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ABSTRACT 

The Florida Keys Reef T r a c t  r e p r e s e n t s  t h e  n o r t h e r n  l i m l t  of 
extensive ree f  growth I n  t h e  t r o p i c a l  wes t e rn  A t l a n t l c  and  1 s  
t h e  o n l y  c o n t l n e n t a l  r e e f  sy s t em I n  t h e  U.S. Scientific 
s t u d l e s  and a n e c d o t a l  observations s l n c e  t h e  1 9 7 0 ' s  s u g g e s t  
t h a t  F l o r l d a  Keys r e e f s  a r e  I n  a  s t a t e  o f  d e c l l n e ,  a s  
evidenced by decreasing c o r a l  c o v e r ,  increasing a l g a l  c o v e r ,  
increased r n c t d e n c e  o f  c o r a l  bleaching and o t h e r  d l s e a s e s ,  
and  low c o r a l  r e c r u i t m e n t .  The c a u s e s  o f  many of  t h e s e  
phenomena a r e  l a r g e l y  unknown. However, p r e v l o u s  a s se s smen t  
and monitoring s t u d l e s  have been l l m i t e d  I n  g e o g r a p h i c  e x t e n t  
and f o c u s e d  a l m o s t  e x c l u s l v c l y  on s t o n y  c o r a l s .  A oxe-year .  
l a r g e - s c a l e  s u r v e y  of  o f f s h o r e  b a n k - b a r r l e r  r e e f s  was 
c o n d u c t e d  l n  1994-95 t o  a s s e s s  b e n t h l c  cove rage  I n  r e l a t i o n  
t o  c o n t l n c n t o l  l n f l u e n c e  ove r  a  l a r g e  p o r t i o n  (200  km) of  t h e  
F l o r l d a  Keys Reef T r a c t .  The p e r c e n t  c o v e r  of  s u b s t r a t u m  
t y p e s  a t  20 bank r e e f s  (3-10 m  d e p t h )  was su rveyed  u s i n g  
q u a d r a t s  a l o n g  t r a n s e c t s .  Slirveys f o c u s e d  on t h r e e  r e e f  
t y p e s :  h i g h - r e l i e f  s p u r  and groove,  r e l i c t  r e e f  f l a t ,  and 
l l n e a r  s h o a l .  A l l  r e e f s  su rveyed  were  domlnated  by a l g a e ,  
w i t h  mean cove rage  m-' r axg lng  f rom 48-84%. Domlnant 
f u n c t i o n a l  g roups  o f  a l g a e  i n  most  r e e f s  were  a l g a l  t u r f ,  
c r u s t o s e  c o r a l l l n e  a l g a e ,  D i c t y o t a  s p p . ,  and  Halimeda spp .  
C o r a l  c o v r r  was low a t  a l l  r e e f s  ( 1 . 3 - 1 8 . 4 8 )  and  c o n s i s t e d  
p r i m a r l l y  of  Acropora  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 ,  
Mi l l epo ra  complanata,  and P o r i t e s  a s t r e o l d e s .  C o r a l  c o v e r  was 
l o w e s t  l n  t h e  mlddle  and a  p o r t l o n  of t h e  l ower  F l o r i d a  Keys, 
indicative of F l o r l d a  Bay -At l an t i c  Ocean exchange .  P o s s l b l e  
e x p l a n a t i o n s  f o r  t h e  dominance of  a l g a e  on  o f f s h o r e  r e e f s  a r e  
d l s c l l s s r d  and may l n c l u d e  t h e  d e c l l n e  of  A .  p a l m a t a  from 
d i s e a s e ,  low recruitment by r e e f - b u l l d i n g  = o r a l s ,  d i e - o f t  and 
r e c o v e r y  f a i l u r e  by t h e  i a r l b b e a n  l o n g - s p i n e d  s e a  u r c h i n  
(fl iadema a n t : l l a r u m ) ,  and a n t h r o p o g e n i c  n u t r i e n t  i n p u t .  

INTRODUCTION 

The m a r l n e  env i ronmen t  of  t h e  F l o r l d a  Keys i s  c h a r a c t e r i z e d  
by a  h lgh  diversity o f  s p e c l e s  and  b e n t h ~ c  h a b i t a t s  compr l s -  
l n g  a  complex mangrove-seagrass- reef  e cosys t em.  Ove: t h e  p a s t  
20 y e a r s ,  conce rn  abou t  t h e  v l t a l l t y  o f  r e e f s  I n  t h e  F l o r l d a  
Keys ha s  i n c r e a s e d  owing t o  t h e  occu r r ence  o f  c o r a l  b l e a c h i n g  
and o t h e r  d l s e a s e s  (Dus t an  1977; Dustall  and  Ha l a s  1 9 8 i ) ,  
d e c l i n e s  i n  c o r a l  cover ,  i n c r e a s e s  i n  a l g a l  cove r  ( P o r t e r  and 
Meler 1 9 9 2 ) ,  l a c k  of r e c r u i t m e n t  by p r lma ry  h e r n a t y p i c  c o r a l s  
( P o r t e r  and Meier  1 9 9 2 ) ,  e v i d e n c e  o f  n e a r - s h o r e  
e u t r o p h l c a t l c n  (Lapo ln t e  and C la rk  1992; Szmant and  F o r r e s t e r  
1 9 9 6 ) ,  and s e v e r a l  major  v e s s e l  g round ings  (Cur t15  1985; 
Hudson and Diaz 1 9 8 8 ) .  S e v e r e  l m p a c t s  t o  r e e f s ,  s p e c 1 f i c a : l y  
m a j o r  v e s s e l  g round ings  i n  t h e  l a t e  1 9 8 0 ' 5 ,  prompted 
legislation d e s i g n a t i n g  t h e  F l o r i d a  Keys a s  a  N a t l o n a l  MarLne 
S a n c t u a r y  I n  1990.  P l o r l d a  Keys r e e f s  a r e  some o f  t h e  most  
h e a v i l y  v i s i t e d  i n  t h e  wor ld  and a r e  l o c a t e d  c l o s e  t o  t h e  
m e t r o p o l i t a n  a r e a  of  Mlami ( J aap  1 9 8 4 ) .  The r . o r t h e r l y  
l o c a t i o n  o f  t h e  F l o r l d a  Keys Reef T r a c t ,  c o u p l e d  w l t h  
c o n t l n e n t a l  ~ n f l u e n c e ,  r e s u l t s  l n  t e m p e r a t u r e  minima and 
sedlmect  t r a n s p o r t  r e s u l t i n g  from F l o r l d a  B a y - A t l a n t l c  Ocean 
exchange of  wa t e r  (Hur ion  1981; R o b e r t s  e t  a l .  1982 )  o r  f l ow  
of i n i m l c a l  wa t e r  from t h e  Gulf o f  r e x i c o  ( J a a p  e t  a l .  1 9 8 9 ) .  
These n a t u r a l  environmental ex t r emes  have  had a  c l e a r  impac t  
on  t h e  genmorphology (Robbin  1981; S h l n n  e t  a l .  19891,  
d l s t r i b u t l o n  (G insbu rg  and Sh inn  1967;  Hudson 1 9 8 1 ) ,  and 
community composition o f  r e e f s  (Burxs 1 9 8 5 ) .  However, ex t r eme  
n a t u r a l  p e r t u r b a t i o n s ,  such  a s  h u r r i c a n e  damage (Sh inn  1976 )  
a n d  hypo the rma l  e v e n t s  ( P o r t e r  e t  a l .  19821,  have  made t h e  
distinctions between some human and n a t u r a l  i m p a c t s  d i f f i c u l t  
( T i l m a n t  and Schnah l  1981;  J a a p  e t  a l .  1 9 8 8 ) .  

T r a c t  1s continentally l n f l u e n c e d ,  and t h u s  may be e x p e c t e d  
t o  e x h l b l t  l e s s  c o r a l  cove r  t h a n  l n s u l a r  env l ronmen t s  
(Hal lock e t  a1  19931, ~t 1 s  c r l t l c a l l y  n p o r t a n t  t o  e v a l u a t e  
t h e  abundance of  o t h e r  t a x a  t h a t  a r e  conspicuous components 
o f  r e e f s  I n  t h l s  sy s t em.  

T h l s  pape r  discusses t h e  r e s u l t s  o f  a  s y n o p t l c  s u r v e y  of  20 
bank r e e f s  spannlng 200 !un a long  t h e  h l o r l d a  Krys  Reef T r a c t  
du r lnq  1  year  (1994-95) of  f i e l d  work ( F l g .  1) The maln g o a l  
o f  t h e  s amp l lng  was t o  d e s c r l b e  t h e  community s t r u c t u r e  o f  
r e e f s  and determine p a t t e r n s  I n  d l g d l  and l n v c r t e b r a t e  
c o v e r a g e  r e l a t e d  t o  c o n t l n e n t a l  l n f l u e n c e .  F r e v l o u s  s t u d l e s  
have recognized t h e  Impor t ance  of  F l o r l d a  B a y - A t l a n t l c  Ocean 
exchange on t h e  geomorphology and d l s t r l b u t l o n  o f  r e e f s  
(G lnsbu rg  and s h l n n  1967; Mar sza l ek  e t  a l .  19771,  however,  
t h e r e  a r e  few d a t a  t o  I l l u s t r a t e  t h e  s p a t l a l  e x t e n t  a n d  
magnitude of t h l s  pherlomenon S p e c l f l c a l l y ,  we e x p e c t e d  t h a t '  
1 )  h l g h - r e l l e f  s p u r  and groove r e e f s  shou ld  be c h a r a c t e r l s t l c  
o f  a r e a s  w l t h  l l m l t e d  F l o r l d a  Bay l n f l u e n c e ;  and 2 )  c o r a l  
cove r  s h o u l d  LC l o w e s t  l n  t h e  m l d a l e  F l o r l d a  Krys  

MATERIALS AND METHODS 

Study area 

The F lo r i da  Keys compr i s e  p a r t  o f  t h e  s o u t h  F l o r i d a  s h e l f  o r  
F l o r l d l a n  P l a t e a u .  Th i s  s h e l f ,  which e x t e n d s  360 km f rom 
mdmi  t o  t h e  Dry To r tugas ,  forms p a r t  of t h e  Flor lda-Bahamas  
c a r b o n a t e  p r o v i n c e  and i s  t h e  o n l y  a r e a  I n  t h e  c o n t i n e n t a l  
U.S. where a c t i v e  c a r b o n a t e  d e p o s l t l o n  1s occurring on a  
l a r g e  s c a l e  (Sh inn  r t  a l .  1 9 8 9 ) .  The F l o r i d i a n  P l a t e a u  i s  
bounded by t h e  S t r a l t s  o f  F l o r l d a  t o  t h e  e a s t  and s o u t h ,  and  
by t h e  Gulf of  Mexico t o  t h e  w e s t .  The Floridian F l a t e a u  h a s  
s e v e r a l  env i ronmen t s  d i f f e r l n q  I n  circulation, s e d l m e n t  
c h a r a c t e r i s t i c s  and bo t t om t y p e s :  i n n e r  s h e l f ,  i n n e r  s h e l f  
m a r g l n ,  and o u t e r  s h e l f  ma rg in .  These  env l ronmen t s  a r e  
r ep r e sen t ed  by F l o r l d a  Bay, n e a r - s h o r e  w a t e r s  o f  t h e  F l o r i d a  
Keys, and t h e  F l o r i d a  Keys Reef T r a c t ,  respectively. 

The ? l o r I d a  Keys a r e  an  a r c h l p e l a q o  o f  Pleistocene l l m e s t o n e  
l s l a n d s  distributed from Key B l scayne  sou thweh t  t o  t h e  Dry 
To r tugas .  The I s l a n d s  c a n  be  p a r t l t l o n e d  I n t o  uppe r ,  m ldd l e ,  
and l ower  d l v l s l o n s  b a s e d  on t h e  s l z e  and o r l e n t a t l o n  o f  
~ s l a n d s ,  a s  w e l l  a s  t h e  w ld th  of tidal c h a n n e l s  p e r m l t t l n g  
f l o w  o f  w a t e r  be tween F l o r l d a  Bay o r  t h e  Gulf o f  Mexlco and  
t h e  A t l a n t l c  Ocean (Sh lnn  e t  a l .  1 9 8 9 ) .  The uppe r  and  mldd l e  
F l o r l d a  Keys a r e  o r l e n t r d  roughly  n o r t h e a s t  t o  sou thwes t  and  
a r e  composed of  Key Largo Limestone The lower  F l o r l d a  Keys 
a r e  a l l g n e d  no r thwes t  t o  s o u t h e a s t  and a r e  capped w l t h  Mlaml 
O o l l t e  ove r  Key Largo Limestone .  West o f  t h e  Marquesas Keys 
1 s  a  r e l a t l v e l y  open-water  a r e a  I n f l u e n c e d  by t h e  Gulf o f  
Mexlco 

O f f s h o r e  o f  t h e  I s l a n d s  1 s  t h e  F l o r l d a  Keys Reef T r a c t ,  a  
seml-continuous s e r l e s  of o f f s h o r e  bank r e e f s  o r  s h e l f  ma rg ln  
r e e f s  ( J a a p  1984)  The r r r f  t r a c t  1 s  r e l a t l v e l y  w e l l  
circulated, a v e r a g e s  3  km I n  wAdth ,  and c o n s l s t s  of  w e l l -  
s o r t e d  and c o a r s e  sediments. The maln p h y s l c a l  t r a n s p o r t  
mechanisms I n  t h r  s t l idy  a r e a  a r e  o c e a n l c  c u r r e n t s  ( F l o r l d a  
Cur r en t ,  Loop C u r r e n t ) ,  t l d e s ,  and wlnd-dr lven c u r r e n t s  (Lee  
e t  a 1  1992)  C l r c u l a t l o n  I n  t h e  upper F l o r l d a  Keys Reef 
T rac t  ( l e  C a r y s f o r t  Reef t o  Davls  Ree f )  1 s  characterized by 
F l o r l d a  C u r r e n t  f r o n t a l  e d d l e s  and low retention t lme  of  
w a t e r ,  w h l l e  t h e  mldd l e  F l o r l d a  Keys Reef T r a c t  (Alligator 
Reef t o  Tennessee Ree f )  1 s  domlnated  by o n s h o r e  c u r r e n t s  and  
t l d a l  f l ow  between F l o r l d a  Bay and t h e  A t l a n t l c  Ocean. 
C l r c u l a t l o n  l n  t h e  lower  F l o r l d a  Keys Reef T r a c t  (B lg  P l n e  
Shoa l  t o  Cosorove  S h o a l )  1 s  domlnated  bv  n e a r s h o r e .  wind- ~ -~ 

Gne of  t h e  maln o b l e c t l v e s  f o r  assessing t h e  s t a t u s  o f  r e e f s  driven ~ct r re r ; t s  and 'Ida1 currents ,  as  as mrs'-scale 

i n  t h e  F l o r i d a  Keys Na t i ona l  Marine S a n c t u a r y  (FKNMS; was t h e  gyres (Lee et lgg2)  . 
l a c k  o f  a  s y n o p t l c  p l c t u r e  of  t h e  comnurilty s t r u c t u r e  o f  
r e e f s  s a n c t u a r v - w i d e  ( C h l a ~ ~ o n e  1 9 9 6 ) ,  a s  w e l l  a s  t h e  . . 
perception among some s c l e n t l s t s  t h a t  p r e v l o u s  studies d l d  
n o t  encompass a  l a r g e  enough g e o g r a p h ~ c  a r ea  o r  l n c l ~ d e  T w e ~ t y  sites r e ~ r e s e n t l n g  t h r e e  bank r e e f s  t y p e s  were  
different r e e f  t v o e s  r e D r e s e n t a t l v e  o f  t h e  F l o r l d a  Kevs surveyed the F1Orlda Keys Trac t  d u r l n ~  the summers 
( m l l e r  and Ogden i'995) S ' t ud l e s  were u n d e r t a k e n  t o  e v a l u a k e  and lgg5 ("9. The three bank  reef types were 
t h e  dynamlcs  o f  r e e f s  I n  t h e  ~ l ~ ~ l d ~  Iteys since t h e  early hl9h-re1-f  s p u r  and g roove  (Caap 1984; Wheaton and J aap  
1 9 7 0 ' s  (Dus t an  and Halas  1987; J a a p  e t  a 1  1988; p o r t e r  and 1 9 8 8 ) ,  relict r e e f  f l a t  (Robbin  19811, and l ~ n e a r  s h o a l  
Me le r  1 9 9 2 ) .  however,  t h e s e  focused  on a  few s e l e c t  s ~ t e s  i S h l n n  et 'l. This study encompassed 20 of  the  
representing m o s t l y  h l g h - r r l l e f  s p u r  and  g roove  r e e f s  O t h e r  a~prOxlmate ly  28  ( <  m ,  bank  reefs  In the 
t w e s  of s t u d l e s  l nc luded  assessments  of conununltv s t r u c t u r e .  FKNMS, excluding t h e  Dry T o r t u g a s  (Tab l e  1 1 .  . . 
however,  most  o n l y  l n c l u d e d  d a t a  on t h e  abundance  a n d / o r  
c o v e r a g e  o f  r e e f  Lorals (wheaton a n d  Jaap  1988; J~~~ ?t al Benthic coverage  I n  r e e f s  was determined I n  haphaza rd  q u a d r a t  
1989 .  Aronson e t  a l .  1 9 9 3 ) .  The re  a r e  v e r y  l l m l t e d  d a t a  on Su rveys  a long  t r a n s r c t 5 .  Four t r a n s c c t s  25-m l n  l e n g t h  w r r e  
t h e  abundance5 o f  o t h e r  r e e f  components ,  most  n o t a b l y  a l g a e ,  In intervals and p laced between and depth 
sponges ,  and o c t o c o r a l s .  ~ ~ . ~ e ~  t h a t  t h e  ~ l ~ ~ ~ d ~  K~~~ ~ ~ ~ f  a t  e a c h  r e e f  f rom l n s h o r e  t o  o f f s h o r e .  1 n  h l g h - r e l l e f  s p u r  

and groove r e a f s ,  t r a n s e c t s  were p l aced  on t h e  t o p s  o f  s p u r s .  
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Gulf of Mexico 

.Tennessee Reef 

.Big Pine Shoal 

Atlantic Ocean 

- -  

F l u .  1: Shal low-water  ( <  10 m )  bank r e e f s  su rveyed  l n  t h e  F l o r ~ d a  Keys d u r i n g  1994-95. 

Tab l e  1 :  Bank r e e f s  surveyed I n  t h e  F l o r i d a  Keys d u r i n g  1994-95.  R e f e r  t o  F i g .  I f o r  r e e f  l o c a t i o n s .  L o c a t l o n  c o d e s  a r e :  
U-Upper Keys,  M-Middle Keys, and L-Lower Keys. 

R e e f s t e  S l t e  code  L o c a t l o n  Sour  and a roove  

Elbow Reef ER U  X 

Key Largo Dry Rocks KLDR U X 

Grec l an  Rocks GR U X 

Mo la s se s  Reef MR U X 

French Reef FR U X 

P l c k l e s  Reef PR U X 

conch Reef CR U  

Davls  Reef DR U  

Alligator Reef AR M 

Tennessee  Reef TR M 

sombrero  Reef S  R  M 

Blg P lne  S h o a l  BPS L  

Amerlcan S h o a l  AS L  

Maryland Shoa l  MS L  

P e l l c a n  Shoa l  PS L X 

E a s t e r n  Sambo ES L X 

Western Sambo WS L  X 

E a s t e r n  Dry Rocks EDR L X 

Sand Key S  KR L  X 

Cosqrove S h o a l  CS L  



Status of Florida Keys Reefs 

i n  r e l l c t  r e e f  f l a t  and l l n e a r  s h o a l  r e e f s ,  t r a n s e c t s  were 
p l a c e d  from t h e  n e a r s h o r e  l e d g e  seaward  ( s e e  Robbln 1 9 8 1 ) .  
F l f t y  l - m  i n t e r v a l s  a l o n g  t h e  4  t r a n s e c t s  were randomly 
chosen us lng  a  random number gene ra to r  f o r  sampling. Q u a d r a t s  
measuring l-m x  1 m were b l s e c t e d  by t h e  t r a n s e c t s .  

Three methods were used  t o  de termine  b e n t h l c  c o v e r a g e :  v l s u a l  
e s t l m a t e s  (Schee r  19781, polnt-intercept measurements  
[Ohlhors t  e t  a l .  19881, and i n  s i t u  measurements o f  c o l o n y  o r  
I n d i v i d u a l  s l z e  (Chlappone and S u l l l v a n  1 9 9 6 ) .  V i s u a l  
e s t l m a t e s  o f  p l a n a r  cove rage  were made f o r  t o t a l  a l g a e ,  
sponges ,  c o r a l s ,  o c t o c o r a l s ,  o t h e r  b e n t h i c  c n l d a r l a n s ,  and  
s ed lmen t .  I n  each l-m7 q u a d r a t ,  bot tom cove rage  was s c o r e d  
I n t o  one o f  seven pe r cen t  cover  categories: 0 ,  < 18 ,  1 -5%,  5- 
25%, 25-50%, 50-75%, and > 75%.  P e r c e n t  c o v e r  d a t a  were a l s o  
c o l l e c t e d  u s ing  polnt-intercept coun t s .  Quad ra t s  measu r ing  1- 
m  x l-m were  partitioned by s t r i n g  s o  t h a t  25 p o l n t s  were 
formed i n  e a c h  l-mz s amp le .  The bot tom t y p e  unde r  e a c h  p o i n t  
was i d e n t i f i e d  t o  s p e c l e s  when possible. Many a l g a e ,  s u c h  a s  
t u r f  and  c r u s t o s e  c o r a l l l n e  s p e c i e s ,  were su rveyed  a s  
f u n c t i o n a l  g r o u p s  ( S t e n e c k  and C e t h l e r  1 9 9 4 ) .  F l n a l l y ,  
e s t i m a t e s  o f  cove rage  f o r  sponges ,  c o r a l s ,  and o c t o c o r a l s  
were made u s lng  i n  s i t u  measurements o f  l n d i v i d u a l  and  c o l o n y  
dimensions (Chiappone and S u l l i v a n  1 9 9 6 ) .  Data f rom q u a d r a t  
s u r v e y s  were used  t o  compute mean p e r c e n t  cove r  m-' and 
s t a n d a r d  e r r o r  (N=50) f o r  a l l  r e e f s .  Spearman r a n k  c o r r e l a -  
t l o n s  were u sed  t o  d e t e r m i n e  r e l a t i o n s h i p s  I n  p e r c e n t  
coverage  o f  bottom components among t h e  r e e f s  (N=20) sampled  
(Za r  1 9 8 4 ) .  

RESULTS 

Mean p e r c e n t  cove r  m-' of a l g a e ,  sponges ,  c o r a l s ,  and 
o c t o c o r a l s  a r e  i l l u s t r a t e d  I n  Flg .  2 .  Algae  were t h e  dominant  
bottom type  I n  a l l  r e e f s ,  wl th  mean cove raqe  r a n g i n g  f rom 48% 
t o  8 4 % .  There were few geographic d i f f e r e n c e s  I n  t o t a l  a l g a l  
c o v e r ,  however,  t h e  l o w e s t  cove rage  was found a t  t h e  s i t e  
(Tennessee  Ree f )  most  a f f e c t e d  by  F l o r l d a  B a y - A t l a n t i c  Ocean 
w a t e r  exchange .  The re  was 1-2 cm o f  s ed imen t  overlying t h e  
r e e f  s u r f a c e  a t  t h l s  r e e f .  Dominant a l g a e  i n  s p u r  and g roove  
r e e f s  were t u r f  a l g a e ,  c r u s t o s e  c o r a l l i n e  a l g a e ,  Halimeda 
opun t i a .  H. g o r e a u i i ,  and D l c t y o t a  s p p .  R e l l c t  r e e f  f l a t  and  
l i n e a r  s h o a l  r e e f s  were g e n e r a l l y  dominated by t u r f  a n d / o r  
D i c t y o t a  s p p  ( T a b l e s  2 - 4 ) .  

r, 100 1 
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Stony Corals x 

100 ( I 

100 1 

Sponges 

x 
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E L L  2: Mean p e r c e n t  cove rage  m '  by  a l g a e ,  sponges ,  s t o n y  
Cora l s ,  and o c t o c o r a l s  I n  bank r e e f s  o f  t h e  F l o r l d a  Keys. U :  
Upper Reef T rac t :  M: Mlddle Reef T r a c t ;  L .  Lower Reef T r a c t .  
E r r o r  b a r s  r e p r e s e n t  1  s t a n d a r d  e r r o r .  

Mean c o r a l  cove r  ranged from 1 . 3 1  t o  16 . 4  r ( E l g .  21 . Cora l  
cove r  was g r e a t e s t  i n  t h e  upper  and lower F l o r l d a  Keys Reef 
T r a c t ,  p a r t i c u l a r l y  o f f s h o r e  o f  Key Largo,  Boca Ch lca ,  and 
Key West .  However, t h e r e  was s l g n l f l c a n t  v a r l a t l o n  I n  
c o v e r a g e ,  even f o r  r e e f s  l o c a t e d  w i t h l n  1-2  km of e ach  
a n o t h e r .  C o r a l  c o v e r  was e x c e p t i o n a l l y  low I n  t h e  midd l e  
( 1 . 3 -3 .3 " )  and a  p o r t l o n  of t h e  lower F l o r l d a  Keys Reef T r a c t  
( 2 . 4 -3 .3 : ) .  I n  h i g h - r e l l e f  s p u r  and g roove  r e e f s  ( 1 . 4 -18 .4 :  
c o v e r ) ,  domlnant c o r a l s  were Acropora  p a l m a t a ,  M l l l e p o r a  
complana t a ,  Mon ta s t r aea  a n n u i a r i s ,  and P o r i t e s  a s t r e o l d e s  
( T a b l e s  2-31.  

Both sponges  and o c t o c o r a l s  were minor components o f  t h e  
s u b s t r a t u m  i n  t h e  m a l o r l t y  of r e e f s  su rveyed  (Fig. 2 ) .  
Coverage  by  sponges  and o c t o c o r a l s  ranged f rom 0 . 2 %  t o  6 . 7 1  
and 0% t o  1 4 . 3 8 ,  r e s p e c t i v e l y .  I n  s p u r  and  g roove  r e e f s ,  
sponge cove rage  was l e s s  t h a n  2 . 5 % .  Interestingly, sponge 
c o v e r a g e  was g r e a t e s t  i n  t h e  midd l e  and l ower  F l o r l d a  Keys 
Reef T r a c t ,  s p e c i f l c a l l y  a t  Tennes see  Reef i 6 . 7 % ) ,  Sombrero 
Reef ( 2 . 4 % ) ,  and Blg P l n e  S h o a l  ( 6 . 2 % ) .  O c t o c o r a l  cove r  was 
g r e a t e s t  I n  t h e  mlddle  and upper F lo r i da  Keys Reef T r a c t .  The 
c o l o n l a l  z o a n t h l d ,  P a l y t h o a  mammllosa, was abundant  I n  some 
r e e f s .  Coverage  by  t h i s  s p e c i e s  t h roughou t  t h e  s t u d y  a r e a  
r a n g e d  f rom 0% t o  1 2 . 8 0 8 .  Mean cove rage  m-' by P. mammilosa 
was g r e a t e s t  i n  s p u r  and groove r e e f s  of t h e  midd l e  (Sombrero 
Reef ,  6 . 3 % )  and lower  F l o r l d a  Keys Reef T r a c t  ( 2 . 3 - 1 2 . 8 8 1 .  

S e v e r a l  significant r e l a t i o n s h i p s  were found among b e n t h i c  
c o v e r a g e  p a r a m e t e r s .  Sponge cove r  and c o r a l  cove r  were 
~ n v e r s e l y  r e l a t e d  ( r  = - . 624 ,  p  < 0.0051,  r e f l e c t i n g  t h e  
p a t t e r n  of relatively h igh  sponge cove rage ,  b u t  low c o r a l  
cove r ,  i n  t h e  mlddle F lo r i da  Keys Reef T r a c t .  O c t o c o r a l  cove r  
was l n v e r s e l y  r e l a t e d  t o  c o r a l  cove r  i r  = , 5 6 3 ,  p  < 0 .021 ,  
reflecting t h e  g r e a t e r  c o v e r a g e  by o c t o c o r a l s ,  b u t  v e r y  low 
cove rage  by s t o n y  c o r a l s ,  i n  r e i l c t  r e e f  f l a t  and l l n e a r  
s h o a i  r e e f s .  O c t o c o r a l  c o v e r  was a l s o  l n v e r s e l y  r e l a t e d  t o  
P a l y t h o a  mammilosa c o v e r  ( r  = - . 635 ,  p  = 0 . 0 1 ) ;  t h i s  
r e l a t i o n s h i p  r e f l e c t e d  t h e  g r e a t e r  abundance  o f  o c t o c o r a l s  
n o r t h e a s t  of Sombrero Reef and t h e  g r e a t e r  abundance  oL P.  
mammilosa I n  t h e  lower  F l o r l d a  Keys. 

DISCUSSION 

Reef community s t r u c t u r e  and d l s t r l b u t l o n  I n  t h e  F l o r l d a  Keys 
r e f l e c t  p a t t e r n s  of wa t e r  exchange between t h e  l n n e r  s h e l f  
margln  and  t h e  A t l a n t l c  Ocean ( J a a p  19841 T h e r e f o r e ,  r e e f  
development  1 s  m a r g l n a l  I n  a r e a s  o p p o s l t e  o f  t l d a l  c h a n n e l s  
(Glnsburg and Shinn 1964. Marsza lek  e t  a 1  1977)  Atmospheric 
c o l d  f r o n t s  and s ed lmen t  t r a n s p o r t  from b l o g e n l c  c a r b o n a t e  
production r e s u l t  l n  t h e  f l ow  o f  l n l m l c a l  wa t e r  o u t  t h rough  
t l d a l  c h a n n e l s ,  due  t o  t h e  s h a l l o w  n a t u r e  and ex t r eme  
environmental v a r l a b l l l t y  of F l o r l d a  Bay. T h l s  p r o c e s s  ha s  
been shown t o  lmpact  c o r a l s  du r lng  c o l d  f r o n t s  (Hudson 1 9 8 1 ) .  
The g e o l o g l c  r e c o r d  l n d l c d t e s  t h a t  t h l s  p r o c e s s  o c c u r r e d  
h l s t o r l c a l l y  t h rough  s t u d l e s  o f  r e e f  growth and d l s t r l b u t l o n  
( S h l n n  e t  a 1  19891.  s t u d l e s  n o r t h  o f  t h e  F l o r l d a  Keys 
l n d l c a t e  extensive development  of Acropora  pa lma ta  r e e f s  
d u r l n g  t h e  e a r l y  Holocene (9 ,000 -7 ,500  y . b  p  ) ,  however,  
r e e f s  became s enescen t  when t he  back r e e f  a r e a  was f l ooded  by 
r l s l n g  s e a  l e v e l  (Mac ln ty r e  1 9 8 8 ) .  Reef s e n e s c e n c e  may have  
been  c a u s e d  by t u r b l d  c o n d l t l o n s  o r  low t e m p e r a t u r e s .  These 
s t u d l e s  illustrate t h e  n a t u r e  o f  r e e f  development  I n  r e l a t l o n  
t o  t h e  f l o o d l n g  o f  t h e  previously s u b a e r l a l  p l a t f o r m s  
( Y a l l o c k  and S c h l a g e r  1986)  

The type  o f  bank r e e f  and b e n t h i c  community s t r u c t u r e  i n  t h e  
F l o r i d a  Keys were found t o  d i f f e r  w l t h  r e s p e c t  t o  l o c a t i o n .  
H lgh - r e l i e f  s p u r  and groove r e e f s  were, w l th  t h e  exception o f  
one  r e e f  i n  t h e  midd l e  F l o r i d a  Keys (Sombrero R e e f ) ,  
e x c l u s i v e  t o  t h e  upper  and lower F l o r l d a  Keys, where l a r g e  
l s l a n d s  a r e  effective i n  b l o c k l n g  t h e  exchange of w a t e r  
between F l o r l d a  Bay and t h e  A t l a n t i c  Ocean. I n  c o n t r a s t ,  
r e l i c t  r e e f s  w l t h  l e s s  t h a n  1 m  of v e r t l c a l  r e l i e f  were 
characteristic o f  t h e  midd l e  and a  p o r t l o n  of t h e  lower 
F l o r i d a  Keys, where t h e  P l e i s t o c e n e  l s l a n d s  a r e  s m a l l e r  and 
t l d a l  channe l s  a r e  w i d e r .  A second i n d l c a t l o n  of c o n t i n e n t a l  
s h e l f  i n f l u e n c e  was t h e  p a t t e r n  o f  h lgh  c o r a l  cove r  I n  t h e  
u p p e r  and lower  F l o r l d a  Keys Reef T r a c t  compared t o  t h e  
middle  F lo r i da  Keys Reef T r a c t .  A  t h i r d  p a t t e r n  t h a t  emerged 
was t h e  low a l g a l  cove r  and g r e a t e r  sponge cove r  i n  r e e f s  o f  
t h e  middle F lo r i da  Keys most a f f e c t e d  by F l o r i d a  Bay c i r c u l a -  
t i o n  ( i e .  Tennessee  Reef ) . There  was a l s o  g r e a t e r  s ed lmen t  
c o v e r  ( a s  h l g h  a s  4 0 % ) .  Th l s  p a t t e r n  may i n d l c a t e  g r e a t e r  
turbidity (particulate o r g a n i c  m a t t e r )  t h a t  would be  
b e n e f i c i a l  t o  sponges  ( f i l t e r  f e e d e r s )  and o c t o c o r a l s  
e l e v a t e d  above t h e  r e e f  s u r f a c e .  

A  n o t a b l e  r e s u l t  o f  t h l s  s t u d y  was t h e  dominance of a l g a e  I n  
a l l  bank r e e f s .  Wlth t h e  e x c e p t i o n  of Tennes see  Reef ,  a l g a e  
c o v e r e d  o n  ave rage  more t h a n  65% o f  t h e  s u b s t r a t u m  m-', i n  
some r e e f s  a s  h igh  a s  8 4 % .  Most of t h e  a l g a l  cove r  was 
r e p r e s e n t e d  by  s p e c i e s  and f u n c t i o n a l  g roups  characteristic 
o f  r e l a t i v e l y  h lgh  g r a z i n g  p r e s s u r e  o r  o t h e r  disturbance 
p o t e n t i a l  ( l e .  Wave e n e r g y )  (S t eneck  and D e t h l e r  1 9 9 4 ) .  



Chiappone and Sullivan 

T a b l e  2 :  P e r c e n t  r e l a t l v e  c o v e r ' o f  d o m l n a n t  b o t t o m  t y p e s  I n  h l q h - r e l l e f  s p u r  a n d  q r o o v e  r e e f s  o f  t h e  u p p e r  a n d  m l d d l e  
F l o r l d a  Keys .  These  b o t t o m  t y p e s  a c c o u n t e d  f o r  89-91  p e r c e n t  o f  t h e  t o t a l  b e n t h l c  c o v e r .  

Bot tom t v ~ e  ER FR PR S  R  

Acropora  p a l m a  t a  8 . 5 3  

Age1 a s  wiedenmayaar i  1 . 4 3  3 . 1 6  

C o l p o p h y l l i a  n a t a n s  1 . 0 8  

C r u s t o s e  a l g a e  2 9 . 5 8  1 0 . 8 4  5 . 6 8  

D i c t o y t a  s p p .  9 .37  2 . 5 8  1 5 . 2 2  

Gorgonia  v e n t a l i n a  2 . 8 0  

Hal imeda g o r e a u i i  1 3 . 8 8  

H. o p u n t i a  6 . 9 8  7 . 4 4  

M l l l  e p o r a  complana t a  3 . 2 3  

M o n t a s t r a e a  a n n u l a r i s  1 . 4 3  2 . 6 4  2 0 . 8 0  

P a l y t h o a  mammllosa 22 .08  

Turf  a l q a e  3 7 . 9 1  4 1 . 8 6  4 6 . 9 6  49 .04  

T a b l e  3 :  P e r c e n t  r e l a t l v e  c o v e r  of  d o m l n a n t  b o t t o m  components  I n  h l g h - r e l l e f  s p u r  a n d  g r o o v e  r e e f s  I n  t h e  l o w e r  F l o r l d a  
Keys.  T h e s e  b o t t o m  t y p e s  a c c o u n t e d  f o r  89-92 p e r c e n t  o f  t h e  t o t a l  b e n t h l c  c o v e r .  

Bot tom tvDe PS ESR WSR EDR S  KR 

A c r o p o r a  p a l m a  t a  1 3 . 1 2  

C r u s t o s e  a l g a e  

D i c t y o t a  s p p .  

Hal imeda g o r e a u i i  2 . 3 5  

H. o p u n t l a  3 . 3 6  8 . 0 0  8 . 0 8  2 . 5 1  

M i l l e p o r a  complana t a  3 .44  7 . 8 4  3 .28  9 . 6 5  

P a l y t h o a  mammilosa 

P o r i  t e s  a s t r e o i d e s  

S e d l m e n t  8 . 0 0  

Turf  a l q a e  70 .88  5 8 . 4 8  5 8 . 2 0  61 .76  4 9 . 4 1  

T a b l e  4 :  P e r c e n t  r e l a t l v e  c o v e r  of  d o m l n a n t  b o t t o m  components  I n  r e l l c t  r e e f  f l a t  a n d  l l n e a r  s h o a l  r e e f s  I n  t h e  F l o r l d a  
Keys .  T h e s e  b o t t o m  t y p e s  a c c o u n t e d  f o r  81-86 p e r c e n t  of  t h e  t o t a l  b e n t h l c  c o v e r .  

C r u s t o s e  a l g a e  3 . 3 0  4 . 7 6  

D i c t y o t a  s p p .  5 7 . 4 6  65 .96  

Hal imeda  g o r e a u i i  

H. o p u n t i a  

Lobophora  v a r i e g a  t a  

M i l l  e p o r a  complana t a  1 . 6 3  

S e d l m e n t  

Turf  a l q a e  20 .02  9 . 9 8  

The d o m l n a n c e  by  t u r f  and  c r u s t o s e  c o r a l l l n e  a l g a e  I n  s p u r  
a n d  g r o o v e  r e e f s  may b e  l n d l c a t l v e  of  h l q h  q r a z l n g  p r e s s u r e  
by f l s h e s .  InLooe  Key N a t l o n a l  Mar lne  S a n c t u a r y ,  L l t t l e r  e t  
a l .  ( 1 9 8 6 )  f o u n d  t h a t  t h e  h l g h - r e l l e f  s p u r  a n d  q r o o v e  zone  
was dominated by c r u s t o s e  a n d  t u r f  a l g a e ,  w l t h  I n t e n s e  
g r a z l n g  by  S p a r i s o m a  p a r r o t f l s h e s .  

T h e r e  a r e  s e v e r a l  p o s s l b l e  mechanlsms whlch  may b e  r e s p o n -  
s l b l e  f o r  t h e  domlnance  of  a l q a e  I n  F l o r l d a  Keys bank r e e f s :  
d e c l l n l n g  A c r o p o r a  p a l m a t a ,  c o r a l  diseases, l o w  c o r a l  
recruitment, mass  mortality of  Dladema a n t l l l a r u m ,  a n d  
n u t r l e n t  l n p u t  f rom l a n d - b a s e d  a c t l v l t l e s .  The available 
e v l d e n c e  f o r  e a c h  o f  t h e s e  mechanlsms 1 s  b r l e f l y  discussed 
below.  

I n  h l q h - r e l l e f  s p u r  a n d  g r o o v e  a n d  r e l l c t  r e e f  f l a t s  of  t h e  
F l o r l d a  Keys,  A c r o p o r a  p a l i n a t a  was t h e  p r l m a r y  r e e f - b u l l d e r  
( S h l n n  e t  a l .  1977;  Robbln  1 9 8 1 ) .  T h l s  s p e c l e s  was a l s o  a  
s l q n l f l c a n t  r e e f  b u l l d e r  I n  o t h e r  w e s t e r n  A t l a n t l c  r e e f  
s y s t e m s  ( M a c l n t y r e  1 9 8 8 ) .  The s y n o p t l c  ~ l l r v c y  of  bank r e e f s  

l n d l c a t e d  low c o v e r a g e  ( <  2 0 % )  by  A. p a l m a t a  t h r o u g h o u t  t h e  
F l o r l d a  Keys.  On many s p u r  a n d  g r o o v e  r e e f s ,  t h e r e  d l d  n o t  
a p p e a r  t o  b e  a  r e c e n t  ( y e a r s  t o  d e c a d e s )  d l e - o f f  o f  t h l s  
s p e c l e s ,  a s  e v l d e n t  I n  t h e  relatively smooth t o p o g r a p h y  o f  
t h e  s p u r  s u r f a c e s  a n d  t h e  a b s e n c e  o f  d e a d ,  u p r l g h t  colonies. 
I n  o t h e r  locations A. p a l m a t a  was a b u n d a n t  d u r l n q  e a r l y  
s u c c e s s l o n a l  s t a g e s  of  r e e f  development ,  however,  o t h e r  r e e f -  
b u i l d l n q  f a u n a ,  s u c h  a s  M o n t a s t r a e a  a n n u l a r i s ,  M i l l e p o r a  
c o m p l a n a t a ,  a n d  c o r a l l l n e  a l g a e  a r e  now d o m l n a n t  ( L e w l s  
1 9 8 4 ) .  I n  t h e  F l o r l d a  Keys,  S h l n n  e t  a l .  ( 1 9 8 1 )  f o u n d  t h a t  
t h e  I n t e r l o r  of t h e  M l l e p o r a  complanata e n c r u s t e d  s p u r s  were  
composed of  A. p a l m a t a  a n d  t h a t  t h l s  s p e c l e s  was a c t l v e l y  
b u l l d l n g  r e e f s  a s  l a t e  a s  800 y e a r s  a g o .  The d e c l l n e  o f  A. 
p a l m a t a  h a s  been  a t t r l b r i t e d  t o  s u c c e s s l o n a l  o r  g r a d u a l  c h a n g e  
( l e .  r l s l n g  s e a  l e v e l ,  f l o w  o f  l n l m l c a l  w a t e r )  ( S h l n n  1 9 6 3 ) ,  
a s  w e l l  a s  catastrophic e v e n t s  ( S h l n n  1 9 7 6 ) .  



Status of Florida Keys Reefs 

S e v e r a l  s t u d l e s  have a t t r l b u t e d  r e e f  d e c l l n e  t o  bleaching and  
o t h e r  t l s s u e  abnormalities, such  a s  wh i t e  band d l s e a s e  and 
b l a c k  band disease (Dus t an  1977;  Cus t an  and Ha l a s  1987;  
P o r t e r  and Meier 1 9 9 2 ) .  One of t h e  more n o t a b l e  e f f e c t s  of 
d i s e a s e  h a s  been t h e  lmpac t  o f  w h l t e  barld d l s e a s e  on 
a c r o p o r l d s  t h r o u q h o u t  t h e  Ca r lbbean  s l n c e  t h e  mid -1910 ' s  
( G l a d f e l t e r  1 9 8 2 ) .  The d l s e a s e  a p p c a r s  t o  be  a  b a c t e r i a l  
l n f e c t l o n ,  bu t  c an  n o t  be a t t r ~ b u t e d  t o  any particular human 
o r  n a t u r a l  f a c t o r  (An ton lu s  1 9 8 1 ) .  Off Key Largo,  Dustan  and 
H a l a s  ( 1987 )  and 3aap  e t  a l .  ( 1988 )  documented s l g n i f l c a n t  
d e c l l n e s  l n  a c r o p o r i d  c o r a l s  I n  back r e e f  and f o r e  r e e f  
env l ronmen t s  d u r l n g  t h e  1 9 7 0 ' s  and 1 9 8 0 ' s .  At Key Largo Dry 
Rocks ,  Sh lnn  (1976 )  rioted t h e  inass m o r t a l l t y  of Acropora  
p a l m a t a  and A .  c e r v i r o r n i s  I n  t h e  back  r e e f  and r e e f  f l a t  
e n v l r o n m e n t s  a f t e r  r e c o v e r y  f rom ma lo r  hurricanes i n  t h e  
1 9 6 0 ' s .  Glven t h a t  many r e e f s  i n  t h e  F l o r l d a  Keys were 
c o n s t r u c t e d  by a c r o p o r l d s ,  and t h e  f a c t  t h a t  many obse rva -  
t l o n s  o f  r e e f s  have  been  made I n  a r e a s  w i t h  d e n s e  s t a n d s  A. 
pa lma ta  o r  A .  r e r v i c o r n i s  ( J a a p  e t  a l .  1988;  P o r t e r  and  Meier  
1 9 9 2 ) ,  most  of t h e  d e c l l n e s  obse rved  may p r l m a r l l y  b e  a  
r e s u l t  of w h i t e  band d l s e a s e .  

A  pa r ame te r  l n d l c a t i v e  o f  b e n t h l c  communlty s t r u c t u r e  and  t h e  
a b l l l t y  of r e e f s  t o  r e c o v e r y  f rom d i s t u r b a n c e  1 s  recruitment 
(Dus t an  1 9 7 7 ) .  Recent  s t u d l e s  of F l o r i d a  Keys c o r a l  r e e f s  
have shown low o r  no r e c r u i t m e n t  by p r lma ry  he rma typ i c  c o r a l s  
( e . g .  Mon ta s t r aea  a n n u l a r l s l  I n  some s h a l l o w  ( <  1 0  m) bank 
r e e f s  ( P o r t e r  and Meler  1 9 9 2 ) .  These  a u t h o r s  a t t r l b u t e d  t h e  
l a c k  o f  r e c r u i t m e n t  t o  l n c r e a s l n g  a l g a l  c o v e r ,  a  r e s u l t  o f  
c o r a l  m o r t a l l t y  and d l e - o f f  of Diadema a n t i l l a r u m .  I n  a  
r e c e n t  s t u d y ,  however,  Chlappone and S u l l i v a n  (1996 )  found 
t h a t  c o r a l  r e c r u i t s  were most  abundan t  I n  a r e a s  w l t h  low 
a l g a l  and c o r a l  c o v e r ,  a  r e s u l t  consistent w l t h  p r e v l o u s  
s t u d i e s  ( B l r k e l a n d  1 9 7 7 ) .  Moreover,  s e v e r a l  s p e c l e s  of 
b r o a d c a s t  spawners were found a s  l u v e n ~ l e s  I n  d e e p e r  ( >  10  ml 
r e e f  env i ronmen t s .  Any f a c t o r ,  whether  n a t u r a l  o r  
an th ropogen l c ,  t h a t  l e a d s  t o  c o r a l  m o r t a l i t y  on  F l o r l d a  Keys 
c o r a l  r e e f s  i s  l l k e l y  t o  r e s u l t  I n  i n c r e a s e d  a l g a l  cove r  and  
low c o r a l  r e c r u i t m e n t  due  t o  t h e  r a p i d  c o l o n l z a t l o n  r a t e  of 
a l g a e  on  a v a i l a b l e  s u b s t r a t a  ( H a l l o c k  e t  a l .  1 9 9 3 ) .  F u t u r e  
s t u d l e s  a d d r e s s i n g  r ec ru l tme r r t  and  t h e  e f f e c t s  o f  herbivore 
g r a z i n g  on b e n t h l c  communlty s t r u c t u r e  c o u l d  e l u c i d a t e  
p a t t e r n s  o f  r e c r u i t m e n t  and  m o r t a l i t y  I n  l l e u  of p o s s i b l e  
r e c o v e r y  by e c h l n o i d s .  

The mass mortality o f  t h e  Ca r lbbean  l o n g - s p i n e d  s e a  u r c h l n ,  
Diadema a n t i l l a r u m ,  l n  1983-84 ( L e s s l o s  e t  a l .  1984 )  had 
s e v e r e  consequences  f o r  t h e  community s t r u c t u r e  o f  w e s t e r n  
A t l a n t i c  r e e f s ,  p a r t l c u l a r l y  t h o s e  s u b j e c t e d  t o  i n t e n s e  
r emova l  o f  macro-herbivores by f l s h l n g  ( C a r p e n t e r  1 9 9 0 ) .  I n  
t h e  F l o r l d a  Keys, d a t a  p r i o r  t o  1983-84 l n d l c a t e  D. 
a n t i l l a r u m  d e n s i t i e s  ( 0 . 1 - 2 . 6  u r c h l n s  m-') were  comparable  t o  
t h e  Ca r lbbean  (Bauer  1 9 8 0 ) .  S t u d l e s  s i n c e  1990 have  shown 
t h a t  D. a n t i l l a r u m  has  f a l l e d  t o  r e c o v e r ,  w i t h  p o p u l a t l o n  
d e n s i t i e s  we l l  below 0 . 1  I n d i v i d u a l s  m ~ '  ( F o r c u c c i  1 9 9 4 ) .  Our 
o b s e r v a t i o n s  d u r i n g  1994 a t  f i v e  bank r e e f s  from Elbow Reef 
t o  Davis  Reef a l s o  l n d i c a t e  low d e n s i t i e s  o f  t h i s  e c h i n o l d  ( <  
0 . 0 1  m-'1, w i t h  a l l  i n d i v i d u a l s  l e s s  t h a n  2 . 0  cm t e s t  d l a m e t e r  
(Ch i appone  and S u l l l v a n  unpub l .  d a t a ) .  Fo rcucc l  ( 1994 )  
concluded t h a t  t h e  l a c k  of u r c h l n  r ecove ry  and low p o p u l a t l o n  
d e n s i t i e s  would a l t e r  t h e  community s t r u c t u r e  o f  r e e f s .  
P o r t e r  and Meier  ( 1992 )  p a r t l y  a t t r l b u t e d  l o s s e s  I n  c o r a l  
c o v e r  and i n c r e a s e s  l n  a l g a l  c o v e r  t o  D. a n t i l l a r u m  
m o r t a l i t y .  

The p o p u l a r  and scientific l i t e r a t u r e  abounds  w l t h  sugges -  
t l o n s  and  s t a t e m e n t s  t h a t  declining r e e f s  ( l e .  a l g a l -  
dornlnated r e e f s )  i n  t h e  F l o r i d a  Keys l n d i c a t e  e u t r o p h i c a t l o n  
p r o c e s s e s  a s  a  r e s u l t  o f  l and -based  s o u r c e s  of p o l l u t a n t s  
(Dustan  1977; Ha l l ock  e t  a l .  19931, i n c l u d i n g  injection w e l l  
e f f l u e n t  l n t o  g roundwa te r ,  s e p t l c  t a n k s  and c e s s p l t s  on 
c a n a l s ,  l i v e - a b o a r d  v e s s e l s ,  and s u r f a c e  discharge from 
secondary  t r e a t m e n t  p l a n t s  ( L a p o l n t e  e t  a l .  1990; Szmant and  
F o r r e s t e r  1996; Lapo in t e  and C l a r k  1992; S h l n n  e t  a l .  1 9 9 4 ) .  
As e a r l y  a s  t h e  1 9 7 0 9 s ,  t h e r e  was c o n c e r n  t h a t  l n c r e a s l n g  
deve lopmen t  i n  s o u t h  F l o r i d a  was i n c r e a s i n g  n u t r l e n t  l e v e l s  
and  c a u s l n g  changes  i n  o f f s h o r e  r e e f s .  Dustan  (19771 s t a t e d  
t h a t  r e e f s  c l o s e s t  t o  t h e  m e t r o p o l l t a n  a r e a  o f  s o u t h  F l o r i d a  
were l n  s t a t e  of d e c l i n e  two decades  ago, p o s s l b l y  l n d l c a t l v e  
o f  r u n o f f  from t h e  mainland, and t h a t  t h e  changes  o b s e r v e d  
were  s l m l l a r  t o  t h o s e  l n  a r e a s  such  a s  Kaneohe Bay, Hawai l .  
However, t h e  e a r l l e s t  s t u d i e s ,  such  a s  t h e  work a t  C a r y s f o r t  
Ree f  by  Dustan  a n d  Ha l a s  (19871,  n o t e d  changes  s p e c i f l c  t o  
s p e c i e s  t h a t  were  a p p a r e n t l y  n o t  r e l a t e d  t o  l a n d - b a s e d  
s o u r c e s  o f  p o l l u t a n t s  ( i e .  w h l t e  band d i s e a s e ) ,  g i v e n  t h e  
c i r c u l a t i o n  f e a t u r e s  and o c e a n i c  i n f l u e n c e  o f  t h e  F l o r i d a  
C u r r e n t  on  F l o r l d a  Keys c o r a l  r e e f s  (Mar sza l ek  1987; Lee e t  
a l .  1 9 9 2 ) .  

The FKNMS Water Q u a l l t y  Protection Program (USEPA 1993 )  
s u g g e s t s  t h e r e  a r e  a   lac^ of c a u s e - a n d - e f f e c t  d a t a  l l n k l n g  
s p e c l f l c  ecological problems I n  t h e  F l o r l d a  Keys t o  w a t e r  
q u a l l t y  pa r ame te r s  and  pollution s o u r c e s .  Water q u a l l t y  d a t a  
d e m o n s t r a t e  e l e v a t e d  n u t r l e n t  and  c h l o r o p h y l l  l e v e l s  I n  
c a n a l s ,  p a r t l c u l a r l y  I n  a r e a s  a f f e c t e d  by o n - s l t e  sewage 

d l s p o s a l  sys tems and o t h e r  s o u r c e s .  Some have s u g g e s t e d  t h a t  
nea r sho re  wa t e r s  o f  t h e  F lo r l da  Keys have e n t e r e d  a  " c r l t l c a l  
s t a g e  of e u t r o p h l c a t l o n "  ( L a p o i n t e  and C l a r k  1 9 9 2 ) .  Based on 
t h e  low n u t r l e n t  l e v e l s  obse rved  i n  s ed lmen t  p o r e - w a t e r s ,  
Szmant and F o r r e s t e r  11996) con t ended  t h a t  a t  p r e s e n t ,  
nutrients threatening t h e  r e e f  a r e  e l t h e r  a ~ i n i m a l ,  o r  h i g h l y  
l o c a l l z e d .  However, Lapo ln t e  and  C l a r k  (1992 )  s u g g e s t e d  t h a t  
even t h e  r e l a t i v e l y  low concentrations o f  n u t r i e n t s  o f f s h o r e  
a r e  t o o  h i g h  f o r  o l l g o t r o p h ~ c  r e e f  e cosys t ems .  A n a l y s l s  o f  
w a t e r  q u a l i t y  d a t a  i n  t h e  F l o r i d a  Keys i n d i c a t e  l e v e l s  o f  
s o l u b l e  r e a c t i v e  phospho rus  ( <  0 .05  pM), t o t a l  d i s s o l v e d  
phosphorus (0 .06 -0 .35  uM), t o t a l  d i s s o l v e d  n i t r o g e n  12 .0 -4 .7  
WM), and ch lo rophy l l - a  ( <  0 . 5  @g/L) t h a t  a r e  l ower  t h a n  o t h e r  
a r e a s  where  changes  i n  wa t e r  q u a l i t y  have  been  shown t o  
a d v e r s e l y  lmpact  r e e f s  (Tomasclk and Sander  1981; B e l l  e t  a l .  
1989;  Lapo ln t e  and C l a r k  1 9 9 2 ) .  However, r e c e n t  s t u d ~ e s  
s u g g e s t  t h a t  o f f s h o r e  movement o f  n u t r i e n t - e n r i c h e d  
g roundwa te r  may p r o v l d e  a  mechanism f o r  d e l i v e r i n g  " e x c e s s "  
n u t r i e n t s  t o  o f f s h o r e  r e e f s  (Sh lnn  e t  a l .  19941.  

I n  conclusion, s u r v e y s  of bank r e e f s  y l e l d e d  a  number o f  
s l g n l f l c a n t  p a t t e r n s  I n  b e n t h l c  comxrunlty s t r u c t u r e  r e l a t e d  
t o  c o n t l n e n t a l  l n f l u e n c e  a l o n g  200 km o f  t h e  F l o r l d a  Keys 
Reef T r a c t .  These p a t t e r n s  have  been  d l l u d e d  t o  o r  described 
I n  t e rms  o f  r e e f  d l s t r l b u t l o n  I n  p r e v l o u s  s t u d l e s ,  however ,  
t h e  q u a n t l t a t l v e  d a t a  p r e sen t ed  h e r e  a l l o w  f o r  an  e x a m l n a t l o n  
o f  t h e  geographic e x t e n t  of t h l s  c o n t l n e n t a l  l n f l u e n c e .  These  
and  o t h e r  f l n d l n g s  w l l l  have important consequences  f o r  
e v a l u a t ~ n g  h m a n  p e r t u r b a t l o n s  t o  t h e  c o n t l n e n t a l l y  
influenced r e e f s  of t h e  F l o r l d a  Keys 

R e s e a r c h  e f f o r t s  have been  l n l t i a t e d  t o  d e s c r l b e  t h e  
community s t r u c t u r e  o f  d e e p e r  r e e f s  t h r o u g h o u t  s o u t h  F l o r i d a  
I m l l e r  and Ogden 19951 and t o  mon l to r  n e a r s h o r e  t o  o f f s h o r e  
hard-bottom and r e e f  communlties i n  r e l a t i o n  t o  w a t e r  q u a l i t y  
c o n d l t l o n s  ( J . L .  Wheaton, F l o r l d a  Mar lne  Resea r ch  I n s t i t u t e ,  
p e r s o n a l  communication). Toge the r  w i t h  information on 
s h a l l o w e r  bank r e e f s  and p a t c h  r e e f s  (Chiappone 19961,  t h e  
d a t a  o b t a l n e d  f rom ongolng s t u d l e s  w i l l  p r o v l d e  a  more 
comple t e  p l c t u r e  of r e e f  c o n d l t l o n  i n  t h e  FKNMS. Moreover ,  
t h e  s y n o p t i c  and a n n u a l  monitoring of n e a r s h o r e  ha rd -bo t t om,  
p a t c h  r e e f s ,  and  bank r e e f s  a s  p a r t  of t h e  FKNMS Management 
Plan  w l l l  p rov lde  l a r g e - s c a l e  i n f o r m a t i o n  on  t h e  dynamics  of 
d i f f e r e n t  communl t ies  o v e r  an  env i ronmen ta l  g r a d l e n t .  T h l s  
w l l l  b e  c r i t l c a l  f o r  e v a l u a t i n g  human and  n a t u r a l  
p e r t u r b a t i o n s ,  determining t h e  r e l a t l o n s h l p  be tween communlty 
s t r u c t u r e ,  dynamics ,  and w a t e r  q u a l l t y ,  a s  w e l l  a s  p r o v i d i n g  
d a t a  t o  e v a l u a t e  t h e  r e s p o n s e ( + )  of r e e f s  r e l a t l v e  t o  
r e s t o r a t i o n  and o t h e r  management initiatives. 

Th l s  p r o l e c t  was suppo r t ed  by The Nature C o n s e r v a n c y ' s  Rescue  
t h e  Reef  Program, t h e  F l o r l d a  Keys I n l t l a t l v e ,  NOAA's 
N a t l o n a l  Undersea  Resea r ch  Program ( g r a n t s  UNCW-9316 a n d  
UNCW-9420), and t h e  t J n l v e r s l t y  of m a m l  Mar lne  S c l e n c e  
Program. The a u t h o r s  thank M. Enstrom, J.M. Levy, G .  s chmah l ,  
R .  s l u k a ,  R. Wlngrovc, Marlne Resources  Development 
Founda t l on ,  U.S. F l s h  and W l l d l l f e  S e r v l c e ,  W a l t  D l sney  
World,  F l o r l d a  Keys communlty C o l l e g e ,  and t h e  c r ews  o f  t h e  
R/V Po lyp ,  R/V Cora l  Reef 11, and t h e  R/V l a r r e l l .  Resea r ch  
I n  t h e  F l o r l d a  Keys was conduc t ed  unde r  N a t l o n a l  Mar lne  
S a n c t u a r y  P e r m l t  FKNMS-9307. 
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