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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. 

I n f o r m a t i o n  T rans fe r  S p e c i a l i s t  
Na t i ona l  Coasta l  Ecosystems Team 
U.S. F i s h  and W i l d l i f e  Se rv i ce  
NASA-Sl idel l  Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
A t t e n t i o n :  WESER-C 
Post  O f f i c e  Box 631  
Vicksburg,  MS 39180 

iii 



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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M I L E S  

Lateral distribution of 
Acropora and Montastraea spp. 

KILOMETERS 

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), 










































