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COMMUNITY STRUCTURE OF R E E F - B U I L D I N G  

CORALS I N  THE F L O R I D A  K E Y S :  CAKYSFORT REEF, 

KEY LARGO AND LONG KEY REEF, DRY TORTUGAS 

The r e e f s  of t h e  F l o r i d a  Keys a r e  widely known and have drawn t h e  
a t t e n t i o n  of s c i e n t i s t s  s i n c e  the  e a r l y  1800s. The landmass of t h e  
Keys a r e  t h e  f o s s i l  remains of P l e i s tocene  r e e f s  ( ~ o f f m e i s t e r  and 
Multer ,  1964). Thei r  spec i e s  composition can be seen i n  n e a r l y  every 
cana l  cu t  and rock quar ry  (Hodges, 1977). Receiving l e s s  a t t e n t i o n  
however, a r e  t h e  r e e f s  t h a t  make up the  p re sen t  l i v i n g  cha in  of r e e f s  
from Fowey Rocks south t o  t he  Dry Tortugas.  These r e e f s  a r e  
d i s t r i b u t e d  i n  and along t h e  o u t e r  edge of t h e  shallow lagoon on t h e  
seaward s i d e  of t h e  Keys. There a r e  hundreds of i n d i v i d u a l  r e e f s  i n  
t h e  Keys, however t h e r e  a r e  l e s s  than 25 t h a t  could be considered t o  
be more than pa tch  r e e f s .  The l a r g e s t ,  most well-developed ou te r  
r e e f s  p r e s e n t l y  a r e ,  i n  north-south o rde r :  Ca rys fo r t ,  Molasses, Looe 

.Key, t h e  Sambos, Long Key, and Loggerhead Reefs.  Looe Key, Ca rys fo r t ,  
Molasses and Long Key Reefs a r e  s i m i l a r  i n  t h a t  they have r i c h  c o r a l  
communities which e x h i b i t  spec ies  zonat iona l  p a t t e r n s  s i m i l a r  t o  o t h e r  
Caribbean r e e f s  (e.g. Goreau, 19591, and a topographic r e l i e f  t h a t  
appears  t o  be the  r e s u l t  of a c t i v e  c o r a l  growth on top  of o l d e r  r e e f s  
o r  e o l i a n  dune systems ( s h i m  1963, 1977, 1980). Rates of reef  
a c c r e t i o n  a r e  g r e a t e s t  i n  t h e  reg ion  of Key Largo and t h e  Dry Tortugas 
(Shinn 1977).  Although they  e x i s t  a t  t h e  nor thern  and southernmost 
ends of t h e  F l o r i d a  Keys, Carysfor t  Reef, Key Largo and Long Key Reef 
i n  t he  Dry Tortugas a r e  t h e  most s i m i l a r  of t h e  l a r g e  r e e f s .  Each i s  
exposed t o  p r e v a i l i n g  seas  and has approximately t h e  same depth range 
and spec i e s  composition. 

This  communication i s  t h e  r e s u l t  of two p a r a l l e l  s t u d i e s  on the  
d i s t r i b u t i o n  of reef -bui ld ing  c o r a l s  on Carysfor t  Reef, Key Largo and 
Long Key Reef, Dry Tortugas.  The aim of t he  p r o j e c t s  was t o  
c h a r a c t e r i z e  t he  spec ies  composition of reef-bui lding c o r a l s  from t h e  
no r the rn  and southernmost l o c a l i t i e s  of t h e  Keys, e s t a b l i s h  base l i n e  
d a t a  f o r  f u t u r e  s t u d i e s ,  and, through comparison, a t tempt  t o  i d e n t i f y  
t h e  impact of man on t h e  r e e f s  i n  t h e  Key Largo a r e a  of t h e  nor thern  
F l o r i d a  Keys. P a r t i c i p a n t s  i n  t h e  p r o j e c t  inc lude  K .  Lukas, J. 
Thompson, D. G i r a rd in ,  K.  Gordon, J. Halas ,  C. Richardson. Other 
c o n t r i b u t o r s  included J. W. Japp and J. Wheaton-Smith from t h e  
Department of Nat ional  Resources,  S t a t e  of  F lo r ida ,  and G. Davis of 
t h e  Nat iona l  Park Serv ice .  A l l  a s s i s t e d  i n  phases of t h e  f i e l d  work 
and a l l  a r e  due g r a t e f u l  thanks. This  r e sea rch  was supported by the  
Smithsonian I n s t i t u t i o n  and Harbor Branch Foundation wi th  l o g i s t i c a l  
support  i n  t h e  Dry Tortugas provided by The National  Park Service.  
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METHODS 

There a r e  many s t ages  of reef  development and community 
complexity i n  both t h e  Key Largo and Tortugas a r eas .  The s i t e s  were 
chosen f o r  t h e i r  exposure t o  t h e  p r e v a i l i n g  seas  and t h e  genera l  
lushness  of reef  community a s  observed i n  a e r i a l  photographs and 
pre l iminary  SCUBA excurs ions  t o  each r e e f .  A s  t he  long range goa l  of 
t he  p r o j e c t  was t o  provide b a s e l i n e  d a t a  f o r  both a r e a s ,  t h e  most 
information on the  o rgan iza t ion  of t h e  reef  communities could be 
gathered i n  sho r t  time per iods  a t  t h e  r i c h e s t  a r eas .  Furthermore, 
should changes occur i n  t h e  spec ies  composition of e i t h e r  r e e f ,  it 
might be most r e a d i l y  d e t e c t a b l e  i n  t h e  a reas  of h ighes t  c o r a l  
coverage and spec ies  d i v e r s i t y ,  a s  t h e r e  i s  some suggest ion t h a t  t he  
most complex regions of ecosystems may be the  most suscep t ib l e  t o  
environmental pe r tu rba t ion  (Margalef , 1963). Carysfor t  Reef was 
surveyed i n  the  spr ing  of 1975 and Long Key i n  J u l y  1975. 

The abundance and spec ies  composition of the  c o r a l  community was 
est imated using l i n e  t r a n s e c t s  ( ~ o y a ,  1972). This  technique es t imates  
pro jec ted  surface-area coverage. It i s  b iased  i n  t h a t  f l a t  co lonies  
w i l l  p r o j e c t  more su r f ace  a r e a  than round co lonies  which a r e  s p h e r i c a l  
i n  ske l e ton  morphology but  no t  i n  t i s s u e  coverage ( P o r t e r ,  1972). 
The upper sur faces  of most co lonies  however, a r e  covered wi th  t i s s u e ,  
while  t h e i r  s i d e s  a r e  o f t e n  not .  The e r r o r  introduced by no t  using 
the  cha in  method i s  probably 2-3 pe rcen t .  However, t h e  reduct ion  i n  
underwater working time af forded  by t h e  l i n e  t r a n s e c t  allowed us t o  
undertake a  p r o j e c t  of t h i s  magnitude i n  t h e  r e l a t i v e l y  s h o r t  per iod 
of time we had a v a i l a b l e .  I f  one colony overlapped another ,  each 
colony was measured and recorded s e q u e n t i a l l y .  This was not  common i n  
most p a r t s  of t he  reef  wi th  the  main except ion being the  reg ions  of 
profuse Acropora ce rv i co rn i s  growth on Carysfor t  Reef and the  s ides  of 
t he  surge channels on Long Key Reef. 

The length of t r a n s e c t s  used t o  measure c o r a l  abundance was 
determined by running two 50 meter long t r a n s e c t s  on t h e  fore-reef 
t e r r a c e  of Carysfor t  Reef a t  a  depth of 17 meters .  The spec ies  t h a t  
t h e  l i n e  crossed were recorded f o r  each euccess ive  meter and a  spec ies  
a r e a  curve der ived .  The d a t a  ( ~ i g .  1 )  show t h a t  t h e  spec ies  a r ea  
curve reaches i t s  asymptote i n  t he  f i r s t  twenty meters .  A measurement 
t r a n s e c t  length  of twenty-five meters was chosen a s  opt imal  and used 
throughout the  two s tudy  a r e a s .   or more d e t a i l s  s e e  Loya, 1972). 

On both r e e f s ,  measurement t r a n s e c t s  were pos i t ioned  along a  
r e f e rence  l i n e  s e t  from t h e  su r f ace .  A s i n g l e  long l i n e  was s t r e t c h e d  
from the  deepest  po in t  of t h e  reef  t o  t h e  shallow reef  f l a t .  
Measurement t r a n s e c t  l i n e s  (25m i n  l eng th )  were placed perpendicular  
t o  t h i s  l i n e  c r e a t i n g  a  g r i d  of t r a n s e c t s  t h a t  p a r a l l e l e d  t h e  reef  
f l a t  and the  p reva i l i ng  swel l .  The i n t e r v a l  between measurement 
t r a n s e c t s  var ied  from 3 t o  20 meters depending on the  c o r a l  coverage 
and reef  geomorphology. I n  a r eas  of extremely s t e e p  s lope  t h e  l i n e s  
were spaced a t  t h r e e  meter  i n t e r v a l s ,  t e n  meters i n  reg ions  of high 
c o r a l  coverage, and twenty meters  a p a r t  i n  zones of very low coverage. 



Carys f o r t  Reef 

Carysfor t  Reef ( ~ i g .  2. )  c o n s i s t s  of two p a r a l l e l  platforms 
t a n g e n t i a l  t o  t he  p r e v a i l i n g  seas .  The inner  p la t form i s  densely 
covered with l i v i n g  r e e f  c o r a l s ,  while  t h e  o u t e r  p la t form supports  a  
much reduced popula t ion  of hermatypes. Seaward of t h e  o u t e r  p la t form,  
fathometer  recordings show small  k n o l l s  between 25-35m. A t  f o r t y  
meters  t h e r e  i s  a  s i l l  3-4m high which is  colonized by reef-bui lding 
c o r a l  communities c o n s i s t i n g  mostly of Anr i c i a  svv. and Montastrea 
svv .  usta tan, Girard in ,  and Halas , unpublished obse rva t ions ) .  The 
angle  of t h e  s lope  inc reases  seaward of t h i s  deep s i l l  and t h e  bottom 
drops o f f  i n t o  the  S t r a i t s  of F lo r ida .  

The study s i t e  i s  s i t u a t e d  on t h e  inne r  t e r r a c e  of Carysfor t  
Reef,  approximately 75 meters  south of t h e  Carysfor t  l igh thouse .  The 
t r a n s e c t  l i n e  runs on a  compass bear ing  of 100 degrees magnetic from 
behind the  reef  f l a t  t o  t h e  edge of t h e  f i r s t  t e r r a c e  a t  20 meters.  
The inner  t e r r a c e  i s  approximately 250 meters wide and e x h i b i t s  
zonat iona l  p a t t e r n s  i n  t h e  d i s t r i b u t i o n  of t h e  reef-bui lding c o r a l s  
t h a t  resemble the  zonat iona l  p a t t e r n s  descr ibed  f o r  Jamaica (Goreau, 
1959) and the  Bahamas ( S t o r r ,  1964). Zones occur i n  a  s e r i e s  of 
success ive  bands p a r a l l e l  t o  t he  reef  f l a t  and thus  perpendicular  t o  
t h e  d i r e c t i o n  of t h e  p r e v a i l i n g  seas .  The zonat iona l  p a t t e r n s  a r e  not  
a s  w e l l  def ined a s  i n  Jamaica and t h e r e  i s  cons iderable  pa tch iness  i n  
t h e  d i s t r i b u t i o n  of spec i e s .  The s tudy a r e a  conta ins  s i x  zones based 
on changes i n  spec ies  composition and morphology ( ~ i ~ .  3 . ,  Table 1 ) .  
From behind the  reef  towards t h e  S t r a i t s  of F l o r i d a  these  a r e :  

Back reef  
2. Reef f l a t  
3. Acrovora valmata zone 
4 .  Gorgonian zone 
5. Fore-reef t e r r a c e  
6 .  Fore-reef escarpment 

The terminology used he re  i s  modified from Goreau (1959) and 
Kinzie  (1973). This  eco log ica l  zonat ion scheme i s  s i m i l a r  t o  t h a t  
proposed f o r  Key Largo Dry Rocks (Shinn 1963) and Grecian Rocks ( ~ h i n n  
1980).  

Carysfor t  Reef Zonation 

The inshore  l i m i t  of Carysfor t  Reef, t he  back r e e f ,  i s  
cha rac t e r i zed  by low c o r a l  coverage on a  coa r se  sand bottom. Small 
ou tcrops  of Montastrea annu la r i s  and A c r o ~ o r a  ce rv i co rn i s  a r e  
colonized by enc rus t ing  P o r i t e s  a s t r e o i d e s  and A ~ a r i c i a  a e a r i c i t e s .  
The sand bottom i n t e r d i g i t a t e s  w i th  t h e  l e e  s i d e  of t h e  reef  f l a t .  
I n  some p l aces  t h e r e  i s  an  abrupt  change between t h e  two a reas  and i n  
o t h e r s  t he  t r a n s i t i o n  i s  more gradual .  These ecotone a reas  a r e  
i nhab i t ed  by l a rge  M. a n n u l a r i s  co lonies  and groves of A. ce rv i co rn i s .  
Along the  i r r e g u l a r  backside edge of t h e  reef  f l a t  t h e r e  a r e  l a rge  
co lon ie s  of Acrovora valmata.  Some co lon ie s  a r e  overturned suggest ing 
occas iona l  heavy storm damage. 



The reef  f l a t  i s  approximately 50 meters  wide and t ab l e top  f l a t .  
It i s  covered with Acrovora valmata and red c rus tose  c o r a l l i n e  a l g a e ,  
and i s  s i m i l a r ,  bu t  more expansive, than  t h e  reef  f l a t s  of t h e  inne r  
r e e f s  Grecian and Key Largo Dry Rocks ( s h i m  1963, 1980) ,and those 
descr ibed  f o r  S t .  Croix by Adey (1975).  The frame i s  cons t ruc ted  of 
densely packed dead Acrovora valmata co lon ie s  i n  growth p o s i t i o n  which 
a r e  encrusted wi th  red c rus tose  c o r a l l i n e  a lgae .  Other reef  bu i ld ing  
spec i e s ,  mainly P o r i t e s  a s t r e o i d e s ,  Anar ic ia  a n a r i c i t e s ,  and Acrovora 
ce rv i co rn i s  i nhab i t  hollows t h a t  p l ace  them below t h e  mean he ight  of 
t h e  reef  f l a t .  The s t r u c t u r e  of t h e  reef  f l a t  appears dense but  i s  
r i dd led  wi th  narrow tunne l s  beneath t h e  branches of t h e  dead Acrovora 
palmata framework. The seaward edge of t h e  reef  f l a t  grades i n t o  
i r r e g u l a r  groves of Acrovora ualmata t h a t  suggest  t h e  beginnings of a  
spur  and groove s t r u c t u r e .  I n  p l aces  t h e  co lon ie s  a r e  dense and 
over lap  ex tens ive ly ,  o f t e n  overgrowing one another  (photo A). This 
reg ion  i s  t he  reg ion  of g r e a t e s t  wave a c t i v i t y  on t h e  r e e f .  Close t o  
t he  reef  f l a t  t he  t i p s  of t h e  Acrovora valmata branches a r e  l e v e l  wi th  
t h e  reef  t a b l e  and g radua l ly  deepen seaward. Fur ther  seaward, c o r a l  
coverage decreases  and t h e  Acrovora ualmata co lonies  become o r i en t ed  
i n t o  long spurs  t h a t  j u t  i n t o  t h e  open sea  ( ~ h i n n ,  1963). I r r e g u l a r  
sand channels run between the  spurs  w i th  r e l i e f  between the  channel 
f l o o r s  and top of t h e  spurs  approaching 2-3 meters i n  p l aces .  Coral  
rubble ,  mostly Acrovora valmata,  i s  strewn along the  channels between 
the  spurs .  

In t e r spe r sed  wi th  the  Acrovora valmata community a r e  patches of 
t h e  hydrozoan Mil levora comvlanata i n  a s s o c i a t i o n  wi th  P o r i t e s  
a s t r e o i d e s ,  Favia franum, the  Gornonia v e n t i l i n a ,  and c a r p e t s  of t h e  
zooanthid Palythoa svv. The b lades  of t h e  Mil lepora co lonies  a r e  
o r i en t ed  predominantly t a n g e n t i a l  t o  t he  p reva i l i ng  seas  wi th  b lades  
occas iona l ly  o f f s e t  a t  r i g h t  angles .  This  spec ies  a s s o c i a t i o n  is  
analogous t o  the  sea  f an  zone descr ibed  by S t o r r  (1964) f o r  t he  
Bahamas and occurs mostly on the  tops  of t h e  Acrovora palmata spurs  
and reef  rock t o  a  depth of approximately four  meters .  Mil levora 
comvlanata i s  very abundant on the  tops  of t h e  outcrops ,  comprising 
over  80% of t h e  t o t a l  c o r a l  coverage o r  over 45% of t he  reef  
s u b s t r a t e .  This a r e a  i s  s i m i l a r  t o  t h e  Millepora-Montastrea zone on 
Dry Rocks (Shinn, 1963) but  more spread out  and not  a s  w e l l  organized. 

Seaward of t he  Acropora valmata zone t h e r e  i s  a  t rough t h a t  i s  
approximately 25 meters wide. The bottom c o n s i s t s  mostly of hard reef  
rock covered wi th  gorgonians and reef  c o r a l s .  Coral coverage i n  t h i s  
t rough drops t o  an est imated 20%. The morphology of t h e  c o r a l s  and 
rock coverage a r e  s i m i l a r  t o  t h e  shallow ba r r en  zone descr ibed  by 
Kinz ie  (1973) f o r  t h e  r e e f s  of Discovery Bay, Jamaica and appears 
analogous t o  Shinn's Rubble zone of t h e  inne r  r e e f s  (Shinn, 1963, 
1980). Seaward of t h e  t rough i s  a  broken l i n e  of reef  rock forming an 
i r r e g u l a r  r i dge  which has a  r e l i e f  of 2-3 meters .  This  r i dge  
p a r a l l e l s  t he  reef  c r e s t  and i s  d i s s e c t e d  by numerous small  channels 
and breaks.  I n  a  few p laces ,  t h e  r i dge  t akes  on t h e  appearance of t h e  
shal lower spur and groove system of t h e  Acrovora valmata zone. The 
top  and seaward s i d e  of t h e  r idge  suppor ts  a  l a rge  sea  f a n  community 



( S t o r r ,  1964). Mi l lepora  complanata covers  48% of t h e  reef  s u b s t r a t e  
a t  t he  t r a n s e c t  s i t e .  Other spec ies  inc lude  an occas iona l  l a rge  
colony of -Montas t rea  cavernosa,  M2 annu la r i s ,  and Colpophvll ia  na tans .  
This  r i dge  system te rmina tes  ab rup t ly  on t h e  seaward s i d e  i n  an a rea  
of spa r se  c o r a l  coverage and the  gorgonian zone begins.  

Unlike the  reg ion  j u s t  descr ibed ,  t h e  gorgonian zone has a  spa r se  
cover of small  hemispherical  co lonies  of P o r i t e s  a s t r e o i d e s ,  and 
Dichocoenia s t o k e s i i  and supports  a  r i c h  and d i v e r s e  community of 
gorgonians and a lgae  (Photo B) . The sea- fan-Mil le~ora  c o m ~ l a n a t a  
spec i e s  complex i s  v i r t u a l l y  absent .  The s u b s t r a t e  i s  hard r ee f  rock 
of very low r e l i e f  which al lows se t t l emen t  of gorgonians ( ~ i n z i e ,  
1973) which inc lude  members of P terogorg ia ,  Pseudoptergorgia  and 
Eunicia .  There a r e  no surge channels o r  b u t t r e s s  f e a t u r e s .  

Occasional ly s i t u a t e d  on t h i s  f l a t ,  g e n t l y  s loping  p lane  a r e  l a r g e  
co lon ie s  of Montastrea annular i s .  I n  t h e  t r a n s e c t  a r e a  one such 
colony approached 7 meters  i n  diameter and 3 meters  i n  he igh t .  This  
colony she l t e r ed  a  f i s h  c leaning  s t a t i o n  and was the  c e n t e r  of focus 
of t h e  l o c a l  f i s h  popula t ion  (Photo C ) .  A t  a  depth of n ine  meters t h e  
gorgonian zone te rmina tes  sharp ly  wi th  t h e  sudden occurrence of 
Acropora ce rv i co rn i s  co lonies .  Coral  coverage changes from l e s s  than 
10% t o  over 25% i n  l e s s  than 3 meters h o r i z o n t a l  d i s t a n c e  (Photo D ) .  
The presence of t hese  Acropora ce rv i co rn i s  marks the  beginning of t h e  
fore-reef  t e r r a c e  popula t ion ,  an a r e a  of high spec ies  d i v e r s i t y  and 
coverage. J u s t  seaward of t he  gorgonian zone t h e  community i s  
dominated by A c r o ~ o r a  ce rv i co rn i s ,  Montastrea a n n u l a r i s ,  and 
C o l p o p h ~ l l i a  natans.  Fu r the r  seaward, t h e  dominant spec i e s  change t o  
Stephanocoenia m i c h e l i n i i ,  Montastrea a n n u l a r i s ,  and M v c e t o ~ h v l l i a  
fe rox .  This  spec ies  assemblage i n  t u r n  i s  rep laced  by a  S i d e r a s t r e a  
s i d e r e a  dominated community on t h e  fore-reef escarpment. Submarine 
l i g h t  l e v e l s  on the  fore-reef  t e r r a c e  a r e  r e l a t i v e l y  low due t o  
t u r b i d i t y  ( v i s i b i l i t y  i s  usua l ly  l e s s  than  17-18m). 

The morphology of t h e  fore-reef s lope  i s  i r r e g u l a r  wi th  c o r a l s ,  
gorgonians,  and sponges occupying reef  rock k n o l l s  separa ted  by small  
pa tches  of f i n e  sediment. Most of t h e  hermatypic c o r a l s  grow upwards 
o f f  t h e  sediment covered bottom and then  inc rease  i n  s u r f a c e  a rea .  
This  c r e a t e s  t a l l ,  s l i g h t l y  expanding c y l i n d r i c a l  c o r a l  mounds 
between 0.5 and 1 meter above the  s o f t ,  f i n e  sediment covered bottom. 
I n  some in s t ances  t h e  p i l l a r s  a r e  formed by a  s i n g l e  c o r a l  colony and 
i n  o t h e r s  a  few co lon ie s ,  making t h e  mound s i m i l a r  t o  a  mult iscoop i c e  
cream cone. The s i d e s  of t hese  c o r a l  build-ups a r e  colonized by 
smal l  c o r a l s ,  enc rus t ing  gorgonians, sponges, and bryozoa i n  add i t i on  
t o  a  r i c h  and d i v e r s e  a l g a l  community. B io log ica l  e ros ion  appears t o  
be  i n t e n s e  and many of t h e s e  p i l l a r s  topple  e a s i l y  when j a r r ed .  These 
mounds vary i n  s i z e  and o f t e n  coa lesce  when t h e  edges of l i v i n g  c o r a l  
co lon ie s  meet. This  coalescence g ives  t h e  reef  t h e  appearance of 
being much more s o l i d  than  it r e a l l y  i s  and adds tremendously t o  t he  
geometr ic  complexity of t h e  i n t e r n a l  framework s t r u c t u r e .  Toward the  
escarpment t he  p i l l a r s  a r e  more i s o l a t e d ,  r i s e  h igher  o f f  t h e  bottom, 
and the  reef  framework even l e s s  s o l i d .  



The escarpment marks the  end of t he  fore-reef t e r r a c e .  I n  p laces  
it is  a  v e r t i c a l  drop of s l i g h t l y  over  f i v e  meters and i n  o the r s  a  
s t eep  s lope .  Coral  capped reef  rocks overhang t h e  s t eepe r  edges. 
Collapsed overhangs and slump block f e a t u r e s  a r e  common (Photo E and 
F ) .  I n  some a reas  l a r g e  t a l u s  p i l e s  of reef  rock cover t h e  s o f t  bottom 
a t  t h e  base of t h e  escarpment, and i n  o t h e r  p l aces  t h e  r ee f  g radua l ly  
grades i n t o  a  s o f t ,  f i n e  sediment s u b s t r a t e .  On a l a rge  s c a l e  t h e  
escarpment appears t o  be i r r e g u l a r l y  b u t t r e s s e d .  The b u t t r e s s e s  seem 
t o  be cons t ruc ted  by reef-bui lding c o r a l s  growing on o l d  slump blocks 
and reef  d e b r i s .  These b u t t r e s s  f e a t u r e s  a r e  approximately 30 meters 
a p a r t .  Seaward of t h e  escarpment i s  a  s o f t  f i n e  sediment covered 
bottom t h a t  s t r e t c h e s  f l a t  some 100 meters  t o  t he  beginning of t h e  
ou te r  t e r r a c e .  

The ou te r  t e r r a c e  supports  a  spa r se  c o r a l  populat ion s i m i l a r  i n  
spec ies  composition and morphology t o  t h e  gorgonian zone. This  
assemblage i s  c h a r a c t e r i s t i c  of t he  o u t e r  s lopes  of Molasses, French, 
and Elbow r e e f s  i n  Key Largo. Large co lonies  of Montastrea a n n u l a r i s  
a r e  s c a t t e r e d  spo rad ica l ly  over  the  bottom and, a s  i n  t h e  gorgonian 
zone, support  d ive r se  f i s h  populat ions and f r equen t ly ,  c l eane r  f i s h  
s t a t i o n s .  There a r e  small  sand channels running seaward and most 
spec ies  of c o r a l  a r e  u sua l ly  small .  

Long Key Reef 

Long Key Reef l i e s  a t  t h e  southeas te rn  edge of t h e  Dry Tortugas 
platform. The study s i t e  l i e s  southeas t  from For t  J e f f e r s o n  , f ac ing  
sou theas t ,  t h e  d i r e c t i o n  of t he  p reva i l i ng  swel l ,  and away from t h e  
d i r e c t i o n  of most w in te r ' s t o rms .  The p r e v a i l i n g  cu r r en t  p a t t e r n  over 
t h e  Tortugas p la t form i s  from northwest t o  southeas t  such t h a t  t he  
water passing over t h e  reef  d r a i n s  from ac ros s  t he  e n t i r e  reef  
p la t form (Davis,  1982). This  green t o  blue-green water i s  laden with 
organic  d e b r i s  and f i n e  sediment. Estimated h o r i z o n t a l  v i s i b i l i t y  was 
almost always l e s s  than 10 meters during our f i e l d  s e s s ion  earning t h e  
nickname "shadowland" f o r  t he  r e e f .  The reef  supports  a  l a r g e  
d i v e r s e  f i s h  populat ion (.Jones and Thompson, 19751, along wi th  
a s soc i a t ed  reef  a lgae  and gorgonians. Long Key was chosen a s  t he  
s tudy s i t e  as  it i s  t h e  only reef  i n  t h e  Dry Tortugas t h a t  d i sp l ays  
zonat iona l  p a t t e r n s  and geomorphology s i m i l a r  t o  Carysfor t  Reef, our  
primary work s i t e  i n  t h e  nor thern  Keys. 

The morphology of Long Key Reef may be seen i n  Fig.  4, a  
fathometer  t r ac ing  which was run over t h e  t r a n s e c t  s i t e  on a  compass 
heading of 120 degrees magnetic. The reef  i s  backed by a  shallow 
lagoon which leads  i n t o  a  reef  f l a t  composed of c o r a l  rubble.  The 
seaward edge of t he  reef  f l a t  s lopes  very  gen t ly  t o  a  depth of 
approximately 10 meters  where the  s lope  inc reases .  Seaward of t he  
reef  a r e  a  few s c a t t e r e d  gorgonian and c o r a l  encrusted rocks.  The 
r ee f  measures j u s t  s l i g h t l y  under fou r  hundred meters  from t h e  f l a t  t o  
t h e  base  of t he  reef  a t  18-20111. Long Key Reef ( ~ i ~ .  5, Table 2.)  may 
be d iv ided  i n t o  f i v e  d i s t i n c t  p a r a l l e l  zones which l i e  p a r a l l e l  t o  t h e  



r ee f  f l a t  and tangent  t o  t h e  p reva i l i ng  seas :  

1. Lagoon 
2. Reef f l a t  
3 .  Pa tch  reef  zone 
4. Gorgonian zone 
5. Spur and groove 

The lagoon was not  surveyed wi th  t r a n s e c t s .  It c o n s i s t s  of small  
patches of A c r o ~ o r a  c e r v i c o r n i s ,  and P o r i t e s  p o r i t e s .  There i s  one 
smal l  grove of Acropora palmata s i t u a t e d  i n  a  channel.  This  i s  t h e  
only  l i v i n g  s tand  of t h i s  spec ies  i n  t h e  a r e a  t o  our  knowledge, 
a l though the  spec ies  was much more abundant i n  t he  1800's. I n  1976 a  
cold water thermal shock k i l l e d  two-thirds of t he  small  s tand  (Davis,  
1982) 

The reef  f l a t  i s  composed of loose c o r a l  rubble ,  mostly Acropora 
c e r v i c o r n i s ,  P o r i t e s  u. and a  few Acrovora valmata fragments.  A t  
h igh  t i d e  it i s  submerged and i s  f r equen t ly  exposed a t  low t i d e .  The 
f l a t  appears t o  be t h e  r e s u l t  of t h e  accumulation of d e b r i s  tossed  up 
by storms and not  t h e  end product of i n - s i t u  of c o r a l  growth. The 
gen t ly  s loping  shallows i n  f r o n t  of t h e  f l a t  a r e  spa r se ly  covered wi th  
P o r i t e s  p o r i t e s ,  P o r i t e s  a s t r e o i d e s ,  S i d e r a s t r e a  rad ians  and support a  
dense, f l e shy  a l g a l  populat ion.  This reg ion  s t r e t c h e s  approximately 
f i f t y  meters  seaward. 

Patch r e e f s  appear when the  water depth approachs 5 meters .  The 
a l g a l  coverage decreases  and the  bottom i s  covered wi th  coarse 
carbonate  sediment, mostly s h e l l y  sands and c o r a l  fragments.  Dotted 
on t h i s  a r e  small  rock i s l a n d s  of reef  rock t h a t  s tand 30-50 cm o f f  
t h e  bottom. These i s l a n d s  support a  dense gorgonian popula t ion  and 
about t en  spec ies  of c o r a l  (photo G ) .  S i tua t ed  among t h e  reef  rock 
i s l a n d s  a r e  small  s t ands  of Acrovora ce rv i co rn i s  ranging i n  s i z e  from 
0.5-2 meters  i n  diameter .  Conspicuously absent  a r e  any l i v i n g  
co lon ie s  of Acropora palmata. An extens ive  search  d id  t u r n  up a  small  
grove cons i s t i ng  of two o r  t h r e e  dead co lonies .  The enc rus t a t ion  and 
e r o s i o n  of t h e i r  s u r f a c e s  suggested they  d i ed  between two and t e n  
years  prev ious ly .  The patch reef  reg ion  extends f o r  approximately 
one hundred and t h i r t y  meters seaward and ranges i n  depth from 3-7 
meters .  

Seaward of t h e  rock i s l a n d s  i s  an a r e a  charac te r ized  by s o f t  
sediment which suppor ts  a  very few spec i e s  of c o r a l  a t  low d e n s i t i e s  
and a  l uxur i an t  popula t ion  of t he  gorgonian Pseudovteronornia b ioenata  
(Photo HI. This  reg ion  extends approximately f o r t y  t o  f i f t y  meters .  

The c o r a l  popula t ion  becomes more abundant and d i v e r s e  a s  t h e  
spur  and groove reg ion  i s  approached. Species  d i v e r s i t y  and coverage 
inc rease  sharp ly  and t h e  reef  begins t o  t a k e  on t h e  appearance of a  
11 t r ue"  c o r a l  r e e f .  The spur  and groove reg ion  c o n s i s t s  of long spurs  
of c o r a l  2-4 meters i n  he ight  o f f  t h e  bottom which a r e  3-15 meters i n  
width and a r e  o r i en t ed  (120 degrees magnetic) i n t o  the  p reva i l i ng  



swel l .  The p r i n c i p a l  reef  bu i ld ing  c o r a l  spec ies  i s  Montastrea 
a n n u l a r i s ,  which appears i n  a v a r i e t y  of growth forms from knobby 
m u l t i l o b a t e  t o  l a r g e  flow shee t s  of t h e  s k i r t e d  ecotype (terminology 
a f t e r  Dustan, 1975). Colonies approach f o u r  meters i n  diameter and 
appear t o  be respons ib le  f o r  t h e  cons t ruc t ion  of t he  reef  spurs  (Photo 
I ) .  The f l o o r s  of t h e  grooves a r e  sediment covered wi th  occas iona l  
p ieces  of loose c o r a l  rubble .  I n  a few loca t ions  ba re  reef  rock was 
observed i n  t he  grooves, probably t h e  r e s u l t  of scouring by the  
p r e v a i l i n g  swel l .  This reg ion  extends f o r  approximately one hundred 
meters  and ends a t  t h e  base of t he  r e e f .  It i s  t h e  most d ive r se  and 
r i c h l y  populated region.  The colony s i z e  of most spec i e s  reaches a 
maximum i n  t h i s  reg ion  a s  we l l .  

The i n t e r n a l  s t r u c t u r e  of t h e  spurs  between 10 and 18 meters  i s  
honeycombed wi th  caves due t o  t h e  profuse overlapping of c o r a l  
co lonies .  I n  many in s t ances  it appears t h a t  one l a r g e  c o r a l  colony 
develops i n t o  a mushroom shaped s t r u c t u r e  c r e a t i n g  a cave beneath i t .  
The f l o o r s  of t hese  caves a r e  covered wi th  f i n e  sediment. The wa l l s  
a r e  covered wi th  sponges and bryozoans. Fluorescene dye was r e l ea sed  
i n t o  these  c r ev ices  i n  an at tempt  t o  determine the  ex t en t  of the  
l aby r in th .  Dye r e l eased  i n t o  holes  would flow out  o the r s  5 t o  10m 
away suggest ing t h a t  t h e  reef  s t r u c t u r e  i s  open beneath t h e  veneer of 
l i v i n g  c o r a l .  Large c o r a l  co lonies  of a v a r i e t y  of spec ies  appear 
s p o r a d i c a l l y  along t h e  seaward edge of t h e  escarpment. Such spec ies  
a r e  Madracis d e c a c t i s  (Photo J), Anar ic ia  lamarcki,  Stephanocoenia 
m i c h e l i n i i ,  Montastrea cavernosa, and Montastrea annu la r i s .  Of t hese ,  
only Montastrea annu la r i s  i s  commonly l a r g e r  than  a meter i n  diameter 
i n  o t h e r  h a b i t a t s  on t h e  r e e f .  

~ i s c u s s i b n  of Carysfor t  Reef 

Carysfor t  Reef marks t h e  nor thern  e x t e n t  of lush popula t ions  of 
reef -bui ld ing  c o r a l s  along t h e  e a s t e r n  coas t  of North America. Mayor 
( 1914) suggested t h a t  reduced water temperature f u r t h e r  no r th  l imi ted  
the  nor thern  ex ten t  of reef  development. South of Key Largo reef  
development may be l imi t ed  by t i d a l  passes  t h a t  allow water from 
F l o r i d a  Bay t o  flow onto t h e  she l f  p la t form on t h e  ebb t i d e  (Ginsburg 
and Shinn 1964) o r ,  conversely,  a l low cool  subsurface water  from the  
S t r a i t s  of F lo r ida  t o  i n t r u d e  i n t o  t h e  shallows of t he  she l f  platform 
 usta tan, e t  a l . ,  1976). Thus Carysfor t  appears  t o  be s i t u a t e d  a t  o r  
j u s t  south of t h e  thermal t o l e rance  po in t  of a c t i v e  reef  development 
and paradoxica l ly ,  is one of t h e  most w e l l  developed r e e f s  i n  t h e  
e n t i r e  F l o r i d a  Keys. 

The v e r t i c a l  d i s t r i b u t i o n s  of c o r a l  coverage and number of 
spec i e s  a r e  almost independent of each o t h e r  on the  reef  f l a t  and i n  
t h e  shallows. Coral  coverage and the  number of spec ies  become more 
c l o s e l y  c o r r e l a t e d  i n  deeper water ( ~ i g . 3 ) .  Maximal spec i e s  number 
occurs  a t  t h e  o u t e r  edges of t he  t e r r a c e s ,  seaward of maximal c o r a l  
coverage, h i n t i n g  t h a t  s p a t i a l  competi t ion i n  t hese  a r eas  may be 
i n t e n s e ,  o r  t h a t  s u b t l e  environmental d i f f e r e n c e s  between a t e r r a c e  
and break i n  s lope  may r eo rde r  community s t r u c t u r e  ( P o r t e r ,  1972).  



Subst ra te  heterogeneity a t  the  edge of a  break i n  s lope,  o r  water 
c i r c u l a t i o n  enhancement may c r e a t e  a  more favorable environment f o r  
l a r v a l  set t lement a s  well .  I n  any case, it must be remembered t h a t  
reef  growth, with the  exception of the  reef f l a t ,  is proceeding 
upwards so t h a t  today's edge i s  par t  of tomorrow's t e r race .  As such 
the  species composition of the  reef may be influenced by the  
morphology of the  reef which, i n  turn ,  a f f e c t s  the  f u t u r e  species 
composition. Active reef  growth i n  shallow water on Carysfort  i s  a  
funct ion  of the  growth of Acropora palmata and M i l l e ~ o r a  com~lanata .  
The seaward geomorphology of the  reef f l a t  and the  spur and groove 
formations a r e  formed mostly by Acropora palmata a s  f i r s t  described 
f o r  Key Largo Dry Rocks by Shinn (1963). Deeper, it appears t h a t  
Montastrea annular is  and o the r  massive co ra l s  cont r ibute  t o  the  growth 
of the  reef frame. 

The species composition of the  gorgonian zone on Carysfort i s  
s i m i l a r  t o  the  outer  reef s lopes of o ther  r e e f s  i n  the  northern Keys: 
Molasses, Elbow, French Reefs. On these r e e f s  the  gorgonian 
population gradually decreases a s  water depth increases towards the  
S t r a i t s  of Flor ida .  On Carysfor t ,  however, t h i s  zone ends abruptly a t  
10 meters where it is  replaced by a d ive r se  co ra l  community. The 
appearance of a  r i c h  c o r a l  community and the  disappearance of the  r i c h  
gorgonian community a t  10m occurs a s  a  sharp l i n e  and i s  very apparent 
even t o  a  casual  v i s i t o r  t o  the  r ee f .  This suggests t h a t  some 
environmental parameter change sharply a t  t h i s  depth, s t rongly  
influencing reef  community development (Photo D l .  

Waves heading i n t o  Carysfort Reef f i r s t  meet with the  outer  
t e r r a c e  some 300 meters seaward of the  reef  (Fig.  2).  The shallowest 
depth of the  platform i s  10 meters so t h a t  wave energy below 10 meters 
i s  a t tenuated .  The ou te r  t e r r a c e  thus sh ie lds  the  fore-reef t e r r a c e  
population from the f u l l  force  of the  prevai l ing  swells  and storm 
seas t h a t  pound the  o ther  outer  r e e f s .  We have witnessed t h i s  
s h e l t e r i n g  phenomena while diving on Carysfort  during seas of 1-2 
meter wave height.  A t  depths below 10 meters the  surge i s  g r e a t l y  
reduced and occurs a s  a  sharp boundary jus t  a t  the  beginning of the  
f o r e  reef co ra l  population. I n  the  winter  and spring months we have 
observed sharp d i s c o n t i n u i t i e s  i n  temperature and underwater 
v i s i b i l i t y  between 10 meters and the  top of the  escarpment a t  15 
meters.  Whenever these d i f ferences  i n  water masses have been observed 
warmer, c l e a r e r  water overlays cooler ,  more turbid  water. E i the r  the  
cold water i s  in t ruding i n t o  the  surface waters along the  edge of the  
Gulf Stream as noted i n  the  Dry Tortugas (Dustan e t .  a l . ,  1976) o r  
cooler  water from the  back reef area  i s  becoming trapped i n  the  moat 
region between the  inner  and outer  platform of Carysfort .  The 
reduction of wave ac t ion  r e s u l t s  i n  f i n e r  sediments on the  fore-reef 
s lope  and escarpment a t  Carysfort than on neighboring ree f s .  
Sediments from these zones on Carysfort have sponge boring chips,  
sp icu les  and f i n e  sedimentary p a r t i c l e s  i n  g rea t  abundance. The 
sediments a t  comparable depths on Molasses Reef cons i s t  of much 
coarser  carbonate p a r t i c l e s .  It i s  conceivable t h a t  the  moat region 
of Carysfort  serves a s  a  s ink f o r  the  deposi t ion  of f i n e  sediment and 



therefore may contain a detailed record of the depositional history of 
the northern Florida Keys. 

Discussion of Long Key Reef 

The species zonation on Long Key Reef follows the classical 
pattern first described for West Indian coral reefs (Goreau, 19591, 
but there are some distinct differences. Most conspicuous of these 
are the absence of Acrovora valmata and an associated reef flat 
community. The reef flat appears to be formed by the accumulation of 
coral skeleton rubble rather than infilled, cemented Acrovora valmata 
skeletons in growth position as seen at Carysfort and so 
characteristic of other Florida Keys Reefs (Shinn, 1963, 1977). 
Seaward of the reef flat where one would expect to find groves of A. 
palmata the substrate is covered mostly with algae and gorgonians, and 
a few scattered corals. Observations along the edge of the reef flat 
subsequently turned up a stand of dead A. palmata (in addition to the 
one known living stand mentioned earlier) in growth position 
suggesting that while this species may inhabit the zone it suffers 
high mortality and never reaches the population densities found 
elsewhere in the Florida Keys. Reports of a massive coral mortality 
as a result of "black water'' are mentioned in the first Carnegie 
Reports of the Dry Tortugas (~ayer, 19021, and in 1977 a cold water 
(13 degrees C) intrusion resulted in the death of almost all the 
Acrovora cervicornis on the platform (~avis, per. comm). Thus 
periodic climactic fluctuations, possibly combined with severe 
storms, may prevent Acropora valmata from establishing itself as a 
major reef-building species in the sediment laden water of the Dry 
Tortugas. 

Along with the noted absence of Acrovora valmata is the absence 
of a Millepora-gorgonian species association commonly seen in the Keys 
and Bahamas. Both species occur in the Dry Tortugas but do not form 
the assemblage so common elsewhere. The assemblage is commonly found 
on the tops of shallow reef flat spurs constructed by Acrovora 
palmata. Possibly the absence of Acrovora palmata and the habitat its 
structure creates results in the deletion of the Millepora-gorgonian 
species complex. Conversely, the lack of a similar necessary 
ecological condition (high surf, clear water, favorable temperature) 
may be the controlling factor in the distribution of both assemblages. 

Coral coverage is closely correlated with species number on Long 
Key Reef (~ig. 5 ) .  The absence of high coverage in shallow water is 
attributed to an absence of Acrovora palmata and its associated 
Millepora-gorgonian species complex. Coverage is highest deeper than 
10m where the most active reef accretion appears to be occurring. 



CONCLUSIONS 

The species composition and zonation patterns of a coral reef 
are the result of species' differential abilities to settle, adapt, 
and survive the prevailing environmental conditions. The 
environmental parameters of light, water temperature and wave action, 
sedimentation, and food availability all have been thought to be of 
primary importance to corals. Biological interactions between and 
among species operate at organizational levels within this adaptive 
framework (Porter, 1974; Glynn, 1976; Connell, 1978). The interplay 
of biological and physical factors result in higher order interactions 
that determine community structure (~utuyma, 1979). Coral communities 
at both study sites show a positive correlation between average colony 
size and percentage cover. On Long Key Reef increases in coral 
coverage are the result of all species becoming more abundant. On 
Carysfort Reef increases in cover are sometimes the result of single 
species dominance, as in the Acrovora valmata zone, or a general 
increase in all species as seen on the fore-reef terrace. 

The differences in patterns suggest that different environmental 
and biological pressures control the development of these two reef 
communities. Part of the reason for the differences in these two 
reefs may lie in their positions relative to the path of the Gulf 
Stream. Carysfort Reef lies at the edge of the Gulf Stream and is 
often bathed in its waters, while the Dry Tortugas are approximately 
10-20 miles north of the edge of the Gulf Stream and only occasionally 
experience clear oceanic water. The prevailing patterns of water 
movement over the Dry Tortugas result in a northwest to southeast flow 
so that the water passing over Long Key Reef has drained from the Dry 
Tortugas Platform. Thus there appears to be major differences in the 
quality of the water over the two reefs. In addition, the Gulf Stream 
buffers the population at Carysfort against cold water intrusions in 
the winter so that even though it is much farther north than Long Key, 
the minimum water temperatures are somewhat higher. There are reports 
(Mayer, 1914) of elevated water temperatures occurring in the Dry 
Tortugas in the summer coincident with periods of calm and low spring 
tides which resulted in the death of corals. Temperatures in shallow 
parts of the reef ranged from 33-38 degrees C. On Carysfort Reef this 
type of localized water heating seems unlikely as the reef is situated 
far from any other large geomorphic structures and the water is kept 
moving longshore by the Gulf Stream. 

Both reefs (Long Key and Carysfort) face into the direction of 
the prevailing winds and swell. However, Carysfort does not receive 
the full force of the swell at depths below 10 meters as the fore-reef 
terrace is protected by the second platform seaward of it. This 
platform blocks the deeper swell and may help to explain the absence 
of well defined surge channels on Carysfort Reef. Observations on the 
species composition of the seaward slope of the outer platform have 
shown it to be similar to the outer slopes of neighboring reefs that 



are not protected from the swell. These regions are sparsely covered 
by coral and give the appearance of being "wave battered". The rich 
and diverse coral population on the fore-reef terrace of Carysfort 
Reef below 10 meters is not typical of other reefs in the Keys. 
Whether or not this atypical species assemblage is the direct result 
of a decrease in wave shock, change in food supply or sediment 
composition, or some other factor cannot be determined at this time: 
but remains as an intriguing question to be attacked at a future 
date. 

One of the initial objectives of this research was to study 
differences between the two reefs in an attempt to dissect out the 
impact of man on Carysfort Reef. However, upon completion of the Long 
Key Reef survey it became apparent that the two reefs are very 
different in structure and form as a result of a suite of different 
environment parameters. There are some general observations that 
deserve comment however, and though they have not been quantified, 
they may be instructive as to the mechanisms behind man's impact on 
coral reefs. 

The incidence of broken coral colonies is high on Carysfort Reef. 
Broken colonies must expend metabolic energy to their wounds and 
regrow skeleton lost to damage. It is hard to single out the greatest 
cause of physical damage to reefs by man hut it is fair to say that 
constantly occurring damage as a result of anchoring, diving, and 
fishing is slowly but surely decreasing the amount of framework 
carbonate that corals add to the reef structures of the northern keys, 
and it is apparent on Carysfort Reef. Commensurate with these 
observations is the high incidence of corals with broken or damaged 
tissue as a result of excess sedimentation, algal overgrowth and algal 
disease (Dustan, 1977). Again, such mortality factors were 
occasionally seen in the Dry Tortugas, most notable is the havoc 
caused by anchoring in the lee of Loggerhead Key (photo K, Davis, 
1977). 

The comparison presented in this study has provided an initial 
look at the community structure of two reefs at the opposite ends of 
the Florida Keys. Differences in community structure appear to be the 
result of local environmental differences and local geomorphological 
features. Severe periodic environmental perturbations may control the 
distribution of less tolerant species (Acrovora valmata and Acrovora 
cervicornis) in the Dry Tortugas. The Gulf Stream may reduce the 
probability of similar perturbations occurring on Carysfort Reef. Both 
reefs may be exposed to storms which may also affect their species 
composition and geomorphology. Resurveys of these communities in the 
future will begin to reveal their temporal as well as spatial 
variability. 
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Table 1: Coral species coverage on different morphological zones 
Carysfort Reef, Key Largo 

Species Mean Percent Coverage by Zone 
RF A.pal Trough Ridge GZ FRT FRE 

. . . .  Acropora palmata 0 36.2 9 .0  0 0 0 0 
Acropora cervicornis . . 0 0 3.6 0 0 30.4 0 
Mycetophyllia lamarckana 0 0 0 0 0.2 <1 < 1 
Mycetophyllia ferox . . 0 0 0 0 0.2 1.6 (1 
Mycetophyllia danana . , - - - - - - - 
Mycetophyllia aliciae . 0 0 0 0 0 0 (1 

. . .  Solenastrea hyades 0 0 0 0 0 0 1 . 2  
Agaricia agaricites . . (1 1.0 1.7 2.9 <1 (1 1.0 . . .  Agaricia lamarcki 0 0 0 0 0 <1 0 . . .  Agaricia fragilis 0 0 0 0 0 < 1 0 
Helioseris cucullata . . 0 0 < 1 <1 0 (1 0 
Colpophyllia natans . . 0 0 0 0 0 2.2 < 1 

. . . .  C. breviserialis 0 0 0 0 0 7 .6  < 1 . . .  Scolymia cubensis 0 0 0 0 0 <I (1 
Scolymia lacera . . . .  - - - - - - - 
Mussa angulosa . . . . .  - - - - - - - 
Montastrea annularis . . (1 0 0 0 (1 1 7 . 5  1.7 
Montastrea cavernosa . . 0 0 0 1.1 0 (1 1.1 
Manicina areolata . . .  - - - - - - - 

. . . . . .  Favia fragum 0 < 1 <1 0 < 1 0 0 
Siderastrea radians . . 0 0 0 0 < 1 0 0 . . .  Siderastrea sidera 0 (1 < 1 0 <1 3.3 6.8 
Dichocoenia stokesii . . 0 0 0 0 (1 < 1 0 
Stephanocoenia michelinii 0 0 0 0 (1 1 .5  2.2 
Diploria strigosa . . .  - - - - - - - 
Diploria clivosa . . . .  - - - - - - - 
Diploria labyrinthifomis - - - - - - - 
Isophyllia sinuosa . . .  - - - - - - - 
Isophyllastraea rigida . - - - - - - - 

. . . .  Porites porites (1 0 0 0 < 1 < 1 < 1 
Porites astreoides . .  .3.7 1 . 5  3 .4  4 .2  < 1 < 1 1 . . . .  Porites furcata 0 0 0 0 0 <1 0 . . . . .  Madracis spp. 0 0 0 0 0 < 1 0 . . .  Madracis decactis 0 0 0 0 0 <1 < 1 
Millepora alcicornis . . 0 0 < 1 0 < 1 < 1 0 
Millepora complanata . .3.4 7 .2  10.5 48.0 0 7.0 < 1 
Eusmilia fastigiata . . 0 0 0 0 0 < 1 (1 

Number of species 
in each zone . . . . . .  6 7 9 5 11 2 4  17 
Number of transects . . 4 . 3 3 1 ' 2 5 3 

Distance along transect 320- 250- 200- 140  100- 80- 30- 
from base of reef (m) 260 230 160  120  40 0 
Note: RFtback reef + reef flat , A.pal= Acropora palmata zone, 
GZ= gorgonian zone,FRT=fore-reef terrace, FRE= fore reef escarpment, 
Dash signifies presence on Long Key but absent on Carysfort Reef. 



Table 2 : Coral species coverage on different morphological zones 
Long Key Reef. Dry Tortugas 

Species Mean Percent Coverage by Zone 
Patch Gorgonian Spur and Groove 
Reefs 1 2 3 

Acropora palmata . . . . . . .  . . . . . .  Acropora cervicornis <1 
Mycetophyllia lamarckana . . .  0 . . . . .  Mycetophyllia ferox 0 . . . . .  Mycetophyllia danana 0 . . . .  Mycetophyllia aliciae 0 
Solenastrea hyades . . . . . .  . . . . . .  Agaricia agaricites <.5 . . . . . .  Agaricia lamarcki 0 . . . . . .  Agaricia fragilis 0 
Helioseris cucullata . . . . .  0 . . . . .  Colpophyllia natans 0 
C . breviserialis . . . . . . .  0 . . . . . .  Scolymia cubensis 0 
Scolymia lacera . . . . . . .  0 
Mussa angulosa . . . . . . . .  0 . . . . .  Montastrea annularis 0 
Montastrea cavernosa . . . . .  0 
Manicina areolata . . . . . .  0 
Favia fragum . . . . . . . . .  . . . . . .  Siderastrea radians c.5 
Siderastrea sidera . . . . . .  <.5 . . . . .  Dichocoenia stokesii 0 
Stephanocoenia michelinii . . 0 . . . . . .  Diploria strigosa 0 . . . . . . .  Dip loria c livosa 1. 5 
Diploria labyrinthiformis . . 0 
Isophyllia sinuosa . . . . . .  0 
Isophyllastraea rigida . . . .  c.5 . . . . . . . .  Porites porites < 5 . . . . . .  Porites astreoides <1 
Porites furcata . . . . . . .  . 
Madracis spp . . . . . . . .  . . . . . . .  Madracis decactis 0 . . . . .  Millepora alcicornis C.5 
Millepora complanata . . . . .  . . . . . .  Eusmilia fastigiata 0 

Number of species 
in each zone . . . . . . . .  9 12 16 24 17 
Number of transects . . . . .  4 8 6 5 5 

Distance along transect . . .  370- 290- 160- 100- 40- 
from base.of reef (m) . . . .  300 180 110 5 0 0 

Note: Dash (-1 signifies presence on Carysfort but absent on Long Key 



Table  3 .  Spec ies  L i s t  f o r  Areas of Study 

Spec ies  Dry Long Key Key Carysf o r t  
Tor tugas  Reef Largo Reef 

Acropora palmata * . . . . . . .  
Acropora c e r v i c o r n i s  * . . . . .  
Mycetophyll ia lamarckana * . . .  
Mycetophyll ia f e rox  * . . . . .  
Mycetophyll ia danana * . . . . .  
Mycetophyll ia a l i c i a e  * . . . .  
So lenas t r ea  hyades * . . . . . .  
Agar i c i a  a g a r i c i t e s  * . . . . .  
Agar i c i a  lamarcki  * . . . . . .  
Agar i c i a  f r a g i l i s  * . . . . . .  
H e l i o s e r i s  c u c u l l a t a  * . . . . .  
Colpophyl l ia  na t ans  * . . . . .  
Colpophyl l ia  b r e v i s e r i a l i s  . . * 
Scolymia cubens i s  * . . . . . .  
Scolymia l a c e r a  * . . . . . . .  
Mussa angulosa  * . . . . . . . .  
Montastrea a n n u l a r i s  * . . . . .  
Montastrea cavernosa * . . . . .  
Dendrogyra c y l i n d r u s  - . . . . .  
Manicina a r e o l a t a  * . . . . . .  
F a v i a f r a g u m .  * . . . . . . . .  
Favia  c o n f e r t a  * . . . . . . . .  
S i d e r a s t r e a  r a d i a n s  * . . . . .  
S i d e r a s t r e a  s i d e r a  * . . . . . .  
Dichocoenia s t o k e s i i  * . . . . .  
Dichocoenia s t e l l a r i s  * . . . .  
Stephanocoenia michel i n i i  . . * 
D i p l o r i a  s t r i g o s a  * . . . . . .  . . . . . . .  D i p l o r i a  c l i v o s a  - 
D i p l o r i a  l a b y r i n t h i f  ormis . . * 
I s o p h y l l i a  s inuosa  * . . . . . .  
I s o p h y l l a s t r a e a  r i g i d a  * . . . .  
P o r i t e s  p o r i t e s  * . . . . . . .  
P o r i t e s  a s t r e o i d e s  * . . . . . .  
P o r i t e s  f u r c a t a  - . . . . . . .  
Madracis spp. * . . . . . . . .  
Madracis d e c a c t i s  * . . . . . .  
M i l l i p o r a  a l c i c o r n i s  * . . . . .  
M i l l i p o r a  complanata * . . . . .  
Eusmilia f a s t i g i a t a  * . . . . .  
Oculina d i f f u s a  * . . . . . . .  
Cladocora spp. * . . . . . . . .  
Meandrina meandri tes  * . . . . .  
* = p r e s e n t ,  - = absen t  
1: o u t e r  t e r r a c e  only  
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Fig. 3 .  Graph depicting the percentage coral cover, number of 
species,  and depth prof i l e  of Carysfort Reef study s i t e .  
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Fathometer tracing of Long Key Reef, Dry Tortugas showing 
the overall  morphology of the ree f .  Note the absence of an 
offshore terrace. 
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Photograph Legends 

Dense thickets of Acropora palmata on the seaward edge of the 
reef flat of Carysfort Reef. 

A rich gorgonian, sponge and algal community inhabits the 
gorgonian .zone on the gorgonian zone on the fore-reef terrace 
from about 5m to 10m. Scleractinian corals such as 
P. Porites (2) and D. stokesii (1) comprise - 
less than 10% of the total coverage. The colony of 
D. stokesii is approximately 12cm in diameter. - 
Large colonies of M. annularis occur sporadically in the gorgonian 
zone of Carysfort reef. Such colonies act as islands on the plain 
and become centers of focus for fish and invertebrate populations. 
This colony is approximately 3m high and 6.4m in greatest diameter. 

The ecotone between the gorgonian zone (right) and the fore- 
reef slope (left) is extremely sharp (arrows). Coral coverage 
changes from less than 10% to greater than 25% in less than 3 
meters horizontal distance at a depth of 10m on Carysfort Reef. 

A large spreading colony of Agaricia spp. is covering a large 
block of reef rock, apparently a talus block from an earlier 
s lump. 

F. View of the escarpment of Carysfort Reef, 18m. Virtually every 
colony in the view is surrounded by fine sediment which collects 
on the escarpment as a result of wave attenuation by the outer 
reef platform. 

G. A reef rock island on the fore-reef terrace of Long Key Reef. 
This particular island has been formed by M. annularis and 
M.alcicornis. 5m 

H. Luxuriant population of P. bipenata inhabits a 50m wide 
zone on Long Key Reef at a depth of 4-6 meters. The largest of 
these colonies are 1.5 to 2m in height. 

I. A narrow sand channel slowly being overgrown by a large colony of 
M. annularis illustrates the hollowness of the spur and - 
groove zone on Long Key Reef. 12m. 

J. Diver Karen Lukas examining an exceptionally large colony of 
M. mirabilis at the base of Long Key Reef, 18m. - 

K. An anchor, probably lost by a fishing boat, embedded in a patch of 
A. cervicornis on Long Key Reef. Note the broken and dead 
rubble surrounding the shank. The coral is regenerating and will 
eventually overgrow the anchor, 10m. 



A. Dense thickets of Acropora palmata on the seaward edge of the 
reef flat of Carysfort Reef. 

B. A rich gorgonian, sponge and algal community inhabits the 
gorgonian zone on the gorgonian zone on the fore-reef terrace 
from about 5m to 10m. Scleractinian corals such as 
P. Porites (2) and D. stokesii (1) comprise - 
less than 10% of the total coverage. The colony of 
D. stokesii is approximately 12cm in diameter. - 



C. Large colonies of M. annularis occur sporadically in the gorgonian 
zone of Carysfort reef. Such colonies act as islands on the plain 
and become centers of focus for fish and invertebrate populations. 
This colony is approximately 3m high and 6.4m in greatest diameter. 

D. The ecotone between the gorgonian zone (right) and the fore- 
reef slope (left) is extremely sharp (arrows). Coral coverage 
changes from less than 10% to greater than 25% in less than 3 
meters horizontal distance at a depth of 10m on Carysfort Reef. 



E. A l a rge  spreading colony of Agaricia spp. i s  covering a la rge  
block of reef rock, apparently a t a l u s  block from an e a r l i e r  
s lump. 

F. View of the  escarpment of Carysfort  Reef, 18m.  V i r tua l ly  every 
colony i n  the view i s  surrounded by f i n e  sediment which c o l l e c t s  
on the  escarpment a s  a r e s u l t  of wave a t t enua t ion  by the  outer  
reef  platform. 



G .  A reef  rock is land on the fore-reef terrace of Long Key Reef. 
This part icular  i s land has been formed by M. annularis and 
M.alcicornis .  5m 

H. Luxuriant population of 5 bivenata inhabits  a 50m wide 
zone on Long Key Reef a t  a depth of 4-6 meters.  The largest  of 
these co lonies  are 1 . 5  t o  2m i n  he ight .  



I. A narrow sand channel slowly being overgrown by a large colony of 
M .  annularis i l lus trates  the hollowness of the spur and - 

groove zone on Long Key Reef. 12m. 

J .  Diver Karen Lukas examining an exceptionally large colony of 
M .  mirabil is  at the base of Long Key Reef, 18m. - 



K .  An anchor, probably l o s t  by a f i sh ing  boat,  embedded i n  a patch of 
A. cervicornis  on Long Key Reef. Note the broken and dead 
rubble surrounding the shank. The coral  i s  regenerating and w i l l  
eventual ly  overgrow the anchor, 10m. 




