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ABSTRACT 

R e e f  f i s h  r e c o l o n i z a t i o n  o f  a  c o r a l  r e e f  a r e a  
damaged  by a  s h i p  g r o u n d i n g  was m o n i t o r e d  by d i v e r  
v i s u a l  c e n s u s  f o r  two  y e a r s  (November 1 9 8 4  t o  
November 1 9 8 6 ) .  D u r i n g  t h i s  t i m e  i m p a c t e d  a n d  
c o n t r o l  a r e a s  t e n d e d  t o  become more  s i m i l a r ,  
t h o u g h  t h e y  s t i l l  d i f f e r e d  d e t e c t a b l y  i n  s p e c i e s  
c o m p o s i t i o n ,  communi ty  s t r u c t u r e ,  a n d  b i o m a s s  a s  
l a t e  a s  t w o  y e a r s  a f t e r  t h e  g r o u n d i n g .  T h e s e  
d i f f e r e n c e s  c a n  b e  a t t r i b u t a b l e  t o  damage  f r o m  t h e  
g r o u n d i n g  a n d  n o t  j u s t  s p a t i a l  v a r i a b i l i t y ,  a s  
c o n t r o l  a r e a s  w e r e  n e v e r  s i g n i f i c a n t l y  d i f f e r e n t .  
F u r t h e r  r e c o v e r y  o f  t h e  e p i f a u n a l  a s s e m b l a g e  a n d  
a n  i n c r e a s e  i n  s p a t i a l  c o m p l e x i t y ,  e s p e c i a l l y  i n  
t h e  s e v e r e l y  i m p a c t e d  a r e a ,  may b e  n e c e s s a r y  f o r  
t h e  r e e f  f i s h  a s s e m b l a g e  t o  r e c o v e r  t o  p r e - i m p a c t  
l e v e l s .  T h i s  may t a k e  s e v e r a l  more  y e a r s  b a s e d  o n  
e p i f a u n a  r e c o v e r y  r a t e s  o f  c o r a l s  a n d  
a l c y o n a r i a n s .  

INTRODUCTION 

T h e  number  o f  r e e f  f i s h  s p e c i e s  a n d  r e e f  f i s h  
d i v e r s i t y  a r e  known t o  b e  d i r e c t l y  r e l a t e d  t o  
s u b s t r a t e  c o m p l e x i t y  i n  t h e  f o r m  o f  v e r t i c a l  
r e l i e f  a s  w e l l  a s  number o f  i n t e r s t i c e s  ( R i s k  
1 9 7 2 ,  L u c k h u r s t  & L u c k h u r s t  1 9 7 8 ,  M o l l e s  1 9 7 8 ,  
T a l b o t  e t  a l .  1 9 7 8 ) .  S u b s t r a t e  r u g o s i t y  p l a y s  a n  
i m p o r t a n t  r o l e  i n  d e t e r m i n i n g  s h e l t e r  f r o m  p r e d a -  
t i o n ,  s p a w n i n g  s i t e s ,  a n d  f o r a g i n g  a r e a s  f o r  r e e f  
f i s h e s .  

A l t h o u g h  n o t  a s  w e l l  d o c u m e n t e d ,  e p i f a u n a  
i n f l u e n c e  r e e f  f i s h  c o m p o s i t i o n  more  s u b t l y  by 
p r o v i d i n g  a d d i t i o n a l  s h e l t e r  a n d  a  g r e a t e r  v a r i e t y  
o f  f o o d  r e s o u r c e s  ( G l a d f e l t e r  & G l a d f e l t e r  1 9 7 8 ,  
C a r p e n t e r  e t  a l .  1 9 8 1 ,  B e l l  & G a l z i n  1 9 8 3 ) .  T h e  
o c c u r r e n c e  o f  e p i f a u n a  a d d s  b o t h  s t r u c t u r a l  
c o m p l e x i t y  a n d  f o o d  r e s o u r c e s  t o  a n y  g i v e n  r e e f  
a r e a  ( D a h l  1 9 7 3 ) .  P r e d o m i n a n t  r e e f  e p i f a u n a l  t a x a  
s u c h  a s  c o r a l s ,  a l c y o n a r i a n s ,  a n d  s p o n g e s  a r e  n o t  
t h e m s e l v e s  p r i m a r y  f o o d  s o u r c e s  f o r  r e e f  f i s h e s ,  
b u t  p r o v i d e  s p e c i a l  h a b i t a t  f o r  a n  a r r a y  o f  
c r u s t a c e a n s ,  m o l l u s k s ,  e c h i n o d e r m s  a n d  o t h e r  
i n v e r t e b r a t e s  f e d  o n  by f i s h e s .  T h u s  e p i f a u i ~ a  
e n h a n c e  t h e  q u a l i t y  o f  a  r e e f  a r e a  f o r  f i s h e s  
beyond  j u s t  s t r u c t u r a l  c o m p l e x i t y  a l o n e .  

T h e  g r o u n d i n g  o f  a  s h i p  c a n  c a u s e  s e v e r e  i m p a c t  t o  
a  c o r a l  r e e f  t h r o u g h  m e c h a n i c a l  damage f r o m  a b r a -  
s i o n  o f  t h e  s h i p ' s  h u l l  o n  t h e  b o t t o m ,  s u b s e q u e n t  
b r e a k  up  o f  t h e  s h i p ,  a n d  d i s c h a r g e  o f  c a r g o  i n t o  
s u r r o u n d i n g  w a t e r s .  S h i p  g r o u n d i n g s  p r i m a r i l y  
c a u s e  a  l o s s  o f  s u b s t r a t e  c o m p l e x i t y  by t h e  
c r u s h i n g  a n d  c o m p a c t i n g  e f f e c t  o f  t h e  s h i p ' s  h u l l .  
T h i s  damage  i s  u s u a l l y  r e s t r i c t e d  i n  a r e a .  D e b r i s  
s w e p t  a b o u t  by s u r g e  may c a u s e  damage  i n  a  l a r g e r  
a r e a  t h a n  j u s t  t h e  g r o u n d i n g  s i t e .  I f  a  s h i p  
g r o u n d i n g  c a u s e s  a  r e d u c t i o n  i n  t h e  amount  o f  

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

The  122-m f r e i g h t e r  M / V  WELLWOOD r a n  h a r d  a g r o u n d  
o n  M o l a s s e s  Reef  i n  t h e  Key L a r g o  N a t i o n a l  M a r i n e  
S a n c t u a r y  o n  t h e  n i g h t  o f  3  Augus t  1984 .  The  s h i p  
was  f i n a l l y  r e f l o a t e d  by o f f l o a d i n g  t h e  c a r g o  
( c h i c k e n  f e e d )  a n d  removed  f r o m  t h e  r e e f  o n  1 6  
A u g u s t  1984 .  As t h e r e  was  l i t t l e  l o s s  o f  c a r g o  
i n t o  s u r r o u n d i n g  w a t e r s  a n d  t h e  h u l l  r e m a i n e d  
i n t a c t ,  t h e  i m p a c t  t o  t h e  r e e f  was r e s t r i c t e d  t o  
p h y s i c a l  a b r a s i o n .  The  g r o u n d i n g  a n d  s u b s e q u e n t  
r e m o v a l  o f  t h e  s h i p  f r o m  t h e  r e e f  c a u s e d  s u b s t a n -  
t i a l  damage t o  b o t h  s u b s t r a t e  a n d  e p i f a u n a .  Few 
s t u d i e s  h a v e  e x a m i n e d  t h e  i m p a c t  o f  t h e  s h i p  
w r e c k s  o n  t h e  c o r a l  r e e f  communi ty  ( e . g . ,  H a t c h e r  
1 9 8 4 ) ,  t h u s ,  t h i s  g r o u n d i n g ,  i n  a n  o t h e r w i s e  p ro -  
t e c t e d  a r e a ,  p r o v i d e d  a n  e x c e l l e n t  o p p o r t u n i t y  t o  
s t u d y  t h e  i m p a c t  o f  s h i p  g r o u n d i n g  o n  t h e  r e e f  
f i s h  a s s e m b l a g e .  

D e s c r i p t i o n  o f  t h e  G r o u n d i n g  A r e a  

T h e  g r o u n d i n g  o f  t h e  WELLWOOD o c c u r r e d  i n  t h e  a r e a  
m o s t  h e a v i l y  u t i l i z e d  by s p o r t  d i v e r s  i n  t h e  Key 
L a r g o  N a t i o n a l  M a r i n e  S a n c t u a r y ,  a p p r o x i m a t e l y  
0 . 5  km d u e  e a s t  o f  t h e  M o l a s s e s  Reef  l i g h t h o u s e .  
M o l a s s e s  Reef  is a  p r o m i n e n t  s h e l f - e d g e  f e a t u r e  o f  
t h e  F l o r i d a  r e e f  t r a c t  ( J a a p  1 9 8 5 ) .  T h e  p a r t i c u -  
l a r  a r e a  o f  t h e  g r o u n d i n g  lies w i t h i n  t h e  f o r e r e e f  
f a c e  d i r e c t l y  be low t h e  s p u r  a n d  g r o o v e  f o r m a t i o n ,  
a t  d e p t h s  o f  6  t o  1 1  m  w h e r e  t h e r e  i s  a  w e l l -  
d e v e l o p e d  a l c y o n a r i a n  communi ty .  T h e  a r e a  is 
r e l a t i v e l y  f l a t  r e e f  r o c k  c o v e r e d  w i t h  a l c y o n a -  
r i a n s  a n d  s m a l l  c o r a l  c o l o n i e s .  T h i s  a l c y o n a r i a n  
z o n e  i n c u r r e d  t h e  g r e a t e s t  damage f r o m  t h e  
g r o u n d i n g .  U n d i s t u r b e d  a r e a s  t o  t h e  w e s t  o f  t h e  
g r o u n d i n g  s i t e  i n c l u d e  a  p o o r l y  d e v e l o p e d  A c r o p o r a  
p a l m a t a  z o n e  c h a r a c t e r i s t i c  o f  M o l a s s e s  R e e f .  No 
s i g n i f i c a n t  damage was i n c u r r e d  w i t h i n  t h e  P a l m a t a  
z o n e .  

T h e  i m p a c t e d  a r e a  c a n  b e  d i v i d e d  i n t o  t w o  s u b -  
a r e a s :  ( I ) ,  t h e  f o r w a r d  s e c t i o n  o f  t h e  g r o u n d i n g  
a r e a  ( A r e a  BB, F i g u r e  1 )  w h e r e  t h e  s h i p ' s  h u l l  
" b u l l d o z e d "  t h e  r e e f  s u b s t r a t e ,  r e d u c i n g  r e l i e f  
s u b s t a n t i a l l y  a n d  r e m o v i n g  m o s t  e p i f a u n a ;  a n d  ( 2 )  
t h e  s t e r n  a r e a  ( A r e a  BS, F i g u r e  I ) ,  w h e r e  t h e  s h i p  
damaged o n l y  e l e v a t e d  c o r a l  h e a d s ,  l e a v i n g  t h e  
m a j o r  s t r u c t u r a l  e l e m e n t  o f  t h e  r e e f  i n t a c t .  A r e a  
BS was f u r t h e r  i m p a c t e d  by t h e  r e m o v a l  p r o c e s s  a s  
t h e  p r o p e l l e r  wash f r o m  t h e  WELLWOOD s e l e c t i v e l y  
d e s t r o y e d  m o s t  e r e c t  a l c y o n a r i a n s  ( G i t t i n g s  e t  a l .  
1 9 8 8 ) .  Two n e a r b y  c o n t r o l  a r e a s  w e r e  v i s u a l l y  
s e l e c t e d  t o  m a t c h  r e l i e f  f o u n d  i n  t h e  i m p a c t e d  
a r e a s .  A r e a  XBE was s e l e c t e d  a s  a  c o n t r o l  f o r  BB 
a s  b o t h  had  a p p r o x i m a t e l y  s i m i l a r ,  l o w  r e l i e f  
s u b s t r a t e  s t r u c t u r e .  T h e  a r e a  XBW was s e l e c t e d  
f o r  s i m i l a r i t y  t o  a r e a  BS. P r e l i m i n a r y  s a m p l i n g  



A  s i n g l e  o b s e r v e r  ( s e n i o r  a u t h o r )  c o l l e c t e d  a l l  

F i g u r e  1 .  Map o f  t h e  WELLWOOD g r o u n d i n g  s i t e  a n d  
s a m p l i n g  a r e a s .  BB a n d  BS a r e  i m p a c t e d  a r e a s ;  XRE 
a n d  XBW a r e  c o n t r o l  a r e a s .  

w i t h i n  t h e s e  two  c o n t r o l  a r e a s  i n d i c a t e d  p o s s i b l e  
d i f f e r e n c e s  i n  r e e f  f i s h  a b u n d a n c e  a n d  community 
p a r a m e t e r s .  F o u r  s a m p l i n g  a r e a s  w e r e  f e l t  
n e c e s s a r y  t o  c o n t r o l  n a t u r a l  among-a rea  
d i f f e r e n c e s ,  a s  t h e  i m p a c t e d  a r e a  l i e s  a l o n g  a  
t r a n s i t i o n  z o n e  be tween  t h e  t w o  c o n t r o l  a r e a s .  
C o n t r o l  a r e a s  s e l e c t e d  w e r e  a t  l e a s t  1 0  m  away 
f r o m  t h e  i m p a c t e d  a r e a .  T h i s  r e d u c e d  t h e  
i n f l u e n c e  o f  s h i p  damage w h i l e  s t a n d a r d i z i n g  
h a b i t a t  a n d  h y d r o g r a p h i c  c o n d i t i o n s .  

METHODS 

Almos t  3 . 5  h o u r s  o f  v i d e o  recording w e r e  made by 
U.S. D e p a r t m e n t  o f  Commerce N a t i o n a l  O c e a n i c  a n d  
A t m o s p h e r i c  A d m i n i s t r a t i o n  (NOAA) o f  t h e  g r o u n d i n g  
s i t e  i n  a  h a p h a z a r d  manner  w h i l e  t h e  s h i p  was  
a g r o u n d  a n d  i m m e d i a t e l y  f o l l o w i n g  i t s  r e m o v a l  f r o m  
t h e  r e e f .  T h e s e  t a p e s  w e r e  r e v i e w e d  t o  a s c e r t a i n  
i n i t i a l  e f f e c t s  o f  t h e  g r o u n d i n g  o n  t h e  r e e f  f i s h  
a s s e m b l a g e  a n d  a l s o  t o  q u a l i t a t i v e l y  c o m p a r e  
r e s u l t s  o f  t h e  g r o u n d e d  s h i p  s t a g e  t o  t h e  p e r i o d  
I m m e d i a t e l y  f o l l o w i n g  s h i p  r e m o v a l .  W i t h i n  two  
w e e k s  o f  t h e  s h i p  r e m o v a l  (27-29  A u g u s t  1 9 8 4 ) ,  a  
s i t e  s u r v e y  a n d  p r e l i m i n a r y  damage a s s e s s m e n t  was 
c a r r i e d  o u t  by t h e  a u t h o r s .  M o n t h l y  s u r v e y s  w e r e  
c a r r i e d  o u t  b e t w e e n  November 1 9 8 4  a n d  November 
1 9 8 5  ( Y e a r  1 )  a n d  q u a r t e r l y  u n t i l  November 1 9 8 6  , 

( Y e a r  2 ) .  S u r v e y s  w e r e  t a k e n  o n  t h e  s a m e  moon 
p h a s e  ( f u l l  moon) e a c h  month t o  r e d u c e  t h e  e f f e c t s  
o f  a n y  l u n a r  periodicity o n  f i s h  a c t i v i t y .  

A  m o d i f l e d  p o l n t - c o u n t  c e n s u s  t e c h n i q u e  was  u s e d  
by d i v e r  t o  e n u m e r a t e  r e e f  f i s h e s  p r e s e n t  i n  t h e  
a r e a  i m p a c t e d  by t h e  WELLWOOD g r o u n d i n g  ( B o h n s a c k  
a n d  R a n n e r o t  1 9 8 6 ) .  An i m a g i n a r y  6-m d i a m e t e r  
c y l i n d e r  w i t h  a  2-m o f f - b o t t o m  h e i g h t  was  u s e d  as 
t h e  s a m p l i n g  u n i t  and  r e p r e s e n t s  t h e  l a r g e s t  s i z e  
f e a s i b l e  u n d e r  v i s l b i l l t y  c o n d i t i o n s  a n d  r e e f  i i s h  
a b u n d a n c e s  e n c o u n t e r e d .  W i t h i n  t h ~ s  u n i t  a l l  
s p e c i e s  w e r e  i d e n t i f i e d  t o  t h e i r  l o w e s t  t a x o n o m i c  
l e v e l ,  e n u m e r a t e d ,  a n d  a s s i g n e d  t o  o n e  o f  t h r e e  
s i z e  c a t e g o r i e s :  j u v e n i l e ,  i n t e r m e d i a t e ,  a n d  
a d u l t .  C o u n t s  w e r e  r e c o r d e d  o n  u n d e r w a t e r  p a p e r .  

p o i n t - c o u n t  c e n s u s  s a m p l e s .  

E a c h  s u r v e y  c o n s i s t e d  o f  2 4  p o i n t - c o u n t  c e n s u s  
r e p l i c a t e s  d i v i d e d  e q u a l l y  among t h e  two  i m p a c t e d  
(BB a n d  BS) a n d  t w o  c o n t r o l  (XBW a n d  XBE) s i t e s  
( F i g u r e  1 ) .  A l l  c e n s u s  r e p l i c a t e s  w e r e  h a p h a z -  
a r d l y  p l a c e d  w i t h i n  e a c h  a r e a  a n d  w e r e  t a k e n  com- 
p l e t e l y  w i t h i n  e a c h  a r e a  s u c h  t h a t  t h e  r a d i u s  o f  
t h e  s a m p l i n g  a r e a  d i d  n o t  i n t e r s e c t  t h e  b o u n d a r i e s  
o f  t h e  a r e a ,  t h u s  r e d u c i n g  t h e  c h a n c e  o f  a n  "edge"  
e f f e c t .  I n  a d d l t i o n  a l l  r e p l i c a t e s  w e r e  
r e s t r i c t e d  t o  h a r d  b o t t o m .  The  o r d e r  i n  w h i c h  t h e  
a r e a s  w e r e  t o  be s a m p l e d  was  r a n d o m l y  s e l e c t e d  s o  
a s  n o t  t o  b i a s  t h e  c e n s u s  by c o n d u c t i n g  them i n  
t h e  same  s e q u e n c e  e a c h  s a m p l i n g  p e r i o d .  A l l  
c o u n t s  w e r e  c a r r i e d  o u t  b e t w e e n  t h e  h o u r s  0 9 4 5  a n d  
1530 .  The  g r o u p  o f  f i s h e s  c e n s u s e d  by t h i s  m e t h o d  
c a n  b e  b e s t  d e s c r i b e d  a s  t h e  s u p r a b e n t h i c  f i s h  
a s s e m b l a g e  ( S m i t h  a n d  T y l e r  1 9 7 3 ) .  

A v e r a g e  f l s h  l e n g t h  w i t h i n  e a c h  s i z e  c a t e g o r y  was 
e s t i m a t e d  u s i n g  a  r u l e r  h e l d  a t  a rm l e n g t h .  Aver-  
a g e  w e i g h t  f o r  e a c h  s i z e  c a t e g o r y  was c a l c u l a t e d  
f r o m  e s t i m a t e d  l e n g t h  a n d  t h e  a p p r o p r i a t e  l e n g t h -  
w e i g h t  r e l a t i o n s h i p s .  D a t a  o n  l e n g t h - w e i g h t  r e l a -  
t i o n s h i p s  o f  r e e f  f i s h e s  w e r e  g a t h e r e d  f r o m  pub- 
l i s h e d  s o u r c e s .  B i o m a s s  was e s t i m a t e d  f r o m  t h e  
number o f  I n d i v i d u a l s  m u l t i p l i e d  by t h e  a v e r a g e  
w e i g h t  f o r  e a c h  s p e c i e s  s i z e  c a t e g o r y .  

T h e  f o l l o w i n g  communi ty  p a r a m e t e r s  w e r e  c a l c u l a t e d  
a n d  w e r e  u s e d  t o  d e t e r m i n e  d i f f e r e n c e s  b e t w e e n  
c o n t r o l  a n d  i m p a c t e d  a r e a s :  a )  s p e c i e s  r i c h n e s s ,  
S  ( n u m b e r  o f  s p e c i e s ) ,  b )  t o t a l  a b u n d a n c e  ( n u m b e ~  
o f  i n d i v i d u a l s ) ,  c )  Shannon-Wiener  d i v e r s i t y  i n d e x  
H' = - x p i l n  p i ,  d )  P i e l o u ' s  e v e n n e s s  ( P i e l o u  
1 9 7 5 )  J '  = H'/ I n  S ,  a n d  e )  t o t a l  b i o m a s s .  The  
f i r s t  y e a r ' s  s a m p l i n g  p e r i o d s  w e r e  a n a l y z e d  f o r  
m o n t h l y  t r e n d s ,  a n d  b o t h  y e a r ' s  s a m p l i n g  p e r i o d s  
w e r e  a n a l y z e d  f o r  q u a r t e r l y  t r e n d s .  S a m p l i n g  
p e r i o d s  a n d  a r e a s  w e r e  compared  i n  a  two-way ANOVA 
( 5 %  s i g n i f i c a n c e  l e v e l )  ( S o k a l  & R o h l f  1 9 8 1 ) .  I f  
i n t e r a c t i o n  was  n o t  p r e s e n t  t h e n  one-way ANOVA was  
c a r r i e d  o u t  o n  e a c h  f a c t o r .  P a r a m e t e r s  w e r e  
t r a n s f o r m e d  L O  r e d u c e  t h e  d e p e n d e n c e  o f  t h e  v a r i -  
a n c e  o n  t h e  mean a n d  t o  make t h e  e r r o r  t e r m s  
a d d i t i v e .  D u n c a n ' s  m u l t i p l e  r a n g e  t e s t  was  u s e d  
t o  i d e n t i f y  s i g n i f i c a n t  d i f f e r e n c e s  among s a m p l i n g  
p e r i o d s  a n d  a r e a s  ( S n e d e c o r  & C o c h r a n  1 9 6 7 ) .  
A b u n d a n c e s  o f  t h e  f i v e  m o s t  numerous  s p e c i e s  w e r e  
a n a l y z e d  by two-way ANOVA t o  d e t e r m i n e  significant 
d i f f e r e n c e s  among a r e a s  a n d  s a m p l i n g  p e r i o d s .  I n  
a d d i t i o n  a l l  s p e c i e s  w i t h  more  t h a n  2 0  i n d i v l d u a l s  
w e r e  c o m p a r e d  w i t h  a  c h i - s q u a r e  g o o d n e s s  o f  f i t  
t e s t  f o r  e q u a l  a b u n d a n c e  among a r e a s .  The  Bray-  
C u r t i s  similarity c o e f f i c i e n t  was u s e d  t o  e v a l u a t e  
s i m i l a r i t y  among a r e a s  (Gauch  1 9 8 3 ) .  Abundance 
d a t a  summed o v e r  e a c h  y e a r  w e r e  r o o t - r o o t  
t r a n s f o r m e d  t o  f o r m  t h e  B r a y - C u r t i s  s i m i l a r i t y  
m a t r i x .  The  u n w e i g h t e d  p a i r e d  g r o u p  mean (UPGMA) 
c l u s t e r i n g  a l g o r i t h m ,  u s i n g  a n  a g g l o m e r a t i v e  
h i e r a r c h i a l  s t r a t e g y ,  was employed  t o  f o r m  
d e n d r o g r a m s  d e p i c t i n g  s i m i l a r i t y  among a r e a s  
( B o e s c h  1 9 7 7 ) .  

RESULTS 

Based  o n  v i d e o  t a p e  a n a l y s i s ,  s e v e r a l  s p e c i e s  o f  
f i s h  exhibited u n u s u a l l y  h i g h  a b u n d a n c e  i n  t h e  
g r o u n d i n g  a r e a  w h i l e  t h e  s h i p  was a g r o u n d .  The  
i n i t i a l  s a m p l e  t a k e n  o n  6  Augus t  1 9 8 4  showed  a  
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with t h e  s t e r n  s e c t l o n  o f  t h e  h u l l .  T h i s  s p e c i . e s  
was n o t  o b s e r v e d  i n  t h e  i m p a c t e d  a r e a  d u r i n g  t h e  
n e x t  t w o  y e a r s  o f  s a m p l i n g .  I n  s a n d  p a s s a g e s  
u n d e r  t h e  h u l l  L u t j a n u s  g r i s e u s  a g g r e g a t e d .  I n  
g e n e r a l  t h e r e  w e r e  f e w  s p e c i e s  a s s o c i a t e d  w i t h  t h e  
h u l l .  By A u g u s t  9 t h  1 . a r g e  n u m b e r s  o f  C h r o m i s  
m u l t i l i n e a t u s  h a d  become a s s o c i a t e d  w i t h  t h e  s i d e s  
o f  t h e  h u l l .  On 1 0  A u g u s t  l a r g e  s c h o o l s  o f  a t h e r -  
i n i d s  ( A t h e r i n o m o r u s  s t i p e s )  w e r e  f i r s t  o b s e r v e d  
i n  a s s o c i a t i o n  w i t h  t h e  h u l l .  T h i s  s p e c i e s  is 
common a t  M o l a s s e s  R e e f  L i g h t h o u s e  a b o u t  0 . 5  km 
a w a y  b u t  w a s  n o t  u s u a l . 1 ~  f o u n d  o v e r  t h e  f o r e r e e f  
a r e a  w h e r e  t h e  g r o u n d i n g  o c c u r r e d .  Two s p e c i e s  
t h a t  are t y p i c a l l y  a b u n d a n t  i n  t h e  Pa lmaLa  z o n e ,  
M u l l o i d i c h t h y s  m a r t i n i c u s  a n d  Haemulon  
c h r y s a r g y r e u m ,  w e r e  e x c e p t i o n a l l y  a b u n d a n t  i n  t h e  
s a n d  c h a n n e l s  u n d e r  t h e  h u l l .  

O n c e  t h e  s h i p  w a s  r emoved  f r o m  t h e  r e e f ,  m a j o r  
s h i f t s  o c c u r r e d  i n  r e e f  f i s h  a b u n d a n c e .  C h r o m i s  
m u l t i l i n e a t u s ,  H. a u r o l i n e a t u m ,  H. c h r y s a r g y r e u m ,  
L. g r i s e u s ,  a n d a t h e r i n i d s  d i s a p p e a r e d  f r o m  t h e  - -  
g r o u n d i n g  area ( B B ) ,  w h i l e  S t e g a s t e s  p a r t i t u s  
b e c a m e  t h e  m o s t  a b u n d a n t  s p e c i e s .  Few f i s h  w e r e  
o b s e r v e d  i n  t h e  i m p a c t e d  a r e a  o n c e  t h e  s h i p  w a s  
r e m o v e d .  

Community P a r a m e t e r s  

B o t h  m o n t h s  a n d  a r e a s  showed  h i g h l y  s i g n i f i c a n t  
d i f f e r e n c e s  ( P < 0 . 0 1 )  i n  number  o f  t a x a  d u r i n g  t h e  
f l r s t  y e a r  a n d  t h e  l a c k  o f  i n t e r a c t i o n  l e d  t o  
c o m p a r i s o n s  by m o n t h s  a n d  a r e a s .  F o u r  m o n t h s  h a d  
s i g n i f i c a n t  d i f f e r e n c e s  among areas. I n  b o t h  
A p r i l  1 9 8 5  a n d  A u g u s t  1 9 8 5  a r e a  BB h a d  s i g n i f i -  
c a n t l y  ( P < 0 . 0 1 )  f e w e r  t a x a  t h a n  t h e  o t h e r  a r e a s .  
I n  June- .July 1 9 8 5  a n d  O c t o b e r  1 9 8 5 ,  a r e a  XBE 
s h o w e d  a  s i g n i f i c a n t  (P<O.05)  l o w e r  number  o f  
t a x a .  A r e a s  BS a n d  XBW w e r e  n e v e r  s i g n i f i c a n t l y  
d i f f e r e n t .  I n  t h e  q u a r t e r l y  a n a l y s i s  o f  b o t h  
y e a r s  t h e r e  r e m a i n e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  
b o t h  s a m p l i n g  p e r i o d s  a n d  areas. I n  March  1 9 8 6  
XBE had  a  s i g n i f i c a n t l y  l o w e r  number  o f  t a x a  t h a n  
a r e a  BS a n d  was  s i g n i f i c a n t l y  l o w e r  t h a n  a l l  o t h e r  
areas i n  November 1 9 8 6 .  A r e a  BB was  s i g n i f i c a n t l y  
l o w e r  i n  t a x a  t h a n  a r e a s  XBW a n d  BS i n  A u g u s t  
1 9 8 6 .  

Ree f  f i s h  a b u n d a n c e  a l s o  showed  s i g n i f i c a n t  d i f -  
f e r e n c e s  i n  b o t h  m o n t h s  a n d  a r e a s .  November 1 9 8 4 ,  
A p r i l  1 9 8 5 ,  a n d  May 1 9 8 5  showed  s i g n i f i c a n t l y  
l o w e r  a b u n d a n c e  i n  a r e a  BB ( P < 0 . 0 5 ) .  A r e a  XBE was  
s i g n i f i c a n t l y  l o w e r  i n  J u n e - J u l y  1 9 8 5 .  T h e  q u a r -  
t e r l y  a n a l y s i s  o f  a b u n d a n c e  e x h i b i t e d  s i g n i f i c a n t  
i n t e r a c t i o n ;  n o  f u r t h e r  a n a l y s i s  w a s  a t t e m p t e d .  
M a j o r  i n t e r a c t i o n  is e v i d e n t  i n  November 1 9 8 5  
w h e r e  a r e a  BS i n c r e a s e d  s u b s t a n t i a l l y  w h i l e  o t h e r  
areas d e c r e a s e d  ( F i g u r e  2 ) .  A  s i m i l a r  r e s p o n s e  i n  
a b u n d a n c e  c a n  b e  f o u n d  i n  A u g u s t  1 9 8 6  a n d  November 
1 9 8 6 .  T h e r e  is a l s o  a n  i n c r e a s i n g  t r e n d  i n  a b u n -  
d a n c e  f r o m  A u g u s t  1 9 8 5  t o  November 1 9 8 6  i n  a r e a  
BB. 

Q u a r t e r l y  a n a l y s i s  o f  d i v e r s i t y  s h o w e d  s i g n i f i c a n t  
d i f f e r e n c e s  i n  b o t h  s a m p l i n g  p e r i o d s  a n d  a r e a s .  
A r e a  XBE was  s i g n i f i c a n t l y  l o w e r  i n  d i v e r s i t y  t h a n  
o t h e r  a r e a s  i n  Novemher 1 9 8 4  a n d  l o w e r  t h a n  BS a n d  
XBW i n  November 1 9 8 6 .  A r e a  BB was  s i g n i f i c a n t l y  
l o w e r  t h a n  a l l  o t h e r  a r e a s  i n  A u g u s t  1 9 8 6  a n d  
l o w e r  t h a n  BS i n  November 1 9 8 6 .  No s i g n i f i c a n t  
d i f f e r e n c e s  w e r e  f o u n d  among a r e a s  o r  m o n t h s  f o r  
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F i g u r e  2.  Q u a r t e r l y  mean a b u n d a n c e  by area. 

T o t a l  b i o m a s s  had  s i g n i f i c a n t  d i f f e r e n c e s  i n  b o t h  
m o n t h s  a n d  areas. T h r e e  m o n t h s ,  May 1 9 8 5 ,  J u n e -  
J u l y  1 9 8 5 ,  a n d  A u g u s t  1 9 8 5 ,  e x h i b i t e d  s i g n i f i c a n t  
d i f f e r e n c e s  i n  b i o m a s s  among areas. I n  a l l  t h r e e  
cases a r e a  BB was  s i g n i f i c a n t l y  l o w e r  i n  b i o m a s s .  
T h e  s e c o n d  y e a r ' s  d a t a  a l s o  s h o w s  s i g n i f i c a n t l y  
l o w e r  b i o m a s s  I n  a r e a  BB a s  l a t e  a s  A u g u s t  1 9 8 6 .  
T o t a l  b i o m a s s  a v e r a g e d  o v e r  a l l  a r e a s  r a n g e d  f r o m  
4 1 2  t o  1 2 9 7  k g / h a  ( f  = 7 2 2 . 7 )  o n  a  m o n t h l y  b a s i s .  

I n d i v i d u a l  S p e c i e s  

One h u n d r e d  a n d  f i f t y  s p e c i e s  w e r e  o b s e r v e d  i n  t h e  
a r e a  o f  t h e  g r o u n d i n g  d u r i n g  two  y e a r s  o f  s t u d y .  
The  t o p  2 0  s p e c i e s  c o m p r i s e d  96.2% o f  t h e  t o t a l  
number  o f  i n d i v i d u a l s  o b s e r v e d  a n d  t h e  t o p  t e n  
s p e c i e s  87 .4%.  I n  g e n e r a l  t h e r e  w e r e  f e w  d i f f e r -  
e n c e s  i n  t h e  r a n k  o r d e r  o f  a b u n d a n t  s p e c i e s  among 
a r e a s .  T h e  t o p  f i v e  s p e c i e s  o v e r a l l ,  S t e g a s t e s  
p a r t i t u s ,  T h a l a s s o m a  b i f a s c i a t u m ,  S p a r i s o m a  
a u r o f r e n a t u m ,  H a l i c h o e r e s  g a r n o t i ,  a n d  - A c a n t h u r u s  
b a h i a n u s  w e r e  a n a l y z e d  by ANOVA t o  d e t e r m i n e  d i f -  
f e r e n c e s  among areas. Of t h e s e ,  t h r e e ,  S .  - 
p a r t i t u s ,  A. b a h i a n u s ,  a n d  K. g a r n o t i  i n  
p a r t i c u l a r  showed  e f f e c t s  o f  t h e  g r o u n d i n g .  

S t e g a s t e s  p a r t i t u s  h a d  h i g h l y  s i g n i f i c a n t  d i f f e r -  
e n c e s  among a r e a s  a n d  m o n t h s  ( P < 0 . 0 1 )  b u t  s i g n i f i -  
c a n t  i n t e r a c t i o n  p r e c l u d e d  f u r t h e r  a n a l y s i s .  A  
p l o t  o f  t h e  d a t a  s u g g e s t s  a r e a  BB t o  b e  l o w e r  i n  
a b u n d a n c e  d u r i n g  t h e  f i r s t  s i x  m o n t h s  h u t  t h e r e a f -  
ter a r e a  XBE was  l o w e s t  ( F i g u r e  3) .  Q u a r t e r l y  
a n a l y s i s  a l s o  h a s  a  s i g n i f i c a n t  i n t e r a c t i o n  t e r m .  
A r e a  BB t e n d e d  t o  c o n t i n u e  i n c r e a s i n g  i n  a b u n d a n c e  
f r o m  March  1 9 8 6  t o  A u g u s t  1 9 8 6  a s  o t h e r  a r e a s  
t e n d e d  t o  d e c r e a s e  i n  a b u n d a n c e .  

A c a n t h u r u s  b a h i a n u s  had  b o t h  a r e a  a n d  mon th  d i f -  
f e r e n c e s  i n  a b u n d a n c e .  F o r  t h e  f i r s t  t h r e e  m o n t h s  
(Nov.  1 9 8 4  - Feb .  1 9 8 5 )  a r e a  BB h a d  s i g n i f i c a n t l y  
h i g h e r  n u m b e r s  o f  A. b a h i a n u s .  By A p r i l  1 9 8 5  a r e a  
BB was  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  a t  least  
o n e  c o n t r o l  area a n d  by J u n e - J u l y  1 9 8 5  n o  
s i g n i f i c a n t  d i f f e r e n c e  was  d e t e c t e d  among a r e a s .  
I n  g e n e r a l ,  c o n t r o l  a r e a s  h a d  s i g n i f i c a n t l y  f e w e r  
A. b a h i a n u s .  A n a l y s i s  by q u a r t e r s  s h o w s  - -  



n i f i c s n t l y  l e s s  a b u n d a n t  ( T a b l e  1 ) .  Area XBE was 
c h a r a c t e r i z e d  by o n l y  t h r e e  s p e c i e s  i n  g r e a t e r  
abundance  t h a n  o t h e r  a r e a s .  XBE had t h e  g r e a t e s t  
number o f  s p e c i e s  i n  s i g n i f i c a n t l y  l o w e r  a b u n d a n c e  
t h a n  o t h e r  a r e a s  ( T a b l e  1 ) .  
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F i g u r e  3 .  Q u a r t e r l y  mean abundance  o f  5. p a r t i t u s  
by a r e a .  

, 1 
I )  

I I The a n a l y s l s  o f  s l m l l a r l t y  ( F l g u r e  4 )  showed t h a t  
1 1  

I !  a r e a s  BS and XBW were t h e  most s l m l l a r  w h l l e  XBE 
I 

t was q u l t e  s l m l l a r  t o  XBW. Area BB was t h e  l e a s t  
I s i r n l l a r  t o  t h e  o t h e r  t h r e e  b u t  n o t  substantially 
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s i g n i f i c a n t  d i f f e r e n c e s  o n l y  among a r e a s .  Area BB 
h a s  s i g n i f i c a n t l y  h i g h e r  numbers of A .  b a h i a n u s  
t h a n  t h e  o t h e r  a r e a s .  

; 0 '1 
s o .  Dur lng  t h e  second  y e a r  a r e a  BB became e v e n  
l e s s  s l m l l a r  t o  t h e  o t h e r  a r e a s ,  w h e r e a s  t h e  o t h e r  
t h r e e  a r e a s  became more s l m l l a r  t o  e a c h  o t h e r  
(Figure 4 ) .  

DISCUSSION 

I Vldeo t a p e  d a t a  of t h e  s h l p  aground p r o v l d e d  use-  
f u l  l n s l g h t  I n t o  t h e  i n l t l a l  e f f e c t  o f  t h e  

m - O X B W  
g r o u n d l n g .  The s h l p ' s  h u l l  p r o v l d e d  a n  " a r t l f l -  
c l a l  r e e f "  e f f e c t  a t  t h e  s l t e  ( s e n s u  Klima & 

H a l i c h o e r e s  g a r n o t i  was s i g n i f i c a n t l y  l o w e r  i n  
abundance  i n  t h e  i m p a c t e d  a r e a s  and remained  i n  
lower  abundance  i n  a r e a  BS a f t e r  two y e a r s .  

The c h i - s q u a r e  a n a l y s i s  o f  t h e  r e m a i n i n g  s p e c i e s  
showed t h a t  s e v e n  s p e c i e s  were  s i g n i f i c a n t l y  more 
a b u n d a n t  i n  a r e a  R R  and t h i r t e e n  s p e c i e s  were  
s i g n i f i c a n t l y  l e s s  a b u n d a n t  ( T a b l e  1 ) .  Area BS 
p o s s e s s e d  t h e  g r e a t e s t  number o f  h i g h e r  abundance  
s p e c i e s ;  n i n e t e e n  s p e c i e s  were s i g n i f i c a n t l y  more 
a b u n d a n t  i n  BS t h a n  o t h e r  a r e a s  ( T a b l e  1 ) .  Only 
t h r e e  s p e c i e s  were s i g n i f i c a n t l y  l e s s  a b u n d a n t  i n  
BS. Area XBW had s i x  s p e c i e s  t h a t  were s i g n i f i -  
c a n t l y  more a b u n d a n t  and t h r e e  s p e c i e s  were s i g -  

Wickham 1972)  c a u s i n g  t h e  a g g r e g a t i o n  of s e v e r a l  
s p e c i e s  n o t  t y p i c a l l y  found  i n  t h e  a r e a .  Haemulon 
a u r o l i n e a t u m ,  C. m u l t i l i n e a t u s ,  and a t h e r i n i d s  
were a g g r e g a t e d  i n  t h e  w a t e r  column a t  t h e  
g r o u n d l n g  a r e a  i n  d i r e c t  r e s p o n s e  t o  t h e  p r e s e n c e  
o f  t h e  h u l l .  A l s o ,  L u t j a n u s  g r i s e u s ,  K. 
w y r e u r n ,  and M. m a r t i n i c u s  made u s e  o f  t h e  
new r e l i e f  o f  t h e  h u l l  t o  c o n g r e g a t e  u n d e r  t h e  
h u l l .  A f t e r  t h e  s h i p  was removed a l l  t h e s e  
s p e c i e s  were  a b s e n t  from t h e  i m p a c t e d  a r e a .  

I n i t i a l  c o l o n i z a t i o n  of t h e  i m p a c t e d  a r e a  a f t e r  
removal  o f  t h e  s h i p  was p r o b a b l y  by p l a n k t i v o r o u s  
s p e c i e s  s u c h  a s  S .  p a r t i t u s  and T.  b i f a s c i a t u r n  
which a r e  m o b i l e  enough t o  have  moved i n  f rom 
n e a r b y  undamaged a r e a s .  S i m i l a r  i n i t i a l  c o l o n i z a -  
t i o n  was o b s e r v e d  by Gundermann a n d  Popper  ( 1 9 7 5 )  
i n  a n  a r e a  i m p a c t e d  by p o i s o n i n g  f rom a  p e s t i c i d e  
s p i l l  on  a  r e e f  o f f  E i l a t  (Red S e a ) .  

By t h e  t i m e  o f  t h e  p r e l i m i n a r y  f i s h  s u r v e y  a t  
M o l a s s e s  R e e f ,  two weeks a f t e r  removal  o f  t h e  
s h i p ,  h e r b i v o r o u s  f i s h e s  had become a b u n d a n t  i n  
t h e  i m p a c t e d  a r e a ,  due t o  t h e  f i l a m e n t o u s  a l g a l  
t u r f  t h a t  had grown t h e r e .  The deve lopment  o f  a  
f i l a m e n t o u s  a l g a l  t u r f  i s  a  t y p i c a l  s u c c e s s i o n a l  
s t a g e  of d i s t u r b e d  r e e f  a r e a s  (Glynn e t  a l .  1 9 6 4 ,  
Walsh ,  1 9 8 3 )  and was i m p o r t a n t  i n  e s t a b l i s h i n g  t h e  

T a b l e  1 .  S p e c i e s  s i g n i f i c a n t l y  more 4  o r  l e s s  t a b u n d a n t  t h a n  i n  o t h e r  a r e a s  based  on c h i - s q u a r e  t e s t  
o f  e q u a l  abundance  among a r e a s  based  on t o t a l  abundance  o v e r  two y e a r s  f rom p o i n t - c o u n t  c e n s u s .  

IMPACT CONTROL IMPACT CONTROL 
BB BS 

Abudefduf s a x a t i l i s  O t  4 7 t  
A c a n t h u r u s  c o e r u l e u s  5 3 4  121 4  
A m b l y c i r r h i t u s  pinos 0  1 9  4  
-aster r o s t r a t a  4  t 8 1  4  
Caranx  r u h e r  1 4  + 34 - -. -- 
Chromis c y a n e u s  -- 21 t 190 4  
Chromis m u l t i l i n e a t u s  0 2 6 4  -- 
C l e p t i c u s  p a r r a i  O t  374 4  
Haemulon c h r y s a r g y r e u m  0  20 4  
Haemulon f  1 a v o l i n e a G  28  99 4  
Haemulon p l u m i e r i  -- - 6 t  1 9  
Haemulon s c i u r u s  -- 1  1 9  4  
Haemulon s t r i a t u m  -- 17 27 
i t a l i c h o e r e s  b i v i t t a t u s  326  t 1 3  t 
H a l i c h o e r e s  m a c u l i p i n n a  219 175  4 
H a l i c h o e r e s  r a d i a t u s  2 6 4  8 -- 

XBE XBW 
1 t 32 H o l a c a n t h u s  t r i c o l o r  

H o l o c e n t r u s  rufus - 
H y p o p l e c t r u s  gemma 
H y p o p l e c t r u s  u n i c o l o r  

-- 

S c a r u s  c r o i c e n s i s  --- 
S c a r u s  t a e n i o p t e r u s  
S e r r a n u s  b a l d w i n i  -- 
S p a r i s o m a  a tomar ium 
S p a r i s o m a  v i r i d e  
S t e g a s t e s  d i e n c a e u s  
S t e g a s t e s  p l a n i f r o n s  -- 

BB BS XBE 
6 3 3 4  1 1  
5  t 1 3  O t  
4  2 7 t  6  
1 1 6  1 3  

31 4  2 1  
O t  5 0 4  4 t  

3 5 t  41 4 6  
157  161 4  72 + 
177 t 2  t 6 9  t 

1 1  2 5 4  O t  
6 8  4  1 9  12 
38 8 t  5 0 4  
3 7 t  1 2 9 4  3 7 )  

3  3 8 4  I t  
3 t  6 8 4  2 t  



YEAR I 

AREA BS XBW XBE ;;: . i 2 6  . 7 6 6  . 7 5 0  
. 8 2 3  . 7 2 6  

.iC)0 
1  . 0 0 0  - - -- 

. 7  '.75 ' .8 '.3i YEAR I1 

AREA BS XBW XBE 
I BB .7??  . 7 3 9  . 7 4 4  

XBE 1  . 0 0 0  

F i g u r e  4 .  B r a y - C u r t i s  a m o n g - a r e a  s i m i l a r i t y  m a t r i x  
b a s e d  o n  r o o t - r o o t  t r a n s f o r m e d  a b u n d a n c e  d a t a  a n d  
UPGMA c l u s t e r i n g .  

i n i t i a l  d o m i n a n c e  o f  h e r b i v o r o u s  F i s h  i n  t h e  im- 
p a c t e d  area. T h r o u g h o u t  t h e  s t u d y  t h e r e  w a s  a n  
e x c e p t i o n a l  a b u n d a n c e  o f  j u v e n i l e  h e r b i v o r e s  
( e . g . ,  S m s  s p p .  a n d  A. b a h i a n u s )  i n  t h e  i m p a c t -  

-- 

e d  a r e a .  F i l a m e n t o u s  a l g a e  p r o v i d e  f o o d  r e s o u r c e s  
n o t  p r e v i o u s l y  a v a i l a b l e  t o  h e r b i v o r o u s  f i s h e s .  
I n  a d d i t i o n  t h e  l o w  r e l i e f  o f  t h e  i m p a c t e d  area 
r e d u c e s  t h e  n u m b e r  o f  a d u l t  h e r b i v o r e s  v e n t u r i n g  
i n t o  t h e  a r e a  ( R a n d a l l  1 9 6 5 )  a l l o w i n g  t h e  a l g a l  
r e s o u r c e s  t o  b e  e x p l o i t e d  by t h e  j u v e n i l e  s t a g e s .  

T h e  i m p a c t e d  area t y p i c a l l y  e x h i b i t e d  l o w e r  commu- 
n i t y  p a r a m e t e r  v a l u e s  t h a n  d i d  c o n t r o l  a r e a s  
( i . e . ,  n u m b e r  o f  t a x a ,  a b u n d a n c e ,  a n d  b i o m a s s ) .  
By t h e  e n d  o f  t h e  f i r s t  y e a r ,  h o w e v e r ,  t h e  i m p a c t -  
e d  a r e a ,  e s p e c i a l l y  a r e a  BB, w a s  m o r e  s i m i l a r  
( i . e . ,  f e w e r  s i g n i f i c a n t  d i f f e r e n c e s )  t o  t h e  c o n -  
t r o l  a r e a s  t h a n  a t  t h e  b e g i n n i n g  o f  t h e  s t u d y .  
D u r i n g  s e v e r a l  p e r i o d s  a r e a  BB w a s  s i g n i f i c a n t l y  
l o w e r  i n  n u m b e r  o f  t a x a  a n d  b i o m a s s  t h a n  a r e a s  XBW 
a n d  BS i n  t h e  s e c o n d  y e a r .  As l a t e  a s  A u g u s t  
1 9 8 6 ,  t w o  y e a r s  a f t e r  t h e  g r o u n d i n g ,  s i g n i f i c a n t  
d i f f e r e n c e s  r e m a i n e d  i n  t o t a l  b i o m a s s  b e t w e e n  area 
BB a n d  t h e  c o n t r o l  a r e a s .  T h e  l o w e r  b i o m a s s  is a  
r e s u l t  o f  s m a l l e r  s i z e  c l a s s e s  o f  f i s h e s  f o u n d  i n  
a r e a  BB. Marked  s e a s o n a l i t y  i n  m o s t  c o m m u n i t y  
p a r a m e t e r s  m u s t  b e  t a k e n  i n t o  a c c o u n t  b e f o r e  
r e s u l t s  f r o m  d i f f e r e n t  t i m e s  o f  t h e  y e a r  c a n  b e  
c o m p a r e d .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  a f t e r  t w o  
y e a r s  t h e  i m p a c t e d  a r e a  h a d  r e c o v e r e d  s o m e w h a t  b u t  
n o t  c o m p l e t e l y  c o m p a r e d  t o  c o n t r o l  c o n d i t i o n s .  
A l t h o u g h  t h e . c o n t r o 1  a r e a s  w e r e  v i s u a l l y  d i f f e r e n t  
t h p r e  w e r e  f e w  s i g n i f i c a n t  d i f f e r e n c e s  i n  
c o m m u n i t y  p a r a m e t e r s .  

T h e  m o s t  s e v e r e l y  i m p a c t e d  a r e a  (BB) a l s o  h a d  
s i g n i f i c a n t l y  f e w e r  o f  t h e  m o s t  a b u n d a n t  s p e c i e s ,  
w i t h  o n l y  A. b a h i a n u s  f o u n d  i n  g r e a t e r  a b u n d a n c e  
t h a n  i n  o t h e r  a r e a s .  A  h i g h  number  o f  j u v e n i l e  A. 
b a h i a n u s  i n  a r e a  BB a c c o u n t s  f o r  t h e  d i f f e r e n c e  
among  a r e a s .  A r e a  BB h a d  s e v e r a l  s p e c i e s  u n i q u e  
t o  t h e  a r e a  a n d  a t t r i b u t a b l e  t o  t h e  s h i p ' s  damage .  
I o g l o s s u s  c a l l i u r u s ,  M a l a c a n t h u s  p l u m i e r i ,  
O p i s t o g n a t h u s  a u r i f r o n s ,  a n d  O p i s t o g n a t h u s  
m a x i l . l o s ~ i s ,  a l l  b u r r o w i n g  s p ? c  i p s ,  iflade u s e  o f  
h a b i t a t  f o r m e d  f r o m  t h e  r u b b l e  g e n e r a t e d  d u r i n g  
t h e  s h i p  g r o u n d i n g .  H a l i c h o e r e s  b i v i t t a t u s ,  a  
w r a s s e  t y p i c a l  o f  r o c k y - r u b b l e  n o n - r e e f  a r e a s ,  w a s  
p a r t i c u l a r l y  a b u n d a n t  i n  a r e a  BB. T h i s  s p e c i e s  
w a s  a b s e n t  i n  t h e  p r e l i m i n a r y  s a m p l i n g  p e r i o d  i n  
A u g u s t  1 9 8 4  ( a f t e r  r e m o v a l  o f  t h e  s h i p ) ;  i t  c o l o -  
n i z e d  t h e  a r e a  i n  E r e a t  n u m b e r s  by November  1 0 8 4  
a n d  r e m a i n e d  t h e  m o s t  common H a l i c h o e r e s  s p e c i e s  

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

A r e a  BS p o s s e s s e d  t h e  g r e a t e s t  s p e c i e s  r i c h n e s s  
d u e  t o  i t s  p o s i t i o n  a b u t t i n g  t h e  P a l r n a t a  z o n e .  
T h e  c a v e r n o u s  r e l i e f  o f  t h i s  a r e a ,  d e v e l o p e d  f r o m  
t h e  c e m e n t i n g  t o g e t h e r  o f  A c r o p o r a  p a l m a t a  r u b b l e ,  
f o r m e d  h a b i t a t  f o r  s e v e r a l  s p e c i e s  u n i q u e  t o  t h e  
a r e a .  T h e  l o w  number  o f  1 i v i . n g  a l c y o n a r i a n s  i n  
a r e a  BS, a n  i m p a c t  o f  t h e  g r o u n d i n g ,  h a d  n o  o b v i -  
o u s  e f f e c t  o n  c o m m u n i t y  p a r a m e t e r s  o r  s p e c i e s  
c o m p o s i t i o n .  

A r e a  XBW d e r i v e d  s o m e  o f  i ts d i v e r s i t y  f r o m  t h e  
p r e s e n c e  o f  t w o  l a r g e  g r o u p s  o f  c o r a l  h e a d s  
( M o n t a s t r a e a  a n n u l a r i s )  i n  t h e  s a m p l i n g  a r e a .  
T h i s  p a r t i c u l a r  c o r a l  h e a d  g r o u p  w a s  n o t  i n c l u d e d  
i n  a n y  s a m p l i n g ,  b u t  d r i f t i n g  s c h o o l s  o f  f i s h e s ,  
s u c h  ;IS I r l r  i a n u s  j : r i h r u s ,  I . iit.~h 1 , :an1,  1 . 
pp -- .. 

s v n 3 > : r 1 s .  J ~ I I I  'It11 I o i ~ l l v t ~ t l ~ v s  i n r t  i n i ( . t i  d o ( . i . l t e n  -- 
u i  I L I  rL1t3m w e r e  o i l l e t  I mt,i e n c o u n t  r r t x l l  i n  t  L I P  11 11 nt 
c o u n t  c e n s u s .  A r e a  XBW was  a l s o  t h e  s i t e  o f  
n u m e r o u s  c l e a n i n g  s t a t i o n s  ( b o t h  G o b i o s o m a  
o c e a n o p s  a n d  P e r i c l i m e n e s  p e d e r s o n i ,  P e t e r s o n ' s  
c l e a n i n g  s h r i m p ) ,  w h i c h  i n c r e a s e d  t h e  number  o f  
t y p i c a l l y  t r a n s i e n t  p e l a g i c  s p e c i e s ,  C. r u b e r  a n d  
0. c h r y s u r u s ,  i n  t h e  c o u n t s  a n d  a l s o  may h a v e  - 
c o n t r i b u t e d  t o  g r e a t e r  s p e c i e s  r i c h n e s s  i n  t h i s  
a r e a .  T h e s e  s p e c i e s  w a i t e d  n e a r  b o t t o m  f o r  t h e i r  
t u r n  a t  t h e  c l e a n i n g  s t a t i o n s  m a k i n g  t h e i r  i n c l u -  
s i o n  i n  c o u n t s  m o r e  common t h a n  i n  o t h e r  a r e a s .  
C l e a n i n g  s t a t i o n s  t e n d  t o  b e  a r e a s  o f  h i g h e r  d i -  
v e r s i t y  d u e  t o  t h e  c o n g r e g a t i o n  o f  s p e c i e s  
a w a i t i n g  c l e a n i n g .  C l e a n i n g  b e h a v i o r  w a s  u s e d  t o  
e x p l a i n  t h e  g r e a t  v a r i a t i o n  i n  p o i n t  d i v e r s i t y  o f  
r e e f  f i s h e s  o n  Red S e a  r e e f s  ( S l o b o d k i n  a n d  
F i s h e l s o n  1 9 7 4 ) .  

A r e a  XBE w a s  c h o s e n  b e c a u s e  o f  i ts s i m i l a r i t y  i n  
r e l i e f  t o  a r e a  BB ( i . e . ,  l o w  f l a t  r e l i e f )  b u t  
t e n d e d  t o  h a v e  a n  u n u s u a l  a s s e m b l a g e  o f  s p e c i e s .  
T h e  l o w  a b u n d a n c e  o f  Haemulon  s p p .  a n d  S c a r u s  s p p .  
a n d  g r e a t e r  a b u n d a n c e  o f  S p a r i s o m a  s p p .  w a s  
p a r t i c u l a r l y  c h a r a c t e r i s t i c  o f  t h i s  z o n e .  T h e  
u n i q u e n e s s  o f  i t s  a s s e m b l a g e  may b e  a s c r i b e d  t o  
i ts  s e p a r a t i o n  f r o m  t h e  P a l m a t a  z o n e .  T h e  
r e l a t i v e  l a c k  o f  A. s a x a t i l i s ,  M. c h r y s u r u s  a n d  2. 
p l a n i f r o n s ,  s p e c i e s  t y p i c a l  o f  t h e  P a l m a t a  z o n e ,  
m o s t  i m p r e s s i v e l y  i l l u s t r a t e s  t h i s  p o i n t .  

S i m i l a r i t y  c o m p a r i s o n s  o f  s p e c i e s  c o m p o s i t i o n  
u s i n g  B r a y - C u r t i s  s i m i l a r i t y  a n d  c l u s t e r  a n a l y s i s  
s h o w s  c l e a r l y  t h a t  a r e a  BB is t h e  l e a s t  s i m i l a r  
a r e a  among t h e  f o u r  a n d  t h a t  XBE w a s  a l s o  d i s s i m i -  
l a r  f r o m  XBW a n d  BS. T h e  s a m e  p a t t e r n  o f  
s i m i l a r i t y  was  o b s e r v e d  i n  b o t h  t h e  f i r s t  a n d  
s e c o n d  y e a r ' s  d a t a .  It w o u l d  b e  e x p e c t e d  t h a t  t h e  
i m p a c t e d  a r e a s  w o u l d  become m o r e  s i m i l a r  t o  t h e  
c o n t r o l  a r e a s  w i t h  t i m e  a s  r e c o v e r y  p r o g r e s s e d .  
I n t e r e s t i n g l y  a r e a  BB became  m o r e  d i s s i m i l a r  t o  
t h e  o t h e r  a r e a s  i n  t h e  s e c o n d  y e a r ;  w h i l e  t h e  
o t h e r  a r e a s  became  m o r e  s i m i l a r  t o  e a c h  o t h e r .  
T h i s  s u g g e s t s  t h a t  w h a t e v e r  r e c o v e r y  t o o k  p l a c e  i n  
t h e  s e c o n d  y e a r  d i d  n o t  i n c r e a s e  t h e  s i m i l a r i t y  o f  
s p e c i e s  c o m p o s i t i o n  i n  a r e a  BB i n  c o m p a r i s o n  t o  
t h e  c o n t r o l s .  One  p o t e n t i a l  c a u s e  f o r  t h e  de -  
c r e a s e  i n  s i m i l a r i t y  d u r i n g  t h e  s e c o n d  y e a r  c o u l d  
b e  H u r r i c a n e  K a t e ,  w h i c h  p a s s e d  n e a r b y  i n  November  
1 9 8 5 .  T h e  h u r r i c a n e  r emoved  much o f  t h e  r u b b l e  
f r o m  a r e a  BB, t h u s  d e s t r o y i n g  a n y  r e c o v e r y  o f  
e p i f a u n a  t o  t h a t  p o i n t  a n d  d i s r u p t i n g  t h e  f i s h  
a s s e m b l a g e .  H u r r i c a n e s  a r e  known t o  c a u s e  m a j o r  
d i s t u r b a n c e s  t o  C a r i b b e a n  r e e f s  ( S t o d d a r t  1 9 6 3 ,  



Clynn e t  a l .  1 9 6 4 ) ,  but i m p a c t s  on r e e f  f i s h  
r a n g e s  f rom n e g l i g i b l e  ( S p r i n g e r  & McErlean 1 9 6 2 ,  
Glynn e t  a l .  1964)  t o  c a s t a s t r o p h i c  ( R o b i n s  1 9 5 7 ,  
Walsh 1983).  I n  t h i s  c a s e  t h e r e  was no major 
change i n  t h e  r e e f  f i s h  a s s e m b l a g e ,  b u t  h u r r i c a n e  
damage may have slowed r e c o v e r y .  

Although s e v e r e l y  impacted  a r e a  BB was most  s i m i -  
l a r  t o  c o n t r o l  a r e a  XBE, once  c o m p l e t e l y  r e c o v e r e d  
( o r  a t  l e a s t  some t y p e  o f  e q u i l i b r u m  is  r e a c h e d )  
f i n a l  s p e c i e s  c o m p o s i t i o n  of a r e a  BB s h o u l d  be 
most s i m i l a r  t o  a r e a s  XBW and BS due  t o  t h e  f a c t  
t h a t  a l l  t h r e e  a r e a s  b o r d e r  on t h e  P a l m a t a  zone  
and a r e  g r e a t l y  i n f l u e n c e d  by t h e  s p e c i e s  composi-  
t i o n  of  t h a t  zone.  Whether o r  n o t  t h e  impacted  
a r e a s  r e t u r n  t o  n e a r  t h e i r  o r i g l n a l  c o n d i t i o n s  o r  
an a l t e r n a t i v e  s t a b l e  s t a t e  r e m a i n s  t o  be d e t e r -  
mined once  t h e  e p i f a u n a  h a s  f u l l y  r e c o v e r e d .  T h i s  
r e c o v e r y  may t a k e  s e v e r a l  more y e a r s  based  on t h e  
r e c o v e r y  r a t e  of  c o r a l s  and a l c y o n a r i a n s .  
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