  & 2 ) ;  a t  San t a  Marta ,  
Colombia. Punta  de Be t in  and the  nea rby  i s l a n d  o f  
Mor r i t o  ( s e e  Antonius 1972, h i s  Fig .  1 ) ;  a t  
Barbados, t h e  submerged b a r r i e r  r e e f  l o c a t e d  
immediately i n  f r o n t  of t he  B e l l a i r ' s  Research 
I n s t i t u t e  and Ott 's (1975)  Nur se ' s  J e t t y  s i t e  ( s e e  
O t t  1975, h i s  F ig .  1 ) .  Jamaica and Alacran 
r e p r e s e n t  windward, t h e  o t h e r  s i t e s  l e eward ,  
s e t t i n g s .  For g e n e r a l  d e s c r i p t i o n s  of  t h e s e  s i t e s  
r e f e r  to  Antonius (1972)  f o r  Colombia; Macintyre  
(1967)  and O t t  (1975)  f o r  Barbados;  Bak (1977)  f o r  
Curacao; L i d d e l l  e t  a l .  (1984)  f o r  Jamaica;  and 
Logan (1969)  and Chavez e t  a l .  (1985)  f o r  t he  
Campeche Bank. 

Census d a t a  were c o l l e c t e d  v i a  a  l i n e a r  po in t  
i n t e r c e p t  method ( L i d d e l l  & Ohlhor s t  1987) .  
Spec i e s  number ( S ) ,  dominance d i v e r s i t y  ( H ' ,  n e t .  
l o g ) ,  evenness  ( J ' ,  n a t .  l o g ) ,  and t he  t o t a l  
number of c o r a l  s p e c i e s  encoun te r ed  d u r i n g  
q u a n t i t a t i v e  census ing  ove r  t he  r ange  o f  
app rox ima te ly  0-30171 a t  a  l o c a l i t y  were employed a s  
d i v e r s i t y  i n d i c e s .  The l a t t e r  was f e l t  t o  be a  
b e t t e r  i n d i c a t o r  of l o c a l i t y  d i v e r s i t y  than 
s p e c i e s  l i s t s ,  which a r e  s t r o n g l y  b i a sed  by t h e  
number of s t u d i e s  conducted a t  a  l o c a l i t y .  
C o r r e l a t i o n s  were t e s t e d  w i th  t h e  Spearman Rank 
C o r r e l a t i o n  C o e f f i c i e n t  (sRc) .  Q-mode c l u s t e r  
a n a l y s e s  (Normalized Eucl idean D i s t ance  
C o e f f i c i e n t ,  UPGMA a lgo r i t hm)  were used t o  
c o n s t r u c t  g roup ings  of  l o c a l i t i e s .  To a l l o w  
compar isons  between the  w ides t  number of s i t e s  
w i t h i n  a  l i m i t e d  number of  pages and t o  e l i m i n a t e  
t he  a d d i t i o n a l  complexi ty  o f  bathymetry ,  we w i l l  
c o n c e n t r a t e  on 1501 s i t e s .  Also ,  un favo rab l e  s i t e s  
w i th  h igh  s ed imen ta t i on  r a t e s  ( e . g .  Loya 's  1976 
West Reef s i t e  a t  Puer to  Rico and L i d d e l l  e t  a l . ' s  
1984 bay s i t e  a t  Jamaica) o r  l a c k i n g  s u i t a b l e  hard 
s u b s t r a t a  ( e . n .  F r i cke  and R e i s c h n e r ' s  1985 > 45m . - 
Bermudan s i t e s )  were excluded when d a t a  from-more 
e q u i t a b l e  s i t e s  were a v a i l a b l e .  

Coral Species Distributions and Diversity 

Coral  s p e c i e s  l i s t s  a r e  q u i t e  s i m i l a r  f o r  t he  
Florida-Bahamian and Car ibbean-Ant i l lean r e g i o n s  
when s u f f i c i e n t  numbers of  s t u d i e s  a r e  conductad 
(based on review of t he  r e e f  l i t e r a t u r e  and 
pe r sona l  o b s e r v a t i o n s  from numerous l o c a l i t i e s ) .  
Fo r ty  t o  f i f t y  ' he rma typ ic -  s c l e r a c t i n i a n  s p e c i e s  
( d i s t r i b u t e d  among 22 gene ra )  a r e  known from most 
l o c a l i t i e s  i n  t h e  above r eg ions .  The Flower 
Gardens and Bermuda, however, d i f f e r  from the  
above i n  l a c k i n g  c o l d - i n t o l e r a n t  c o r a l s ,  such a s  
Acropora s p e c i e s ,  and pos se s s  depaupe ra t e  
s c l e r a c t i n i a n  faunas  of 17 and 23 s p e c i e s  (1  1-12 
g e n e r a ) ,  r e s p e c t i v e l y  ( B r i g h t  e t  a l .  1984) .  I n  
a d d i t i o n ,  l o c a l i t i e s  from the  s o u t h e r n  Gulf of  
Mexico (Veracruz  and the  Campeche ~ a n k )  appear  
somewhat impover ished,  pos se s s ing  30 t o  35 s p e c i e s  

( 1 9  g e n e r a ;  Fig .  1 ) .  

Data on t he  r e l a t i v e  abundance and d i v e r s i t y  o f  
c o r a l  s p e c i e s  d i f f e r  g r e a t l y  between Western 
A t l a n t i c  l o c a l i t i e s   a able 1 ) .  Q-mode c l u s t e r  
a n a l y s e s  r e v e a l  no c l e a r  zoogeographic  t r e n d s  i n  
r e l a t i v e  abundances , however. For example, SE 
F l o r i d a  was s epa ra t ed  from o t h e r  n o r t h e r n  
l o c a l i t i e s  (Flower Gardens and Bahamas), t h e  
Grea t e r  A n t i l l e a n  l o c a l i t i e s  (Jamaica  and Pue r to  
Rico)  d id  n o t  j o i n  t o g e t h e r ,  and s o u t h e r n  
l o c a l i t i e s  (Colombia and Venezuela)  were a l s o  
d i s t i n c t  from each o t h e r .  Fu r the rmore ,  two Q.  Roo 
s i t e s  s e p a r a t e d  by 5  km ( P u e r t o  Morelos and 
Finduvet  - Table  1  and Jo rdan  e t  a l .  1981) and two 
Jamaican s i t e s  s e p a r a t e d  by o n l y  lkm ( T a b l e  1 )  d id  
no t  j o i n .  Th i s  i n d i c a t e s  a  g r e a t  d e a l  of  
h e t e r o g e n e i t y  i n  c o r a l  community compos i t i ons ,  
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Figure 2. P l o t  of  c o r a l  d i v e r s i t y  ( H ' )  ve r sus  
abundance (s of bo t tom) .  The two lowest  H '  v a lues  
a r e  from 0.5-5m s i t e s  a t  Jamaica. I n c l u d e s  
a d d i t i o n a l  s i t e s  from l o c a l i t i e s  and s t u d i e s  c i t e d  
i n  t a b l e  1 .  
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Figure 3. P l o t  of  c o r a l  diversity (H ' )  ve r sus  
dep th .  Data from l o c a l i t i e s  c i t e d  i n  t a b l e  1.  Only 
s i t e s  pos se s s ing  s u i t a b l e  hard s u b s t r a t a  a r e  
i n c l u d e d .  



~ ~ b l ~  1. Coral spec ie s  d i v e r s i t y  and r e l a t i v e  abundance ($  of c o r a l s )  a t  approximately 15m. 

S i t e :   BAR^ CUR '  C O L ~  A L A ~  W J A ~  E J A ~  F L A ~  F G ~  PRY V E N ~  Q R ~  B A H ~ ~  B E R ~ ~  ~ ~ 1 2  
N ( p o i n t s ) :  110 80 83 81 214 360 ? 23* 14* 2179 ? 46* ? 8 

Acropora c e r v i c o r n i s  0 . 0  0 .0  0 .0  0.0 45.3 16.9 0.5 0 . 0  0.0 0 . 0  1 .4  0.0 0 . 0  0.0 
Agaricia a g a r i c i t e s  1 .8  28.8  5 .5  0.0 20.3 13.6 5.6 1 .9  12.0 1 . 3  1 .4  10.6 0 .0  15.9 
Agaric ia  lamarcki  0.0 0 . 0  3 .4  1.2 0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0 .0  0.0 0.0 13.3 
~ ~ l p o p h y l l i a  amaranthus 6.4 0 .0  0 . 0  0.0 0 . 0  0 . 0  0.0 0.0 0 . 0  0.0 0.0 0.0 0 .0  0.0 
co lpophy l l i a  b r e v i s e r i a l i s  0 . 0  0.0 3 .4  0.0 0 . 0  0 . 0  0.0 0 .0  0.0 0 .0  0 .0  0 . 0  0 .0  0.1 
co lpophy l l i a  na tans  4 .5  8 .8  5.5 4 .9  1.1 1 .9  1 . 3 1 4 . 0  5 .7  3 .8  1 .4  0 . 0  0.0 3.1 
Dendrogyra c y l i n d r u s  4 .5  0.0 0.0 0.0 0 . 0  0.0 0.0 0 . 0  0 . 0  0 .0  0 . 0  0.0 0 . 0  0 . 0  
Dichocoenia s t e l l a r i s  0 .9  0.0 0.0 0.0 0 . 0  0 . 0  0.0 0.0 0 . 0  0.0 0.0 0.0 0 . 0  0.0 
Dichocoenia s t o k e s i  0 .0  0.0 0.0 4 .9  0 . 0  0 .6  5.6 0 . 0  0 . 5  3.8 7 .2  5.5 0.5 2.9 
Dip lo r i a  c l i v o s a  0.0 0.0 0.0 0.0 0 . 0  0 .0  20.0 0 .0  0 .9  5.1 0.0 0 .0  0 . 0  0 . 0  
Dip lo r i a  l a b y r i n t h i f o r m i s  3.6 0.0 0.0 0.0 0.4 1.1 0.5 0 . 0  0.5 0 .0  0.0 0 . 0  21.4 5.5 
Dip lo r i a  s t r i g o s a  7 .3  1 .3  2 . 8  8.6 0 . 0  3.1 0 . 0  18.3 1 .8  10.1 7.2 0.0 42.9 2.6 
Eusmilia f a s t i g i a t a  0 . 0  8 . 8  0 . 7  0.0 0 . 4  0 .0  1.3 8 . 8  2.9 0.0 1.4 0.0 0.0 0.0 
Favia fragum 0 . 0  0 . 0  0.0 0 . 0  0 .0  0 . 0  0.0 0 . 0  0 . 0  1.3 0.0 0.0 0.5 0 .0  
H e l i o s e r i s  c u c u l l a t a  0 . 0  0 . 0  0 . 0  1 .2  1 .0  1 .9  0.0 0 .0  4 . 8  0 .0  1.4 0.0 0 . 0  0 .7  
I s o p h y l l i a  s inuosa  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.2 0.0 0.0 0.0 0 . 5  0 . 0  
Madracis d e c a c t i s  0 . 0  18.8 3.4 1 .2  1 .5  1.7 0.5 1.9 0.0 0.0 0 . 0  0.0 0 . 5  13.4 
Madracis m i r a b i l i s  0.0 3 .8  0 . 0  0.0 7.6 3.1 0 .0  0.0 0 . 0  0.0 0 . 0  0.0 0.0 0 . 0  
Manicina a r e o l a t a  0.0 0 . 0  0 . 0  0.0 0 . 0  0 . 0  1 .8  0.0 0.7 2 .5  0 . 0  5.8 0 . 0  0.0 
Meandrina meandri tes  10.9 3.8 2.1 1.2 0 .7  1.9 5.6 0 .0  2.0 1.2 7 .2  0.0 0.5 4.0 
Montastrea a n n u l a r i s  11.8 7.5 2.1 13.6 6.1 30.6 20.0 48.5 15.2 0 . 0  34.0 44.7 10.7 12.0 
Montastrea cavernosa 25.5 5.0 65.5 30.9 0 . 0  3.9 20.0 8.1 29.1 3.8 34.0 9.1 7.1 14.2 
Mussa angulosa 0 . 0  0.0 0 . 0  0 .0  0 . 0  0.0 1 .3  0.0 0 .9  1.3 0 .0  0.0 0.0 0.2 
Mycetophyllia ferox 0 .0  1 . 3  0 . 0  2 .5  0 . 0  0.0 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  3.2 
Mycetophyllia lamarckiana 0 .0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  5.6 0.0 0 .3  0 .0  0 . 0  0 . 0  0.0 0.0 
Oculina d i f f u s a  0.0 0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0 .0  0 . 0  3 .8  0 . 0  0.0 0.0 0.0 
Phyl langia  americana 0.0 0.0 0 . 0  0.0 0 .0  0 .0  1 .3  0 . 0  0 . 0  0.0 0 . 0  0 .0  0.0 0.0 
Pori  t e s  a s t r e o i d e s  4.5 1.3 0 . 0  0.0 9.8 3.1 5.6 4.1 3 .6  5.1 1.4 4 . 5 1 7 . 9  8 . 5  
P o r i t e s  f u r c a t a  1.8 5.0 0 . 0  0.0 2.6 1.1 0 . 0  0.0 0 . 0  0.0 0.0 0 .0  0 .0  0 .0  
P o r i t e s  p o r i t e s  0.0 0 . 0  0 . 0  1.2 4.1 1.1 0 . 0  0.0 3 . 6 1 1 . 4  0.0 0.0 0 . 0  0 . 0  
S i d e r a s t r e a  r a d i a n s  0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 .0  0.0 0.0 5 .2  1.3 0 . 0  0.0 0 . 0  0.0 
S i d e r a s t r e a  s i d e r e a  15.5 5.0 1.4 28.4 1 .3  9 .4  1 .3  2.7 7.1 34.2 7.2 20.0 0 .0  6.3 
Scolymia l a c e r a  0 . 0  0.0 0 .7  0.0 0 . 0  0 . 0  0.0 0.1 0 .0  0 .0  0 . 0  0.0 0.5 0.0 
So lenas t r ea  bournoni 0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0 .0  0.0 2 .5  0 . 0  0.0 0.0 0.0 
So lenas t r ea  hyades 0 . 0  0 .0  0 . 0  0.0 0.0 0.0 1 .3  0 .0  0 .0  5.1 0 .0  0 .0  0.0 0.0 
Stephanocoenia i n t e r c e p t a  0 . 0  0.0 0.0 0.0 0 .0  0.0 0.0 0 . 0  0 . 0  2.5 0.0 0 .0  0.0 0 . 0  
Stephanocoenia m i c h e l i n i i  0.9 1 .3  3 .4  0 . 0  1.7 3.1 1 .3  0 .4  4 .5  0 .0  1.4 0.0 0.5 1 .8  

Spec ies  no. 14 14 13 12 15 17 19 11 20 -- 13 -- 13 17 
~ ~ 1 3  2.27 2.21 1.45 1.86 1.87 2.23 2.25 1.69 2.20 -- 1.81 -- 1.65 2.47 
J '  0.86 0.84 0.56 0.75 0.69 0.79 0.73 0.70 0.82 -- 0.71 -- 0.65 0.87 
To ta l  s p e c i e s  no. l4  21 21 14 17 22 22 21 11 21 18  21 28 17 25 

Each was a 15m s i t e .  
A 20m s i t e  . 

3 A 15m s i t e  on the  West Fore Reef a t  Discovery Bay, Jamaica  i id dell & Ohlhorst 1987). 
4 A 15m s i t e  on the  East Fore Reef a t  Discovery Bay  i id dell e t  a l .  1984). 
5 A 16-20m s i t e ,  SE F lo r ida ,  N of  Miami (Goldberg 1973) .  

A 2Om s i t e ,  East Flower Garden Reef. N .  Gulf of Mexico, *N = no. of  8 m  t r a n s e c t s  (Br igh t  e t  e l .  1984). 
Data modified by removal of Mil le  o r a .  Agaric ia  and Col o h y l l i a  s p e c i e s  not  sepa ra ted  i n  t h e i r  t a b l e .  

7 A 11-17111 s i t e ,  East Reef, Puer to  Ryco, *N = no. of 10m t:a:sects (Loya 1976). 
Average of  many 0-15m s i t e s  i n  the  Gulf of Car iaco,  Caribbean Venezuela (Antonius 1980). Data 

modified by removal of Mil lepora .  Due to  the dep th  range encompassed and the combination of  many 
s i t e s ,  t h e  d i v e r s i t y  of  t h i s  l o c a l i t y  is probably i n f l a t e d .  

9 A 15m s i t e  a t  Puer to  Morelos, Q. Roo, Caribbean coas t  o f  Yucatan Pen insu la ,  Mexico, (Jordan e t  a l .  
1981 ) .  Data modified by removal of Mil le  o r a .  

l o  Average of many l o c a l i t i e s  i n  the  Bahamizn reg ion  over  the  range of  14-38m, t y p i c a l l y  15m, *N = no. of 
10m t r a n s e c t s  (Bunt e t  a l .  1981). The d i v e r s i t y  is probably i n f l a t e d .  

l 1  A 10-19m s i t e  a t  Bermuda ( ~ r i c k e  & Meischner 1985) .  Data modified by removal of Mil lepora .  
l 2  A 18m E wal l  s i t e  a t  S t .  Croix,  *N = no. 10m t r a n s e c t s  (Rogers e t  a l .  1984). 

Add i t iona l  d i v e r s i t y  da ta  a v a i l a b l e  f o r  Caribbean Panama (H'= 1.24-1.51 a t  15m, modified to na t .  l og ,  
from P o r t e r  1972) .  

l 4  Coral  s p e c i e s  encountered in  t r a n s e c t s  over the  range of  approximately  0-30m (BAR, 15-30m; COL, 
10-1%; C U R  10-?Om; ALA, 10-?Om; WJA, 0-30111; EJA. 5-24m; FLA, 9-30m; FG, 20-26m; PR, 8-20m; VEN, O- 
1%; QR, 5-20m; BAH 13-38m, average of many s i t e s ;  SC 9-37m). Addi t ional  d a t a , a v a i l a b l e  from Dry 
Tortugas ,  F lo r ida  Keys (25 s p e c i e s  from 0-17m, P o r t e r  e t  a l .  1976) ,  Enmedio Reef, Veracruz, Mexico (15 
s p e c i e s  from 11 -1 7m, Rannefeld 1972), and Triangulos  Oes te ,  Campeche Bank (10 spec ies  from 
approximately  0-25m, Chavez e t  a l .  1985). 



Tab le  2. R e l a t i v e  abundance of l a r g e r  taxonomic c a t e g o r i e s  a t  app rox ima te ly  15m. Unless  noted o t h e r w i s e ,  
l o c a l i t i e s  a r e  t he  same a s  i n  Table  1. 

S i t e :  BAR CUR COL ALA WJA EJA F G ~  V E N ~  P R ~  V E R ~  B A H ~  B E R ~  Q R ~  S C ~  
N ( p o i n t s ) :  246 200 518 728 606 748 23* 5200 14* ? 46* ? 560' 8' 

S o r a l s  
Noncoral c n i d a r i a n s  
F l e shy  sponges  
Boring sponges 
C o r a l l i n e  a l g a e  
Macroalgae 
Fi lamentous  a l g a e  
Misc. l i v i n g  

Bare hard s u b s t r a t a  
Sand/mud 
T o t a l  l i v i n g  

- - 

Data of  Br ight  e t  a l .  (1984)  modif ied  by conve r s ion  from pe rcen t  o f  hard  s u b s t r a t a  to  p e r c e n t  o f  t o t a l  
bottom and removal of Mi l l epo ra  from c o r a l s .  *N = no. 8m t r a n s e c t s .  

Data of  Antonius (1980)-modif ied  by conve r s ion  from pe rcen t  o f  l i v i n g  t o  pe rcen t  of t o t a l  bottom and 
removal of  Mi l l epo ra  from c o r a l s .  *His sponge c a t e g o r y  c o n s i s t s  o f  a l l  sponges ,  i n c l u d i n g  bo r ing  taxa?  
**His a lgae  c a t e g o r y  c o n s i s t s  of  a l l  a l g a e .  i n c l u d i n g  c r u s t o s e  c o r a l l i n e s .  

3  *N = no. o f  10m t r a n s e c t s .  
4  An 11-17111 s i t e ,  Enmedio Reef,  o f f  Veracruz .  Mexico, Gulf o f  Mexico (Rannefe ld  1972) .  
5  *N = no. of 10m t r a n s e c t s .  

A 3-5m s i t e  a t  Bermuda (Dodge e t  a l .  1982) .  
7  P e r c e n t  of  l i v i n g  not t o t a l  bot tom,  *N = no. o f  2.7cm l i n k s .  
8  *N = no. 10m t r a n s e c t s .  

o c c u r r i n g  a t  v a r i o u s  geographic  s c a l e s .  The two 
s i t e s  which were most d i s t i n c t  from a l l  o t h e r s ,  
Colombia and West Jamaica ,  a r e  c h a r a c t e r i z e d  by, 
r e s p e c t i v e l y ,  h i g h  dominance by Non ta s t r ea  
cavernosa  and Acropora c e r v i c o r n i s .  

For  l o c a l i t i e s  n e a r  the  c e n t e r  of  t h e  p rov ince ,  a t  
15m c o r a l  H 'values  a r e  t y p i c a l l y  n e a r  2.0 and the  
t o t a l  number of  s p e c i e s  encountered du r ing  
census ing  a t  a  l o c a l i t y  i s  21-22 (Tab le  1  ) .  S i t e s  
on t he  Campeche Bank, t h e  Flower Gardens, Bermuda, 
Colombia, and Venezuela ( t h e  l a t t e r  two l o c a l i t i e s  
a r e  r ep re sen t ed  by c o a s t a l  s e t t i n g s )  e x h i b i t  
reduced d i v e r s i t y  r e l a t i v e  t o  t h e  o t h e r  Western 
A t l a n t i c  s i t e s  s t u d i e d .  Coral  d i v e r s i t y  i s  no t  
s i g n i f i c a n t l y  c o r r e l a t e d  wi th  c o r a l  abundance ( $  
cove r :  F ig .  2 ) .  Although c o r a l  d i v e r s i t y  i s  low i n  
ve ry  sha l l ow  ( <  5m) w a t e r ,  i t  is q u i t e  c o n s t a n t  
ove r  the  rangePof 10-30m (and deepe r  i f  s u i t a b l e  
s u b s t r a t a  a r e  a v a i l a b l e )  (F ig .  3 ) .  

Abundances o f  Larger  Taxonomic C a t e g o r i e s  

C l u s t e r  a n a l y s e s  of t h e  r e l a t i v e  abundance3 of  
l a r g e r  taxa  were r e s t r i c t e d  to  f i v e  s i t e s  
( ~ a r b a d o s ,  Colombia, Curacao, and West and East  
Jamaica. Table 2 )  due t o  t h e  p a u c i t y  of  such  d a t a  
i n  t he  r e e f  l i t e r a t u r e .  Alacran was omi t t ed  due t o  
t h e  e x h i b i t i o n  o f  h igh a l g a l / c o r a l  r a t i o s ,  
presumably, f o l l owing  the  mass m o r t a l i t y  of 
Diadema. Colombia is t h e  most d i s t i n c t  l o c a l i t y ,  
i t s  s e p a r a t i o n  from the  o t h e r  l o c a l i t i e s  r e s u l t e d  
from r e l a t i v e l y  h igh amounts of  non l iv ing  bottom. 
The two Jamaican s i t e s  d i f f e r  from Curacao and 
Barbados i n  pos se s s ing  r e l a t i v e l y  h i g h  l i v i n g  
c o v e r s .  

S i t e s  from the  Grea t e r  and Les se r  A n t i l l e s  and 
Curacao e x h i b i t  t he  h i g h e s t  amounts of c o r a l  cover  
(36-79$) ,  t he  South American c o a s t a l  s e t t i n g s  have 
somewhat lower c o r a l  cover  (23-23$) ,  and t h e  more 

n o r t h e r n  (Bahamas and ~ e r m u d a )  and more western  
(Q. Roo, Campeche Bank, Veracruz)  l o c a l i t i e s  
pos se s s  t h e  lowest  c o r a l  cove r s  (7-22$, Table  2 ) .  
The Flower Gardens a r e  an excep t ion  i n  t h a t  t hey  
show a h i g h  c o r a l  cover  (40%) .  d e s p i t e  t h e i r  
no r the rn  l o c a t i o n  (280N). 

Numerous pape r s  have desc r ibed  Western A t l a n t i c  
r e e f  communities ( s e e  Glynn 1973, Milliman 1973, 
and Col in  1978 f o r  summaries).  These s t u d i e s  tend 
t o  document dep th - r e l a t ed  c o r a l  zona t ions  which 
a r e  s i m i l a r  t o  Goreau 's  (1959)  zona t ion  model f o r  
Jamaica. A d d i t i o n a l l y ,  s p e c i e s  l ists  appea r  t o  be 
roughly  comparable f o r  most l o c a l i t i e s  i n  t h e  
Florida-Bahamian and Ca r ibbean -Sn t i l l e an  r eg ions .  
The depaupe ra t e  appearances  of many l o c a l i t i e s  a r e  
o f t e n  an  a r t i f a c t  of  i n s u f f i c i e n t  s t udy .  Th i s  
un i fo rmi ty  of c o r a l  s p e c i e s  d i s t r i b u t i o n s  is i n  
c o n t r a s t  t o  t h a t  of f i s h  and v a r i o u s  o t h e r  
i n v e r t e b r a t e  g roups  which e x h i b i t  pronounced 
endemism, enab l ing  t he  d e l i n e a t i o n  of  
~ n t i l l e a n / W e s t  Ind i an  and Caribbean ( c e n t r a l  and 
S. ~ m e r i c a n )  f auna l  p rov inces  ( ~ r i ~ ~ s  1974 ). Such 
widespread homogeneity of c o r a l  s p e c i e s  
d i s t r i b u t i o n s  r e f l e c t s  t h e  p a t t e r n  of  t h e  Indo- 
P a c i f i c  (Veron 1985) and has  been a t t r i b u t e d  t o  
long g e n e r a t i o n  t imes  and P l e i s t o c e n e  c o l l a p s e s  i n  
r e e f  communities ( P o t t s  1984) .  

The most n o t a b l e  excep t ions  t o  t h e  above 
g e n e r a l i z a t i o n s  a r e  Bermuda, t h e  Flower Gardens, 
and ,  p a r t i c u l a r l y ,  B r a z i l .  The f i r s t  c o n t a i n s  a 
depaupera te  hermatypic  s c l e r a c t i n i a n  fauna.  
presumably ,  due t o  i t s  h igh  l a t i t u d i n a l  p o s i t i o n  
(32O N) and g r e a t  d i s t a n c e  (1700km) from the  
remainder of t h e  Western A t l a n t i c  Province .  The 

Flower Gardens (27O55'N) a l s o  pos se s s  a  r e s t r i c t e d  
s c l e r a c t i n i a n  fauna due to  t h e i r  i s o l a t i o n  and the 
coo l  t empera tu re s  exper ienced ( ~ r i ~ h t  e t  a l e  



1984) .  The B r a z i l i a n  a r e a ,  which is a l s o  a t  a  
r e l a t i v e l y  h igh  l a t i t u d i n a l  p o s i t i o n  (230 s ) ,  is 
s e p a r a t e d  from the r e s t  of the  p rov ince  by the  
Amazon-Orinoco system and has been c l a s s i f i e d  a s  a  
s e p a r a t e  subprovince  due to  the  absence  of many 
Caribbean-Western A t l a n t i c  s p e c i e s  and the 
p re sence  of  endemic B r a z i l i a n  s p e c i e s  (Glynn 
1973) .  

Although widely  d i s t r i b u t e d ,  t h e  r e l a t i v e  
abundances of s p e c i e s  d i f f e r  g r e a t l y  from s i t e  t o  
s i t e .  C e r t a i n  o f  t he se  d i f f e r e n c e s  a r e  r e a d i l y  
e x p l a i n a b l e  i n  terms of  d i f f e r e n c e s  i n  t he  ambient 
environments  (e .g .  the  h igh abundance of  
S i d e r a s t r e a  s i d e r e a  a t  co ld  Venezuelan s i t e s ,  the  
h igh  abundance of  Montas t rea  cave rnosa  a t  
Colombian s i t e s  w i th  h igh s e d i m e n t a t i o n ,  and t he  
g e n e r a l  e x c l u s i o n  of  Acropora s p e c i e s  from cold 
l o c a l i t i e s ) ,  o t h e r s ,  however, a r e  n o t  and may 
r e f l e c t  s t o c h a s t i c  p roces se s .  

The d i s c u s s i o n  of  t he  fo l l owing  q u a n t i t a t i v e  
t r e n d s  should  be p re f aced  w i th  t he  c a v e a t  t h a t  ou r  
census  d a t a  a r e  l i m i t e d  i n  e x t e n t  and t h e r e  is  a  
d e a r t h  of  q u a n t i t a t i v e  d a t a  t o  draw from i n  the  
Western A t l a n t i c  r e e f  l i t e r a t u r e .  Unfo r tuna t e ly .  
i t  i s  u n l i k e l y  t h a t  t h i s  s i t u a t i o n  can be remedied 
i n  the  nea r  f u t u r e  a s  many Western A t l a n t i c  r e e f s  
c o n t i n u e  t o  man i f e s t  h igh a l g a l / c o r a l  r a t i o s  
fo l l owing  the  mass m o r t a l i t y  o f  t he  u r c h i n  
Diadema. Neve r the l e s s ,  i t  may be p r o f i t a b l e  t o  
examine c e r t a i n  hypotheses  r e l a t i n g  c o r a l  reef  
community s t r u c t u r e  to  physica l -chemical  o r  b i o t i c  
pa rame te r s  i n  l i g h t  o f  t he  c u r r e n t l y  a v a i l a b l e  
d a t a  . 
P o r t e r  (1974)  sugges t ed ,  based on h i s  d a t a  from 
Panama, t h a t  c o r a l  d i v e r s i t y  on Caribbean r e e f s  
may be p o s i t i v e l y  c o r r e l a t e d  w i th  c o r a l  abundance. 
L i d d e l l  & Ohlhor s t  (1987)  found a  s i g n i f i c a n t  
i n v e r s e  r e l a t i o n s h i p  between c o r a l  d i v e r s i t y  and 
abundance on t he  West Fore  Reef a t  Jamaica .  
However, an expanded d a t a  s e t  c o n s i s t i n g  of  50 
s i t e s  from Western A t l a n t i c  l o c a l i t i e s  ( F i g .  2 )  
r e v e a l s  no s i g n i f i c a n t  c o r r e l a t i o n  between c o r a l  
d i v e r s i t y  and c o r a l  abundance. 

Seve ra l  a u t h o r s  (e .g .  P o r t e r  1972, Goldberg 1973, 
and F r i c k e  & Meischner 1985)  have documented r ap id  
d e c l i n e s  i n  c o r a l  d i v e r s i t y  below 3Om, l e a v i n g  the 
impres s ion  t h a t  deeper-water  f aunas  a r e  h i g h l y  
impover ished.  If  s u i t a b l e  hard s u b s t r a t a  is 
a v a i l a b l e  f o r  c o l o n i z a t i o n ,  however,  c o r a l  
d i v e r s i t y  may remain a s  h igh  a s  o r  h ighe r  than 
s h a l l o w  s i t e s  t o  a p p r e c i a b l y  g r e a t e r  dep ths  than 
70m (e .g .  Jamaica d a t a ,  F ig .  3 ) .  Fur thermore ,  
t o t a l  community d i v e r s i t y  may remain h igh  t o  
dep ths  of ove r  lOOm  i id dell & Ohlhor s t  1988).  

Highsmith ( 1 9 8 0 ) ,  Johannes e t  a l .  (1  9 8 3 ) ,  L i t t l e r  
& L i t t l e r  ( 1985) ,  Maragos e t  a l .  ( 1 9 8 5 ) ,  and 
o t h e r s  have r e l a t e d  t r e n d s  i n  the  abundance o f  
groups  such a s  a l g a e  and bo r ing  sponges  t o  low 
t empera tu re s  and /o r  h igh n u t r i e n t  l e v e l s  which may 
be i n f luenced  by l a t i t u d e ,  upwe l l i ng ,  s t r eam run- 
o f f ,  o r  p o l l u t i o n .  A s  s u c h ,  a  g r e a t e r  abundance o f  
a l g a e  and ,  p o s s i b l y ,  bo r ing  sponges  might be 
p r e d i c t e d  from the  Colombian and Venezuelan s i t e s ,  
which e x p e r i e n c e  co ld  (down t o  180C) upwel l ing 
(Antonius  1972. 1980) .  Th i s .  however. i s  not  
r e f l e c t e d  by t h e  p r e s e n t  d a t a  (Tab le  2 ) .  
R e l a t i v e l y  low c o r a l  abundances a t  t he se  s i t e s  a r e  
a  consequence o f  low t o t a l  l i v i n g  cove r  (due  t o  a  

combinat ion of  low t empera tu re s  and h igh  
s e d i m e n t a t i o n ) ,  no t  i nc rea sed  bor ing sponge o r  
a l g a l  abundances .  Although d a t a  on nonc rus to se  
a l g a l  o r  bo r ing  sponge abundances a r e  n o t  g iven  by 
Br igh t  e t  a l .  (1984)  f o r  the Flower Gardens. c o r a l  
abundance (40% of the  subs t r a tum)  is s i m i l a r  to  
the  m a j o r i t y  of  Western A t l a n t i c  s i t e s  su able 2 ) .  
d e s p i t e  t he  co ld  w in t e r  temperatures  ( 1 8 0 ~ )  
expe r i enced .  F i n a l l y ,  Bunt e t  a l .  (1981 ) found no 
change i n  c o r a l  abundance ( a d m i t t e d l y ,  ve ry  low a t  
t h e i r  s i t e s )  a c r o s s  a  l a t i t u d i n a l  range i n  the  
Bahamian r eg ion .  The appa ren t  i n c o n g r u i t i e s  
between t h e o r y  and t h i s  l i m i t e d  d a t a  s e t  s u g g e s t s  
p o t e n t i a l  a r e a s  f o r  f u t u r e  s tudy .  

We wish t o  extend ou r  a p p r e c i a t i o n  t o  t he  s t a f f s  
o f  t he  fo l l owing  marine l a b o r a t o r i e s  and 
i n s t i t u t i o n s  f o r  t h e i r  a s s i s t a n c e  i n  p rov id ing  
f a c i l i t i e s  and suppor t  f o r  f i e l d  work: The 
B e l l a i r s  Research I n s t i t u t e  of McGill U n i v e r s i t y ,  
Barbados; The Ca ra ib i s ch  Marien-Biologisch 
I n s t i t u u t ,  Curacao; The Centro de I n v e s t i g a c i o n  y  
de  E s t u d i o s  Avanzados d e l  IPN Unidad Merida ,  
Yucatan, Mexico; The Discovery Bay Marine 
Labora to ry  of t he  Un ive r s i t y  of t he  West I n d i e s ,  
Jamaica;  The I n s t i t u t o  de I n v e s t i g a c i o n e s  Marinas 
de  Punta de  B e t i n ,  Colombia. We a l s o  wish t o  thank 
Mauric io  Garduno , Enrique Mart inez ,  and Alber to  
Rodr iguez  f o r  t h e i r  a s s i s t a n c e  i n  censusing a t  
Alacran.  Th i s  paper  r e p r e s e n t s  c o n t r i b u t i o n  number 
430 from t h e  Discovery  Bay Marine Laboratory .  
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