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ABSTRACT 

Four  r e e f s  were sampled  a n n u a l l y  f rom 1981  t h r o u g h  
1986  i n  Key L a r g o  N a t i o n a l  Mar ine  S a n c t l i a r v  
(KLNMS), a  c o r a l  r e e f  a r e a  t h a t  i s  u s e d  i n t e n -  
s i v e l y  f o r  s n o r k e l i n g ,  d i v i n g ,  and f i s h i n g  by 
l o c a l  r e s i d e n t s  and t o u r i s t s .  The d y n a m i c s  a t  o n e  
s i t e ,  : 3 o l a s s s e s  R e e f ,  i s  r e p o r t e d .  The s i t e  was 
l o c a t e d  on a  s p u r  w i t h  b u t t r e s s e s  o f  M o n t a s t r a e a  
a n n u l a r i s  and  t h i c k e t s  o f  A c r o p o r a  p a l m a t a .  -- -- 
S e v e n t e e n  t o  1 9  s p e c i e s  and  266  t o  755  c o l o n i e s  
were  c o u n t e d  a n n u a l l y .  A c r o p o r a  c e r v i c o r n i s ,  - A. 
p a l m a t a ,  M .  a n n u l a r i s ,  and  M i l l e p o r a  a l c i c o r n i s  
c o n s t i t u t e d  6 6 %  t o  9 0 %  o f  a l l  c o l o n i e s .  I n c i d e n c e  
o f  A c r o p o r a  c e r v i c o r n i s  d e c l i n e d  9 6 %  be tween  1981 
and  1986.  A c r o p o r a  p a l m a t a  v a r i e d  f r o m  2 . 3  t o  5 . 4  
c o l o n i e s / m z n X  -is v a r i e d  f r o m  0 . 9  t o  
2 .3 /m2.  We a s s e s & d  c h a n g e s  i n  numhers  o f  
c o l o n i e s  f rom t w e n t y - f i v e  1 - m e t e r 2  q u a d r a t s  u s i n g  
Czekanowski  s i m i l a r i t v  c o e f f i c i e n t s .  S i m i l a r i t y  
o f  q u a d r a t s  b e t w e e n  y e a r s  r a n g e d  f r o m  0  t o  1  w i t h  
56% t o  8 8 %  o f  t h e  v a l u e s  > 0 . 5 0 ,  16% t o  6 8 %  > 
0 . 7 0 ,  and  L% t o  20% > 0 . 9 0 .  The g r e a t e s t  
j i f f e r e n c e  i n  s i m i l a r i t y  o c c u r r e d  a f t e r  two h u r r i -  
c a n e s  i n  t h e  f a l l  o f  1985 .  

INTRODUCTION 

Key L a r g o  N a t i o n a l  Mar ine  S a n c t u a r y  (KLNMS) i s  t h e  
s e a w a r d  e x t e n s i o n  o f  J o h n  Pennekamp C o r a l  Reef 
S t a t e  P a r k  (JPCRSP).  The s a n c t u a r y  i s  l o c a t e d  
e a s t  o f  Key L a r g o ,  F l o r i d a ,  USA, a p v r o x i m a t e l y  8 0  
km s o u t h  o f  m e t r o p o l i t a n  Miami ( F i g u r e  1 ) .  The 
s a n c t u a r y  is 45  km l o n g ,  w i t h  a n  a r e a  o f  259 km2, 
and  d e p t h  r a n g e s  from < 1  t o  99  m. The m a r i n e  
e c o s y s t e m  seaward  of  Key L a r g o  i s  a  m o s a i c  o f  r e d  
mangrove  f r i n g e  ( R h i z o p h o r a  m a n g l e ) ,  r o c k y  h a r d -  
g r o u n d s ,  c a r b a n a t e  s e d i m e n t s ,  s e a g r a s s e s  
( T h a l a s s i a  t e s t u d i n u m  and  S y r i n g o d i n m  f i l i f o r m e ) ,  
and  c o r a l  r e e F  c o m m u n i t i e s  ( M a r s z a l e k  1 9 8 1 ,  .Jaao 
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F i g u r e  1. S t ~ ~ d y  d r e e .  

S a n c t u a r y  r e s o u r c e s  a r e  u s e d  i n t e n s e l y  by s o t ~ t h e r n  
F l o r i d a  r e s i d e n t s  and t o u r i s t s  v i s i t i n g  t h e  
F l o r i d a  Keys .  F i s h i n g  i n c l u d e s  r e c r e a t i o n a l  and  
c o m m e r c i a l  h a r v e s t  of  f i n f i s h  and t h e  s p i n y  
l o b s t e r  ( P a n u l i r u s  a r g u s ) .  S n o r k l i n g  i s  p o p u l a r  
o n  s h a l l o w  r e e f s  ( G r e c i a n  Rocks ,  Key L a r g o  Dry 
Rocks ,  and  Whi te  Rank Dry R o c k s ) ,  and s c u b a  d i v i n j :  
s t a x e d  f r o m  p r i v a t e  c r a f t  and  l a r x e r  commerc ia l  
t o u r  b o a t s  i s  p o p r ~ l a r  a t  M o l a s s e s ,  F r e n c h ,  E lbow,  
and  C a r y s f  o r t  R e e f s .  G l a s s - h o t t o m  b o a t  t o u r s ,  
p o p u l a r  among non-swimmers,  o p e r a t e  p r i n c i p a l l y  
a r o u n d  M o l a s s e s  and F r e n c h  R e e f s .  R e s e a r c h  and 
e d u c a t i o n a l  p rograms  a l s o  a r e  i m p o r t a n t  activities 
i n  KLNMS. 

T h e s e  r e e f s  may be  t h e  most  v i s i t e d  i n  t h e  w o r l d ;  
e a c h  y e a r  more t h a n  5 3 0 , 0 0 0  p e o p l e  e n t e r  JPCRSI', 
t h e  m a j o r  l a n d s i d e  p o i n t  o f  d e p a r t u r e  t o  KLNMS. 
T h i s  c e n s u s  d o e s  n o t  i n c l u d e  v i s i t o r s  who e n t e r  
KLNMS i n  p r i v a t e  b o a t s  o r  f rom c h a r t e r  o p e r a t i o n s  
t h a t  o r i g i n a t e  o u t s i d e  JPCRSP. Annual  economic  
b e n e f i t  d e r i v e d  f rom r e e f  r e s o u r c e s  i n  t h e  
s a n c t u a r y  i s  e s t i m a t e d  a t  1 . 6  b i l l i o n  d o l l a r s  
( M a t t s o n  and  DeFoor 1 9 8 5 ) .  

I n t e n s e  u s e  O F  t h e  s a n c t u a r y  i s  ha rming  i t s  b i o t a .  
P h y s i c a l  damage t o  c o r a l s  i s  c a u s e d  hy a n c h o r  
d e p l o y m e n t  ( H a l a s  1 9 8 5 1 ,  b o a t  g r o u n d i n g ,  d i v e r -  
r e l a t e d  d i s t u r b a n c e ,  and f i s h i n g  l i n e s ,  h o o k s ,  
l o b s t e r  p o t s ,  and buoys  t h a t  come i n  c o n t a c t  w i t h  
r e e f s  ( J a a p  19R4) .  

C o n t a m i n a t i o n  by p e s t i c i d e s ,  h e r b i c i d e s ,  t r a c e  
m e t a l s ,  and o t h e r  h i g h  r i s k  c h e m i c a l s  p o s e s  a  
t h r e a t  t o  KLNMS. S o u t h  F l o r i d a  u r h a n  and a K r i -  
c u l t u r a l  d r a i n a g e  d i s c h a r g e s  show e v i d e n c e  O F  
t r a c e  m e t a l  and  p e s t i c i d e  c o n t a m i n a t i o n  o f  w a t e r ,  
s e d i m e n t s ,  and o r g a n i s m s  (Yanker  1975 ,  S k i n n e r  and 
J a a p  1 9 8 6 ,  Simmons and  Love 1 9 8 7 ) .  The d r a m a t i c  
p o p u l a t i o n  i n c r e a s e  i n  s o u t h e a s t  F l o r i d a  t h r e a t e n s  
t h e  c o a s t a l  e c o s y s t e m  w i t h  n u t r i e n t  e n r i c h m e n t  .?nd 
l o s s  o f  n a t u r a l  f i l t r a t i o n  and o r g a n i c  u p t a k e  as  
t h e  mangrove  and  s e a g r a s s  c o m m u n i t i e s  a r e  d e g r a d e d  
and d e s t r o y e d .  A  c o m b i n a t i o n  o f  n u t r i e n t  e x c e s s ,  
d i m i n i s h e d  w a t e r  t r a n s p a r e n c y ,  p h o s p h a t e  i n h i b i -  
t i o n  of  c a l c i f i c a t i o n ,  b i o t i c  r e p l a c e m e n t ,  and 
i n c r e a s e d  b i o e r o s i o n  t h r e a t e n  t h e  v i t a l i t y  o f  
c o r a l  r e e f  c o m m u n i t i e s  ( S i m k i s s  1964 ,  Weiss  and 
Goddard 1 9 7 7 ,  S m i t h  e t  a l .  19R1,  H a l l o c k  and 
S c h l a ~ e r  1 9 8 6 ) .  

The KLNNS i s  managed hy t h e  N a t i o n a l  O c e a n i c  and  
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  (VOAA), S a n c t u a r y  
Program O f f i c e .  We d e f i n e  management a s  t h e  
m a i n t e n a n c e  and enhancement  o f  desirable r e s o u r c e  
c l i a r a c t e r i s t i c s .  I n  o r d e r  t o  manage t h e s e  r e e f  
r e s o u r c e s ,  a n  i n f o r m a t i o n  b a s e  i n c l t l d i n g  know- 
l e d g e  o f  t h e  c r t r renL s t a t e  o f  t h e  r e s o u r c e s ,  t h e  
r a t e  o f  c h a n n r ,  and t h ~  c t i o l o g v  o f  change  i s  



r e q u i r e d  (Dab11 19R1, K e l l e h e r  1 9 8 1 ) .  The r e -  
s o u r c e s  a r e  w o r t h y  o f  s t e w a r d s h i p  f o r  e c o n o m i c ,  
r e c r e a t i o n a l ,  and e c o l o g i c a l  r e a s o n s  ( H a r r i s  and  
W i l l i a m s  1975 ,  R r a d h u r y  and R e i c h e l t  19R1 ,  M a t t s o n  
and  DeFoor 19R5) .  A d d i t i o n a l l y ,  t h e  r e e f s  f o r m  a  
l i v i n g  h r e a k w a t e r  t o  h u r r i c a n e -  and  s t o r m - a g i t a t e d  
s e a s  and contribute s e d i m e n t s  f r o m  t h e  h r e a k d o w n  
o f  c a r h o n a t e  s k e l e t o n s  and s h e l l s .  

Reef  d e v e l o p m e n t  s e a w a r d  o f  Key L a r g o  h e g a n  d u r i n g  
t h e  H o l o c e n e  t r a n s g r e s s i o n ,  a b o u t  5 - 7  x  l n 3  UP 
( S h i n n  e t  a l .  1 9 7 7 ,  1 9 R 1 ) .  Two d i s t i n c t  r e e f  
t y p e s  a r e  found  i n  KLNMS: i n s h o r e  n a t c h  r e e f s  and 
o f f s h o r e  h a r ~ k  r e e f s .  P a t c h  r e e f s  r a n g e  i n  s i z e  
f r o m  20  t o  4 0 0  m, a r e  i r r e g u l a r  i n  o u t l i n e ,  and 
u s u a l l y  o c c u r  i n  d e p t h s  < 1 0  m. Dominan t  c o r a l s  
i n c l u d e  t h e  s t a r  c o r a l  M o n t a s t r a e a  a n n u l a r i s ,  t h e  
h r a i n  c o r a l s  C o p o p h y l l i a  n a t a n s  and  D i p l o r i a  
s t r i g o s a ,  and t h e  s t a r l e t  c o r a l  S i d e r a s t r e a  
s i d e r e a .  

O f f s h o r e  b a n k  r e e f s  a r e  c o n s p i c u o u s  b e c a u s e  o f  
t h e i r  p h y s i o g r a p h i c - f a u n a l  z o n a t i o n ,  a  s e q u e n c e  o f  
h a b i t a t s  o r  c o m m u n i t i e s  c o r r e l a t e d  t o  d e p t h  and  
a s s o c i a t e d  p h y s i c a l  E a c t o r s  ( l i g h t ,  t e m p e r a t u r e ,  
and wave e n v i r o n m e n t ) .  T h i s  s e q u e n c e  ( h a c k  r e e f ,  
r e e f  f l a t ,  s p u r  and  g r o o v e ,  f o r e  r e e f ,  and d rownrd  
r e e f  o u t c r o p s )  is s i m i l a r  a t  many F l o r i d a  a n d  
C a r i b b e a n  r e e f s .  Rank r e e f s  may b e  1  km l o n g  and 
s e v e r a l  h u n d r e d  m e t e r s  wide  f r o m  t h e  r e e f  f l a t  t o  

t h e  d e e p  t e r m i n u s .  P r i n c i p a l  f r amework  c o r a l s  i n  

t h e  bank  r e e f s  a r e  e l k h o r n  c o r a l ,  A c r o p o r a  
p a l m a t a ,  t h e  s t a r  c o r a l  N o n t a s t r a e a  a n n u l a r i s ,  and 
t h e  b r a i n  c o r a l  C o l p o p h y l l i a  n a t a n s .  

S c l e r a c t i n i a n  c o r a l s  a r e  e s s e n t i a l  r e e f  b u i l d e r s  
( W e l l s  1 9 5 7 ,  S t o d d a r t  196'3, Yonge,  1 9 7 3 ) .  T h e i r  
z o o x a n t h e l l a e  a r e  a l s o  t h e  p r i n c i p a l  c o r a l  r e e f  
p r i m a r y  p r o d u c e r s  ( L e w i s  1 9 7 7 ,  G l a d f e l t e r  19R5,  
K i n s e y  1 9 8 5 ) .  Reef S c l e r a c t i n i a  a r e  m a s s i v e  and 
r e l a t i v e l y  s t a b l e ;  c o n s e q u e n t l y ,  r e s n l t s  o f  
r e p e t i t i v e  q u a n t i t a t i v e  c e n s u s e s  a r e  n o t  
i n f l u e n c e d  g r e a t l y  hy movement e x c e p t  i n  c a s e s  o f  
m a j o r  s t o r m s  o r  s h i p w r e c k s  (Woodley e t  a l .  1 9 8 1 ,  
J a a p  1 9 8 4 ) .  

E a r l i e r  s t u d i e s  o f  r o r a l  p o p u l a t i o n s  i n  KLNMS were  
n o t  q u a n t i t a t i v e ,  o r  t h e  s a m p l e  s i z e  was i n s u f f i -  
c i e n t  t o  e s t a h l i s h  c a u s e  and  e f f e c t  r e l a t i o n s h i p s  
( A n t o n i u s  1 9 7 4 ,  Voss 1 9 8 3 ) .  W h i t e  and P o r t e r  
( 1 9 8 5 )  and  D u s t a n  and  H a l a s  ( 1 9 8 7 )  p r o v i d e  i n f o r -  
m a t i o n  on t h e  n a t u r e  o f  c o r a l  communi ty  d y n a m i c s  
a t  C a r y s f o r t  Reef i n  KLNMS. To e n h a n c e  t h e  i n f o r -  
m a t i o n  b a s e  on r e e f  c d r a l  d y n a m i c s  i n  KLNMS, we 
i n s t i t u t e d  an  a n n u a l  s u r v e y  o f  f o u r  o f  t h e  more 
h e a v i l y  l ~ s e d  r e e f s .  

METHODS 

FIELD DATA ACQUISITION 

M o n i t o r i n g  s t a t i o n s  were  e s t a b l i s h e d  a t  C a r y s f o r t ,  
E lbow,  F r e n c h ,  and M o l a s s e s  R e e f s  d u r i n g  J u l y  and 
Augus t  19R1 and  Augus t  19R2 ( F i g u r e  1 ) .  ReeEs 
were  s a m p l e d  a n n u a l l y  (summer o r  e a r l v  f a l l )  
t h r o u g h  1986 .  H a l a s  c h o s e  t h e  s i t e  a t  e a c h  r e e f  
a s  r e p r e s e n t a t i v e  o f  t h e  1 a h i t a t  i n  t h e  p a r t i c u l a r  
d e p t h  where  t h e  s i t e  was s i t u a t e d .  S i t e s  were  i n  
a r e a s  w i t h  h i g h  d i v e r  v i s i t a t i o n  and some r e c r e a -  
t i o n a l  f i s h i n g .  Each s i t e  was mapped u s i n g  a  
compass  and a  f i b e r g l a s s  t a p e  meas l i r e  t o  e s t a h l i s h  
h e a r i n g s  and d i s t a n c e s  t o  p r o m i n e n t  r e f e r e n c e  

E e a t u r e s .  E n d p o i n t s  o f  s a m p l i n g  t r a n s e c t s  were  
marked w i t h  0 . 9  m  l o n g ,  1 9  mm d i a m e t e r  c o p p e r - c l a d  
s u r v e y  m a r k e r s  t h a t  were  d r i v e n  i n t o  t h e  r e e f  
f r amework  and s e c u r e d  w i t h  h y d r a ~ i l i c  cement  ( H a l a s  
1 9 8 5 ) .  The t a p e  m e a s u r e  was e x t e n d e d  h e t w e e n  t h e  
,marking s t a k e s ,  and  a  o n e  m2 f rame  o f  1 9  m d i a m -  
e t e r  PVC p i p e  was c e n t e r e d  o n  s p e c i f i c  m e t e r  i n -  
c r e m e n t s  a l o n g  t h e  t a p e .  F o r  e x a m p l e ,  i f  m e t e r  
s i x  was s a m p l e d ,  t h e  q u a d r a t  f r ame  was c e n t e r e d  a t  
m e t e r  s i x  and  e x t e n d e d  f r o m  5 . 5  t o  6 . 5  m  on t h e  
t a p e .  Q u a d r a t  numbers  were  s e l e c t e d  ral idomly 
b e f o r e  i n i t i a l  s a m p l i n g  a t  e a c h  s i t e .  A l l  s t o n y  
c o r a l s  ( M i l l e p o r i n a  and S c l e r a c t i n i a )  w i t h i n  t h e  
q u a d r a t  p e r i m e t e r  were  i n v e n t o r i e d  by t r a n s c r i p -  
t i o n  mapp ing  ( W e i n b e r g  1 9 R 1 ) ;  g r i d  p a p e r  was u s e d  

t o  map t h e  l o c a t i o n  o f  e a c h  s t o n y  c o r a l  c o l o n y  i n  
r e f e r e n c e  t o  t h e  q u a d r a t  f r a m e .  A c r o p o r a  
c e r v i c o r n i s  u s u a l l y  was t r e a t e d  a s  t h i c k e t s  o r  
c l u m p s  r a t h e r  t h a n  a s  i n d i v i d u a l  h r a n c h e s .  For  
b r e v i t y ,  we r e p o r t  h e r e i n  o n l y  t h e  r e s u l t s  f o r  
Y o l a s s e s  R e e f ,  e x c e p t  f o r  t h e  p o o l e d  r e e f  c l a s s i -  
E i c a t i o n  a n a l y s i s .  

SITE DESCRIPTION 

M o l a s s e s  Reef i s  l o c a t e d  a t  t h e  s o u t h e a s t e r n  c o r -  
n e r  o f  KLNMS. The n o n i t o r i n g  s i t e  was c s t a h l i s h e d  
o n  a  s p u r  I n  5  t o  6 m  d e p t h s  i n  a  h a b i t a t  s i m i l a r  
t o  Vau L ) u y l t s  ( 1 9 8 5 )  A.  pa l rna ta -head  c o r a l  - -  
communi ty .  Two t r a n s e c t s  w i t h  25 q u a d r a t s  w e r e  
sampled  a t  M o l a s s e s  r e e k .  

DATA ANALYSIS 

Annua l  e s t i m a t e s  were  o b t a i n e d  o f  s p e c i e s  abund-  
a n c e ,  p e r c e n t  a b u n d a n c e  ( a b u n d a n c e  o f  a  s p e c i e s  
d i v i d e d  hy t h e  sum o f  a l l  s p e c i e s  a h u n d a n c e s ) ,  
f r e q u e n c y  o f  o c c u r r e n c e  ( p e r r e n t a g e  v a l u e  d e t e r -  
mined by d i v i d i n g  t h e  numher o f  q u a d r a t s  i n  w h i c h  
a  s p e c i e s  o c c u r r e d  by t h e  t o t a l  numher o f  q u a d r a t s  
sampled  a t  a  s i t e ) ,  and  d e n s i t y  o f  s p e c i e s  a n d  
c o l o n i e s  ( t h e  mlmher o c c u r r i n g  i n  a  m2, w i t h  means 
and s t a n d a r d  d e v i a t i o n s ) .  

Rloom (19R1)  compared  s e v e r a l  s i m i l a r i t y  i n d i c e s  
and c o n c l u d e d  t h a t  C z e k a n o w s k i ' s  q u a n t i t a t i v e  co-  
e f f i c i e n t  was r o h u s t ,  h e i n g  i n f l u e n c e d  hy n e i t h e r  
d o m i n a n t  n o r  r a r e  s p e c i e s .  We c a l c u l a t e d  C z e k a -  
n o w s k i ' s  s i m i l a r i t y  a n n u a l l y  a c r o s s  r e e f s  and  
a c r o s s  q u a d r a t s .  C l a s s i E i c a t i o n  was computed  w i t h  
t h e  "ORDANA" h e n t h i c  a n a l y s i s  c o m p u t e r  p r o g r a m  
(Bloom e t  a l .  1 9 7 7 ) ;  s p e c i e s  abundance d a t a  were  
t r a n s f o r m e d  t o  4 t h  r o o t  b e f o r e  c o m p ~ l t a t i o n  ( F i e l d  
e t  a l .  1 9 R 2 ) .  Group  a v e r a g e  s o r t i n g  ( R o e s c h  1 9 7 7 )  
was u s e d  t o  d e v e l o p  d e n d r o p r a m  l i n k a g e .  The 
s i g n i f i c a n c e  o f  c h a n g e  w i t h i n  and a c r o s s  y e a r s  was 
e v a l u a t e d  by g r o u p i n g  q u a d r a t s  by d o m i n a t e  s p e c i e s  
i n  t h e  f i r s t  y e a r  (19R1)  and  u s i n g  t h e  non- 
p a r a m e t r i c  K u r s k a l - W a l l i s  v a r i a n c e  o f  r a n k s  t e s t  
( Z a r  197L) w i t h  t h e  h y p o t h e s i s  t h a t  q u a d r a t s  
e x h i b i t e d  s t a h i l i t y  ( n o  c h a n g e ) .  

RESULTS 

S e v e n t e e n  t o  1 9  s p e c i e s  and  212 t o  355 c o l o n i e s  
were i n v e n t o r i e d  o n  M o l a s s e s  ReeE a n n u a l l y  d u r i n g  
t h e  s i x  y e a r s  ( T a b l e  1 ) .  A c r o p o r a  c e r v i c o r n i s ,  
A .  p a l m a t a ,  M o n t a s t r a e a  a n n u l a r i s ,  and M i l l e p o r a  - -  
a l c i c o r n i s  c o n s t i t u t e d  6 5 . 7  t o  R9 .6% of  t h e  
a s s e m h l s g e .  A f t e r  19R1,  A. c e r v l c o r n i s  e x h i h i t e d  - 



T a b l e  1 .  Abundance ( A )  a n d  p e r c e n t  a b u n d n n c e  o f  c o r a l  c o l o n i e s  s t  Y o l a s s e s  R e e f .  

- -  

A c r o p o r a  c e r v i c o r n i s  
-- -- -. - 
Acri7purs p a l m a t a  - -- . - . 
?!on[ :!.,I r a e a  a n n u l a ,  i s  
~ -- - - . . - - - 
Ili I l e p u r a  a l c i c o r n i s  

- -- -- 
S i d e r a , L r e a  s i d e r e a  
' l i l l e p n r a  c o m p l a n a t a  
t i p , i r i c ~ . i  a g a r i c i t e s  -- -- 

Yclntas t r a e a  c a v e r n o s a  
~ d ~ i r a b i l i s  --- 
P o r i t e s  a s t r e o i d e s  --- 
F a v i n  f r a g u m  -- 
D i p l o r i a  L a b y r i n t h i f o r m i s  
M y c e t o p h y l l l a  l a m a r c k i a n a  
-- 

C o l p o p h y l l i a  n a t a n s  
-- 

D i c h o c o e n i a  s t o k e s i i  - - 
-- 

M e a n d r i n a  m e a n d r i t e s  
M y c e t n p h y l l i a  a l i c i a e  

-- 

Mycetophy l l i a  f e r o x  --- 
P o r i t e s  p o r i t e s  -- 
D i c h o c o e n i a  s t e l l a r i s  
E u s r n i l i a  f a s t i g i a t a  
-- -- 

~ 

T o L a l s  

S p e c i e s  
C o l o n i e s  

T a b l e  2 .  P e r c e n t  f r e q l ~ ~ n c y  of  o c c r ~ r r e n c e  an1  mean d e n - L t v  ( c o l n n i - s l , .  ' ,  . I '  c - r y l  s  a t  Molasses  Reef 

19R1 19x2 1981  1984 19R5 19R6 
d e n s i t v  - d e n s i t v  - d e n s i t y  - - d e n s i t v  d e n s i t v  - d e n s i t v  

S p e c i e s  f x s  f x s  f x s  f x s  f x s  f x s  

A .  c e r v i c o r n i s  - 68 5 . 0  6 . 3  56 3 . 1  4 . 3  32 1 . 0  2.4 40  1 . 1  1 . 7  20 n . 4  1 . 0  12 10.2 0 . 7  
A .  pa l rna ta  - -- 8 8  4 . 3  3 . 2  76 3 . 8  4 . 1  92 5 . 4  h . 1  8 0  5 . 7  4 . 6  84 5 . 2  4 . 1  56 3 . 7  4 . 1  
M .  a n n u l a r i s  - 36 1 .5  4 . 1  44 1 . 8  5 . 6  36 0 . 9  1 . 7  36 2 . 2  6 . 1  4 0  l . R  2 . 9  44 1 . 7  3 . 5  
M .  a l c i c o r n i s  - -- 48 n . 8  1 . n  68 2 . 1  4 . 4  60 1 . 5  1 . 7  4 8  1 . n  1 . b  5 7  1 . 4  1 . 9  48 0 . 9  1 . 3  
S .  s i d e r e a  - -  16 0 . 2  0 . 7  32 0 . 4  0 . 7  32 0 . 5  0 . 9  24 0 . 3  0 . 6  28 0 . 4  1 . n  2 ~  0 .4  n . 9  
?I.  c o m p l a n a t a  - 16 n . ?  0 . 5  12 0 . 3  I .  nn 0 . 1  0 . 3  08 0 . 7  0 . 3  n~ 0 . 1  n . 4  OR n . 2  n . 3  
A .  a g a r i c i t e s  - 12 0 . 2  0 . 5  56  1 . 3  2 . 5  77 2.R 3 . 3  6 0  1 . 5  1 . 7  44 0 . 7  1 . 1  52 1 . 0  1 . 3  
M .  c a v e r n o s a  - n8 0 . 1  0 . 4  nx n .2  0 . 6  16 n . 2  n . 4  08 0 . 4  n . 1  w, 0 . 0  0 . 2  12 0 . 1  n . 3  
M .  m i r a b i l i s  - 04 0 . 1  n . 6  08 0 . 1  0 .3  
P.  a s t r e o i d e s  - O R  n .1  0 . 3  12 n . z  0 . 5  zn  n . 2  n . 5  n R  n . 1  n . 3  n4 n . 0  n.2 nR q . 1  n . 4  
F .  ftap,um - -  n4 n . 1  0 . 4  08 0 . 1  0 . 3  08 0 . 1  0 . 3  n8 0 . 1  n . 4  n4 n . 0  n . 2  04 n . n  0 . 2  
U .  l a h y r i n t h i f o r m i s  08 0 . 1  0 .  1 0 8  0 . 1  n . 3  qR 0 . 1  Q . 3  04 n.n 0 . 7  0 8  q . l  n . 1  n8 n. 1  0 . 3  
- 

M .  l a m a r c k i a n a  - 08 0 . 1  n . 3  12 0 . 2  0 . 5  12 0 . 1  0 . 1  04  n . o  n . 2  12 0 . 2  0 . 7  n8 0 . 2  0 . 5  
C. n a t a n s  - -  0 4 0 . 1 0 . 4  0 4 0 . 1 n . 4  1 2 n . l o . 4  0 4 o . i n . 4  n 4 n . 1 n . 4  n 4 n . n n . 7  
D. s t o k e s i i  - -  n4 0 . 0  0 . 2  OL 0 . 0  0 . 2  0L 0 . 0  0 . 2  
M .  m e a n d r i t e s  - 04 0 . 0  0 . 2  n4 0 . 0  0 . 2  04 n . n  n . 2  04 0 . 0  0 . 2  n4 n . n  11.2 n4 0.1- 0 . 2  
tl. a l i c i a e  - -- 04 0 . 0  0 . 2  
> I .  f e r o x  - -  n R  n .1  n . 4  nx 0 . 1  n . 3  ox 0 . 1  n . 3  
P. p o r i t e s  - -  n8 0 . 1  0 . 3  OR n . ?  n . 6  0 ~  n . 0  0 . 2  n4 0 . 0  0 . 2  nx n . 2  n . 5  
U .  g t r l l a r i s  
- 

n4 O.n n . 2  n4 n . 0  0 . 2  n4 0 . n  0 . 2  n4 0 . n  n . 2  
E .  f a s t i g i a t a  
- -- 

n4 n . n  0 . 2  12 n . 1  n . 3  n4 0 . 0  0 . 2  04 0 . 0  0 . 2  OR 0 . 1  0 . 3  

Summation d e n s i t y  (N=25 q u a d r a t s )  

S p r c i e s / m 2  3 . 4 ~ 1 . 6  4 . 7 ~ 1  . h  4 . 2 ~ 1  . 8  3 . 6 + 1 . 6  3. 3 ~ 1 . 5  1 . 1 + 1 . R  
C o l o n i e s l m 2  

- 

1 3 . 0 ~ 3 . 4  1 4 . 2 + 1 1  - 1 2 . R 1 5 . 8  1 2 . 3 + 7 . 7  - 1 0 . 6 ~ 4 . 1  F3.5T6.2 - 

f :  s p e c i e s  f r e q u e n c y  o f  o c c u r r e n c e ;  rlrlnber o f  q u a d r a t s  i n  which a  s p e c i e s  o c c u r r e d  d i v i d e d  b y  t o t a l  

- rrtnnher of  q u a d r a t s  s a m p l e d ,  e x o r e - s e d  a s  o p r c r n t a e e .  
x :  (mean number n f  c o l o l i i e s  p e r  s q u a r e  m e t e r .  
s :  g t a n d a r d  d e v i a t i o n  



T a b l e  3 .  Reef t e m p o r a l  s i m i l a r i t y  v a l u e s  be tween  y e a r s ,  1981-19R6, 
b a s e d  on Czekanowski  q u a n t i t a t i v e  c o e f f i c i e n t  and 4 t h  r o o t  d a t a  
t r a n s f o r m a t i o n  ( 0  = no q i m i l a r i t y ;  1 . 0 0  = t o t a l  s i m i l a r i t y )  

M o l a s s e s  Reef 
Q u a d r a t  81-82 82-83 83-84 84-85 85-86 81-86 
number 

P e r c e n t  o f  s i m i l a r i t y  v a l u e s  g r e a t e r  t h a n  . 5 0 ,  . 7 0 ,  and  . 9 0  
81-82 82-83 83-84 84-55  85-86 81-56 

> . 5 0  88% 80% 8 8 %  88% 76% 56% 

P o o l e d  Reef S i m i l a r ~ t y  
Time p e r l o d  C a r y s f o r t  Elbow F r e n c h  M o l a s s e s  

- 

1981-1982 . 8 0  . 7 0  --- . 8  3  
1982-1983 .82  . 8 3  .8R . 9 2  
1983-1984 . 8 3  . 8 4  . 9 h  . 9 3  
1984-1985 . 8 5  7 6  . 9 7  . 92  
1985-1986 .X8 . 8  1  . 8 9  .8Q 

a  marked d e c r e a s e  i n  a b u n d a n c e ,  declining f rom 
3 8 . 5 %  t o  < 3 %  i n  1986 ( T a h l e  I ) .  P e r c e n t  ahund-  
a n c e  o f  A g a r i c i a  a g a r i c i t e s  i n c r e a s e d  f rom 1 . 2 %  i n  
1981 t o  2 0 . 9 %  i n  1983  h u t  d e c r e a s e d  t o  1 1 . 3 %  i n  
1 9 8 6 .  P e r c e n t  a b u n d a n c e  o f  A c r o p o r a  p a l m a t a  
v a r i e d  f rom 3 3 . 2  t o  4 8 . 5 %  o f t h e o - a b l e  
11 ,  and i t s  f r e q u e n c y  o f  o c c u r r e n c e  was h i g h e s t  o f  
a l l  . s n e c i e s  ( T a h l e  2 ) .  Colony d e n s i t y  ranged  from 
3 .2  t o  5 . 4  f o r  A. p a l m a t a  and  0 . 9  t o  2 . 2  f o r  Mont- - 
a s t r a e a  a n n u l a r i s  ( T a h l e  2 ) .  -- 

S i m i l a r i t y  o f  q u a d r a t s  a t  M o l a s s e s  Reef was r e l a -  
t i v e l y  h i g h  ( T a h l e  3 ) ,  w i t h  t h e  h i g h e s t  s i m i l a r i -  
t i e s  g e n e r a l l y  o c c u r r i n g  he tween  1983-84 and t h e  
l o w e s t  s i m i l a r i t i e s  o c c u r r i n p ,  b e t w e e n  1985-86.  
T h e r e  was a  t r e n d  of  d e c r e a s i n g  q u a d r a t  s i m i l a r i t y  
b e t w e e n  y e a r s ,  b u t  t h e r e  was no t r e n d  i n  p o o l e d  
q u a d r a t  s i m i l a r i t y .  

To i l l u s t r a t e  t h e  d y n a m i c s  o f  c h a n ~ e ,  we randomly  
s e l e c t e d  o u a d r a t s  5  and 1 1 .  A c r o n o r a  p a l m a t a  was -- 
t h e  most  a b u n d a n t  s p e c i e s  a t  q u a d r a t  5, and  one  t o  
f o u r  o t h e r  s p e c i e s  o c c u r r e d  w i t h  A .  p a l m a t a  d u r i n g  
t h e  s i x  y e a r  p e r i o d  ( T a h l e  4 ) .  ~ b u n d a n c e f  
? l o n t a s t r a e a  a n n u l a r i s  a t  q u a d r a t  11 was r e l a t i v e l y  
c o n s t a n t ;  a l l  o t h e r  s p e c i e s  e x c e p t  A g a r i c i a  
a g a r i c i t e s  r e c r u i t e d  t o  t h e  a r e a  a f t e r  t h e  f i r s t  
c e n s u s  o r  d i s a p p e a r e d  and  t h e n  r e a p p e a r e d  l a t e r  
( T a b l e  4 ) .  

D e c r e a s ~  i n  a b u n d a n c e  o f  A c r o p o r a  c e r v i c o r n i s  
d u r i n g  t h e  s t u d y  ( T a b l e  1 )  was a  s i ~ n i f i c a n t  96X. 

O t h e r  f r e q u e n t l y  o c c u r r i n r :  s p e c i e s  exhibited 
n o n - t r e n d  p a t  t e r n s  o f  f l u c t i l a t i n p  a b u n d a n c e  
h e t w e e n  g e a r s .  



T a b l e  4 .  S p e c i e s  a b u n d a n c e  a t  q u a d r a t s  5 and 1 1 ,  M o l a s s e s  R e e f ,  lQR1-19Rh. 

Q u a d r a t  5  n u a d r a t  11 
Spec ~ e s  R l  02 53 84  8 5  R6 8 1  32 8 3  R4 85 Hh 

A. pa ln in ta  H 10 12 Q 12 l n  2 2 4  7 - -  
M .  a n n u l a r i s  - 1 1 1 1 1 2  4 4 3 1 3 3  n .  a l c i c o r n i s  - 1 1 1 1 1  1  
A. a g a r i c i t e s  - l 2  2 3 5 3 3 1  
S .  s l d e r e a  - 1  1 1 1 1 1  
A .  -rnis 1  1  I  I  - 
M .  l a m a r c k i a n a  - 
F.  f r a g u m  - 
E .  m i a t a  - 

P o o l e d  q ~ l a d r a t  d a t a  d o c t ~ i n e n t e d  s t r o n g  c l u s t e r i n g  

w i t h i n  r e e f  s i t e s  ( F i g u r e  2 ) .  M o l a s s e s  Keef 
p o o l e d  i n t r a s i t e  s i m i l a r i t y  v a l u e s  rar>ged f rom 
0 . 8 3  t o  0 . 9 3  ( T a b l e  3 ) .  The Elbow Reet  s l t e  was 
l i n k e d  t o  o t h e r  r e e f  s i t e s  a t  a  0.30 s l ~ n i l a r i t y  
l e v e l ;  t h i s  r e f l e c t e d  d o m i n a n c e  o f  _1. p a l m a t a  and 
r e l a t i v e l y  low s p e c i e s  d l v e r s i t y  compared  t o  t h e  
o t h e r  s i t e s .  C a r y s t o r t  Reef was L i n k e d  t o  F r e n c h  
and  t l o l a s s e s  K e e t s  a t  a  0 . 5 5  s i m i l a r i t y  L e v e l ;  
C a r y s t o r t  s i t e  was d o m i n a t e d  by M. a n n u l a r i s .  - 
F r e n c h  and E l o l n s s e s  R e e f s  were  mos t  s i m i l a r ,  w i t h  
c o - d o m i n a n t  s p e c i e s  (A. p a l m a t a  and  M .  a n n u l a r i s ) .  
l l o l a s s e s  and  F r e n c h  ~ e e f s i t e s w e r e  Tin- 
11.76 s i m i l a  r i t y  l e v e l .  F r e n c h  and  M o l a s s e s  Keef s 
w e r e  n o s t  s t a b l e  be tween  y e a r s ,  arid Elhow Keet was 
t h e  l e a s t  s t a h l e  d u r i n g  t h e  s i x  y e a r s .  

Molasses Reel 

-- 

Carysfort  eel 37-1 
Elbow Reef q-'-- 

1 I I I 
1 00  0.75 0 50 0.25 

Slmllarlly Level 

F i g u r e  2. s i m i l a r i t i e s  o f  s a m p l i n g  s i t e s ,  
KLNMb, LYHl-1986. 

q t a ~ n c y  o f  d i s t u r b a n c e  ( C o n n e l l  1 9 7 8 ,  1 9 7 q ,  H a > ~ h e s  
and J a c k s o n  1 9 R 5 ) .  n i s t r j r h a n c e s  c r e a t e  open  
p a t c h e s  t h a t  hecome a v a i l a b l e  f o r  r e c r u i t m e n t  o f  
new o r g a n i s m s .  Aoth p h y s i c a l  ( c l i m a t i c )  and 
h i o l b g i c a l  ( d i s e a s e )  d i s t l ~ r h a n c e s  a r e  r e l a t i v e l v  
common a t  F l o r i d a  r e e f s .  T h e s e  d i s t t ~ r h a n c e s  
c r e a t e  a l t e r n a t i v e  s t a t e s  and may o r  may n o t  
i n f l u e n c e  t h e  u l t i m a t e  c a r r y i n g  c a p a c i t y  o f  t h e  
h a b i t a t  ( C o n n e l l  1 9 7 8 ) .  Human a c t i v i t y  i n  r e c e n t  
t i m e s  a l s o  h a s  i n f l u e n c e d  r e e f  c o n u n t ~ n i t i e s  i n  
F l o r i d a .  C o r a l  s p e c i e s  c o m p o s i t i o n  o f  t h e s e  r e e f s  
o f t e n  i s  d e t e r m i n e d  by s u r v i v i n g  i n d i v i d u a l  
c o l o n i e s  t h a t  e x t e n d  i n t o  open  p a t c h e s  and 
c o n t r i b u t e  l a r v a e  o r  f r a g m e n t s  f o l l o w i n g  t h e  
d i s t u r h a n c e .  E x i s t i n g  c o l o n i e s  o f t e n  i n f l u e n c e  
t h e  m i c r o - h a b i t a t  ( s h a d e ,  w a t e r  movement ,  
p l a n k t o n i c  food  a v a i l a b i l i t y )  and t h u s  s u r v i v a l  o f  
r e c r u i t s .  

S i m i l a r i t y  v a l u e s  d e r i v e d  from p o o l e d  q u a d r a t  d a t a  
d e m o n s t r a t e  t h a t  c l a s s i f i c a t i o n  a n a l y s i s  i s  
s r l f f l c i e n t l v  s e n s i t i v e  t o  d e t e c t  i n f l t ~ e n c e s  o f  
d i f f e r e n t  s p e c i e s  a t  e a c h  r e e f .  The p a t t e r n  o f  
i n d i v i d l l a l  r e e f  s i t e s  c l c l s t e r i n a  t o g e t h e r  was 
f a i t h f u l l y  m a i n t a i n e d  i n  a l l  y e a r s  (F ip , t l r e  2 ) .  
The p o o l e d  v a l u e s  i m p l i e d  a b o u t  20% a n n u a l  c h a n v e .  
I n d i v i d u a l  q u a d r a t  s i m i l a r i t y  v a l u e s  were  
c o n s i d e r a b l y  more v a r i a b l e ,  r e f l e c t i n g  d i f f e r e n -  
t i a l  i n f l u e n c e  o f  d i s t u r h a n c e  f o r c e s  on r e s i d e n t  
s p e c i e s .  

D u r i n g  t h e  s t u d y ,  we o b s e r v e d  d i s t u r b a n c e  t o  t h e  
r e e f  c o m m u n i t i e s  f r o m  h u r r i c a n t x s ,  h y p e r t h e r m i a ,  
e p i d e m i c  d i s e a s e ,  and  human i n t e r f e r e n c e ,  un -  
d o u b t e d l y  a f f e c t i n g  e a c h  q u a d r a t  and r e e f  s i t e  
d i f f e r e n t l y .  At M o l a s s e s  R e e f ,  t h e  most  d r a m a t i c  
c h a n g e s  o c c u r r e d  i n  n i n e  q u a d r a t s  where  A .  c e r v i -  
c o r n i s  was a b u n d a n t  i n  19R1 ht l t  v i r t u a l 1 7  d r  
a p p e a r e d  d u r i n g  s u b s e q u e n t  v e a r s  ( T a b l p  1 ) .  
T h e r e  were  1 2 5  c l u s t e r s  and i n d i v i d ~ ~ a l  h r a n c h e s  o f  
A. c e r v i c o r n i s  i n  19R1,  7R i n  1982 ( 3 8 %  l o s s ) ,  and - 
25 i n  19R3 ( 6 8 %  l o s s ) ;  by 1 9 8 6 ,  t h e r e  were  o n l y  5 
s m a l l  b r a n c h e s  ( 9 6 %  l o s s  compared t o  l Q R l ) .  
A c r o p o r a  c e r v i c o r n i s  a l s o  d e c l i n e d  a t  o t h e r  r e e f  
s i t e s .  A  C a r i b b e a n  pandemic d i s e a s e  h a s  heen  s u s -  
p e c t e d  a s  t h e  c a u s e  o f  s e v e r e  m o r t a l i t v  i n  t h i s  
s p e c i e s  d u r i n g  r e c e n t  y e a r s  (Bak  and C r i e n s  1 9 8 1 ,  

Van Duyl 1 9 8 2 ,  Knowlton e t  a l .  i n  p r e s s ) ,  k i l l i n g  
more t h a n  9 0 %  of  t h e  A. c e r v i c o r n i s  p o p u l a t i o n s  
d u r i n g  1981-1982  i n  C u r a f a o  and  R o n a i r e .  We s u s -  
Ipect t h a t  t h e  same d i s e a s e  i n f e c t e d  s t a g h o r n  
c o r a l s  o f f  Key Largo .  

DISCUSSION A  1981-1982  w i n t e r  s t o r m  d i s l o d g e d ,  u p e n d e d ,  and 
f r a g m e n t e d  a  l a r g e  A c r o p o r a  p a l m a t a  c o l o n y  n e a r  -- 

The f a u n a l  c o m p o s i t i o n  o f  c o r a l  r e e f  c o m m u n i t i e s  t h e  s a m p l i n g  s i t e .  The f r a g m e n t s  l o d g e d  i n  
i s  l a r g e l y  d e p e n d e n t  upon t h e  m a p , n i t ~ ~ d e  and f r e -  s e v e r a l  q u a d r a t s .  H u r r i c a n e s  K a t e  and E l e n a  f r a g -  



mented and d i s t r i h u t e d  s m a l l  p i e c e s  o f  A. p a l m a t a  o f  w a t e r  p o l l u t i o n .  E c o l o g i c a l  R e s e a r c h  
t h r o u g h o u t  t h e  s t u d y  s i t e  d u r i n g  t h e  t a l l  of S e r i e s ,  O.S. E n v i r o n m e n t a l  P r o t e c t i o n  
1985.  Agency 60013-77-013,  1 1 4  D P .  

D i s e a s e  v i r t u a l l y  e r a d i c a t e d  Diadema a n t i l l a r u m ,  
a  m a j o r  i n v e r t e b r a t e  h e r h i v o r e ,  t rom F l o r i d a  Keys 
r e e f s  i n  l a t e  summer 1 9 8 3  ( L e s s i o s ,  e t  a l .  1 9 8 4 a ,  
1Y84b, Bauer  and A g e r t e r  1 9 8 7 ) .  Diadema p l a y s  a n  
i m p o r t a n t  r o l e  i n  t h e  c r e a t i o n  of  s p a c e  f o r  
s e t t l e m e n t  o f  c o r a l  l a r v a e .  The e c h i n o i d  r a s p s  
t h e  a l g a e ,  which  i s  t h e  m a j o r  c o m p e t i t o r  f o r  s p a c e  
i n  t h e  c o r a l  r e e f  h a b i t a t  (Sammarco 1 9 8 0 ) .  A 
g e n e r a l  t r e n d  o f  i n c r e a s e d  a l g a l  c o v e r  was n o t e d  
a t  t h e  s i t e s  a f t e r  1983.  

A  z o o x a n t h e l l a e  e x p u l s i o n  d u r i n g  l a t e  summer 1 9 8 3  
r e s u l t e d  i n  some b l e a c h i n g  of  c o r a l s  b u t  no 
m o r t a l i t y  ( J a a p  1 9 8 5 ) .  

D i s t u r b a n c e s  c a u s e d  by humans a t  t h e  M o l a s s e s  Reef 
s i t e  i n c l u d e d  t l i e  b r e a k i n g  of  c o r a l s  by d i v e r s  and 
a n c h o r s ,  and t h e  c h r o n i c  e n t a n g l e m e n t  o f  F i s h i n g  
t a c k l e  i n  t h e  r e e f .  We found  h o o k s ,  m o n o f i l a m e n t  
l i n e s ,  w i r e  l e a d e r s ,  l e a d  s i n k e r s ,  and l u r e s  em- 
hedded i n  o r  wrapped  a r o u n d  c o r a l s .  T h e r e  was 
e v i d e n c e  o f  wounds c a u s e d  by t h e  f i s h i n g  
a c t i v i t y .  

C o n s i d e r i n g  t h e  i n t e n s e  n a t u r e  of  p e r t u r b a t i o n ,  
t h e  r e s i l i e n c y  o t  t h e s e  r e e f  c o m m u n i t i e s  is 
r e ~ n a r k a h l e .  
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