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PREFACE 

Th i s  species p r o f i l e  i s  one o f  a s e r i e s  on coas ta l  aqua t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spo r t ,  commercial, o r  e c o l o g i c a l  importance. The p r o f i l e s  
a re  designed t o  p r o v i d e  coas ta l  managers, engineers,  and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive ske tch  o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and envi ronmenta l  
requi rements o f  t h e  species and t o  desc r i be  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  env i ronmenta l  changes caused by coas ta l  development. Each 
p r o f i l e  has sec t i ons  on taxonomy, 1 i f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  env i ronmenta l  
requi rements,  and economic importance, i f  appl  i c a b l e .  A t h r e e - r i  ng b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as t h e y  a re  prepared. 
Th i s  p r o j e c t  i s  j o i n t l y  planned and f i nanced  by t h e  U.S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Serv ice .  

Suggest ions o r  ques t ions  rega rd ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
t he  f o l l o w i n g  addresses. 
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CONVERSION T A B L E  

M e t r i c  t o  U . S .  Customary 

Mu1 t i p l y  b! 
m i l l i m e t e r s  (mm) 0.03937 
c e n t i m e t e r s  (cm) 0.3937 
meters (m) 3 .281  
meters (m) 0.5468 
k i l o m e t e r s  (km) 0.6214 
k i l o m e t e r s  (km) 0.5396 

square mete rs  (m') 10.76 
square k i l o m e t e r s  ( km2) 0 .3861  
h e c t a r e s  (ha)  2 .471  

l i t e r s  ( 1 )  0.2642 
c u b i c  meters (m3) 35 .31  
c u b i c  mete rs  (m3) 0.0008110 

mi 11 igrams (mg) 0.00003527 
grams ( g )  0.03527 
k i l og rams ( k g )  2.205 
m e t r i c  tons  ( t )  2,205.0 
m e t r i c  tons  I t )  1 .102 

k i l o c a l o r i e s  ( k c a l )  3.968 
C e l s i u s  degrees (OC) 1.8(OC) + 32 

m i c r o  E i n s t e i n s  p e r  square mete r  p e r  second (pE m - Z s - ' )  6 . 0 2  x  10" 
m i c r o  E i n s t e i n s  p e r  square mete r  p e r  second (LIE m- 's- ' )  4 . 6 7  
m i c r o  E i n s t e i n s  p e r  square mete r  p e r  second (LIE m - l s - I )  51 .22  

To O b t a i n  

inches 
inches  
f e e t  
fathoms 
s t a t u t e  m i l e s  
n a u t i c a l  m i l e s  

square f e e t  
square m i l e s  
ac res  

g a l l o n s  
c u b i c  f e e t  
a c r e - f e e t  

ounces 
ounces 
pounds 
pounds 
s h o r t  tons  

B r i t i s h  the rma l  u n i t s  
F a h r e n h e i t  degrees 

pho tons  w 2 s - '  
f o o t  cand les  
1  ux 

U . S .  Customary t o  M e t r i c  

M u l t i p l y  b To O b t a i n  

inches  25.40 mi 11 i m e t e r s  
inches  2.54 c e n t i m e t e r s  
f e e t  ( f t )  0.3048 mete rs  
fathoms 1 .829  mete rs  
s t a t u t e  m i l e s  ( m i )  1 .609  k i l o m e t e r s  
n a u t i c a l  m i l e s  ( n m i )  1 .852  k i l o m e t e r s  

square f e e t  ( f t 2 )  0 .0929 square mete rs  
square m i l e s  ( m i 2 )  2 .590  square k i l o m e t e r s  
ac res  0.4047 h e c t a r e s  

g a l l o n s  ( g a l )  3. 785 1  i t e r s  
c u b i c  f e e t  ( f t 3 )  0 .02831  c u b i c  mete rs  
a c r e - f e e t  1 ,233.0 c u b i c  mete rs  

ounces ( o z )  28,350. m i l l i g r a m s  
ounces (02)  28.35 grams 
pounds ( l b )  0 .4536 k i  1 ograms 
pounds ( l b )  0.00045 m e t r i c  t o n s  
s h o r t  tons  ( t o n )  0.9072 m e t r i c  t o n s  

B r i t i s h  the rma l  u n i t s  ( B t u )  0 .2520 k i l o c a l o r i e s  
F a h r e n h e i t  degrees (OF) 0.5556 ( O F  - 32)  C e l s i u s  degrees 

photons m-'s-' 1 . 6 6 1  x 10-18 m i c r o  E i n s t e i n s  p e r  square mete r  p e r  second 
f o o t  cand les  ( f c )  0.21413 m i c r o  E i n s t e i n s  p e r  square mete r  p e r  second 
l u x  ( l x )  0 .01952 m i c r o  E i n s t e i n s  p e r  square mete r  p e r  second 
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Acropora palmata 
B Staghorn coral 

Acropora cervicornis 

F i g u r e  1. Majo r  r e e f - b u i l d i n g  c o r a l s  i n  t h e  Caribbean. (A) Specimen UGA 512; 2  
m depth;  San B las ,  A t l a n t i c  Panama. C n i d a r i a  C o l l e c t i o n ,  Museum o f  Na tu ra l  
H i s t o r y ,  U n i v e r s i t y  o f  Georgia.  (B) Specimen UGA 292; 4 m depth; Jan -Th ie l ,  
Curacao. C n i d a r i a  C o l l e c t i o n ,  Museum o f  Na tu ra l  H i s t o r y ,  U n i v e r s i t y  o f  Georgia.  



C Common star coral 
Montastraea annularis 

D Large star coral 
Montastraea cavernosa 

(C)  Specimen UGA 379; 2 m depth; Discovery Bay, Jamaica. Cn idar ia  Co l l ec t i on ,  
Museum o f  Natural  H i s to ry ,  U n i v e r s i t y  o f  Georgia. (D) Specimen UGA 1154; 15 m 
depth; Discovery Bay, Jamaica. Cn idar ia  Co l l ec t i on ,  Museum o f  Natural  H i s to ry ,  
U n i v e r s i t y  of Georgia. Drawings by Alex H e l l e r .  

REEF-BUI LDING CORALS 

In format ion  i s  presented on four  Pre fer red  common name. . .  E l  khorn c o r a l  
major Caribbean r e e f - b u i l d i n g  cora ls ,  (F igure l a )  
mentioned i n d i v i d u a l l y  where re levan t  Class ........................ Anthozoa 
data e x i s t .  The species are compared Order . . .................. S c l e r a c t i n i a  
and cont ras ted t o  h i g h l i g h t  t h e i r  Suborder ................. Ast rocoen i ia  
s i m i l a r i t i e s  and d i f f e rences .  Family . ................... Acroporidae 

2. Spec i f i c  name ... Acropora c e r v i -  
NOMENCLATURE, TAXONOMY, AND GEOGRAPHIC co rn i  s  (Lamark) 
RANGE Pre fer red  common name . . .  Staghorn co ra l  

(F igure l b )  
1. S p e c i f i c  name.. . Acropora palmata Class ........................ Anthozoa 

(Lamar k)  Order .................... S c l e r a c t i n i a  



Suborder ................. A s t r o c o e n i i a  
Fami ly  . . .................. Acropor idae 

3. S p e c i f i c  name Montastraea e- 
l a r i s  ( E l l i s  and Solander) 

P r e f e r r e d  common name ... Common s t a r  
c o r a l  (F i gu re  l c )  

Class ........................ Anthozoa 
Order . . . . . . . . . . . . . . . . . . . .  S c l e r a c t i n i a  
Suborder . . . . . . . . . . . . . . . . . . . . . .  F a v i i n a  
Fami ly  . . ..................... Fav i idae  

4. S p e c i f i c  name. . Montastraea caver-  
nosa ( L i  nnaeus) 

P r e f e r r e d  common name . . . . . .  Large s t a r  
c o r a l  (F i gu re  I d )  

Class . ....................... Anthozoa 
Order . . . . . . . . . . . . . . . . . . . .  S c l e r a c t i n i a  
Suborder . . . . . . . . . . . . . . . . . . . . . .  F a v i i n a  
Fami ly  . . . . . . . . . . . . . . . . . . . . . . .  Fav i i dae  

A l l  f o u r  o f  these c o r a l s  a re  found 
throughout  sha l low coas ta l  waters o f  
t h e  Caribbean and t h e  western t r o p i c a l  
A t l a n t i c  (Smith 1948). Montastraea 
cavernosa i s  a l s o  found i n  B r a z i l  
(Labore l  1967) and t h e  eas te rn  
t r o p i c a l  A t l a n t i c  (Labore l  1974). A l l  
f o u r  species a re  common i n  southern 
F l o r i d a  (L. Agassiz 1852, 1869, 1880; 
A. Agassiz 1888; Vaughan 1911; Shinn 
1963; Ginsburg and Shinn 1964; 
K i s s l i n g  1965; Marszalek e t  a l .  1977; 
Davis  1982; Halas 1985). Both species 
o f  Montastraea, b u t  no species o f  
Acropora, occur  i n  t h e  F l o r i d a  Midd le  
Grounds, t h e  Texas Flower Garden Banks 
( B r i g h t  and Pequegnat 1974; B r i g h t  e t  
a l .  1984), and i n  Bermuda (Labore l  
1966; S t e r r e r  1986). 

Goldbera (1973) r e ~ o r t e d  t h a t  
i s o l a t e d  c o l o n i e s  . o f  ~ c i o ~ o r a  c e r v i -  
c o r n i s ,  Montastraea annul a r i s ,  and !. 
cavernosa occur  i n  deep water  
(16-30 m) as f a r  n o r t h  as Palm Beach, 
F l o r i d a ,  a t  l a t i t u d e  26'3' N (F igure  
2). Acropora palmata appears f i r s t  a t  
Fowey Rocks, F l o r i d a  ( l a t .  25'37' N), 
which i s  a l s o  t h e  l o c a t i o n  o f  t h e  
f i r s t  major  appearance o f  a1 1 o f  t h e  
species i n  sha l low wate r  (Burns 1985). 
Reef development by these species 
begins s l i g h t l y  f a r t h e r  south, i n  
Biscayne Na t i ona l  Park, F l o r i d a ,  a t  

25'25' N l a t i t u d e .  Ful l y  developed 
Acropora palmata and A. c e r v i c o r n i  s 
r e e f  zones a re  found i n  Key Largo 
Na t i ona l  Marine Sanctuary a t  C a r y s f o r t  
Reef, F l o r i d a  ( l a t .  25'20' N ) ,  and 
south o f  t he re  (Jaap 1984; White and 
P o r t e r  1985). L i t t l e  i s  known about  
c o r a l  d i s t r i b u t i o n  i n  t h e  t u r b i d  
waters o f f  t h e  west coas t  o f  F l o r i d a  
(F igure  2). 

Con t ras t i ng  depth ranges and zones 
o f  maximum development f o r  these 
species i n  Jamaica (Goreau and Wel ls  
1967) a re  shown i n  Table 1. 

MORPHOLOGY AND IDENTIFICATION AIDS 

Both species o f  Acropora a re  
branching (F igures  l a  and b) ,  whereas 
bo th  species o f  Montastraea a r e  mound 
shaped (F igures  l c  and d). The b lades 
a re  f l a t t e n e d  and palm shaped i n  A. 
pa lmata (rounder i n  rough wate r ) ,  b u t  
narrow and c y l i n d r i c a l  i n  A. 
c e r v i c o r n i s .  Branches emerge a t  acute 
angles and g e n e r a l l y  i n  t h e  same p lane  
o f  growth as t h e  pa ren t  b lade  i n  A. 
p a l  mata, whereas each b 1 ade emerges 
more a t  r i g h t  angles, and g e n e r a l l y  i n  
a d i f f e r e n t  p lane  o f  growth from most 
o f  t h e  o t h e r  b lades,  i n  A. 
c e r v i c o r n i s .  Blades o f  A. pa lmata a re  
g r e a t e r  t han  0.5 m i n  l eng th ,  whereas 
unbi  f u r c a t e d  b lades o f  A. c e r v i c o r n i  s 
r a r e l y  are.  C o l o r a t i o n  i s  h i g h l y  
v a r i a b l e  i n  A. palmata,  r ang ing  f rom 
very  l i g h t  t a n  t o  brown, whereas i t  i s  
brownish y e l l o w  and more un i f o rm  i n  
co lon ies  o f  A. c e r v i c o r n i s .  Polyps 
( t h e  i n d i v i d u a l  u n i t s  o f  l i v e  c o r a l  
t h a t  make up a co lony)  o f  b o t h  A. 
a lmata and A. c e r v i c o r n i s  a re  about 

8.1 cm i n  d i i m e t e r .  Acropora c e r v i -  
c o r n i s  has a s i n g l e  a p i c a l  po l yp  i n  
t h e  growth a x i s .  

Polyps o f  Montastraea annul a r i s  
average 0.3 cm i n  d iameter  (medium- 
s i zed  among c o r a l  po lyps) ;  those o f  !. 
cavernosa average 1 .0  cm ( l a r g e  f o r  
Caribbean c o r a l s ) .  I n  b o t h  species,  
po l yp  d iameter  increases and po l yp  
d e n s i t y  decreases w i t h  i n c r e a s i n g  
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F igu re  2. Coastal  d i s t r i b u t i o n  o f  t he  e lkhorn ,  s taghorn,  common s t a r ,  and l a r g e  
s t a r  c o r a l s .  Montastraea e x i s t s  i n  water  depths below I m and o u t  t o  t h e  40-m 
con tour ;  Acropora e x i s t s  on r e e f s  f rom the  sur face  t o  20 m depth. 



Tab1 e 1. Pa t t e rns  o f  dep th  d i s t r i b u t i o n ,  abundance, and ecology o f  Montastraea 
a n n u l a r i s ,  - M. cavernosa, Acropora palmata,  and - A. c e r v i c o r n i s .  

Ex tens ion  b Resis- 
Depth (m)a r a t e  spawningC spa tC tance t o  

Species Range optimum (cm/yr) sexC season (No./m2) hu r r i cane  

Acropora palmata 0-15 0-7 5.00-9.50 H Aug 0.03 M 

Acropora c e r v i c o r n i s  0-30 3-20 10.00-26.40 H Aug 0.01-0.30 L 

Montastraea a n n u l a r i  s  0-80 3-40 0.68-2.40 H Aug-Sept 0.45-1.04 H 

Montastraea cavernosa 0-90 10-40 0.35-0.57 D Sept 0.14-1.09 H 

a Data adapted f rom Goreau and Wel l s  (1967). 
b ~ e e  - GROWTH CHARACTERISTICS s e c t i o n  o f  t h e  t e x t  f o r  re fe rences .  
C Data adapted f rom Szmant-Froel ich (1985, 1986). 
d~ = low, M = medium, and H = h igh .  

dep th  (Dustan 1975, 1979; P o r t e r  e t  
a l .  1987). A l though co lon ies  o f  bo th  
species a r e  mound shaped, those o f  M. 
a n n u l a r i s  t h a t  exceed 0.5 m i n  diame- 
t e r  tend  t o  break i n t o  d i s t i n c t  lobes 
i n  sha l low water ;  no such tendency 
e x i s t s  i n  l a r g e  co lon ies  o f  M. 
cavernosa. ~ o l  o i i e s  o f  M. annul a r i s  
have a q r e a t  d i v e r s i t y  o f  shapes i n  
sha l low - water .  c o l b n i e s  o f  M. 
a n n u l a r i s  sometimes become 4-5 m i n  
d iameter ,  b u t  those o f  M. cavernosa 
r a r e l y  exceed 1 m. As water  depth 
inc reases ,  co l on ies  o f b o t h  
Montastraea species f l a t t e n  and become 
p l  a te1  i ke (Dustan 1975, 1979; Graus 
and Mac in t y re  1976). A t  depths o f  
30-40 m i n  Jamaica, most co l on ies  o f  
M. a n n u l a r i s  grow as f l a t t e n e d  - 
r o s e t t e s  o f  ove r l app ing  co lon ies .  
Colonies o f  M. cavernosa do n o t  
f l a t t e n  complet<ly a t  depths l e s s  than  
60 m. 

REASON FOR INCLUSION I N  THE SERIES 

Coral r e e f s ,  which a r e  h i g h l y  
a t t r a c t i v e  t o  t o u r i s t s ,  a r e  t h e  most 
d i v e r s e  mar ine community on ea r t h .  

T h e i r  ex i s t ence  depends on t h e  suc- 
c e s s f u l  growth and maintenance o f  a  
complex, three-d imensional  s t r u c t u r e  
i n  sha l low water .  Th i s  t opog raph i ca l -  
l y  complex form i s  b u i l t  p r i m a r i l y  by 
hermatypic c o r a l s  ( those c o r a l s  bear- 
i n g  symb io t i c  zooxanthel l ae ) .  The 
f o u r  species reviewed here a r e  among 
t h e  p r ima ry  c o r a l s  i n v o l v e d  i n  t h i s  
b u i l d i n g  process ( L i g h t y  e t  a l .  1982). 

As s t a t e d  by Jaap (1984), i n  
southern F l o r i d a  " t h e  two s tony  c o r a l s  
most r e s ~ o n s i b l e  f o r  r e e f  b u i l d i n a  a r e  
~ c r o ~ o r a '  pa lmata ( e l  khorn c o r a l  and 
Montast raea a n n u l a r i s  ( s t a r  c o r a l  1. " 

LIFE HISTORY 

Spawni ng 

The f o u r  species rev iewed here spawn 
annua l l y  i n  t h e  f a l l .  They a l l  
d i scharge  t h e i r  gametes i n t o  t h e  water  
column, r a t h e r  than  b rood ing  t h e i r  
1  arvae (Szmant-Froel i c h  1986). 

Montastraea a n n u l a r i s  i s  a  s imul -  
taneous h e r m a p h m e g g s  and sperm 



a re  p resen t  i n  t h e  same i n d i v i d u a l  a t  
t h e  same t ime) .  I n  Puer to  Rico, 
oogenesis begins i n  mid-May, and 
spermatogenesis begins d u r i n g  m id - Ju l y  
(Szmant-Froel ich 1985). The annual 
spawning p e r i o d  i s  s h o r t ,  o c c u r r i n g  
immed ia te ly  a f t e r  t h e  f u l l  moon i n  
l a t e  August o r  September. Colon ies 
l a r g e r  t han  51 cm2 (es t imated  age, 4-5 
years )  a r e  r ep roduc t i ve ;  smal l e r  
c o l o n i e s ,  o r  p ieces  o f  c o l o n i e s  below 
t h i s  s i z e ,  a r e  n o t  (Szmant-Froel i c h  
1985). 

Montastraea cavernosa i s  d ioec ious .  
The gametogenic p e r i o d  i s  s i m i l a r  t o  
t h a t  desc r i bed  above f o r  M. a n n u l a r i s .  
Spawning a1 so occurs annual l y  i n  1  a t e  
August o r  September (Szmant-Froel i c h  
1986). N e i t h e r  minimum co lony  s i z e  
no r  age a t  f i r s t  r e p r o d u c t i o n  i s  
known. 

Acropora pa lmata  and A. c e r v i c o r n i  s  
do n o t  d i f f e r  s u b s ~ a n t i a l l y  i n  
r e p r o d u c t i v e  b i o l o g y .  L i k e  - Mont- 
as t r aea  a n n u l a r i s ,  t hey  a re  s imu l  t a -  
neous hermaphrodites i n  which t h e  
development p e r i o d  i s  l onge r  f o r  eggs 
t han  f o r  sperm. They d i f f e r  f rom M. 
a n n u l a r i s  i n  hav ing  a  l onge r  p e r i o d  o f  
egg development o f  10 months. As i n  
b o t h  spec ies o f  Montastraea, t h e r e  i s  
a  s h o r t  spawning season i n  August. I n  
Puer to  R i  can popu la t i ons  o f  Acropora, 
spawning i s  synchronous and occurs 6 
days a f t e r  t h e  f u l l  moon i n  August 
(Szmant-Froel i c h  1986). The r e l a t i o n  
between f r agmen ta t i on  and r e p r o d u c t i o n  
has n o t  been examined. 

Fecund i t y  

Annual egg p r o d u c t i o n  p e r  square 
cen t ime te r  o f  c o r a l  t i s s u e  i s  720 t o  
2,016 i n  Montast raea a n n u l a r i s  and 288 
t o  576 i n  M. cavernosa (Szmant- 
F r o e l i c h  1 9 8 6 r  Because eggs o f  M. 
a n n u l a r i s  a r e  s l i g h t l y  smiller t han  
those  o f  M. cavernosa (300 and 350 pm, 
r e s p e c t i v e l y ) ,  t h e  annual egg mass 
produced p e r  u n i t  area o f  l i v i n q  c o r a l  
t i s s u e  by M. cavernosa i s  doubie t h a t  
produced by - M. a n n u l a r i s .  

Annual egg p r o d u c t i o n  by b o t h  
Acropora pa lmata  and A. c e r v i c o r n i s  i s  
600 t o  800 eggs p e r  cm2. The eggs a re  
s i m i l a r  i n  s i z e  t o  those  o f  
Montast raea annul a r i  s  i n  be i ng  about  
300 pm i n  d iameter .  

Larvae and Juven i l es  

L i t t l e  i s  known about t h e  p l a n u l a  
l a r v a e  o f  t h e  f o u r  c o r a l  spec ies 
t r e a t e d  here (Bak e t  a l .  1977; 
Sammarco 1980; Ryl aarsdam 1983). 
Se t t lement  p a t t e r n s  a r e  a1 so p o o r l y  
understood f o r  any o f  t h e  spec ies 
rev iewed here,  b u t  have been s t u d i e d  
on r e e f s  i n  F l o r i d a  (Dustan 1977), St .  
C r o i x  (Rogers e t  a l .  1984), 
Nether1 ands A n t i  11 es (Bak and Engel 
1979), and Jamaica (Ryl aarsdam 1983). 
I n  a1 1  o f  these  s t u d i e s ,  c o r a l  r e -  
c r u i t m e n t  was measured as t h e  number 
o f  smal l  c o r a l s  ( u s u a l l y  fewer  t han  4  
o r  5  cm i n  d iamete r )  p e r  u n i t  area. 
These numbers cannot  be t r a n s l a t e d  
i n t o  t h e  numbers o f  l a r v a e  s e t t l e d  p e r  
square meter  p e r  y e a r  because i t  i s  
n o t  known what t h e  e a r l y  growth r a t e s  
a re ,  no r  what p a t t e r n s  o f  se t t l emen t  
and m o r t a l i t y  produce t h e  observed 
counts  o f  " j u v e n i l e s .  " 

I n  S t .  C r o i x  (Rogers e t  a l .  1984), 
j u v e n i l e s  o f  Acropora pa lmata  
occur red  a t  d e n s i t i e s  o f  0.1-0. 3/m2 a t  
depths o f  3-9 m. Bak and Engel (1979) 
found s i m i l a r  d e n s i t i e s  (0. 13/m2) a t  
s i m i l a r  depths. 

J u v e n i l e s  o f  Acropora c e r v i c o r n i s  
occur red  a t  d e n s i t i e s  o f  0.01-0.30/m2 
a t  a  depth o f  9  m (Rogers d a l .  
1984). Bak and Engle (1979) found no 
j u v e n i l e s  o f  t h i s  spec ies i n  surveys 
t o t a l i n g  45 m2 a t  a p p r o p r i a t e  depths. 
Ryl aarsdam (1983) , however, r e p o r t e d  
about  4.3/m2 on ba r ren  s u b s t r a t e  11 m 
deep chosen because s e t t l e d  l a r v a e  
were abundant t he re .  

Juveni  1  es o f  Montast raea annul a r i  s  
l i v e  a t  d e n s i t i e s  o f  0.09-1.04/m2 a t  
depths o f  9-27 m i n  S t .  C r o i x  (Rogers 
e t  a l .  1984), 0.20/m2 a t  depths o f  
3-9 m i n  Curacao (Bak and Engel 1979), 



and 2.33-9.32/m2 on bare  subs t r a t es  a t  
a  depth o f  11 rn i n  Jamaica (Rylaarsdam 
1983). 

J u v e n i l e s  o f  Montastraea cavernosa 
a r e  found a t  d e n s i t i e s  o f  0.14-1.09/m2 
a t  depths o f  9-27 m and 0.05/m2 a t  
37 m on St .  C r o i x  (Rogers e t  a l .  
1984). I n  Curacao, d e n s i t i e s  a r e  
0. 07/m2 i n  9-17 m and 0. 20/m2 a t  
26-37 m (Bak and Engel 1979). 

A l though b o t h  spec ies o f  Montast raea 
a r e  common as a d u l t s  on t h e  Texas 
F lower  Garden Banks, n e i t h e r  M. 
a n n u l a r i s  no r  M. cavernosa r e c r u i t s  t o  
a r t i f i c i a l  l v  cons t r uc ted  s e t t l  i n a  
p l a t e s  t h e r e  (Bagge t t  and ~ r i ~ h t  
1985). The genus Acropora does n o t  
occur  i n  e i t h e r  a d u l t  o r  j u v e n i l e  form 
i n  t h i s  l o c a l i t y .  

Pho to t ransec ts  on t h e  n o r t h  coas t  o f  
Jamaica ( P o r t e r  e t  a l .  1981) r evea led  
no conspicuous sexual r e c r u i t m e n t  o f  
l a r v a e  i n  waters  l e s s  t han  20 m deep 
i n  1976 o r  1980 f o r  any o f  t h e  f o u r  
spec ies t r e a t e d  here. The d i f f e r e n c e  
between ou r  s tudy  i n  Jamaica and t h e  
o t h e r s  ment ioned above i s  t h a t  t h e  
p h o t o t r a n s e c t  method i d e n t i f i e d  o n l y  
c o r a l s  t h a t  had s u c c e s s f u l l y  s e t t l e d  
and grown i n t o  t h e  l i g h t ,  where t hey  
cou ld  be recorded by t h e  camera; i n  
c o n t r a s t ,  s t u d i e s  by Bak and Engel 
(1979), Rogers e t  a l .  (1984), and 
Rylaarsdam (1983) a1 so i n c l  uded 
i n d i v i d u a l s  t h a t  s e t t l e d  c r y p t i c a l l y .  
These au thors  commented on (1) t h e  
d i s p r o p o r t i o n a t e  r a r i t y  o f  j u v e n i  1  es 
r e l a t i v e  t o  t h e  commonness o f  a d u l t s  
o f  these  f o u r  spec ies,  and (2) t h e  
r a r i t y  o f  j u v e n i l e s  o f  these f o u r  
spec ies i n  r e l a t i o n  t o  t h e  commonness 
o f  j u v e n i l e s  i n  o t h e r  t axa  o f  c o r a l s ,  
such as t h e  l e t t u c e  c o r a l s  (Aga r i c i a ) .  

The pho to t r ansec t  da ta  f rom Jamaica 
( P o r t e r  e t  a l .  1981) r evea led  t h a t ,  by 
f a r ,  most r e c r u i t m e n t  o f  new c o r a l  
c o l o n i e s  i n  a l l  f o u r  spec ies occur red  
by asexual r a t h e r  t han  sexual 
r ep roduc t i on .  I n  b o t h  spec ies o f  
Acropora, f r agmen ta t i on  o f  a d u l t  
c o l o n i e s  i s  t h e  most common means o f  

fo rm ing  new co l on i es  (Gi lmore and H a l l  
1976; Davis  1977; T u n n i c l i f f e  1981; 
Bak and Cr iens  1982; Ne ige l  and Av ise  
1983). Fragmentat ion occurs d u r i n g  
storms (Highsmi th  e t  a l .  1980; P o r t e r  
e t  a l .  1981; T u n i c l i f f e  1981; 
H ighsmi th  1982), b u t  t h e  s u s c e p t i b i l i -  
t y  o f  a  branch t o  breakage may be 
enhanced by b o r i n g  by c l i o n i d  sponges 
o r  1  i thophagan b i v a l v e s  (Goreau and 
Hartman 1963; Neumann 1966; MacGeachy 
1975; Hudson 1977). New c o l o n i e s  
appear asexua l l y  i n  Montast raea by 
processes o f  f i s s i o n  o r  sepa ra t i on  
r e s u l t i n g  f rom t h e  death o f  i n t e r -  
ven i  ng t i s s u e .  

GROWTH CHARACTERISTICS 

Cora l  growth has been descr ibed  i n  
terms o f  e i t h e r  l i n e a r  ex tens i on  r a t e s  
o r  r a t e s  o f  d e p o s i t i o n  o f  ca l c i um  
carbonate (Bak 1973; Barnes and T a y l o r  
1973; Dodge and Thomson 1974; Dodge e t  
a l .  1974; Buddemeir and K i n z i e  1976; 
G l a d f e l  t e r  and Monahan 1977). Both 
l i n e a r  ex tens i on  and s k e l e t a l  we igh t  
a re  known t o  be i n f l u e n c e d  by l i g h t  
(and i t s  i n t e r a c t i o n  w i t h  wa te r  depth 
and wate r  c l a r i t y )  and by sea tempera- 
t u r e .  What i s  known o f  t h e  sha l l ow  
wate r  ( < l o  m) l i n e a r  growth r a t e s  o f  
t h e  f o u r  spec ies o f  i n t e r e s t  i s  
rev iewed here. 

Acropora c e r v i c o r n i s  may be t h e  most 
r a ~ i d l v  arowina c o r a l  i n  t h e  wo r l d  i n  
terms - o f  1  i n e a r  ex tens i on  (Chal ke r  
1977; Chal ke r  and T a y l o r  1978; 
G l a d f e l t e r  e t  a l .  1978). L i nea r  
ex tens i on  r a t e s  were as g r e a t  as 
26.4 cm/year i n  Jamaica (Lewis e t  a l .  
1968), averaged 14.4 cm/year i n  
Barbados (Lewis e t  a l .  1968), and 
averaged between 5 . 1  cm/year (Vaughan 
1915) and 10.0 cm/year (Shinn 1966) i n  
F l o r i d a .  Ex tens ion  r a t e s  between 
5.9-10.0 cm/year were measured i n  St .  
C ro i x ,  U. S. V i r g i n  I s l a n d s  ( G l a d f e l t e r  
e t  a l .  1978; G l a d f e l t e r  1984). A l l  o f  
these au thors ,  t oge the r  w i t h  J. W. 
P o r t e r  (unpubl i shed da ta  f rom Panama) 
recogn ized  t h e  extreme v a r i a b i  1  i t y  i n  
growth r a t e s  f rom branch t o  branch on 



t he  same colony and from season t o  
season on t he  same branch. 

The growth r a t e  and many o the r  
p h y s i o l o g i c a l  parameters o f  Acropora 
c e r v i c o r n i s  a re  adversely  a f f e c t e d  by 
increases i n  t u r b i d i t y  and sedimenta- 
t i o n  (Kendal l  e t  a l .  1985). Acropora 
palmata grows a t  r a t e s  o f  
4.7-10.2 cm/vear i n  S t .  C ro i x  ., 
(G lad fe l  t e r  and Monahan 1977; 
G lad fe l  t e r  e t  a l .  1978), 6-10 cm/year 
i n  Curacao (Bak 1976), and 
5.0-9.5 cm/year i f ,  F l o r i d a  (Vaughan 
1915). 

s i m i l a r  depth, b u t  w i t h  h igher  
sediment resuspension r a t e s  o f  1.1 
mg x x d - l ,  maximum growth r a t e s  
were s i g n i f i c a n t l y  lower and d i d  n o t  
exceed 0.7 cm/year (average, 
0.6 cm/year) . 

L inea r  growth r a t e s  o f  Montastraea 
cavernosa were 0.35-0.57 cm/year i n  
t h e  Dry Tortugas, F l o r i d a  (Vaughan 
1915), and 0.32 i n  Key West, F l o r i d a  
(Weber and White 1977). Average r a t e s  
o f  0.32 i n  B e l i z e ,  0.35 i n  Jamaica, 
and 0.32 i n  Panama were measured by 
Weber and White (1977). 

L i t e r a t u r e  on t he  growth r a t e  o f  
Montastraea annu la r i s  i s  ex tens ive .  POPULATION CHARACTERISTICS 
O f  spec ia l  i n t e r e s t  i s  t h e  use o f  
growth r a t e s  o f  t h i s  species i n  t h e  Depth D i s t r i b u t i o n  
F l o r i d a  Keys as an environmental 
i n d i c a t o r  o f  co ld -water  s t r e s s  (Hudson As shown i n  p a r t  by t h e  depth ranges 
e t  a l .  1976; Hudson 1981, 1982) and and zones o f  maximum abundance o f  t h e  
water  q u a l i t y  (Dodge e t  a l .  1974). f o u r  species t r e a t e d  here (Table 1 as 

determined i n  Jamaica), t h e  bas i c  
Growth r a t e s  (cm/year) o f  zonat ion  o f  a lmost  a l l  Caribbean c o r a l  

Montastraea annu la r i s  were repo r ted  t o  
be 0.81-0.90 i n  t he  F l o r i d a  Keys 
(Agassiz 1890), 0.46 a t  Key West, 
F l o r i d a  (Weber and White 1977), 0.68 
(Vaughan 1915) and 0.50 (Macintyre and 
Smith 1974) i n  t h e  Dry Tortugas, 1.07 
i n  t he  F l o r i d a  r e e f  t r a c t  (Hof fme is te r  
and M u l t e r  1964), and 1.0-1.2 i n  
F l o r i d a  (Hudson e t  a l .  1976). Else- 
where i n  t h e  Caribbean, r a t e s  var ied :  
0.47-0.67 i n  Jamaica (Weber and White 
1977; Dustan 1975), 0.66-0.89 i n  S t .  

ree fs  cons i s t s  o f  Acropora palmata i n  
sha l low water.  a mixed zone o f  A. 
c e r v i c o r n i  s and Montastraea annul a r i s  
j u s t  below t h i s ,  and a zone, below 
30 m. n o t  alwa-ys developed, where 
~ c r o p o r a  i s  absent and M. annu la r i s  
and M. cavernosa dominate t h e  
h o r i z o n t a l  sur faces.  Species i n  t h e  
genus A g a r i c i a  dominate s t e e p l y  
s l o p i n g  o r  v e r t i c a l  sur faces a t  these 
g rea te r  depths. 

~ r o i x  ( G l a d f e l t e r  e t  a l .  1978), Response t o  Hurr icanes 
0.01-2.40 i n  Barbados (Lewis e t  a l .  
1968; MacGeachy 1975; Tomascik and 
Sander 1985), 0.68-0.73 i n  Curacao 
(Bak 1976), 0.50 i n  Panama (Weber and 
White 1977), and 0 .71  i n  B e l i z e  (Weber 
and White 1977). 

Growth r a t e  decreases s i g n i f i c a n t l y  
as water  t u r b i d i t y  increases (Dodge e t  
a l .  1974; Loya 1976; Dodge and Vaisnys 
1977; Bak 1978). I n  water  2 m deep 
w i t h  low sediment resuspension r a t e s  
o f  0.5 mg x x d - l ,  maximum growth 
r a t e s  o f  M. annu la r i s  exceeded 
1.1 cm/year and averaged 0.88 cm/year 
(Dodge e t  a l .  1974); i n  areas o f  

Hurr icanes f r equen t l y  i n f l u e n c e  r e e f  
s t r u c t u r e .  Moderate storms can be 
expected i n  southern F l o r i d a  a t  l e a s t  
once every 5 years and severe storms 
perhaps once pe r  decade (Jaap 1984). 
Dur ing  t h e  20-year p e r i o d  1966-85, 
however, t h e  occurrence o f  severe 
storms i n  t h i s  r e g i o n  was unusua l l y  
low. A f t e r  Hur r i cane A1 l e n  (1980), 
Po r te r  e t  a l .  (1981) demonstrated t h a t  
i n  water  l ess  t han  10 m deep, 
m o r t a l i t y  was 95% i n  Acropora palmata 
and 98% i n  A. c e r v i c o r n i s ,  b u t  o n l y  
15% i n  ~ o n t i s t r a e a  annu la r i s .  (M. 
cavernosa was n o t  common enough i n  



sha l l ow  wate r  t o  enable q u a n t i f i c a t i o n  
o f  i t s  response t o  t h i s  storm. ) A t  
30 m t h e r e  was no damage t o  A. - 
c e r v i c o r n i s ,  M. annulari;, o r  M. 
cavernosa. (Acropora pa lmata was n o t  
found a t  t h i s  depth. )  A f t e r  t h e  
s torm,  m o r t a l i t y  was 98% i n  fragments 
o f  A. pa lmata  (J.W. P o r t e r ,  unpubl.  
da ta )  as w e l l  as i n  s torm-generated 
fragments o f  A. c e r v i c o r n i s  (Knowlton 
e t  a l .  1981)---mostly due t o  i n t e n s e  
p r e d a t i o n  f rom g r a z i n g  sna i  1  s  (Cora l  - 
l i o p h i l a )  and sea u r ch i ns ,  whose 
popu la t i ons  were 1  i t t l e  a f f e c t e d  by 
t h e  storm. 

Morpho log ica l  l y ,  b o t h  spec ies o f  
Montast raea,  b u t  n e i t h e r  spec ies o f  
Acropora, a re  w e l l  equipped t o  s u r v i v e  
moderate storms. However, t h e  t h i c k  
f r onds  o f  A.  pa lmata  and i t s  i n t e r -  
l o c k i n g  b ranch ing  morphology con fe r s  
some degree o f  p r o t e c t i o n  t h a t  A. 
c e r v i c o r n i s  does n o t  have ( B a l l  e t  
a l .  1967; S todda r t  1969. 1974; 

m in i ng  a  nonrenewable resource  
(Anonymous 1982). 

Poaching i s  a lmos t  imposs i b l e  t o  
prove,  a l t hough  i t  i s  p robab l y  common. 
F l o r i d a  s h e l l  shops s e l l  specimens o f  
Acropora pa lmata and A. c e r v i c o r n i s  a t  
a  h i a h  h rice. Whi le  t hese  shops s t a t e  
t h a t - t h e  specimens f o r  s a l e  cbme f rom 
H a i t i ,  t h e  h i g h  r a t e  o f  s a l e  o f  these 
spec tacu la r  b ranch ing  c o l o n i e s ,  and 
t h e i r  ease o f  c o l l e c t i o n  i n  F l o r i d a ,  
may a c t u a l l y  i n c rease  poaching on 
l o c a l  c o r a l  popu la t i ons .  

A l though Ross (1984) proposed a  
c l a s s i c a l  f i s h e r i e s  model t o  es t ima te  
maximum sus ta i nab le  y i e l d  f o r  a  
b ranch ing  P a c i f i c  c o r a l ,  h i s  model 
d i d  n o t  i n c o r p o r a t e  p a r t i a l  m o r t a l i t y  
and f r agmen ta t i on  o f  c o l o n i e s ;  con- 
sequen t l y ,  f u r t h e r  r e f i nemen t  w i l l  
be r e q u i r e d  be fo re  i t  i s  a p p l i c a b l e  t o  
Caribbean Acropora. 

~ u n n i c l i f f e  1981; Rogers e t  a i .  1982): ECOLOGICAL ROLE 
F u r t h e r ,  A. pa1,mata r e s i s t s  f r a c t u r e  
b e t t e r  t han  A. c e r v i c o r n i s  because o f  Photos ,,thetic Ca abilit 
i t s  con t inuous  mu1 t i o l e  bundles o f  
a x i a l  c o r a l 1  i t e s  i n  i t s  branch co re  Reef-bu i  l d i n g  c o r a l s  harbor  t h e  
(Constanz 19B4)- Th i s  may in part s ymb io t i c  d i  nof 1  age1 1  a t e  a1 ga Symbio- 
e x p l a i n  i t s  d i s t r i b u t i o n  i n  more dinium microadriaticum ( ~ ~ ~ l ~ ~  1973; 
exposed areas.  Trench 1979). New ev idence (B lank  and 

From an e v o l u t i o n a r y  s t andpo in t ,  i t  
i s  p robab l y  n o t  c o i n c i d e n t a l  t h a t  most 
Caribbean c o r a l  spec ies ( i n c l u d i n g  a1 1  
o f  those  rev iewed here)  reproduce 
d u r i n g  h u r r i c a n e  season when t h e r e  
would be a  h i g h e r  a v a i l a b i l i t y  o f  
newly bared s u b s t r a t e  f o r  success fu l  
1  a r v a l  se t t l emen t .  

FISHERY 

Commercial c o r a l  c o l  l e c t i n g  has been 
banned i n  S t a t e  o f  F l o r i d a  wa te rs  
s i n c e  1974 (Shinn 1979; Jaap 1984). 
Ex tens ion  o f  t h i s  ban t o  a l l  o f  t h e  
G u l f  o f  Mexico and t h e  South A t l a n t i c  
has been recommended on t h e  grounds 
t h a t  low growth r a t e s  and low y i e l d s  
make c o r a l  c o l l e c t i n g  s i m i l a r  t o  

Trench 1985a, b) suggests t h a t  p r e v i -  
o u s l y  i d e n t i f i e d  s t r a i n s  o f  t h i s  a l g a  
(Schoenberg and Trench 1980) may p rove  
t o  be separa te  spec ies.  The a l g a  con- 
s t i t u t e s  o n l y  5% t o  15% o f  t h e  d r y  
we igh t  o f  l i v i n g  t i s s u e  (Muscat ine and 
P o r t e r  1977),  b u t  t h e  e f f e c t  on t h e  
co l ony  i s  profound;  i t  causes c o r a l  
heads o f  a l l  o f  these spec ies t o  p ro -  
duce more oxygen and f i x  more carbon 
t han  t hey  consume, under op t ima l  sun- 
l i g h t  c o n d i t i o n s  (Table 2).  For  t h e  
l a s t  h a l f  cen tu r y ,  a  con t r ove r sy  has 
raged about  whether c o r a l s  g e t  t h e i r  
food  p r i m a r i l y  f rom pho tosyn thes is  o r  
by suspension f eed ing  on p lank ton .  
That  i s  t o  say, a l t hough  t hey  a r e  
taxonomica l  l y  an imals ,  a r e  t hey  
f u n c t i o n a l  l y  p l a n t s ?  Acropora c o r a l s  
l o o k  l i k e  p l a n t s  and were so 
c l a s s i f i e d  u n t i l  t h e  e a r l y  1800 's .  



Table 2. Pa t t e rns  o f  . p r ima ry  p roduc t i on  (maximum gross p r o d u c t i o n  (P) and 
noc tu rna l  r e s p i r a t i o n  (R)  as pg0, c m 2 h - l )  and instantaneous p roduc t ion /  
r e s p i r a t i o n  r a t i o s  (P/R) f o r  f o u r  r e e f - b u i l d i n g  c o r a l s  (J.W. P o r t e r ,  unpubl.  
data) .  

Acropora Acropora Montastraea Montast raea 
p a l  mata c e r v i c o r n i s  annul a r i  s  c a v e r n o ~ a  

Depth (m) P  R P/R 

Us ing  po la rog raph i c  oxygen chambers 
a t  va r i ous  depths, P o r t e r  (1980) 
demonstrated t h a t  even a t  a  depth o f  
50 m, Montastraea a n n u l a r i s  was capa- 
b l  e  o f  e f f e c t i n g  i n t e g r a t e d  24-h p ro -  
duc t i on / resp i  r a t i o n  r a t i o s  (P/R) i n  
excess o f  1 .0  ( i n d i c a t i n g  au to t rophy ,  
o r  s e l f - s u f f i c i e n c y ,  w i t h  r espec t  t o  
carbon) on sunny days. Autot rophy i n  
t h e  animal depends on t h e  amount o f  
f i x e d  carbon t h a t  i s  t r a n s f e r r e d  t o  
t h e  animal r e l a t i v e  t o  t h e  r e s p i r a t i o n  
o f  t h e  animal.  (See P o r t e r  e t  a7. 
1987 f o r  an ex tens i ve  rev iew o f  t h e  
1  i t e r a t u r e  on pho tosyn thes is  and 
r e s p i r a t o r y  metabol i sm o f  t h i s  
species. ) However, i f  one i n teg ra tes  
n a t u r a l  sur face i r r a d i a n c e ,  i n c l u d i n g  
t h e  seasonal e f f e c t s  o f  sun ang le  and 
c loud iness ,  c o l o n i e s  o f  M. a n n u l a r i s  
i n  water  sha l lower  t han  10  m deep a r e  
capable o f  such au to t rophy  on a  sus- 
t a i n e d  bas i s ;  co l on ies  o f  t h i s  species 
below t h a t  depth a r e  n o t  ( P o r t e r  
1985). Colonies o f  1. a n n u l a r i s  below 
10 m must feed  on p a r t i c u l a t e  o rgan i c  
carbon (Lewis and P r i c e  1975) o r  
zooplankton (Po r t e r  1974) t o  make up 
t h e  d e f i c i t .  A t  50 m, t h e  annual 
d e f i c i t  i s  r ough l y  30% o f  t h e  meta- 
b o l  i c  requi rement  (Po r t e r  1985). 

I n  examinat ion o f  p r o d u c t i o n  r a t e s ,  
r e s p i r a t i o n  r a t e s ,  and instantaneous 

P/R r a t i o s  f o r  t h e  four  species o f  
c o r a l s  under examinat ion here, Table 2  
r e v e a l s  severa l  t rends .  For  a l l  
spec ies,  bo th  p roduc t i on  and r e s p i r a -  
t i o n  r a t e s  decrease w i t h  i n c r e a s i n g  
depth (Davies 1977, 1980; P o r t e r  e t  
a l .  1987). Furthermore, a t  any 
g i ven  depth, t h e  P/R r a t i o s  o f  
b ranch ing  Acropora a r e  always g r e a t e r  
than  t h e  same r a t i o s  f o r  t h e  mound- 
shaped c o r a l  s  Montastraea. T h i s  
h i ghe r  P/R r a t i o  i s  reached because 
t h e  Acropora species here  have a  
combinat ion o f  h i g h e r  p roduc t i on  r a t e s  
(Chal ke r  and Tay lo r  1978) and con- 
s i s t e n t l y  lower  r e s p i r a t i o n  r a t e s  
t han  t h e  Montast raea species 
(Table 2). 

As o f  1986, t h e  deve lop ing  ev idence 
suggests t h a t ,  a1 though t h e  symb io t i c  
a s s o c i a t i o n  i s  an o b l i g a t e  one f o r  
these and o t h e r  c o r a l  species,  c o r a l s  
e x i s t  on a  n u t r i t i o n a l  c l i n e .  The 
c l i n e  ranges f rom those l i k e  t h e  
Acropora, which a r e  a lmost  t o t a l l y  
dependent on s u n l i g h t  f o r  s u r v i v a l ,  t o  
those l i k e  Montastraea, which a r e  l e s s  
dependent on s u n l i g h t  and more 
dependent on zooplankton f o r  nour ish -  
ment (Po r t e r  1976; Lewis 1977). I n  
t h i s  c o n t e x t  i t  i s  use fu l  t o  no te  t h a t  
A. pa lmata drops o u t  o f  t h e  r e e f  a t  - 
t h e  depth where i t s  24-h P/R r a t i o  



f a l l s  below 1 .0  (J.W. Po r t e r ,  unpubl. 
data) .  Mouth s i zes  and t e n t a c l e  
1  engths a1 so c o r r e l a t e  w i t h  
morpho log ica l  ( su r f ace / vo l  ume) and 
p h y s i o l o g i c a l  (P/R) r a t i o s  ( P o r t e r  
1976). Polyps o f  M. cavernosa 
(Richardson e t  a l .  1979) feed on 
zoop lank ton  much more e f f e c t i v e l y  t han  
do po l yps  o f  - A. c e r v i c o r n i s  ( P o r t e r  
1974). 

The management i m p l i c a t i o n s  o f  these 
b a s i c  b i o l o g i c a l  da ta  a r e  c l e a r :  t h e  
b ranch ing  Acropora spec ies a r e  much 
more s u s c e p t i b l e  t o  inc reases  i n  wa te r  
t u r b i d i t y  t han  a r e  t h e  mound-shaped 
Montast raea (Dal lmeyer e t  a1 . 1982). 
Dredging o r  p o l l u t i o n  t h a t  reduces t h e  
long- te rm wate r  c l a r i t y  can reduce P/R 
r a t i o s  below u n i t y  f o r  a l l  f o u r  
spec ies.  Species o f  Acropora may n o t  
be a b l e  t o  compensate w i t h  an 
a l t e r n a t e  food supply ,  such as zoo- 
p l ank ton ,  which i s  used by Montast raea 
co l on i es .  One expected r e s u l t  i s  t h a t  
t h e  depth d i s t r i b u t i o n  o f  Acropora 
w i l l  be t r u n c a t e d  i n  t u r b i d  wa te r  
( G r i f f i n  1974; Johannes 1975; Loya 
1976; Dodge and Vaisnys 1977; Bak 
1978; Kenda l l  e t  a l .  1985). Under 
condi  t i o n s  o f  t u r b i d i  t y  , Loya (1976) 
no ted  a  r e d u c t i o n  i n  t h e  d e n s i t i e s  o f  
c o l o n i e s  o f  Montast raea a n n u l a r i s  and 
an i nc rease  i n  t h e  d e n s i t i e s  o f  
c o l o n i e s  o f  M. cavernosa. 

I n t e r s p e c i f i c  Compet i t i on  

Lang (1973) descr ibed  t h e  a b i l i t y  
o f  r e e f  c o r a l s  t o  extend t h e i r  
mesen te r ia l  d i g e s t i v e  f i l a m e n t s  on to  a  
ne i ghbo r i ng  c o r a l  spec ies and d i g e s t  
away i t s  l i v i n g  t i s s u e .  A  dominance 
h i e r a r c h y  e x i s t s  w i t h i n  t h e  c o r a l  
species. The defense h i e r a r c h y  f o r  
t h e  f o u r  spec ies examined here i s  
Montast raea a n n u l a r i s  > M. cavernosa > 
Acropora pa lmata  > - A. c e r v i c o r n i s  
(Lang 1973). Species i n  t h e  f a m i l y  
Acropor idae a r e  g e n e r a l l y  a t  t h e  
bot tom o f  t h e  peck i ng  o rde r ,  whereas 
spec ies i n  t h e  f a m i l y  Fav i i dae  a re  
g e n e r a l l y  near  t h e  top.  Lang (1973) 
has specu la ted  t h a t  t h e  s u p e r i o r  
defense a b i l i t i e s  e x h i b i t e d  by f a v i d  

c o r a l s  l i k e  Montast raea may be a  
compensatory mechanism f o r  t h e  
s u p e r i o r  overgrowth capabi 1  i t i e s  
o f  t h e  a c r o p o r i d  spec ies.  These 
a1 l e l ochem ica l  mechanisms may be o f  
spec i a l  s i g n i f i c a n c e  i n  pe r i ods  
between hur r i canes ,  because cata-  
s t r o p h i c  storms always f a v o r  t h e  
massive morphology o f  Montast raea over  
t h e  b ranch ing  morphology o f  Acropora. 

A1 though t h e  a t t a c k  p a t t e r n s  o f  
e x t r a c o e l  e n t e r i c  d e s t r u c t i o n  were 
i n i t i a l l y  though t  t o  be a  f i x e d  
p r o p e r t y  o f  each spec ies (Lang 1973), 
P. Dustan (Department o f  B i o l ogy ,  
Col l ege  o f  Char l  eston,  Char l  eston,  
S. C. . unpubl. observa t ions )  i d e n t i f i e d  . . 
severa l  forms o f  M. annu- la r i s  which 
des t r oy  each o the r .  I n  a d d i t i o n .  t h e  
peck ing  o rde r  f o r  t h e  65 species o f  
hermatyp ic  c o r a l  spec ies i n  t h e  
Caribbean i s  n o t  i d e n t i c a l  f o r  a l l  
l o c a l i t i e s  (Lang 1973). 

P reda to rs  

A l l  f o u r  spec ies rev iewed here a r e  
s u b j e c t  t o  p reda t i on ,  b u t  "p lagues"  o f  
c o r a l  p reda to r s  such as Indo-Paci  f i c  
Acanthaster  ( t h e  crown-of - thorns 
s t a r f i s h )  observed by Endean (1976) 
have n o t  been desc r i bed  f o r  t h e  
Caribbean. 

A  ma jo r  c o r a l  p r e d a t o r  i s  t h e  
po lychaete b r i s t l e .  worm Hermodice 
ca runcu la ta  (Glynn 1962; Marsden 1962; 
Ebbs 1966; Lizama and B lanque t  1975; 
Anton ius 1977). Th i s  p r e d a t o r  impales 
i t s e l f  on t h e  l ong  branches o f  A. 
c e r v i c o r n i s  and denudes t h e  branch 
t i p s  o f  t h e i r  l i v i n g  t i s s u e .  The 
p r e d a t i o n  marks show up as scars  
severa l  cen t ime te r s  l ong  on A. c e r v i -  
co rn i s .  Hermodice a1 so d i g e s t s  t i s s u e  
o f  - A. pa lmata and b o t h  Montast raea 
spec ies;  on these forms t h e  p r e d a t i o n  
scars  appear as w h i t e  patches.  

The cora l -she1  1  gast ropod Cora l -  
l i o p h i l a  abb rev i a t a  i s  a l s o  a  ma jo r  
p r e d a t o r  on a l l  f o u r  spec ies o f  c o r a l s  
t r e a t e d  here  (Ryl aarsdam 1983; 
C. Rosesmyth, Department o f  Zoo1 ogy , 



U n i v e r s i t y  o f  t h e  West I n d i e s ,  
K i  nqston. Jamaica; unpubl . data) .  I t s  
p r e f e r r e d  food - i s  ~ c r o ~ o r a  c e r v i -  
c o r n i s ,  b u t  i t a1 so feeds e x t e n s i v e l y  - - 

on Montastraea annu la r i s .  A f t e r  
Hur r i cane  A l l e n ,  when Acropora popula- 
t i o n s  were decimated by s torm damage, 
C. abb rev ia ta  s i g n i  f f c a n t l y  reduced - 
t h e  Acropora popu la t i ons  f u r t h e r .  
Popu la t ions  o f  Acropora t h a t  were 
hea l t hv  be fo re  t h e  s torm cou ld  s u s t a i n  
a low - l eve l  o f  s n a i l  p reda t i on .  Th i s  
same p r e d a t i o n  l e v e l  a f t e r  t h e  storm 
decimated t h e  few remai n i  ng Acropora 
co lon ies  (Knowlton e t  a l .  1981). 

A l though n o t  w ide l y  documented, t h e  
long-spined sea u r c h i n  Diadema 
a n t i l l a r u m  i s  known t o  e a t  Acropora 
(Bak and Van Eys 1975; Sammarco 1980, 
1985). I t  does so a c t i v e l y  when 
s ta rved ,  b u t  may a l s o  do so 
a d v e n t i t i o u s l y  w h i l e  feed ing  on 
t u r f  a lgae  growing nex t  t o  c o r a l  
t i s s u e .  

Hermi t  crabs such as Pe t roch i r us  
diogenes and Pagur is tes  sp. l i v e  
between t h e  branches o f  b o t h  species 
o f  Acropora ( G i  l c h r i s t  1985). They 
sometimes cause ex tens i ve  damage, and 
can decimate t h e i r  hos t  species 
l o c a l l y  when t h e i r  p o p u l a t i o n  numbers 
a re  h igh.  

F i n a l l y ,  t h e  t h ree -spo t  damse l f i  sh 
~omacen&us p l a n i f r o n s  ~ Cuv ie r  estab-  
l i s h e s  a l g a l  qardens on b ranch ing  
Acrooora when it i s  a v a i l a b l e  and on - 

Montastraea a n n u l a r i s  when Acropora i s  
r a r e  (Thresher 1976; Brawley and Adey 
1977; Kaufman 1977; ~ t z k o w i  t z  1978; 
W i l l i ams  1978; Sammarco and Ca r l e ton  
1982). The f i s h  n i p s  o f f  t h e  l i v i n g  
c o r a l  t i s s u e  and weeds t h e  garden as 
a lgae beg in  t o  grow on t h e  bared c o r a l  
ske le ton .  

Preda t ion  o f  any k i n d  may be 
r e p a i r e d  by t i s s u e  r e g e n e r a t i  on over  
t h e  dead reg ion ,  o r  t h e  area may be 
co lon i zed  by o t h e r  e p i b i o t a .  These 
dead reg ions  may a l l o w  se t t l emen t  by 
b o r i n g  sponges and b i v a l v e s  t h a t  can 

f u r t h e r  weaken t h e  ske le ton  (MacGeachy 
1975; Bak e t  a l .  1977) 

Sediment Re jec t i on  Behavior  

Sediment r e j e c t i o n  i s  an impo r tan t  
behav io ra l  c h a r a c t e r i s t i c  i n f l u e n c i n g  
t h e  growth, s u r v i v a l ,  and d i s t r i b u t i o n  
o f  r e e f  c o r a l s .  The four  species 
considered have d i f f e r i n g  a b i l i t i e s  t o  
shed sediment. Hubbard (1973) and 
Hubbard and Pocock (1972) ranked them 
i n  terms o f  t h e i r  a b i l i t y  t o  remove 
s i l t  ( p a r t i c l e s  <62 pm i n  d iameter) ,  
f i n e  sediments (62-250 pm), and coarse 
sediments (250-2,000 pm). Acropora 
palmata and A. c e r v i c o r n i s  were unable 
t o  remove coarse sediments and o n l y  
weakly a b l e  t o  remove f i n e  sediments. 
Montastraea annul a r i  s and M. 
cavernosa, on t h e  o t h e r  hand, were 
weakly a b l e  t o  remove coarse sediments 
and h i g h l y  competent a t  removing f i n e  
sediments. I n  a l l  f o u r  species,  
c i  1 i a r y  movements remove s i  1 t and 
c l  ay -s ized  p a r t i c l e s .  Hubbard and 
Pocock (1972) showed genera l  
c o r r e l a t i o n s  between c o r a l  zona t i on  
and sediment- re j e c t i o n  capabi 1 i t y .  

A l though i t  i s  c l e a r l y  an i n -  
f l uenc ing  f a c t o r ,  t h e  d i f f e r e n t i a l  
response t o  hur r i canes ,  o r d i n a r y  
storms, l i g h t  g rad ien t s ,  t u r b i d i t y ,  
o t h e r  p h y s i c a l  e f f e c t s ,  and b i o t i c  
i n t e r a c t i o n s  a r e  p robab ly  o f  g r e a t e r  
causal importance than  sediment 
r e j e c t i o n  p r o p e r t i e s  i n  de te rm in i ng  
t h e  o v e r a l l  v e r t i c a l  and l a t e r a l  d i s -  
t r i b u t i o n  o f  these species a long  a 
r e e f .  Fu r t he r ,  t h e  e f f e c t  o f  
suspended sediments, even when suc- 
c e s s f u l  l y  shed, tends t o  inc rease  
r e s p i r a t i o n  and decrease photo- 
syn thes i s  (J.W. P o r t e r ,  unpubl.  da ta ) .  
Photosynthesis  decreases because o f  
reduced l i g h t  p e n e t r a t i o n ,  and P/R 
r a t i o  i s  concomi tan t l y  reduced 
(Dal 1 meyer e t  a1 . 1982). Water move- 
ment ( tu rbu lence)  and g r a v i t y  a r e  
p robab ly  more impo r tan t  i n  removing 
sediments f rom t h e  b ranch ing  Acropora 
species t han  a r e  t h e i r  capabi 1 i ti es 
f o r  s lough ing  sediments i n  s tagnant  
water .  



Disease 

Cora l  d iseases a r e  n o t  w e l l  
understood (Voss 1973; Anton ius 1982; 
Bak 1983; Pe te rs  1984). Two d iseases 
r e c e n t l y  r ece i ved  cons i de rab le  a t t e n -  
t i o n  i n  t h e  F l o r i d a  area. The f i r s t  
i s  "white-band" d isease,  o c c u r r i n g  i n  
epidemic p r o p o r t i o n s  on F l o r i d i a n  
c o l o n i e s  o f  Acropora p a l  h a t a  (Jaap 
1984). G l  a d f e l  t e r  (1982) demonstrated 
t h a t  t h i s  u n i d e n t i f i e d  pathogen a1 so 
seve re l y  reduced p o p u l a t i o n s  o f  A. 
pa lmata  i n  S t .  C ro i x ,  U.S. V i r g i n  
I s l a n d s .  T h i s  d isease  a l s o  a t t a c k s  A. 
c e r v i c o r n i s  (J. W. P o r t e r ,  unpubi.  
data) .  

The second d isease  i s  caused by 
i n f e c t i o n s  o f  t h e  b lue-g reen  a l g a  
Phormidium c o r a l  l y t i c u m  (An ton ius  
1977, 1982; R u t z l e r  and Santavy 1983; 
T a y l o r  1983; R u t z l e r  e t  a l .  1983). 
Because o f  i t s  appearance as a b l a c k  
r i n g  around t h e  i n f e c t e d  area,  i t  has 
been c a l l e d  t h e  " b l  ack-band" d isease.  
It k i l l s  b o t h  spec ies o f  Montast raea,  
b u t  n e i t h e r  spec ies o f  Acropora 
( R u t z l e r  e t  a1 . 1983). I t may be t h e  
same d isease desc r i bed  by  M i t c h e l l  and 
Chet (1975) and Ducklow and M i t c h e l l  
(1979a, b) as an u n i d e n t i f i e d  b a c t e r i -  
a l  i n f e c t i o n .  

Cancer1 i ke u l c e r s  have a1 so been 
desc r i bed  on c o r a l s  (Pres ton  1950; 
Squ i res  1965; Bak 1983; Pe te rs  1984; 
Pe te rs  e t  a1 . 1986). 

I n  a1 1 cases o f  a l g a l  o r  b a c t e r i a l  
d isease,  p r i o r  s t r e s s  t o  t h e  c o r a l  
i nc reases  b o t h  t h e  1 i k e l  i hood t h a t  an 
i n d i v i d u a l  co l ony  w i l l  c o n t r a c t  a  
d isease  and t h e  1 i k e l  i hood t h a t  i t  
w i l l  subsequent ly  be k i l l e d  by i t  
(Pe te rs  e t  a1 . 1986). 

ENVIRONMENTAL REQUIREMENTS 

I n  genera l  , t h e  env i ronmenta l  
requ i rements  o f  a1 1 r e e f - b u i  l d i n g  
c o r a l s  a r e  narrow. C lear ,  warm, 
we l l -oxygena ted  sea wate rs  o f  cons tan t  
s a l i n i t y ,  such as t h a t  o f f  sou thern  

F l o r i d a  (Churgi  n  and Halmi n s k i  1974a, 
b; NOAA 1981) a re  r e q u i s i t e  f o r  t h e  
development o f  c o r a l  r e e f s .  I 
desc r i be  here some o f  t h e  m inor  
d i f f e r e n c e s  between t h e  f o u r  p resen t  
spec ies.  

Temperature 

Acropora c e r v i c o r n i  s  and A. palmata 
a r e  h i g h l y  s e n s i t i v e  t o  lower  t han  
usual  temperatures (Mayer 1914, 1916; 
Shinn 1976; P o r t e r  e t  a l .  1982). I n  
January 1977 su r f ace  waters  on t h e  Dry 
Tor tugas r e e f s  dropped t o  14 O C  

(Walker 1981). About 96% o f  a l l  
Acropora c o l o n i e s  i n  water  l e s s  t han  
2 m deep d i e d  d u r i n g  t h i s  co ld -wate r  
i n t r u s i o n ;  Montast raea was t o o  r a r e  a t  
t h i s  depth t o  a l l o w  measurement o f  
m o r t a l i t y  ( P o r t e r  e t  a l .  1982). A t  
13 m y  where water  temperatures may n o t  
have been as low. m o r t a l i t v  was 15% i n  
Acropora b u t  on l y  2% i n  Montast raea.  
I n  Bermuda. su r f ace  wate r  t e m ~ e r a t u r e s  
as low a; 8  O C  have been ' recorded 
( V e r r i l l  1902); no spec ies o f  t h e  
genus Acropora 1 i v e  o f f  Bermuda. Low 
water  temperature p robab l y  l i m i t s  t h e  
nor thward  ex tens i on  o f  Acropora i n  
F l o r i d a .  Perhaps Montast raea i s  found 
much f a r t h e r  n o r t h  t han  Acropora on 
b o t h  t h e  g u l f  and A t l a n t i c  coas ts  o f  
F l o r i d a  (F i gu re  2) because i t  i s  
capable o f  f l o u r i s h i n g  i n  deeper water  
w i t h  l e s s  temperature s t r e s s .  

Cold s t r e s s  can a l s o  a f f e c t  
Montast raea,  which has a lower  l e t h a l  
temperature o f  13.9 O C  (Mayer 1914, 
1916). Cold- o r  warm-water s t r esses  
occur  f r e q u e n t l y  a t  Hens and Chickens 
Reef o f f  P l a n t a t i o n  Key, because these 
r e e f s  1  i e  near F l o r i d a  Bay, where 
temperature f 1 uc tua tes  g rea t1  y i n  
response t o  a tmospher ic  c o n d i t i o n s  
(Lee and Mooers 1977). Cold s t r e s s  
has been w e l l  documented i n  M. 
a n n u l a r i s  as d i s t i n c t  s k e l e t a l  bands 
o f  h i g h  d e n s i t y ,  o r  whole o r  p a r t i a l  
m o r t a l i t y  o f  c o l o n i e s  (Hudson e t  a l .  
1976; Dustan 1977). 

A l though August temperatures average 
29.3 O C  i n  t h e  Dry Tor tugas and 



28.7 O C  a t  Fowey Rocks (Vaughan 1918), 
wa te r  temperatures as h i g h  as 3 1  O C  

have been recorded  (Vaughan 1918). 
Mayer (1918) r e p o r t e d  t h a t  t h e  upper 
l e t h a l  temperature i s  35.8 O C  f o r  4. 
palmata,  and 33.8OC f o r  A. 
c e r v i c o r n i  s  (Shi  nn 1966). ~ h e J e  
e l e v a t e d  temperatures would occur  o n l y  
i n  c o r a l  h a b i t a t  a t  t h e  su r f ace  and 
under unusual oceanographic c o n d i t i o n s  
(Jaap 1984). Jaap (1979) recorded  an 
example o f  p u t a t i v e  hea t  s t r e s s  a t  
M idd l e  Sambo Reef, F l o r i d a ,  i n v o l v i n g  
b l e a c h i n g  and l o s s  o f  s ymb io t i c  
zooxan the l l ae  f rom A. pa lmata  and 4. 
c e r v i c o r n i  s. ~ f f e c l e d  specimens r e -  
covered a f t e r  6  weeks. 

Sal  i n i  t y  

Co ra l s  p r e f e r  s a l  i n i  ti es between 27 
and 40 p p t  (Lewis  e t  a l .  1968). Bo th  
Acropora and Montast raea can s u r v i v e  
1 -h  exposure t o  seawater approaching 
20 p p t ,  such as occur red  a f t e r  
t o r r e n t i a l  r a i n s  i n  Panama i n  1971 
(J.W. P o r t e r ,  unpubl.  da ta ) ,  b u t  
c o r a l  r e e f s  never  occur  where oceanic  
s a l  i n i t i e s  a r e  c o n s i s t e n t l y  below 33 
pp t .  T y p i c a l  responses t o  lowered 
s a l i n i t y  a r e  t h e  l o s s  o f  zooxanthel  l a e  
(Goreau 1964) and t h e  p r o d u c t i o n  o f  
mucus ( C o f f r o t h  1985). I t  i s  unc l ea r  
whether t h e  absence o f  c o r a l s  i n  
s l i g h t l y  b r a c k i s h  wa te r  i s  due t o  t h e  
reduced s a l  i n i  t y  i t s e l  f ,  t o  inc reases  
i n  suspended sediments,  o r  temperature 
f l u c t u a t i o n s  o f t e n  assoc i a t ed  w i t h  
areas o f  i n f l o w i n g  f r eshwa te r  (Dole 
and Chambers 1918). 

D i sso l ved  Oxygen 

L i k e  a l l  c o r a l  spec ies,  t h e  f o u r  
spec ies rev iewed here e x i s t  where 
d i s s o l v e d  oxygen r a r e l y  extends beyond 
t h e  range o f  90% t o  125% s a t u r a t i o n  
(Jaao and Wheaton 1975). Montast raea 
a n n u i a r i s  t i 1  e r a t e s  axygen t e n s i o n  
above 100% (Wel l s  and Wel l s  1971),  and 
p robab l y  most c o r a l  spec ies a r e  a b l e  
t o  t o l e r a t e  v e r y  h i g h  oxygen t ens i ons  
because t h e  c o r a l  t i s s u e  c o n t a i n s  
a lgae  t h a t  produce l a r g e  amounts o f  
oxygen. As a  c o r r e l a t e  o f  t h i s ,  

c o r a l s  c o n t a i n  h i g h  concen t ra t i ons  o f  
superox ide dismutase, a  compound which 
burns o f f  excess oxygen (Dykens and 
Sh i ck  1982). Converse ly ,  g i v e n  t h e  
a b i l i t y  t o  produce oxygen, c o r a l s  a re  
a l s o  a b l e  t o  t o l e r a t e  waters  w i t h  
exceed ing ly  low oxygen t ens i ons  
( B u r r i s  e t  a l .  1983). I n  c l osed  
r esp i r ome t r y  exper iments  i n  which t h e  
flush-pump f a i l e d  b u t  where t h e  oxygen 
reco rde r  c o n t i  nued t o  work (J .  W. 
P o r t e r ,  unpubl . da ta ) ,  b o t h  ~ c r o ~ o r a  
c e r v i c o r n i s  and M. a n n u l a r i s  t o 1  e r a t e d  
oxygen t ens i ons  a s  low as 1 .0  ppm f o r  
1 -h, b u t  bo th  d i e d  when t hese '  cond i -  
t i o n s  p e r s i s t e d  f o r  6  h. 

The absence o f  these spec ies i n  
seawater i n  which oxygen i s  l e s s  t han  
sa tu ra ted ,  1  i k e  t h e i r  absence i n  wa te r  
o f  l ow s a l i n i t y ,  p robab l y  r e f l e c t s  
i n t o l e r a n c e  t o  b o t h  depressed oxygen 
l e v e l s  and assoc i a t ed  f a c t o r s  r a t h e r  
t han  t o  low d i s s o l v e d  oxygen a lone.  

Subs t r a t e  

A l l  f o u r  o f  these  c o r a l s  must s e t t l e  
and grow on a  s t a b i l i z e d ,  sha l l ow  
(Tab le  1) sea f l o o r .  N e i t h e r  t h e  
a d u l t s  nor  t h e  a t t ached  j u v e n i  1  es a r e  
capable o f  s u r v i v i n g  i n  areas o f  heavy 
sed imenta t ion  (Hubbard and Pocock 
1972). A l l  f o u r  spec ies  can c o l o n i z e  
s t a b l e  v e r t i c a l  o r  s l o p i n g  subs t r a t es  
above sandy bottoms, and l a r g e  
detached f ragments o f  Acropora 
c e r v i c o r n i s  can r o l l  i n t o  sandy areas 
and c o l o n i z e  them ( T u n n i c l i f f e  1981), 
and t hus  suppor t  t h e  development and 
spread o f  pa t ch  r e e f s .  

S o l a r  I r r a d i a n c e  

L i g h t  i n t e n s i t y  decreases r a p i d l y  
w i t h  i n c r e a s i n g  dep th  (Gordon and Dera 
1969; Brake1 1979; Dustan 1982). As 
judged by  work i n  Jamaica on Acropora 
( P o r t e r  1980) and Montast raea ( P o r t e r  
e t  a l .  1987), 4. pa lmata  i s  most 
abundant where t h e  maximum ambient 
i r r a d i a n c e  reaches 1,200-1,800 pE 
,,,-zS-1 and op t ima l  i n t e g r a t e d  d a i l y  
i r r a d i a n c e  i s  about 28 E m 2 d - l .  



Populat ions o f  A.  ce rv i co rn i s  f l o u r i s h  
where peak ambTent i rradiance 1 eve1 s 
are  300-800 pE m 2 s - l  and optimal 
i ntegrated i rradiance approaches 
15 E w 2 d - l .  Montastraea annu lar i  s  
populat ions dominate substrates over a 
broader depth range b u t  s t i l l  are most 
common where maximum instantaneous 
1 i g h t  i n t e n s i t i e s  are  200-800 pE 
m 2 s -  and i n teg ra ted  va l  ues approach 
10-15 E m 2 d - l .  Montastraea cavernosa 
i s  most common j u s t  below the  zone o f  
g rea tes t  development o f  M. annul a r i  s. 
Here peak l i g h t  i n t e n s i t y  reaches 
600 pE m-2d-1 and the  i n teg ra ted  
d a i l y  t o t a l  approaches 12 E m-*d-l. 

Both M. annu lar is  and M. cavernosa are 
s t i l l -  common a t  65 m, where ins tan-  
taneous l i g h t  does no t  exceed 
50 pE m-2s-1 and d a i l y  t o t a l s  do n o t  
exceed 2 E m 2 d - l .  

Solar  r a d i a t i o n  probably c o n t r o l s  
the i n t e n s i t y  and t i m i n g  o f  repro-  
duc t i ve  a c t i v i t y  i n  a l l  f ou r  species. 
This may be espec ia l l y  t r u e  f o r  M. 
annu lar is  and b. cavernosa becauze 
most o f  t h e i r  colonies e x i s t  we l l  
below t h e i r  l i g h t  compensation depth, 
where t h e i r  i n teg ra ted  product ion/  
r e s p i r a t i o n  r a t i o  i s  below 1 . 0  (Po r te r  
e t  a l .  1987). 
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As the Nation's principal conservation agency, the Department of 
the Interior has responsibility for most of our nationally owned 
public lands and natural resources. This includes fostering the 
wisest use of our land and water resources, protecting our fish 
and wildlife, preserving the environmental and cultural values of our 
national parks and historical places, and providing for the enjoy- 
ment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to assure that their 
development is in the best interests of all our people. The Depart- 
ment also has a major responsibility for American Indian reservation 
communities and for people who live in island territories under U.S. 
administration. 
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