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Fig, 1. Location of Cayos Arcas and survey transects. 
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A b s t r a c t  

E c o l o g i c a l  f e a t u r e s  o f  e m e r g e n t  c o r a l  r e e f s  i n  t h e  Campeche Eank 
r e g i o n  of t h e  Gul f  of Mexico a r e  n o t  w e l l  d e s c r i b e d .  I n  a  s t u d y  o f  r e e f  
z o n a t i o n  a n d  d i v e r s i t y  o f  Cayos  A r c a s ,  t h e  m o s t  s o u t h e r l y  o f  t h e s e ,  t h e  
c o r a l  r e e f s  s u r r o u n d i n g  t h r e e  s a n d  c a y s  were found  t o  e x h i b i t  a  g r e a t e r  
d i v e r s i t y  o f  s c l e r a c t i n i a n  c o r a l  s p e c i e s  t h a n  h a s  been  r e p o r t e d  
p r e v i o u s l y  f o r  t h e  Campeche Eank r e g i o n .  H e r m a t y p i c  c o r a l  c o v e r a g e  was 
h i g h  and  c o r a l  g rowth  a p p e a r e d  v i g o r o u s .  However,  c a l c a r e o u s  a l g a e  o f  
t h e  g e n u s  HaZimeda, t h a t  a r e  known t o  b e  a b u n d a n t  and  t h e r e f o r e  
i m p o r t a n t  p r o d u c e r s  of c a l c a r e o u s  m a t e r i a l  i n  e m e r g e n t  r e e f  s t r u c t u r e s  
t o  t h e  n o r t h ,  w e r e  n o t  e v i d e n t ,  Notewor thy  a s p e c t s  of r e e f  z o n a t i o n  
i n c l u d e d :  1 )  a  non-emergen t  r e e f  crest  composed of  u n c o n s o l i d a t e d  c o r a l  
r u b b l e  a n d  e n c r u s t i n g  c a l c a r e o u s  a l g a e ,  b u t  n o  a l g a l  r i d g e ,  2 )  e x t e n s i v e  
m o n o s p e c i f i c  s t a n d s  of Acropora ce rv ico rn i s  on t h e  s h a l l o w  r e e f  f l a t s ,  
3  ) p r  o l i  f e r a t i o n  of Acropora pazmata a t  d e p t h s  where  o n e  m i g h t  
t y p i c a l l y  f i n d  Acropora c e r v i c o r n i s  i n  o t h e r  l o c a l i t i e s ,  a n d  4 )  p o o r  
r e p r e s e n t a t i o n  and  c o v e r a g e  by s p c i e s  o f  t h e  g e n u s  Agaricia, T h i s  
z o n a t i o n  and  t h e  component  s p e c i e s '  g rowth  f o r m s  s u g g e s t  t h a t  h i g h  
e n e r g y  wave a c t i o n  i s  a n  i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r  d e t e m i n i n g  
community s t r u c t u r e .  

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

R e l a t i v e l y  few published r e p o r t s  r e l a t e  t o  t h e  s p e c i e s  c o m p o s i t i o n  
a n d  e c o l o g y  of  r e c e n t  b i o h e n n s  i n  t h e  Gul f  of Mexico,  One r e a s o n  f o r  
t h i s  1s t h a t  t h e  Gul f  o f  Mexico d o e s  n o t  c o n t a i n  e x t e n s i v e  a r e a s  of 
c o r a l  r e e f .  N o n e t h e l e s s ,  I n  a d d i t i o n  t o  t h e  r e e f s  o f f  of V e r a c m z  
( S m r t h ,  1 9 5 4 )  t h e r e  a r e  s l x  w e l l  d e v e l o p e d  e m e r g e n t  r e e f  s t r u c t u r e s  i n  
t h e  Campeche B a n k  r e q l o n  o f f  of t h e  w e s t e r n  s h o r e  of t h e  ~ u c a t s n  
P e n a n s u l a  (GLynn, 1973; Logan ,  1 9 6 9 ) .  The l a r g e s t  and most  n o r t h e r l y  of 
t h e s e  1s ~ l a c r s n  A t o l l  whlch h a s  b e e n  t h e  s l t e  of s e v e r a l  g e o l o g i c a l l y  
o r l e n t e d  s t u d l e s  ( M o s k l n ,  4963; K o r n l c k e r  e t  a l e ,  1959; K o r n l c k e r  a n d  
Boyd, 4962; P o l k ,  1 9 6 7 )  * T h e  o t h e r s  a r e  less  w e l l .  known, b u t  have  b e e n  

' ~ h e s a ~ e a k e  B i o l o g i c a l  L a b o r a t o r y ,  C e n t e r  f o r  Envi  ronme n t a l  and 
E s t u a r i n e  S t u d i e s ,  U n i v e r s i t y  of M a r y l a n d ,  Solomons,  Mary land  
2  0688-0 038. 
2 ~ i r g i n i a  I n s t i t u t e  of M a r i n e  S c i e ~ c e ,  G l o u c e s t e r  P o i n t ,  V i r g i n i a  23062 
3 ~ r e s e n t  A d d r e s s :  Zoology  D e p a r t m e n t ,  Oregon S t a t e  U n i v e r s i t y  97331 
4 ~ r e s e n t  A d d r e s s :  Wate r  C h e m i s t r y  D i v i s i o n ,  G e m e t  T e c h n o l o g i e s ,  I n c . ,  
E n v i r o n m e n t a l  C o n s u l t a n t s ,  520  E r o a d h a l l o w  Road, M e l v i l l e ,  N e w  York 
1 1747 
C o n t r i b u t i o n  No. 1377. C e n t e r  f o r  E n v i r o n m e n t a l  and E s t u a r i n e  S t u d i e s  
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d e s c r i b e d  t o  some e x t e n t  ( A g a s s i z ,  1888; Logan e t  a l . ,  1 9 6 9 ) .  

We v i s i t e d  on two o c c a s i o n s  t h e  most s o u t h e r l y  o f  t h e  Campeche r e e f  
s t r u c t u r e s ,  Cayos A r c a s .  T h e  c a y s  c o m p r i s i n g  t h i s  s t r u c t u r e  a r e  a t  t h e  
n o r t h e r n  b o u n d a r y  o f  M e x i c o ' s  o f f s h o r e  p e t r o l e u m  r e s o u r c e s ,  a n d  a  
d e e p w a t e r  o i l  t e r m i n a l  h a s  b e e n  b u i l t  i n  t h e  s h e l t e r e d  w a t e r s  s o u t h  of 
t h e  c a y s  s i n c e  our l a s t  v i s i t  (Orme, 1 9 8 2 ) .  I n  t h e  c o u r s e  o f  p e r f o r m i n g  
a n  e n v i r o n m e n t a l  s u r v e y  f o c u s i n g  o n  r e e f  d e v e l o p m e n t  and  z o n a t i o n ,  w e  
f o u n d  w e l l - d e v e l o p e d  r e e f s  w i t h  g r e a t e r  d i v e r s i t y  o f  h e r m a t y p i c  c o r a l s  
t h a n  h a s  b e e n  r e p o r t e d  p r e v i o u s l y  f o r  t h e  Campeche Bank r e g i o n .  I n  t h e  
p r e s e n t  p a p e r  w e  document  and  d i s c u s s  t h e s e  a n d  o t h e r  r e l e v a n t  
e c o l o g i c a l  o b s e r v a t i o n s .  

S t u d y  S i t e  

Cayos  A r c a s  c o n s i s t s  of t h r e e  c o r a l  a n d  s a n d  c a y s  on a  s h a l l o w  
w a t e r  p l a t f o r m  a b o u t  3 t o  4 s q .  km. i n  a r e a  which rises above  t h e  
Campeche Bank west of  t h e  ~ u c a t d n  P e n i n s u l a ,  Mexico ( F i g .  7 ) .  Water 
d e p t h  a r o u n d  t h e  c a y s  i s  a b o u t  40  m.  The  c a y s  e n v e l o p  a  s m a l l ,  
p r o t e c t e d  l a g o o n  t h a t  i s  a  p o p u l a r  r e f u g e  f o r  l o c a l  s h r i m p  and  s h a r k  
f i s h e m a n  l o c a t e d  a t  9'1° 5 8 3 0 " E  l o n g .  and  20° 1 2 3 5 " N  k t . ,  a b o u t  
300 km S W  o f  ~ l a c r g n  A t o l l .  

Logan  e t  a l .  ( 2 9 6 9 )  a n d  Ginsbu:rg and J a m e s  ( 4 9 7 4 )  h a v e  
c h a r a c t e r i z e d  Cayos  A r c a s  a n d  n e i g h b o r i n g  r e e f s  a n d  c a y s  a s  i s o l a t e d  
p r m i n e n c e s  c a p w d  by zoned  r e e f s  a t  t h e  s h e l f  m a r g i n ,  K o r n i c k e r  and  
Boyd ( 4 9 6 2 )  h a v e  d e s c r i b e d  t h e  g e o l o g i c a l  o r i g i n  o f  t h e  Campeche Bank a s  
a n  " u n d e r w a t e r  e x t e n s i o n  of t h e  ~ u c a t 6 n  P e n i n s u l a . .  . [ t h a t  i s ]  p r o b a b l y  
Miocene l i m e s t o n e "  w i t h  a  t h i n  c o v e r  o f  P l e i s t o c e n e  a n d  R e c e n t  
c a l c a r e o u s  s e d i m e n t s .  Campeche Bank r e e f s  have  a p p a r e n t l y  b e e n  a b l e  t o  
k e e p  p a c e  w i t h  t h e  Holocene  t r a n s g r e s s i o n ;  t h i s  implies t h a t  r e e f  
a c c r e t i o n  t h e r e  o c c u r r e d  a t  t h e  s u b s t a n t i a l  r a t e  of 2 0  t o  40m d u r i n g  t h e  
l a s t  9 , 0 0 0  y e a r s  ( L o g a n ,  1 9 6 9 )  o r  p e r h a p s  f a s t e r :  more r e c e n t l y  
M c i n t y r e  e t  a l .  ( 4 9 7 7 )  p r o p o s e d  t h a t  ~ u c a t 6 n  r e e f s  have  a p p r o a c h e d  t h e  
e m e r g e n t - r e e f  s t a t u s  w i t h i n  t h e  l a s t  2 , 0 0 0  t o  3 , 0 0 0  y r s .  I n  a n y  c a s e ,  
i t  i s  c l e a r  t h a t  a c c r e t i o n  i s  r a p i d  on t h e  ~ u c a t g n  r e e f s .  

E a s t e r l y  t o  n o r t h e a s t e r l y  t r a d e  wlnds  p r e v a l l  and p r o b a b l y  a c c o u n t  
f o r  t h e  t y p l c a l  n o r t h w e s t  t r e n d  of a r c u a t e  wlndward r e e f  m a r g m  
c h a r a c t e r l z l n g  Cayo d e l  C e n t r e  (Fig. 1 ) .  Such r e e f  o r l e n t a t l o n  h a s  been 
r e p o r t e d  f o r  o t h e r  b l o h e r m s  on t h e  Campeche Bank ( K o r n i c k e r  a n d  Boyd, 
1962;  F o l k ,  1 9 6 7 ) -  F r m  A p r l l  t o  S e p t e m b e r ,  wlnds  I n  t h e  a r e a  a r e  
l l g h t e r  and  more v a r l a b l e  ( 2 0  t o  30 km/hr )  t h a n  t h e y  a r e  f rom O c t o b e r  t o  
March when s p e e d s  of 3 0  t o  35 km/hr a r e  c m m n  and  a r e  o f t e n  associated 
w i t h  c o l d  f r o n t s  o r  " n o r t h e r s "  ( F o l k ,  1 9 6 7 ) .  H u r r i c a n e s  a r e  n o t  
u n c m u o n  t o  t h e  a r e a ,  Hurricane A l l e n  h a v i n g  p a s s e d  s e v e r a l  h u n d r e d  km 
t o  t h e  n o r t h  of Cayos  A r c a s  s e v e r a l  months  b e f o r e  w e  p e r f o r m e d  o u r  
s u r v e y .  T h e  t l d a l  r a n g e  1s s m a l l  ( -1.0 m )  . We d o  n o t  have  mean minimum 
w a t e r  t e m p e r a t u r e  f o r  Cayos  A r c a s ;  however ,  we s u s p e c t  it i s  be tween  20° 
a n d  22O C, c l o s e  t o  t h o s e  r e p o r t e d  f o r  n e a r b y  V e r a c r u z  and P r o q r e s s o ,  
Mexlco ( M l l l l m a n ,  1 9 7 3 )  and  by t h e  U. 5. F l s h  a n d  W i l d l i f e  S e r v l c e  
( 1 9 5 4 ) .  T h u s  r e e f s  a t  Cayos  A r c a s  p r o b a b l y  e x p e r i e n c e  mean minimum 



t e m p e r a t u r e s  n e a r  2 1°c, below which o p t i m a l  r e e f  development d o e s  n o t  
o c c u r  (Mi l l iman ,  1973) .  Glynn ( 1 9 7 3 )  r e p o r t s  t h a t  t h e  t h e r m a l  c l i m a t e  
of t h e  r e e f s  on t h e  margin  of  t h e  Campeche Bank i s  p r o b a b l y  more 
f a v o r a b l e  t h a n  it i s  c l o s e r  t o  s h o r e ,  c i t i n g  t h e  s u g g e s t i o n  o f  Logan e t  
a l .  ( 1969)  t h a t  t h e  absence  of c o r a l  r e e f s  on t h e  e a s t e r n  s e c t o r  of t h e  
s h e l f  i s  due t o  t h e  p e r i o d i c  upwe l l ing  of c o l d  wa te r  t h e r e .  

M a t e r i a l s  and  Methods 

Surveys  of t h e  c o r a l  community were c a r r i e d  o u t  by s k i n  and SCUBA 
d i v i n g .  We used  a  t r a n s e c t  method keyed t o  changes  i n  d e p t h  and 
d i s t a n c e  o f f s h o r e  and s e l e c t e d  a  major  t o p o g r a p h i c a l  f e a t u r e ,  i . e . ,  
beach ,  r e e f  c r e s t ,  deep  t r e n c h  a s  a  benchmark f o r  t h e  s t a r t i n g  p o i n t  f o r  
a  compass b e a r i n g  t r a v e r s i n g  v a r i o u s  zones of t h e  b e n t h i c  community. W e  
chose  t h e  t r a n s e c t  s a s  b e i n g  g e n e r a l l y  r e p r e s e n t a t i v e  of  r e e f  z o n a t i o n  
a t  Cayos Arcas.  

A check l i s t  of t h e  most  abundant  s e s s i l e  i n v e r t e b r a t e s  ( p r i m a r i l y  
he rma typ ic  c o r a l s )  was developed a f t e r  an i n t e n s i v e  su rvey  of  t h e  f i r s t  
t r a n s e c t .  A t  t h i s  s i t e  a  30 m l ong  c h a i n  marked a t  one me te r  i n t e r v a l s  
was l a i d  on t h e  bottom s t a r t i n g  a t  t h e  r e e f  c r e s t  and moving towards  
deep w a t e r .  We noted  s p e c i e s  c a n p o s i t i o n  and dominance w i t h i n  t e n  
me te r s  of t h i s  c h a i n  and e s t i m a t e d  t h e  t o t a l  p e r c e n t  l i v i n g  c o v e r a g e ,  
d e p t h  i n  m e t e r s  and any s i g n i f i c a n t  changes  i n  topography o r  c o r a l  
compos i t i on  wi th  d i s t a n c e  from t h e  s t a r t i n g  p o i n t .  A e r i a l  p h o t o g r a p h s  
of t h e  t r a n s e c t s  t a k e n  from a  h e l i c o p t e r  a t  an  a l t i t u d e  of a b o u t  200 m 
were used  t o  conf i rm our  e s t i m a t e s  of p e r c e n t  cove rage  and t h e  
r e p r e s e n t a t i v e n e s s  of t h e  t r a n s e c t s  chosen.  

R e s u l t s  

T a b l e  1 g i v e s  a  summary l i s t  i n c l u d i n g  a l l  c o r a l  s p e c i e s  i d e n t i f i e d  
i n  a l l  f i v e  t r a n s e c t s  d u r i n g  ou r  s t u d y .  The l i s t  c o n t a i n s  20 s p e c i e s  w e  
i d e n t i f i e d  and 5  s p e c i e s  we s u s p c t  were p r e s e n t  and i s  c e r t a i n l y  
i n d i c a t i v e  of t h e  most common c o r a l s  i n  t h e  s h a l l o w e r  ((2.0 m )  zones o f  
t h e  r e e f ,  Had t h e  s t u d y  l a s t e d  l o n g e r  and ex tended  t o  d e e p e r  a r e a s ,  
more s p e c i e s  would undoubtedly  have been found ( s e e  D i s c u s s i o n ) ,  I n  
f a c t ,  it would be s u r p r i s i n g  i f  s p e c i e s  r e p o r t e d  by Smith ( '1954) t o  b e  
p r e s e n t  o f f  Verac ruz  a r e  n o t  a l s o  p r e s e n t  a t  Cayos Arcas  ( T a b l e  I ) ,  
O b s e r v a t i o n s  a long  t r a n s e c t s  were completed a t  5 l o c a t i o n s  ( F i g m e  4 ) . 
These d a t a  have been summarized i n  g r a p h i c  form ( F i g u r e  21, 

The most  developed r e e f  a t  Cayos Arcas ,  i n  t e rms  of p h y s i c a l  
s t r u c t u r e  and c o r a l  c o v e r a g e ,  o c c u r s  a s  a  t h r e e  k i l o m e t e r  l o n g ,  a r c u a t e  
s t r u c t u r e  t o  t h e  n o r t h w e s t  of t h e  c e n t r a l  cay  ( F i g u r e  1 ) .  T h i s  r e e f  can  
be s e e n  i n  t h e  upper  r i g h t  p o r t i o n  of  P l a t e  1 ,  an a e r i a l  photograph 
v i ewing  Cayos A r c a s  from t h e  s o u t h e a s t .  W e  i n v e s t i g a t e d  r e e f  f l a t  and 
l a g o o n a l  a r e a s  of  t h i s  r e e f  i n  T r a n s e c t  2 ,  T r a n s e c t  1 encompassed t h e  
r e e f  c r e s t  and f o r e  r e e f  of  a  nearby  s e c t i o n  of r e e f  t h a t  was s i m i l a r  i n  
p h y s i c a l  and b i o l o g i c a l  s t r u c t u r e  t o  t h e  f o r e  r e e f  a r e a  a l o n g  a r c u a t e  
r e e f  f a c e  ( P l a t e  2 ) .  Taken t o g e t h e r  T r a n s e c t  2 and t h e  f o r e  r e e f  
s e c t i o n  of T r a n s e c t  1 p r o v i d e  a  good p i c t u r e  of t h e  main b i o l o g i c a l  and 
s t r u c t u r a l  zones o c c u r r i n g  on t h e  major  Cayos Arcas  r e e f .  



The mos t  o b v i o u s  f e a t u r e  of  t h e  r e e f  w a s  a n  e x t e n s i v e  r e e f  f l a t ,  
o v e r  100 meters wide,  almost c o m p l e t e l y  cove red  by a d e n s e ,  monospec i f i c  
s t a n d  of  Acropora c e m i c o r n i s .  To t h e  l e e  of  t h i s  s t a n d  t h e  bot tom 
g r a d u a l l y  s l o p e d  from less t h a n  one  meter t o  t h r e e  meters. On t h i s  
slcpe a more d i v e r s e  assemblage  o f  he rma typ ic  c o r a l s  e x i s t e d  
( p r e d o m i n a n t l y  members of  t h e  gene ra  Acropora, I4on ta s t r ea1  a n d  
DipZor&) ,  i n  which s u b s t r a t u m  coverage  r anged  f r a n  20-60% and d e c r e a s e d  
w i t h  d i s t a n c e  from t h e  r e e f  f l a t .  T h i s  back r e e f  area gave way t o  sandy 
s u b s t r a t a  i n  t h e  l agoon  t h a t  h a r b o r e d  numerous p a t c h  r e e f s  n o t  c r o s s e d  
by t h e  t r a n s e c t .  

To t h e  windward s i d e  of t h e  reef f l a t  a s m a l l ,  non-emergent r e e f  
crest e x i s t e d .  The crest was composed of  u n c o n s o l i d a t e d  c o r a l  r u b b l e  
e n c r u s t e d  w i t h  c a l c a r e o u s  r e d  a l g a e .  No t r u e  a l g a l  r i d g e  w a s  p r e s e n t .  
On t h e  f o r e r e e f  t h e  z o a n t h i d s  PaZythoa caribbea and Zoanthus s o c i a t u s  
w e r e  t h e  d a n i n a n t  e p i b e n t h i c  f a u n a  between one  and t h r e e  me te r s .  Below 
t h i s  z o a n t h i d  zone,  a t  d e p t h s  between t h r e e  and seven  m e t e r s ,  Acropora  
pahata was t h e  dcnninant s c l e r a c t i n i a n ,  c o v e r i n g  n e a r l y  75% of t h e  
s u b s t r a t u m  ( P l a t e  3 ) .  Massive c o r a l s ,  dominan t ly  t h e  genera  Montus t r ea  
and Diploria and go rgon ians  were  abundan t  below s e v e n  m e t e r s  
( P l a t e s  4 and  5 )  i n  a d i v e r s e  community e x t e n d i n g  t o  approx ima te ly  350 
m e t e r s  f r a t  t h e  c r e s t ,  and  t o  a d e p t h  of '18 m e t e r s  where sand substratum 
was a g a i n  encoun te red .  

To t h e  l e e  of t h e  r e e f  c r e s t  i n  T r a n s e c t  1 t h e  r e e f  f l a t  was a b s e n t  
and t h e  back r e e f  a r e a  c o n s i s t e d  of a s h a l l o w  ( o n e  m e t e r )  expanse  of 
sandy s u b s t r a t u m  i n  f r o n t  of t h e  l a r g e s t  cay ,  i n  which s c l e r a c t i n i a n s  
were s c a r c e .  

T r a n s e c t  3 c r o s s e d  a nea rby ,  s m a l l ,  p r o t e c t e d  r e e f .  I t s  z o n a t i o n  
p a t t e r n  was ve ry  s i m i l a r  t o  t h e  p r e v i o u s l y  d i s c u s s e d  l a r g e r ,  exposed 
r e e f  b u t  i t  l acked  a r e e f  c r e s t  and i t s  z o n a t i o n  was b o t h  h o r i z o n t a l l y  
and v e r t i c a l l y  compressed. 

The r m a i n i n g  two t r a n s e e s  were comple ted  a t  each end of t h e  
L a r g e s t  r e e f ,  T r a n s e c t  4 ,  l o c a t e d  a t  t h e  more p r o t e c t e d  s o u t h e r n  end ,  
displayed z o n a t i o n  t h a t  w a s  s i m i l a r  t o  t h e  exposed f o r e r e e f ,  e x c e p t  t h a t  
i t  was h o r i z o n t a l l y  compressed s o  t h a t  t h e  M o n t a s t r e a  - Diploria 
c m m u n i t y  o c c u r r e d  i n  w a t e r  s e v e r a l  me te r s  s h a l l o w e r  t h a n  it d i d  on t h e  
windward f a c e  of t h e  r e e f *  T r a n s e c t  5 ,  l o c a t e d  a t  t h e  n o r t h w e s t e r n  end 
of  t h e  r e e f ,  t r a v e r s e d  a n  e i g h t  meter deep c h a n n e l  t h a t  curved  around 
t h e  edge of t h e  r e e f  f l a t .  I n  t h i s  channe l  t h e  bot tom was composed o f  
u n c o n s o l i d a t e d  c o r a l  r u b b l e  and sediment .  The f a c e  on  t h e  f a r  s i d e  of  
t h e  channe l  r o s e  t o  w i t h i n  t h r e e  m e t e r s  of  t h e  s u r f a c e .  B e n t h i c  c o v e r  
o n  t o p  of t h i s  r ise  was dominated by t h e  z o a n t h i d  PaZythoa c a r i b b e a .  
S p e c i e s  d i s t r i b u t i o n s  on t h i s  c r e s t  and t h e  s l o p e  beyond it were s i m i l a r  
t o  t h o s e  s e e n  on t h e  exposed r e e f  f a c e .  However, t h e  s l o p e  was more 
g r a d u a l  and c o r a l  cove rage  was more e x t e n s i v e .  Subs t r a tum cove rage  was 
70  t o  90% beyond 500 m a t  a d e p t h  of 20 m. Here was one  of t h e  few 
p l a c e s  we obse rved  e x t e n s i v e  growth of Acropora  c e r v i c o r n i s  below t h r e e  
m d e p t h :  a 30 m wide s t a n d  o c c u r r e d  a t  8 m dep th .  



Four  t r a n s e c t s  w e r e  l o c a t e d  o n  t h e  l a r g e  a r c u a t e  r e e f .  From t h e s e  
t r a n s e c t s  a n d  less d e t a i l e d  o b s e r v a t i o n s  made f rom a  h e l i c o p t e r ,  t h e  
d i s t r i b u t i o n  o f  m a j o r  r e e f  z o n e s  on t h e  r e e f  h a v e  b e e n  mapped ( F i g u r e  
3 ) .  

D i s c u s s i o n  

The h e r m a t y p i c  s c l e r a c t i n i a n  c o r a l  d i v e r s i t y  o f  Cayos  A r c a s  
c o n s i s t s  o f  a t  l e a s t  2 0  species from 1 3  g e n e r a .  T h i s  d i v e r s i t y  i s  
g r e a t e r  t h a n  i s  b e l i e v e d  t o  e x i s t  o f f  V e r a c r u z  o r  h a s  been  r e p o r t e d  f o r  
A l a c r d n  R e e f :  f o r  t h e  f o r m e r  t h e r e  a r e  r e c o r d s  of 14  t o  1 6  species and 
f o r  t h e  l a t t e r  t h e r e  a r e  r e c o r d s  o f  18 s p e c i e s  ( G l y n n ,  1 9 7 3 ) .  Given  t h e  
g e o g r a p h i c a l  i s o l a t i o n  o f  t h i s  s i t e ,  t h i s  d i v e r s i t y  seems s u r p r i s i n g l y  
h i g h ,  b u t  i s  n o t ,  o f  c o u r s e ,  a s  h i g h  a s  h a s  b e e n  r e c o r d e d  i n  J a m a i c a  
(Wells, l 9 7 3 ) ,  i n  C u r a c a o  ( B a k ,  1974;  c i t e d  i n  Loya ,  l 9 7 6 ) ,  i n  Cuba 
( Z l a n t a r z s k y ,  c i t e d  i n  L o y a ,  1 9 7 6 ) ,  i n  B e l i z e  ( C a i r n s ,  1 9 8 2 ) ,  a n d  on t h e  
A t l a n t i c  c o a s t  o f  Panama ( P o r t e r ,  1 9 7 2 ) .  R e l a t i v e l y  l i t t l e  i s  known 
a b o u t  r e e f s  i n  t h e  s o u t h e r n  Gul f  o f  Mexico ,  b u t  w e  b e l i e v e  t h a t  
n e a r s h o r e  t u r b i d  w a t e r  c o n d i t i o n s  a n d  a  l a c k  o f  s u i t a b l e  s u b s t r a t u m  
a f f e c t  g r o w t h ;  it i s  a l s o  l i k e l y  t h a t  minimum w i n t e r  t e m p e r a t u r e s  a r e  
c l a e  t o  t h e  l o w e r  l i m i t s  a t  which e x t e n s i v e  r e e f  g r o w t h  may o c c u r ,  
e s p e c i a l l y  n e a r  t h e  c o a s t  where o c c a s i o n a l  u p w e l l i n g  i s  b e l i e v e d  t o  
o c c u r  ( c f ,  Logan e t  a l . ,  4 9 6 9 ) .  I t  i s  p o s s i b l e  t h a t  s e a s o n a l  
t e m p e r a t u r e  l o w s  e x c l u d e  s p e c i e s  u n a b l e  t o  t o l e r a t e  them; however ,  t h e  
p r e s e n c e  o f  s p e c i e s  of t h e  g e n u s  Acropora, which a r e  u n a b l e  t o  t o l e r a t e  
t h e  c o l d e r  t e m p e r a t u e s  e n c o u n t e r e d  i n  Bermuda, i n d i c a t e s  t h a t  minimum 
t e m p e r a t u r e s  a r e  c o n S i d e r a b l y  h i g h e r  t h a n  i n  Bermuda. 

O u r  f i e l d  work was mos t  e x t e n s i v e  i n  s h a l l o w  w a t e r ;  a d d i t i o n a l  
s t u d y  i n  d e e p e r  w a t e r s  c o u l d  m o s t  p r o b a b l y  i n c r e a s e  t h e  number of 
species found .  Loya ( 1 9 7 6 )  h a s  d i s c u s s e d  t h e  i n c r e a s e  i n  known s p e c i e s  
r i c h n e s s  which o c c u r r e d  w i t h  i n c r e a s i n g  s t u d y  i n  o t h e r  a r e a s .  

Logan ( l 9 6 9 ) ,  who made t h e  o n l y  p u b l i s h e d  e c o l o g a c a l  o b s e r v a t i o n s  
o n  Cayos  A x c a s  t h a t w e  e n c o u n t e r e d ,  made g e n e r a l l y  s u n i l a r  observations 
t o  o u r s  a b o u t  community s t r u c t u r e .  However,  Logan ( 1 9 6 9 )  dad n o t  r e p o r t  
s e e l n g  t h e  p r e s e n c e  of a  v e r y  d e n s e  m o n o s p c l f l c  s t a n d  of Acropora 
eervieornis on t h e  s h a l l o w  r e e f  f l a t  a s  w e  n o t e  h e r e -  S i m i l a r  z o n a t l o n  
n s  a l s o  f o u n d  o f f  B e l i z e  ( C a i r n s ,  1 9 8 2 )  a n d  o f f  t h e  e a s t  c o a s t  of t h e  
~ u c a t &  peninsula (We Adey, J e  W. P o r t e r ,  p e r s .  comm.)+ T h e r e  1s n o  
d c u b t  t h a t  L a g a n  ( 4969)  w o u l d  h a v e  recognized a n d  c r rented o n  t h a t  
i m p r e s s i v e  s t a n d  of Aeropora had it been p r e s e n t  d u r i n g  h i s  s t u d y ,  W e  
c a n n o t  e x p l a i n  t h l s  difference, b u t  s u s p e c t  t h a t  a  r e a l  change  i n  
community  s t r u c t u r e  o c c u r r e d  i n  t h e  i n t e r i m .  

N e i t h e r  we n o r  Logan ( 4969)  o b s e r v e d  c a l c a r e o u s  g r e e n  a l g a e  o f  t h e  
g e n u s  ~aZ imeda .  T h i s  o b s e r v a t i o n  was u n e x p e c t e d  a s  ~al i rneda  is  
e x t r e m e l y  c a n n o n  o n  t h e  n e a r b y  ~ l a c r g n  r e e f  ( H o s k i n ,  1963;  K o r n i c k e r  and 
Boyd,  1 9 6 2 ) .  W e  s e a r c h e d  f o r  t h i s  c o r a l l i n e  a l g a e  b u t  d i d  n o t  e n c o u n t e r  
l i v i n g  HaZimeda n o r  o b v i o u s  s k e l e t a l  rema i n s .  however ,  w e  w e r e  u n a b l e  
t o  examine  s e d i m e n t s  m i c r o s c o p i c a l l y  t o  v e r i f y  o u r  f i e l d  o b s e r v a t i o n s .  
Halimeda i s  t h e  d a n i n a n t  p r o d u c e r  o f  c a r b o n a t e  s e d i m e n t s  o n  a  r e e f  o f f  



B e l i z e  ( W a l l a c e  e t  a l . ,  1 9 7 7 )  a n d  p r e s u m a b l y  ~ l a c r g n  ( H o s k i n ,  1 9 6 3 ) .  

Its a b s e n c e  a t  Cayos  A r c a s  may r e s u l t  i n  l o w e r e d  r a t e s  o f  c a l c i u m  
c a r b o n a t e  d e p o s i t i o n .  

High  wave e n e r g y  l e v e l s  may a c c o u n t  f o r  some of  t h e  s p e c i e s  
d i s t r i b u t i o n s  o b s e r v e d  on t h e s e  r e e f s  ( L o g a n ,  1 9 6 9 ) .  The d e p t h  t o  which  
t h e  f o r e r e e f  Palythoa a n d  Acropora p a h a t a  d o m i n a t e d  z o n e s  e x t e n d e d ,  a n d  
t h e  l a c k  of  Acropora c e m i c o r n i s  a n d  members of  t h e  g e n u s  Agaricia  on 
t h e  f o r e r e e f  i s  p r o b a b l y  a  r e s u l t  of  i n t e n s e  wave a c t i o n  d u r i n g  s t o r m s .  
I n  b a c k r e e f  a r e a s ,  where  l o w e r  wave i n t e n s i t i e s  p r e d o m i n a t e ,  t h e  
z o n a t i o n  wa s c c m p r e s s e d  s o  t h a t  t h e  c o r a l - h e a d  c o m m u n i t i e s  e x i  s t e d  
c l o s e r  t o  t h e  w a t e r  s u r f a c e .  

O u r  o b s e r v a t i o n s  i n d i c a t e  t h a t  w e l l  d e v e l o p e d  r e e f  c o m m u n i t i e s  
e x i s t  a t  C a y o s  A r c a s .  T h e s e  c o m m u n i t i e s  c o n t a i n  t h e  mos t  d i v e r s e  
h e n n a t y p i c  c o r a l  a s s e m b l a g e  f o u n d  t o  d a t e  o n  t h e  w e s t e r n  ~ u c a t g n  s h e l f .  
F u r t h e r  i n v e s t i g a t i o n  w i l l  be  n e c e s s a r y  t o  d e t e r m i n e  i f  t h i s  a p p a r e n t  
d i f f e r e n c e  i n  d i v e r s i t y  i s  r e a l  o r  due t o  t h e  l i m i t e d  s t u d y  m o s t  o t h e r  
l o c a t i o n s  i n  t h i s  r e g i o n  h a v e  r e c e i v e d .  However,  we s u s p e c t  t h a t  c o r a l  
d i v e r s i t y  t h r o u g h o u t  t h e  a r e a  i s  r i c h e r  t h a n  it i s  g e n e r a l l y  p e r c e i v e d  
t o  be .  A c o n t i n u i n g  e n v i r o n m e n t a l  m o n i t o r i n g  p r o g r a m  was i n s t i t u t e d  
b e f o r e  t h e  c o n s t r u c t i o n  of  t h e  o i l  t e m , i n a l ,  a n d  f u r t h e r  s t u d i e s  t o  
a s s e s s  t h e  e c o l o g i c a l  i m p a c t  of  t h e  f a c i l i t y  h a v e  been  d i s c u s s e d  by  Orme 
( 1 9 8 2 ) ,  
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T a b l e  1. Henna t y p i c  s c l e r a c t i n i a n  c o r a l  s p e c i e s  o c c u r r i n g  a t  Cayos 
Arcas .  " ? "  i n d i c a t e s  p r o b a b l e  i d e n t i f i c a t i o n .  "*" i n d i c a t e s  s p e c i e s  
r e p o r t e d  found a t  Cayos A r c a s  by Logan e t  a l .  ( 1969)  t h a t  w e  d i d  n o t  
e n c o u n t e r .  S p e c i e s  i n  p a r e n t h e s e s  were r e p o r t e d  p r e s e n t  a t  V e r a c r u z  by 
Smi th  ( 1954)  a r e  p r o b a b l y  a l s o  p r e s e n t ,  b u t  w e  d i d  n o t  o b s e r v e  them a t  
Cayos Arcas  i n  o u r  su rvey .  

Suborde r  A s t r o c o e n i i d a  
Fami ly  P o c i l  lopo  r i d a  e 

Madracis decac t i s  
Family Acropor idae  

Acropora p a h a  fa 
Acropora cerv icornis  

S u b o r d e r  F u n g i i d a  
Fami ly  A g a r i c i i d a e  

Agaricia agar ic i t e s  
Family S i d e r a s t r e i d a e  

Siderastrea siderea 
Siderastrea radians 

Family  P o r i t i d a e  
Porites  as tero ides  
Pori tes  por i t e s  
( Porites  furcata) 

Suborde r  F a v i  i d a  
Farnil y  Fav i  Ida e 

Favia fragwn 
Diploria c l i vosa  
D i p  Zoria Zab y r i n t h i  formis 
DipZoria s t r igosa  
~oZpophy Z Z i a  natans 
CoZpophy ZZia b r e v i s e r i a l i s  
Montustrea a n n u b ' k  
Montastrea cavernosa 
SoZenastrea SP." 
Mani-cim areo Zata 
(~Zadocora a r b u s m k  f 

Family Meandr in idae  

~ e a n d r i n a  meandrites 
Dichocoenia s t rokes i  ? 

Family Mussidae 

f&ssa a i?g~~losa  
Mycetoph Z 2 - k ~  Zamarckiam 

Family  O c u l i n i  d! a  
( O m Z i n a  d i f f u s a  ) 

Suborde r  C a r y o p h y l l i i n a  
Family C a r y o p h y l l i i d e a  

E u m i l i a  f a s t i g i a t a  



TRANSECT 1 
p m a  

I SandlRubble &II~--A. pabnata-b 

A. cervkomls ----d-~ontaahea 

TRAMSECT 3 A. c 
pabnat*~ontastrea 4 

METERS 

F i g .  2 .  Transect p r o f i l e s  a t  Cayos Arcas. 



Fig. 3. An overhead drawing of t h e  cen t ra l  cay and i t s  associated reef showing the  approximate d i s t r i b u t i o n  
of t h e  major reef zones, 



Plate I. Aerial view of the Cayos Arcas from the southeast 

Plate 2. Aerial photograph of the central cay and the reef viewed from 
the east 



Plate 3. Underwater photograph of the Acropora p a h a t u  zone on Transet 1. 
Taken at approximately 4 m depth 

Plate 4. Photograph of the Montastrea-Diplo* zone taken in water 10 m 
deep (Transect 1) 



Plate 5, Photograph of the iVontastrea-Diploria zone taken in warer 10 m 
d e e p  (Transect I) 




