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PREFACE 

Th is  species p r o f i l e  i s  one o f  a se r i es  on coasta l  aquat ic  organisms, 
p r i n c i p a l  l y  f i s h ,  o f  spor t ,  commercial, o r  eco log ica l  importance. The p r o f i l e s  
are designed t o  prov ide  coasta 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 sketch o f  t he  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 environmental 
requirements o f  t he  species and t o  descr ibe how popu la t ions  o f  t h e  species may be 
expected t o  reac t  t o  environmental changes caused by coasta l  development. Each 
p r o f i l e  has sect ions on taxonomy, 1 i f e  h i s t o r y ,  eco log ica l  r o l e ,  environmental 
requirements, and economic importance, i f  app l icab le .  A t h r e e - r i n g  b inder  i s  
used f o r  t h i s  ser ies  so t h a t  new p r o f i l e s  can be added as they are prepared. 
Th is  p r o j e c t  i s  j o i n t l y  planned and f inanced by the  U.S. Army Corps o f  Engineers 
and the  U.S. F i sh  and W i l d l i f e  Service. 

Suggestions o r  questions regard 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  owing addresses. 
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CONVERSION T A B L E  

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

m i l l i m e t e r s  (mm) 
cen t imete rs  (cm) 
meters (m) 
meters (m) 
k i l omete rs  (km) 
k i l omete rs  (km) 

square meters (m2) 10.76 
square k i lomete rs  (km2) 0.3861 
hectares (ha) 2.471 

l i t e r s  (1) 0.2642 
cub ic  meters (m3) 35.31 
cub ic  meters (m3) 0.0008110 

m i l l i g r a m s  (mg) 0.00003527 
grams (g) 0.03527 
k i  1  ograms (kg) 2.205 
m e t r i c  tons (t) 2205.0 
m e t r i c  tons  (t) 1.102 

k i l o c a l o r i e s  ( k c a l )  
Ce ls ius  degrees ( O C )  

inches 
inches 
f e e t  (ft) 
fathoms 
s t a t u t e  m i l e s  ( m i )  
n a u t i c a l  m i l e s  (nmi) 

square f e e t  ( f t2)  
square m i l e s  ( m i 2 )  
acres 

ga l  1  ons (ga l  ) 
cub ic  f e e t  ( f t3)  
a c r e - f e e t  

ounces (02) 

ounces (02) 

pounds ( l b )  
pounds ( l b )  
s h o r t  tons ( ton )  

B r i t i s h  thermal u n i t s  (Btu) 
Fahrenhei t  degrees (OF) 

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

25.40 
2.54 
0.3048 
1.829 
1.609 
1.852 

To Obta in  

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  
acres 

g a l l o n s  
cub ic  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  thermal u n i t s  
Fahrenhe i t  degrees 

m i l l i m e t e r s  
cen t imete rs  
meters 
meters 
k i  1  ometers 
k i  1  ometers 

square meters 
square k i  1  ometers 
hectares 

1  i t e r s  
cub ic  meters 
cub ic  meters 

m i l l i g r a m s  
grams 
k i  1  ograms 
m e t r i c  tons 
m e t r i c  tons 

k i l o c a l o r i e s  
Ce ls ius  degrees 
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a. Diadema a n t i l l a r u m  on a  
~ a t c h  r e e f  i n  St .  Cro ix .  Such 

b. Diadema a t  t h e  edge o f  a  
pa tch  r e e f  i n  l a t e  a f te rnoon,  

h i g h  popu la t i on  d e n s i t i e s  were beg inn ing  n i g h t l y  feed ing  f o r -  
t y p i c a l  o f  many Caribbean ays i n t o  surrounding seagrass 
r e e f s  be fo re  t h e  mass mor ta l -  beds. Th i s  feeding c rea tes  a  
i t y  o f  Diadema i n  1983-84. prominent ha lo  o f  grazed sea- 

grass around t h e  r e e f .  

c. Scanning e l e c t r o n  micro-  
graph of a  p r imary  sp ine o f  
Diadema (204 X ) ,  showing 
barbs. Spine t i p  i s  toward 
t o p  of photograph. 

d. Scanning e l e c t r o n  micro-  
graph (240 X )  of a  s e c t i o n  o f  
a  Diadema pr imary  spine. Note 
de l i ca teness  o f  t h e  spine and 
hol  1 ow center .  

F igure  1. The n a t u r a l  h i s t o r y  o f  Diadema. 



e. Sec t i on  (0.25 m2)  o f  a  f. Same pa tch  r e e f  sec t i on ,  3  
pa tch  r e e f  i n  St .  C ro i x  be fo re  months a f t e r  mass m o r t a l i t y .  
t h e  mass m o r t a l i t y  o f  Diadema Note massive growths o f  ben th i c  
i n  1983-84. Note p a u c i t y  o f  a lgae- -espec ia l  l y  t h e  brown 
a1 gae and heavi l y  grazed a l g a  Padina. 
appearance of t h e  r e e f  
su r face .  

F i gu re  1. (Continued).  

LONG-SPINED BLACK SEA URCHIN 

S c i e n t i f i c  name.. ........... Diadema 
a n t i 1  larum P h i l i p p i  
(F i gu re  la,b) 

P r e f e r r e d  common name....... Diadema .... Other common names.. Long-spined 
b l ack  sea u r ch in ,  sp i ny  b l ack  
sea u r ch in ,  b lack  sea egg. 

Phylum ................ Echinodermata 
Class. ................... Echinoidea .................... Order. Aulodonta 
Fami ly  ................. Diadematidae 

Geographic range (F igure  2) : Diadema 
a n t i  11 arum i s  gregar ious and occurs 
i n  a lmost  a l l  marine h a b i t a t s  i n -  
c l u d i n g  rock ,  c o r a l  r e e f s ,  man- 
groves, seagrass beds and sandy 
f l a t s  i n  t h e  sha l low coas ta l  waters 
o f  F l o r i d a ,  f rom Pensacola on t h e  

west coas t  th rough t h e  F l o r i d a  
Keys, t o  Cape Canaveral on t h e  eas t  
coast .  It i s  found on deeper r e e f s  
and r o c k  outcrops i n  t h e  G u l f  o f  
Mexico, such as t h e  F l o r i d a  M idd le  
Grounds and Flower Gardens, t o  
sou th  Texas and t h e  Yucatan Penin- 
s u l a  (Se r ra f y  1979). Diadema i s  
abundant i n  t h e  West I n d i e s  and 
a long  t h e  n o r t h  coas t  o f  South 
America t o  Surinam. It occurs i n  
Bermuda and across t h e  A t l a n t i c  t o  
t h e  Azores, t h e  Madeira I s l ands ,  
t h e  Canaries, t h e  Cape Verde 
I s l ands ,  and t h e  G u l f  o f  Guinea. 
It does n o t  occur  i n  t h e  Med i te r -  
ranean Sea. Diadema has been r e -  
p o r t e d  t o  depths o f  400 m, b u t  i t  
i s  most abundant i n  sha l low water  
(1 t o  10 m) where p o p u l a t i o n  densi -  
t i e s  of over  20/m2 a r e  n o t  uncommon 
(F igu re  l a ,  b).  
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Figure  2. D i s t r i b u t i o n  o f  Diadema i n  southern F lo r i da .  
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MORPHOLOGY/IDENTIFICATION AIDS 

Diadema a n t i l l a r u m  i s  one o f  
s i x  soecies o f  the  aenus now 
recognized i n  t he  t r o p i c a l  oceans. 
o f  the  wor ld  (Mortensen 1940). 
The t e s t  o f  Diadema i s  c i r c u l a r ,  
s l i g h t l y  f l a t t e n e d  from t o p  t o  bottom, 
and up t o  10 cm i n  diameter; t he  
spines a re  up t o  30 cm long. The 
t e s t  i s  d e l i c a t e  and, u n l i k e  those 
o f  o t h e r  sea urchins,  i s  r a r e l y  
found whole on the  beach o r  on the  
bottom. I n  c o n t r a s t  t o  o t h e r  
Caribbean urchins,  such as Lytechinus 
and Tripneustes, Diadema does n o t  
cover i t s e l f  w i t h  p ieces o f  vege- 
t a t i o n ,  s h e l l ,  o r  rock. 

The f o l l o w i n g  sec t ions  are  adapted 
i n  p a r t  f rom Hyman (1955). Diadema 
i s  u n i f o r m l y  dark purp le  o r  almost 
b lack  when mature, bu t  i n  t h e  young 
( t o  2 cm i n  diameter) t he  spines 
may be banded w i t h  whi te.  Adu l ts  
occasional l y  have patches o f  wh i te  
spines and very  r a r e l y  a re  comple te ly  
white. Rows o f  b r i l l i a n t  b lue  spots, 
sometimes fused i n t o  l i n e s ,  may 
r a d i a t e  from the  anal  r eg ion  on 
the  t o p  o f  the  t e s t .  These spots 
may be l i g h t  sensors and are  o f t e n  
hidden by dark pigment. The reg ion  
around the  anus ( p e r i p r o c t )  sometimes 
appears swol len i n t o  a  bulge o r  
f i n g e r  o f  t h i n  t i s s u e  c a l l e d  the  
anal  cone which i s  apparent ly  produced 
by h y d r o s t a t i c  pressure from t h e  
gut. 

Spines 

The pr imary  and s h o r t e r  secondary 
spines o f  Diadema are  h i g h l y  mobi le  
and a t tached by muscles t o  t ube rc les  
on the  t e s t .  The , la rges t  t ube rc les  
a re  organized i n t o  f i v e  double rows, 
g i v i n g  the  t e s t  a  banded appearance. 
The spines are  t h i n ,  de l i ca te ,  and 
ho l  low (F igure  I d )  con ta in ing  glandu- 
l a r  t i s s u e  t h a t  produces a  t o x i n .  
The spines can penet ra te  human s k i n  
and sometimes break o f f ,  causing 
severe pa in  t h a t  l a s t s  f o r  several  
hours, and occasional  a1 l e r g i c  

reac t ions .  The spines. a re  even tua r l y  
absorbed by the body, o r  may be 
d isso lved by t he  a p p l i c a t i o n  o f  
a  m i l d  a c i d  such as lemon j u i c e  
o r  vinegar. The s k i n  may have a  
" tatooed" appearance f rom the  spine 
pigment long a f t e r  t h e  spines are  
absorbed. When Diadema i s  d is tu rbed,  
the  spines p o i n t  a t  t h e  source and 
wave about. They are  covered w i t h  
small  barbs (F igure l c )  d i r e c t e d  
toward the  spine t i p  t h a t  he lp  prevent  
predators from reaching the  t e s t .  

Tube Feet and Pedicel l a r i a e  

The o t h e r  major ex te rna l  appendages 
o f  Diadema are  t he  tube f e e t  and 
ped ice l  l a r i a e .  The tube f e e t  
penet ra te  t he  t e s t  i n  rows o f  ho les  
t h a t  connect t o  t he  water vascu la r  
system, unique t o  t he  echinoderms. 
The tube f e e t  a re  t h i n ,  sens i t i ve ,  
and capable o f  extreme extension. 
They have a  t e rm ina l  d isc ,  o r  sucker, 
which enables Diadema t o  h o l d  
t enac ious l y  t o  smooth surfaces. 
The adhesive tube f e e t  on the  lower 
sur face o f  the t e s t  a long w i t h  t h e  
spines a re  the  major organs o f  
locomotion; t he  tube f e e t  on the  
upper sur face  o f  the  t e s t  a re  n o t  
ve ry  adhesive and are  used i n  
r e s p i r a t i o n .  The ped ice l  l a r i a e  
a re  morpho log i ca l l y  equ i va len t  t o  
t he  spines and c o n s i s t  o f  a  head com- 
posed o f  th ree  movable jaws, mounted 
on a  s t a l k  t h a t  i s  a t tached t o  a  
t u b e r c l e  on t h e  t e s t .  The 
ped ice l  l a r i a e  are  ve ry  numerous 
i n  t he  area surrounding the  mouth 
(per is tome),  and may be i nvo l ved  
i n  food handl ing. They a l s o  f u n c t i o n  
i n  defense and i n  c l ean ing  the  t e s t .  

L  Z FE H I  STORY 

Reproduct ion 

Di  adema becomes sexua l l y  mature 
a t  a  v a r i a b l e  s ize,  rang ing  f rom 
about 3  t o  6 cm i n  t e s t  diameter. 
I n  the  Caribbean, Diadema have been 
found i n  spawning c o n d i t i o n  throughout  



t h e  y e a r ,  t hough  spawning appears  
t o  be c o n c e n t r a t e d  f r o m  l a t e  w i n t e r  
t o  e a r l y  summer (Lew is  1966). F e r t i -  
l i z a t i o n  t a k e s  p l a c e  e x t e r n a l l y .  
Mass spawnings appear  t o  be 
commonplace and may be t r i g g e r e d  
by  spawning u p - c u r r e n t  t h a t  e v e n t u a l l y  
spreads t h r o u g h  a  whole  p o p u l a t i o n .  
Spawning i s  obse rved  when s l e n d e r  
s t reams o f  y e l l o w i s h  eggs o r  w h i t e  
sperm a r e  e x t r u d e d  f r o m  t h e  t o p  
o f  t h e  t e s t  f r o m  f i v e  gonopores 
s u r r o u n d i n g  t h e  anus. Spawning 
may be i n d u c e d  by  a p p l i c a t i o n  o f  
p r e s s u r e  t o  t h e  t e s t  i n  t h e  f i e l d ,  
o r  b y  t h e  d i s t u r b a n c e s  a s s o c i a t e d  
w i t h  c o l l e c t i o n .  

R e c r u i t m e n t  

A f t e r  a  p l a n k t o n i c  l a r v a l  l i f e  
o f  unknown d u r a t i o n ,  D i  adema 1  a rvae  
s e t t l e  t o  t h e  b o t t o m  and metamorphose 
i n t o  t i n y  sea u r c h i n s .  They a r e  
f i r s t  seen when t h e y  a t t a i n  a  t e s t  
d i a m e t e r  o f  abou t  1  cm, w i t h i n  1  
t o  2  months a f t e r  s e t t l e m e n t .  
J u v e n i l e s  a r e  s e c r e t i v e ,  l i v e  under  
r o c k s  and i n  c r e v i c e s ,  and appear  
t o  be v e r y  v u l n e r a b l e  t o  t h e i r  many 
f i s h  p r e d a t o r s .  L i k e  t h e  a d u l t s ,  
t h e y  a r e  most  e a s i l y  seen a t  n i g h t ,  
when t h e y  emerge f r o m  t h e i r  h i d i n g  
p l a c e s  t o  move a b o u t  and feed.  

Growth 

Diadema grows r a p i d l y  a t  f i r s t - -  
a s  f a s t  as  5  mm i n  t e s t  d i a m e t e r  
p e r  month i m m e d i a t e l y  a f t e r  r e c r u i t -  
ment--and t h e n  g r a d u a l l y  s lows  t o  
1-2  mm p e r  month a t  a  t e s t  d i a m e t e r  
g r e a t e r  t h a n  6  cm. Lew is  (1966) 
who s t u d i e d  two p o p u l a t i o n s  o f  Diadema 
i n  c a p t i v i t y  i n  Barbados, f ound  
t h a t  t h e  mean m o n t h l y  i n c r e m e n t  
was 3.2 mm f o r  u r c h i n s  between 10  
mm and 30 mm i n  t e s t  d i a m e t e r  and 
1.8 mm f o r  t h o s e  o f  30 mm t o  50 
mm. These r a t e s  a r e  w i t h i n  t h e  
range  found by  Randa l l  e t  a l .  (1964)  
i n  t h e  V i r g i n  I s l a n d s .  Thus, Diadema 
a t t a i n s  a  t e s t  d i a m e t e r  o f  25-30 
mm i n  t h e  f i r s t  y e a r  and i s  45 t o  
50 mrn i n  t h e  second y e a r .  Growth 

r a t e  s lows  m a r k e d l y  i n  u r c h i n s  w i t h  
t e s t  d iamete rs  g r e a t e r  t h a n  6  cm 
and t h e  maximum s i z e  a t t a i n e d  b y  
Diadema w i t h i n  3  t o  4  y e a r s  i s  about  
10  cm. 

The s i z e  f r e q u e n c y  d i s t r i b u t i o n s  
o f  Diadema measured i n  t h e  f i e l d  
a r e  d i s t i n c t l y  b imodal ,  w i t h  a  b road  
range  i n  t h e  l a r g e s t  s i z e  c l a s s  
( L e w i s  1966). Given t h a t  t h e  u r c h i n s  
a t t a i n  maximum s i z e  w i t h i n  3  t o  
4  y e a r s ,  t h e  l a r g e r  s i z e  c l a s s  i n  
any  p o p u l a t i o n  i s  l i k e l y  t o  be an 
a c c u m u l a t i o n  o f  u r c h i n s  2  y e a r s  
o l d  and o l d e r .  A l t h o u g h  i t  i s  n o t  
known how l o n g  Diadema l i v e s ,  4  
y e a r s  i s  a  reasonab le  l o w  e s t i m a t e  
i f  t h e  u r c h i n s  d i e  when g rowth  ceases. 

B e h a v i o r  i n  Response t o  L i g h t  

Diadema i s  s e n s i t i v e  t o  l i g h t  
and da rkness  and, l i k e  many u r c h i n s ,  
t ends  t o  be most a c t i v e  a t  n i g h t .  
By day Diadema u s u a l l y  s h e l t e r s  
i n  c r e v i c e s  i n  t h e  r e e f  o r  i n  l a r g e  
a g g r e g a t i o n s  i n  open areas.  I n  
l a t e  a f t e r n o o n ,  t h e  u r c h i n s  become 
a c t i v e  and f o r a g e  u n t i l  dawn. Diadema 
may be a c t i v e  b y  day i n  a r e a s  where 
p r e d a t o r s  a r e  s c a r c e  o r  absent .  

M i l l o t t  (1954)  found  t h a t  Diadema 
adapted t o  t h e  d a r k  a v o i d s  l i g h t  
o f  i n c r e a s i n g  i n t e n s i t y ,  and t h a t  
1  i g h t - a d a p t e d  u r c h i n s  move f r o m  
shade i n t o  l i g h t .  The ne rvous  sys tem 
i n  t h e  t h i n  s k i n  c o v e r i n g  t h e  t e s t  
i s  s h i e l d e d  by  t h e  p igment  o f  
s u p e r f i c i a l  me1 anophores i n  
l i g h t - a d a p t e d  u r c h i n s .  A t  n i g h t  
t h e  p igment  w i thd raws ,  e x p o s i n g  
t h e  ne rves  and t h e  u r c h i n  becomes 
v e r y  s e n s i t i v e  t o  l i g h t .  I n  l a t e  
a f t e r n o o n ,  1  i g h t - a d a p t e d  u r c h i n s  
become a c t i v e  and move abou t  s e e k i n g  
l i g h t e d  areas.  They become da rk -  
adapted d u r i n g  t h e  n i g h t  and seek 
d a r k  s h e l t e r s  as  t h e  l i g h t  l e v e l  
i n c r e a s e s  b e f o r e  s u n r i s e .  



Foraging Behavior  

Diadema i s  a  gene ra l i zed  he rb i vo re  
t h a t  e x p l o i t s  a  wide v a r i e t y  o f  
p l a n t  foods (Lewis 1964; Ogden and 
Lobe1 1978; Randal l  e t  a l .  1964). 
Diadema i s  a  grazer ,  s c rap ing  t h e  
hard  subs t ra te  o f  t he  r e e f  and 
i n g e s t i n g  p l a n t  m a t e r i a l  a l ong  w i t h  
c o r a l  rock.  It has been i m p l i c a t e d  
i n  t h e  b i oe ros ion  o f  c o r a l  r e e f s  
i n  the  West Ind ies .  Since stomach 
con ten ts  average ove r  90% ca lc ium 
carbonate, an average p o p u l a t i o n  
o f  Diadema (10/m2) can produce as 
much as 5 kg o f  carbonate sediment 
p e r  square meter pe r  year  by  sc rap ing  
t h e  carbonate r ock  sur faces  o f  c o r a l  
r ee f s .  T h i s  corresponds t o  about 
1  cm o f  r e e f  e r o s i o n  pe r  year  (Ogden 
1977; Stearn e t  a l .  1977). 

The f o r a g i n g  behav io r  o f  Diadema 
can be s t u d i e d  by  us i ng  sp ine  t ags  
such as  those descr ibed  by Carpenter  
(1984). A f t e r  n i g h t l y  f eed ing  f o rays ,  
i n d i v i d u a l s  r e t u r n  w i t h  remarkable 
f i d e l i t y  t o  t h e  same dayt ime h i d i n g  
place. Diadema avo ids  g raz i ng  areas 
near  t he  home c r e v i c e s  t h a t  have 
been grazed t he  p rev ious  n i g h t .  
I n  t h i s  way t h e  u r ch ins  may maximize 
t h e i r  food  i n t a k e  r e l a t i v e  t o  t h e  
p roduc t i on  o f  a1 gae. Carpenter  
(1984) showed t h a t  homing c o r r e l a t e d  
p o s i t i v e l y  w i t h  p reda to r  abundance 
and n e g a t i v e l y  w i t h  u r c h i n  abundance. 
Diadema appa ren t l y  senses the  qua1 i t y  
o f  a  c r e v i c e  i n  p r o v i d i n g  p r o t e c t i o n  
f r om preda to rs .  It vacates 
low-qua 1  i t y  c rev i ces  more r e a d i  l y  
than  h i gh -qua l i  t y  ones when d is tu rbed .  

Di seases 

S t a r t i n g  i n  January 1983 i n  Panama 
and moving th rough t h e  Caribbean 
over  t h e  n e x t  1% years, popu la t i ons  
o f  Diadema were reduced by  over  
90% by  an unprecedented mass 
m o r t a l i t y .  The m o r t a l i t y  was f i r s t  
n o t i c e d  near  t he  Panama Canal and 
spread r a p i d l y ,  f o l  l ow ing  t he  p a t t e r n  
o f  su r face  cu r ren t s ,  t o  Cayman, 
Jamaica, Mexico, F l o r i d a ,  and Bermuda. 

Urch ins  a l s o  d i e d  a l ong  t h e  n o r t h  
coas t  o f  South America and th rough 
t h e  Lesser A n t i l l e s  (F i gu re  3).  
The m o r t a l i t y  was most l i k e l y  caused 
by  a  pathogen, r a t h e r  than  p o l l u t i o n  
o r  an oceanographic event  such as 
e l eva ted  wate r  temperature. The 
ev idence f o r  a  spec ies - spec i f i c  
d isease pathogen i s  t h a t  o n l y  one 
species o f  u r c h i n  was a f f e c t e d ,  
and t he  m o r t a l i t y  d i d  n o t  d i m i n i s h  
i n  s e v e r i t y  over  l ong  d i s t ances  
(Less ios  e t  a l .  1984a; Hunte e t  
a l .  1986). 

The f i r s t  m a n i f e s t a t i o n  o f  t he  
d isease was sediment s t i c k i n g  t o  
t h e  n o r m a l l y  purp le -b lack  spines. 
A l though i t  was d i f f i c u l t  t o  observe, 
t h e  u r c h i n s  a t  t h i s  p o i n t  had a l r e a d y  
stopped f eed ing  and moving about  
t h e  ree f .  Patches o f  s k i n  and sp ines  
sloughed f rom t h e  t e s t ,  and t he  
u r c h i n s  were rendered vu lne rab le  
t o  a t t a c k  b y  predators.  Once bare, 
w h i t i s h  patches appeared on t h e  
t e s t ,  u r c h i n s  d i e d  w i t h i n  approx i -  
ma te l y  4  days. 

Some i n d i v i d u a l s  surv ived.  Many 
o f  these had sho r t ,  s tubby  sp ines  
where f i s h  had b i t t e n  o f f  d iseased 
sp ine  t i p s  i n  f u t i l e  e f f o r t s  t o  
p rey  on t h e  u rch in .  The stumps 
of t he  o l d  sp ines  r a p i d l y  regenerated 
new, sharp t i p s .  

A l though t he  cause f o r  t he  epidemic 
remains unknown, t h i s  event ,  which 
i s  unprecedented i n  sca le  and s e v e r i t y  
f o r  a  t r o p i c a l  marine organism, 
has p rov i ded  a  g r e a t  n a t u r a l  
experiment.  Diadema was one o f  
t h e  most abundant organisms i n  t h e  
Caribbean region.  I n  t h e  n e x t  
sec t i on ,  t h e  even ts  on Caribbean 
r e e f s  f o l l o w i n g  t he  m o r t a l i t y  a r e  
described. 

ECOLOGICAL ROLE 

Associated Organi sms 

The young of a  number of species 
o f  f i s h e s  take  s h e l t e r  i n  t h e  sp ines  



Figure 3. The tropical western North At1 antic.  Diadema i s  dis t r ibuted throughout t h i s  ;egion. 
Arrows indicate the prevailing surface currents and the l e t t e r s  show the track of the mass mortality 
a t  nine s i t e s :  A ,  Panama, January 1983; B ,  Cayman, June 1983; C ,  Jamaica, July 1983; D, Columbia, 
August 1983; E, Mexico, July 1983; F, Florida Keys, July 1983; G ,  Curacao/Bonaire, November 1983; 
H ,  Barbados, October 1983; and I ,  Virgin Islands, January 1984 ( a f t e r  Lessios e t  a l .  1984a). 



of Diadema; these i n c l u d e  g r u n t s  
(~aem-1, drums (Sc i  aeni  dae) , 
wrasses (Lab r i dae ) ,  and b u t t e r f l y -  
f i s h e s  (Chaetodont idae) .  Some a d u l t  
f i s h e s ,  p a r t i c u l a r l y  t h e  c a r d i n a l -  
f i s h e s  (Apogoni dae) , have been seen 
w i t h i n  t h e  sp ines.  Small m-ysid 
shr imps ( ~ ~ s i  d i  um) a1 so shei  t e r  
i n  t h e  s ~ i n e s ,  and t h e  f l a t t e n e d  
u r c h i n  cr'ab, - ~ e r c n o n  q i bbes i ,  i s  
o f t e n  found under Diadema i n  t h e  
West Ind ies .  Two undescr ibed species 
o f  palaeomonid shrimps have been 
found l i v i n g  as commensals among 
t h e  sp ines i n  t h e  Lesser  A n t i l l e s ,  
b u t  n o t  i n  F l o r i d a .  Both species 
match t h e  c o l o r  o f  t h e  sp ines and 
a r e  a lmost  imposs ib le  t o  see u n t i l  
t hey  a r e  removed f rom u r c h i n s  h e l d  
i n  aquar ia  (Randal l  e t  a l .  1964). 

Predators 

A1 though d i r e c t  observa t ions  
o f  p reda t i on  on Diadema a r e  few, 
e v i  dence o f  p reda t ion ,  such as crushed 
t e s t s  and sp ines,  i s  n o t  uncommon. 
The known preda to rs  o f  Di adema i nc 1  ude 
wrasses (Labr idae)  , t r i g g e r f i  shes 
( B a l i s t i d a e ) ,  g r u n t s  (Haemulidae), 
po rg i es  (Spar idae)  , p o r c u p i n e f i  shes 
(D iodont idae)  , and t o a d f i  shes 
(Ba t racho id i dae ) ,  as w e l l  as t h e  
l a r g e  k i n g  helmet snai  1, Cassis  
tuberosa (Randal l  1967; HX 
and Robertson 1983). T e r r i t o r i a l  
damsel f i s h e s  o f t e n  a t t a c k  Diadema 
and b i t e  t h e i r  spines; t h i s  behav io r  
i s  a  g ress ive ,  n o t  p reda to r y  (W i l l i ams  
1981 3. A1 though Qu inn  ( 1  965) r e p o r t e d  
cann iba l i sm i n  Diadema, i t  occur red  
i n  an aquarium and p robab ly  does 
n o t  happen na tu ra  11 y. 

Randal l  (1967) l i s t e d  15 species 
o f  f i s h e s  i n  which e c h i n o i d  remains 
comprised more than  5% o f  t h e  g u t  
contents .  The queen t r i g g e r f i s h ,  
B a l i s t e s  ve tu l a ,  appears t o  be t he  
most impo r tan t  o f  these p reda to rs ;  
73% o f  t he  g u t  con ten t s  cons i s t ed  
o f  ech ino ids ,  p r i m a r i l y  Diadema. 
T r i g g e r f i s h  blow a  j e t  o f  water  
a t  t he  base o f  t he  sea u r c h i n  t o  
d i s l odge  i t ,  then a t t a c k  i t s  o r a l  

s i d e  where i t s  p r o t e c t i v e  sp ines 
a re  s h o r t e r  and t h e  p e r i s t o m i a l  
membrane sur round ing  t he  mouth 
p rov i des  a  s o f t  p o i n t  o f  a t t a c k .  
Other f i  sh p reda to r s  appa ren t l y  
c rush  t h e  u r c h i n s  o r  r epea ted l y  
b i t e  o f f  t h e  l onge r  sp ines  u n t i l  
a  c rush ing  b i t e  of t h e  t e s t  can 
be taken. For  wrasses, g run t s ,  
and porg ies ,  Diadema makes up a  
sma l l e r  p r o p o r t m 5 - 4 5 % )  o f  t h e  
d i e t .  

The k i n g  helmet s n a i l  i n h a b i t s  
seagrass beds and sandy edges o f  
r e e f s  where i t  can be an impo r tan t  
sea u r c h i n  predator .  A1 though Diadema 
i s  n o t  i t s  p r e f e r r e d  prey,  t h e  k i n g  
helmet o c c a s i o n a l l y  a t t a c k s  and 
consumes i t  (Schroeder 1962). The 
snai  1  l o c a t e s  i t s  p rey  by  
chemorecept ion and r a p i d l y  c raw l  s  
over  t h e  t e s t ,  punctures i t  w i t h  
t h e  radu la ,  and consumes t h e  i n n e r  
t i s s u e s  (Hughes and Hughes 1971). 
Diadema i n  aggrega t ions  show an 
a l a rm  response--the i n d i v i d u a l s  
move r a p i d l y  a p a r t  i f  one o f  t h e i r  
number i s  i n j u r e d .  They w i l l  a l s o  
move away f rom water  cond i t i oned  
by p o t e n t i a l  p reda to r s  (Snyder and 
Snyder 1970). 

The apparent  r o l e  of p reda to r s  
i n  c o n t r o l l i n g  p o p u l a t i o n  s i z e s  
o f  Diadema i s  based m a i n l y  on 
c o r r e l a t i v e  evidence. Over 1  arge 
areas o f  t h e  Caribbean t h e r e  i s  
a  nega t i ve  c o r r e l a t i o n  between 
popu la t i on  d e n s i t i e s  o f  Diadema 
and t h e  abundance o f  sea u r c h i n  
p reda to rs ,  m a i n l y  t he  queen 
t r i g g e r f i s h  (Hay 1984). P reda t i on  
pressure i s  i m p l i c a t e d  i n  de te rm in i ng  
t he  noc tu rna l  and homing behav io r  
o f  Diadema. High p r e d a t i o n  p ressure  
r e q u i r e s  sea u r ch ins  t o  have h i d i n g  
p laces  d u r i n g  t h e  day, and t he reby  
i n t r oduces  a  h a b i t a t  f a c t o r  i n t o  
t h e  c o n t r o l  o f  Diadema p o p u l a t i o n  
s izes .  Reef areas w i t h  h i g h  s p a t i a l  
he te rogene i t y  t h a t  p rov i des  g r e a t e r  
p r o t e c t i o n  f rom p reda to r s  p robab ly  
ma in ta i n  t h e  h i ghe r  p o p u l a t i o n  
d e n s i t i e s  o f  sea u rch ins ,  i r r e s p e c t i v e  



of t he  abundance o f  p redators  
(Samnarco 1982). 

Many o f  t he  predators o f  Diadema 
are  p r e f e r r e d  food f i s h e s  and a re  
e a s i l y  caught by f i s h  t r a p s  o r  by 
spear. Inasmuch as f i s h i n g  pressure 
on many Caribbean r e e f s  i s  h i g h  
and the  f i s h  stocks are  moderately 
t o  severe ly  overf ished,  i t  i s  poss ib le  
t h a t  t he  popu la t ions  o f  Diadema 
were u n n a t u r a l l y  h i g h  before the  
mass m o r t a l i t y  descr ibed e a r l i e r  
(Wood1 ey 1979 ) . 

I n t e r a c t i o n s  w i t h  Seagrass- 
Beds and t h e  A lga l  Community 

Some o f  t he  e a r l i e s t  s tud ies  
o f  herb ivores  on c o r a l  r e e f s  i n  
t he  Caribbean demonstrated t h a t  
g raz ing  by Diadema r e s u l t e d  i n  a  
low standing crop o f  benth ic  a lgae 
(Randal l  e t  a l .  1964), and t h i s  
g raz ing  has been expe r imen ta l l y  
demonstrated t o  be a  pr imary  f a c t o r  
i n  keeping the  benth ic  a l g a l  community 
i n  a  low biomass, h i g h  tu rnover  
s t a t e  (Ogden e t  a l .  1973; Samnarco 
e t  a l .  1974; Carpenter 1981, 1986; 
Samnarco 1982). Typ ica l  a1 ga l  biomass 
values f o r  areas grazed by sea u rch ins  
range from 10-40 g/m2 ( d e c a l c i f i e d  
d r y  wt.). I f  Diadema i s  expe r i -  
men ta l l y  excluded f rom r e e f  areas 
t h a t  remain a v a i l a b l e  t o  herbivorous 
f i shes ,  a l g a l  biomass can exceed 
150 g/m2 (Carpenter 1981, 1986; 
Samnarco 1982). High a l g a l  biomass 
(>1 kg/m2) i s  c h a r a c t e r i s t i c  o f  
areas where Diadema and o t h e r  
herb ivores  are  excluded n a t u r a l l y  
by wave ac t i on ,  such as the  tops 
o f  a l g a l  r i dges  and shal low 
wave-washed beachrock, and o f  areas 
r e l a t i v e l y  i naccess ib le  t o  sea u r c h i n  
grazing, such as c rev i ces  and v e r t i c a l  
surfaces. These refuges c reate  
a  mosaic o f  a l g a l  biomass over t he  
r e e f  surface. Patches o f  h ighe r  
a l g a l  biomass a l so  r e s u l t  f rom the  
exc lus ion  o f  Diadema by t e r r i t o r i a l  
damsel f i  shes (Brawley and Adey 1977; 
Samnarco and W i  11 iams 1982). 

S i m i l a r  e f f e c t s  o f  Diadema grazing 
on p l a n t  biomass have been 
demonstrated i n  seagrass beds (Ogden 
e t  a l .  1973). Sea urch ins  i n h a b i t i n g  
the  margins o f  r e e f s  migra te  a t  
n i g h t  i n t o  the  surrounding seagrass 
beds and c rea te  halos adjacent  t o  
r e e f s  by consuming seagrasses and 
r h i z o p h y t i c  a lgae (F igure  I b ) .  
Halos are  a l s o  mainta ined by graz ing  
f i s h e s  near r e e f s  by day, and poss ib l y  
by the  phys ica l  a c t i o n  o f  waves 
and cur ren ts ,  p a r t i c u l a r l y  du r i ng  
p e r i o d i c  storms (Randal 1  1965; T r i  bb le  
1981). 

Grazing by D i  adema a l s o  a f f e c t s  
t he  species composit ion o f  the  benth ic  
a l g a l  community (Samnarco e t  a l .  
1974; Carpenter 1981, 1985, 1986; 
Samnarco 1982). Four months a f t e r  
t he  removal o f  a l l  Diadema f rom 
a  patch  ree f  i n  St. Croix,  the  a l g a l  
community was dominated by a  few 
l a r g e  a l g a l  species t h a t  were 
p rev ious l y  r a r e  o r  absent, i n c l  uding 
Padi na jamaicensi s  (P. sanctae- 
c r u c i  s) , Turb i  n a r i  a  t u r b i  nata, Jani  a  
adherens, and ~ i c t ~ o t ~ s a r n m a r c o  
e t  a l .  1974). S i m i l a r  s h i f t s  i n  
a1 ga l  species composit ion have been 
demonstrated when D i  adema popu la t ion  
d e n s i t y  was manipulated experimen- 
t a l l y .  A lga l  communities subjected 
t o  moderate t o  in tense graz ing  by 
Diadema a re  dominated by f i  lamentous 
species o f  algae t h a t  a re  s t r u c t u r a l l y  
simple and have h i g h  growth ra tes .  
These a l g a l  assemblages, commonly 
r e f e r r e d  t o  as " a l g a l  t u r f s , "  cons i s t  
o f  20-50 species/m2, i n c l u d i n g  
representa t ives  f rom f i v e  a l g a l  
d i  v i  s i  ons (Cyanophyta, Chrysophyta, 
Chl orophyta , Phaeophyta , Rhodophyta) . 
Under the  h ighest  g raz ing  i n t e n s i t i e s ,  
t he  a1 ga l  community becomes dominated 
by c rus tose c o r a l l i n e  algae t h a t  
a re  ab le  t o  w i ths tand the  i n tense  
scrap ing  of sea u rch in  graz ing  
(Carpenter 1981 ; Stenec k 1982). 

Most subs t ra te  on c o r a l  ree fs  i s  
occupied, so space may be a  f a c t o r  
p o t e n t i a l l y  1  i m i  t i n g  a l g a l  populat ions 



the re .  Thus, a lgae  may e x h i b i t  i n t e r -  
s p e c i f i c  c o m p e t i t i o n  f o r  space un less  
t h e  c o m p e t i t i v e  dominants a re  con- 
t r o l  1  ed by he rb i vo res .  When Diadema 
i s  removed, a1 ga l  spec ies normal l y  
unable t o  c o e x i s t  w i t h  Diadema become 
dominant. Even tua l l y ,  i f  herb ivo rous  
f i s h e s  a r e  a l s o  excluded, t h e  l a r g e  - 
brown a l g a l  t a x a  Sargassum spp., 
Tu rb i  n a r i a  t u r b i  nata,  and Padina 
jama icens is  dominate. It i s  highly 
improbable t h a t .  when a1 1  he rb i vo res  
a r e  excluded, t h e  new dominant spec ies  
o f  a lgae  a r e  j u s t  c o l o n i z i n g  bare  
s u b s t r a t e  and n o t  c o m p e t i t i v e l y  d i s -  
p l a c i n g  o t h e r  spec ies o f  a lgae;  t h i s  
i s  because bare  s u b s t r a t e  i s  so r a r e  
(and may be even r a r e r  when g razers  
a r e  absent) .  Areas access i b l e  t o  
herb ivo rous  f i s h e s  b u t  n o t  t o  Diadema 
have o f t e n  become dominated by t h e  
brown f i 1 amentous a1 galgi;yacel :;!; 
tri b u l  o ides  (Carpenter  
a l g a  may be a  compe t i t i ve  dominant 
t h a t  i s  avo ided by f i s h e s  ( p o s s i b l y  
because i t  con ta i ns  a  d isagreeab le  
chemical  ) b u t  c o n t r o l  l e d  by ~ i a d e m a .  
A l t e r n a t i v e l y ,  Diadema may c o n t r o l  - S. 
t r i b u l o i d e s ,  b u t  when u r c h i n s  a r e  
absent  and herb ivo rous  f i s h e s  a r e  
p resen t ,  o t h e r  a lgae  which a r e  com- 
p e t i t i v e l y  dominant over  2. tri- 
b u l  o ides  and c o n t r o l  1  ed by D i a d e m a T y  
be c o n t r o l l e d  by t h e  f i s h e s ;  S. - tri- 
b u l o i d e s  can t hen  f l ou r i sh ,  The 
success ional  sequence and t h e  p a r t i c -  
u l a r  spec ies t h a t  make up a l g a l  com- 
mun i t i e s  r e l eased  f rom sea u r c h i n  
g r a z i n g  depend p a r t l y  on spore a v a i l -  
a b i l i t y  and t h e  p rev i ous  presence o f  
j u v e n i l e  p l a n t s  w i t h i n  re fuges .  

Graz ing by  Diadema has a l s o  been 
shown t o  have d ramat i c  e f f e c t s  on 
a l g a l  comrnuni t y  metabol ism (Carpenter  
1981, 1986). A1 though a l g a l  
communit ies grazed by Diadema had 
biomass va lues as l ow  as 10% o f  
those  n o t  grazed by  sea u r ch i ns ,  
p r o d u c t i v i t y  (as  measured by  changes 
i n  d i s s o l v e d  oxygen) pe r  u n i t  area 
was n o t  l owe r  than  i n  nongrazed 
areas. When p r o d u c t i v i t y  i s  expressed 

on a  pe r  u n i t  a l g a l  biomass 
( c h l o r o p h y l l  a )  bas is ,  a l g a l  commu- 
n i t i e s  g r a z e r  by  Diadema a r e  3-5 
t imes  more p r o d u c t i v e  t han  those  
n o t  grazed by  Diadema (Carpenter  
1986). Th i s  g r e a t e r  p r o d u c t i v i t y  
may be t h e  r e s u l t  o f  a  r e d u c t i o n  
i n  t h e  a l g a l  "canopy he igh t , "  which 
may a l l o w  f o r  more e f f i c i e n t  use 
o f  i n c i d e n t  i r r a d i a n c e  by  e p i  1  i t h i c  
and e n d o l i t h i c  a l g a l  t u r f  species. 

Another  exp l ana t i on ,  n o t  m u t u a l l y  
e x c l  u s i  ve, i s  t h a t  n i t r ogenous  
e x c r e t i o n s  f rom Diadema supp ly  an 
a d d i t i o n a l  n u t r i e n t  source t o  grazed 
a l g a l  t u r f s ,  and t he reby  i nc rease  
t h e i r  biomass-speci f i c  p r o d u c t i v i t y .  
Exc re t i ons  o r i g i n a t e  f rom t h e  
r e s p i r a t o r y  su r faces ,  i n c l  ud i  ng 
t h e  g i l l s ,  on t h e  unders ide  o f  t h e  
u r ch i n .  N u t r i e n t s  exc re ted  i n t o  
a  r e s t r i c t e d  volume o f  wa te r  under 
t h e  u r c h i n  may be r e t a i n e d  and 
concen t ra ted  and a1 low s u f f i c i e n t  
t i m e  f o r  a l g a l  uptake. Species o f  
phy top l ank ton  a r e  known t o  t a k e  up 
n u t r i e n t  pu l ses  t h a t  exceed t h e i r  
immediate metabol i c  demands and s t o r e  
them f o r  l a t e r  use (Lehman and Scav ia  
1982). S ince a l ga l - cove red  s u b s t r a t a  
w i t h i n  sea u r c h i n  f eed ing  ranges a r e  
r epea ted l y  grazed, t h e  i n p u t  o f  n i t r o -  
genous e x c r e t i o n s  may p r o v i d e  a  p re -  
d i c t a b l e  source o f  n u t r i e n t s  i n  an 
env i ronment  t h a t  i s  c h a r a c t e r i  s t i c a l  l y  
n u t r i e n t - p o o r .  P r e l  i m i  na ry  es t ima tes  
o f  ammoni um e x c r e t i o n s  f rom D i  adema 
and t h e  n i t r o g e n  requi rements o f  
a l g a l  t u r f s  (based on known p r ima ry  
p r o d u c t i v i t y  r a t e s  and carbon: 
n i t r o g e n  r a t i o s  o f  a l g a l  t u r f  
spec ies )  suggest t h a t  exc re ted  
ammonium cou ld  supp l y  up t o  31% 
o f  t h e  n i t r o g e n  r e q u i r e d  (E. 
Telemaque, S. L. Wi l l i ams,  and 
R. C. Carpenter ,  unpubl. da ta ) .  
F u r t h e r  exper iments  a r e  needed t o  
e l u c i d a t e  t h e  mechanisms respons ib l e  
f o r  t h e  i nc reased  b iomass-spec i f i c  
p r ima ry  p r o d u c t i v i t y  e x h i b i t e d  by  
a l g a l  t u r f s  grazed by  Diadema. 



I n t e r a c t i o n s  w i t h  A1 ga l  Community 
a f t e r  Mass b l o r t a l  i t y  

A f t e r  t h e  mass m o r t a l i t y  o f  Diadema 
i n  1983-84, changes i n  t h e  a l g a l  
community t h a t  . were p r e d i c t e d  by 
p rev i ous  exper iments  i n  which Diadema 
was exc luded occu r red  i n  t h e  r e e f  
areas s tud ied .  A1 g a l  biomass 
i nc reased  d r a m a t i c a l l y  i n  Jamaica 
(Hughes e t  a l .  1985; L i d d e l l  and 
Oh lho r s t  1986); Curacao (Bak e t  
a l .  1984); Panama (Less ios  e t  a l .  
1984b); Puer to  R i co  ( B a l l a n t i n e  
1984); and St.  C r o i x  (Carpenter  
1985). I n  St. C ro i x ,  areas p r e v i o u s l y  
grazed by Diadema suppor ted a  1  ga 1  
communit ies w i t h  biomass va lues  
5-20 t imes  h i  he r  t han  those  p resen t  
b e f o r e  1983 ?Figure l e ,  f ) .  A l g a l  
biomass on severa l  r e e f s  i n  t h e  
F l o r i d a  Keys appeared t o  undergo 
a  l e s s  marked inc rease ,  sugges t ing  
t h a t  Diadema was n o t  t h e  dominant 
h e r b i v o r e  be fo re  t h e  mass m o r t a l i t y  
(M. E. Hay, U n i v e r s i t y  o f  No r t h  
Carol  i na ,  Morehead City; pers.  comm. ) . 

Changes i n  a l g a l  spec ies  compo- 
s i t i o n  a l s o  occu r red  a f t e r  t h e  d i e -  
o f f .  Reefs i n  Jamaica became domi- 
na ted  by  t h e  brown a l gae  Lobo hora 
v a r i e g a t a  and D i c t  o t a  spp. -& 
and Oh lho rs t  Less ios  e t  
a l .  (1984b) a l s o  r epo r t ed  t h a t  
sha l l ow  r e e f  areas i n  Panama became 
covered w i t h  D i c t yo ta .  One week 
a f t e r  t h e  m o r t a l i t y  o f  sea u r c h i n s  
i n  St .  C ro i x ,  j u v e n i l e  forms o f  
t h e  macroalgae ~ c a n t h o p h o r a  s p i  c i  f e r a  
and Laurenc ia  obtusa were e v i d e n t  
w i t h i n  t h e  a l g a l  t u r f  communities. 
S i x  months a f t e r  t h e  d i e - o f f ,  severa l  
macroalga l  spec ies were predominant 
members o f  t h e  a l g a l  community 
i n c l u d i n g  ~ i c t y o s p h a e r i a  cavernosa, 
D i c t y o t a  spp., Lobophora va r i ega ta ,  
Amphiroa f r a g i  li ssima, Jan ia  adherens, 
and Laurenc ia  obtusa. Two years  
a f t e r  t h e  mass r t a l i t y ,  many r ee f  
areas were dominated by  - t h e  l e a t h e r y  
macroalgae T u r b i n a r i a  t u r b i n a t a  
and Sargassum spp. ( c a r p e n t e m  

The mass mor ta  1  i t y  o f  Di adema 
had s i g n i f i c a n t  e f f e c t s  on t h e  p r ima ry  
p r o d u c t i v i t y  o f  a l g a l  communities 
on r e e f s  as we l l .  F i v e  days a f t e r  
t h e  m o r t a l i t y  even t ,  p r ima ry  
p r o d u c t i v i t y  pe r  u n i t  area had 
decreased by  33%, even though a l g a l  
biomass had i nc reased  by  27% ove r  
t h e  same per iod .  The decrease i n  
p r ima ry  p r o d u c t i v i t y  pe r  u n i t  a l g a l  
biomass was even sharper ,  d ropp ing  
by  60%. A f t e r  t h e  i n i t i a l  decrease, 
p r o d u c t i v i t y  remained l ow  and was 
c h a r a c t e r i s t i c  o f  l e v e l s  i n  a l g a l  
communit ies grazed o n l y  by herb ivo rous  
f i s h e s  be fo re  t h e  sea u r c h i n  m o r t a l i t y  
(Carpen te r  1985; 1986). These 
 att terns were most e v i d e n t  i n  t h e  
r e e f  zones where Diadema was 
p r e v i o u s l y  most abundant. 

The r e s u l t s  o f  t h i s  " n a t u r a l  
exper iment"  c o n f i  rm t h a t  g raz i ng  
b y  Diadema i s  a  p r ima ry  s t r u c t u r i n g  
f o r c e  i n  m a i n t a i n i n g  a l g a l  abundance 
and community s t r u c t u r e  on r e e f s  
and suppor t  t h e  hypo thes is  t h a t  
Diadema has a  p o s i t i v e  e f f e c t  on 
t h e  p r ima ry  p r o d u c t i v i t y  o f  a l g a l  
communit ies on r ee f s .  

I n t e r a c t i o n s  w i t h  Other  Ech ino ids  
and Herb i  vorous F ishes 

P o t e n t i a l  compe t i t i on  f o r  food  
resources  between Diadema and o t h e r  
he rb i vo res  has been i n v e s t i g a t e d  
e x p e r i m e n t a l l y  o n l y  f o r  a  few species. 
W i  11 iams (1980, 1981 ) and Samnarco 
and W i  11 iams (1982) i n v e s t i g a t e d  
t h e  r e l a t i o n s h i p s  between Diadema, 
t h e  t h reespo t  damsel f i s h  (Stegastes 
p l a n i f r o n s )  and t h e  sea u r c h i n  
Echi nometra v i  r i  d i  s  i n  Jamaica. 
T e r r i t o r i a l  damsel f i  sh a p p a r e n t l y  
mediated t h e  c o m p e t i t i o n  between 
Diadema and Echinometra by  a1 t e r i n g  
t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  
two sea u r c h i n  species. Damsel f i s h  
a t t a c k e d  Diadema t h a t  a t tempted 
t o  e n t e r  t h e i r  t e r r i t o r i e s  d u r i n g  
t h e  day and r e s t r i c t e d  them t o  t h e  
edae o f  t h e  damsel f i  sh co lon ies .  
~ c 6 i  nometra d i s t r i b u t e d  w i t h i n  t h e  
c o l o n i e s  and t he reby  had access 



t o  algae t h a t  were no t  a v a i l a b l e  
t o  D i  adema. Competi t ion between 
damself ish and Diadema was n o t  
e l im ina ted  by the  t e r r i t o r i a l  behavior 
o f  t he  f i s h ,  s ince sea urch ins  
f requen t l y  grazed the  a l g a l  lawn 
a t  n i g h t  when the  res iden t  f i s h  
were i nac t i ve .  Experimental add i t i ons  
o f  both sea u rch in  species t o  patches 
t h a t  damsel f i  shes had been removed 
from i n d i c a t e d  t h a t ,  under the  
popu la t ion  d e n s i t i e s  tested,  compe- 
t i t i o n  occurred i n  t he  absence o f  
damself ish mediat ion. 

Lessios e t  a l .  (1984b) repor ted  
t h a t  populat ions o f  Echinometra 
v i  r i  d i  s  i n  Panama increased s h o r t l y  
a f t e r  the  d i e - o f f  o f  Diadema i n  
shal low r e e f  areas, and suggested 
t h a t  a  re lease from compet i t ion  
may have been the  cause. Likewise, 
populat ions o f  t he  sea u rch in  
Tripneustes ventr icosus i n  Jamaica 
and i n  some l o c a l i t i e s  i n  S t .  Cro ix  
appeared t o  increase and move i n t o  
r e e f  zones where they were not  
present  ( o r  abundant) be fore  the  
Diadema mass morta l  i t y .  No increases 
i n  abundance o f  popu la t ions  o f  E. 
v i r i d i s  were noted i n  S t .  Cro ix  (R. 
Carpenter, unpubl. data). 

The popu la t i on  s izes  of sea u rch in  
species may o f t e n  be p r i m a r i l y  con- 
t r o l l e d  by f a c t o r s  o the r  than competi- 
t i o n  (e. g. , recrui tment) .  But i n t r a -  
s p e c i f i c  compet i t ion  probably has a  
very important  i n f  1  uence i n  con- 
t r o l l i n g  t h e  popu la t ion  s i ze  o f  
Diadema. There i s  a  s t rong inverse  
c o r r e l a t i o n  between mean i n d i v i d u a l  
s i z e  and popu la t ion  dens i t y  (Carpenter 
1981), suggesting t h a t  food avai  1  - 
a b i l i t y  s i g n i f i c a n t l y  a f f e c t s  i n d i -  
v i dua l  sea u rch in  s i z e  and pro- 
bably reproduct ive  output. Because 
agoni s t i c  behavior has n o t  been 
observed i n  Diadema, i n t r a s p e c i f i c  
e x p l o i t a t i v e  compet i t ion f o r  food 
(and the subsequent a l l o c a t i o n  o f  
energy i n t o  reproduct ion)  probably 
l i m i t s  the  maximum popu la t ion  dens i t y  
i n  the  absence o f  predators.  

I nves t i ga to rs  have addressed 
p o t e n t i a l  compet i t ion  between Diadema 
and several species o f  herbivorous 
f ishes. Ogden e t  a l .  (1973) noted 
increases i n  t he  popu la t ion  s izes  
of j u v e n i l e  p a r r o t f i  shes and 
surgeonfishes a f t e r  removing a l l  
Diadema from a  patch r e e f  i n  St. 
Croix. Hay and Tay lor  (1985) 
exper imenta l l y  removed Diadema from 
a  sec t i on  o f  a  r e e f  i n  St. Thomas, 
U. S. V i r g i n  Is lands,  and compared 
the  graz ing  i n t e n s i t y  and popu la t ion  
dens i t i es  o f  herbivorous f i s h e s  
w i t h  those i n  an adjacent  con t ro l  
reef. As u p r i g h t  algae increased 
a f t e r  t he  sea u rch in  removal, 
herbivorous f i s h e s  grazed more 
i n tens i ve l y .  Four months a f t e r  
t he  sea u rch in  removal, l o c a l  densi- 
t i e s  o f  p a r r o t f i s h e s  had increased i n  
t he  removal area by 450%, probably 
through m ig ra t i on  from adjacent  r e e f  
areas. 

Data on graz ing  i n t e n s i t y  (measured 
as b i t e s  per u n i t  o f  area per u n i t  
o f  t ime from t ime lapse movies) 
and popu la t ion  d e n s i t i e s  o f  herbivo- 
rous f i shes  on a  r e e f  i n  S t .  Croix,  
both before and a f t e r  the  mass mor ta l -  
i t y  o f  Diadema, a l so  suggested t h a t  
compet i t ion f o r  a l g a l  resources 
occurred before the  d i e - o f f  (Carpenter 
1985, 1986). Wi th in  a  week a f t e r  
the  mass m o r t a l i t y ,  g raz ing  i n t e n s i t y  
by herbivorous f i s h e s  i n  a  backreef 
and r e e f c r e s t  area increased by 
400%. Grazing i n t e n s i t y  t h e r e a f t e r  
remained e levated ( b u t  the  var iance 
fo r  these data i s  h igh) .  Populat ion 
s izes  o f  p a r r o t f i s h e s  and surgeon- 
f ishes increased s i g n i f i c a n t l y  w i t h i n  
9  months a f t e r  the  d i e - o f f  and 
continued t o  increase the rea f te r .  
Since the sea u rch in  m o r t a l i t y  
occurred over a  wide range o f  habi-  
t a t s ,  t he  increase i n  popu la t ion  s izes  
o f  herbivorous f i shes  i s  probably no t  
a  r e s u l t  of migra t ion .  Many o f  t h e  
f i shes  censused, p a r t i c u l a r l y  t he  
surgeonfishes, were j uven i l es ,  sug- 
ges t i ng  t h a t  popu la t ion  increases were 
due t o  e i t h e r  increased recru i tment  of 
l a r vae  from t h e  p lank ton o r  increased 



p o s t - l a r v a l  s u r v i v a l .  These p a t t e r n s  
i n  bo th  g r a z i n g  i n t e n s i t y  and popula-  
t i o n  s i z e  were most pronounced i n  
shal  low r e e f  zones where Diadema was 
p r e v i o u s l y  most abundant. 

Role i n  C o n t r o l l i n g  Cora l  Reef 
Community S t r u c t u r e  and Func t ion  

Graz ing by Diadema d i s t u r b s  t h e  
ben th i c  r e e f  community. Substratum 
grazed by Diadema i s  bared f o r  e i t h e r  
c o l o n i z a t i o n  by 1  arvae o r  spores 
o r  f o r  growth o f  e s t a b l i s h e d  organisms 
f rom the  per imeter .  As i n  d i s t u r b -  
ances i n  o t h e r  environments, t h e  
v a r i a b l e s  impo r tan t  i n  de te rmin ing  
t he  f a t e  o f  opened subst ratum a re  
t h e  i n t e n s i t y  ( i  .e. s i z e )  o f  the  
d is tu rbance  and t he  f requency o f  
i t s  occurrence (Lev in  and Paine 
1974). 

Benth ic  a lqae  a r e  t he  ~ r i m a r v  
food  source - o f  D i  adema , a1 though 
o t h e r  ben th i c  s e s s i l e  oraanisms 
a r e  o c c a s i o n a l l y  consumed (Bak and 
van Eys 1975; Carpenter  1981). 
Most r e e f  a lgae r e q u i r e  a  hard  sub- 
s t r a tum f o r  attachment,  which most 
f r e q u e n t l y  c o n s i s t s  o f  ske le tons  
o f  s c l e r a c t i n i a n  c o r a l s .  Benth ic  
a lgae  a r e  a l s o  among the  f a s t e s t  
growing r e e f  organisms, which enables 
them t o  r a p i d l y  invade subst ratum 
opened by graz ing.  Several  s t u d i e s  
have demonstrated t h a t  g raz i ng  o f  
a lgae  by Diadema a l l o w s  the  se t t l emen t  
and s u r v i v a l  o f  c o r a l  spa t  (Samnarco 
1980, 1981). The removal o f  g raz i ng  
Diadema leads  t o  decreased s u r v i v a l  
o f  s e t t l i n g  c o r a l s ,  and t o  inc reased 
m o r t a l i t y  o f  l a r g e r  co l on ies  t h a t  
a r e  abraded by l a r g e  a l g a l  species 
such as ~ u r b i n a r i a  t u d i n a t a  and 
Sargassum spp. A t  h i g h  popu la t i on  
d e n s i t i e s  o f  Diadema ( g r e a t e r  than 
10-12 i nd i v i dua l s /m2 )  i n t ense  a raz i na  
may have a  s i m i l a r  .nega t i ve  e f f ec t ;  
t h e  c o r a l  spa t  be ing  i n d i  s c r i m i n a n t l y  
grazed and l a r g e r  c o r a l  c o l o n i e s  
be ing  undercut  by ex tens i ve  b i oe ros ion  
(Ogden 1976; Samnarco 1980). A t  
i n t e rmed ia te  sea u r c h i n  d e n s i t i e s  

(6-8/m2) t he  a l g a l  community i s  
s u f f i c i e n t l y  d i s t u r b e d  t o  a l l o w  
inc reased s u r v i v a l  of  c o r a l  species 
and p robab ly  o t h e r  ben th i c  s e s s i l e  
o rgan i  sms. 

Graz ing tends t o  ma in ta i n  areas 
dominated by t u r f  a lgae  between 
i n d i v i d u a l s  and c o l o n i e s  o f  ben th ic  
s e s s i l e  i n v e r t e b r a t e s  t h a t  compete 
f o r  space when they  a r e  adjacent .  
Depending on a  v a r i e t y  o f  f a c t o r s ,  
i n c l u d i n g  poss ib l e  dominance h i e r a r -  
ch i es  ( o r  compe t i t i ve  l oops ) ,  compe- 
t i  t i o n  between ad jacen t  sess i  l e  
i n v e r t e b r a t e s  o f t e n  leads t o  a  reduc- 
t i o n  i n  t he  number o f  species coex i s t -  
i n g  i n  an area. I n t e rmed ia te  g raz i ng  
i n t e n s i t y  by Diadema reduces t he  
f requency o f  such con tac t s  and thereby  
appears t o  have a  maximiz ing e f f e c t  
on bo th  the  d i v e r s i t y  o f  ben th i c  
s e s s i l e  i n v e r t e b r a t e s  and a lgae 
( ca rpen te r  1981; Sammarco 1982). 

Graz ing by Diadema may have a  
s i m i l a r  e f f e c t  on t h e  metabol ism 
o f  whole r e e f  systems. I t  i s  c l e a r  
t h a t  p r o d u c t i v i t y  i s  much h i ghe r  
on r e e f s  dominated by a lgae than 
on r e e f s  dominated by c o r a l s  (Smi th 
and Marsh 1973; Adey and Steneck 
1985). Several  f a c t o r s  i n f l u e n c e  
t h e  r e l a t i v e  coverage o f  these r e e f  
components: age o f  t he  r e e f ,  exposure 
t o  waves and swe l l s ,  degree o f  s p a t i a l  
he te rogene i ty ,  and h i s t o r i c a l  f ac to r s .  
Given a  r e e f  o f  i n t e rmed ia te  age 
(e. g  : 3000-5000 years ) ,  and t a k i n g  
s p a t ~ a l  he te rogene i t y  i n t o  account, 
ben th i c  a l g a l  t u r f s  cover  50% t o  
80% o f  t he  r e e f  su r face  (Adey and 
Steneck 1985). A l g a l  t u r f s  a r e  
t he  most p roduc t i ve  component o f  
c o r a l  r e e f s  and a r e  r espons ib l e  
f o r  an average o f  70% o f  t o t a l  r e e f  
p r imary  p r o d u c t i v i t y .  Since Diadema 
g raz ing  r e s u l t s  i n  t h e  maintenance 
o f  a l g a l  t u r f s  and has t he  demon- 
s t r a t e d  e f f e c t  o f  i n c r e a s i n g  t h e i r  
r a t e s  o f  p r imary  p r o d u c t i v i t y ,  t he  
presence o f  Diadema on c o r a l  r e e f s  
r e s u l t s  i n  an o v e r a l l  i nc rease  i n  
whole r e e f  p r ima ry  p r o d u c t i v i t y .  
A l though t h e  f a t e  o f  t h i s  inc reased 



p r o d u c t i v i t y  has n o t  been exper iment-  
a l l y  determined, i t  i s  l i k e l y  t h a t  
g r e a t e r  secondary p roduc t i on  a1 so 
r e s u l t s .  

Through d i r e c t  e f f e c t s  on a l g a l  
communit ies o r  i n d i r e c t  e f f e c t s  
on o t h e r  ben th i c  r e e f  organisms, 
g raz i ng  by Diadema i s  a  major  f a c t o r  
c o n t r o l  1  i n g  t h e  community s t r u c t u r e  
and f u n c t i o n  o f  c o r a l  r e e f s .  A l though  
many ques t ions  about  t h e  eco logy  
o f  Diadema remain, r e s u l t s  f rom 
ove r  20 years  o f  exper iments  and 
observa t ions ,  p l u s  t h e  c o n f i r m i n g  
r e s u l t s  a f t e r  t h e  1983-84 mass m o r t a l -  
i t y  i n  t h e  Caribbean, i n d i c a t e  t h a t  
perhaps no o t h e r  s i n g l e  spec ies 
i n  t h e  c o r a l  r e e f  env i ronment  has 
such p ro found  e f f e c t s  on t h e  o t h e r  
organisms composing t h e  r e e f  commu- 
n i  ty. 

ENVIRONMENTAL REQUIREMENTS 

Diadema r e q u i r e s  r e l a t i v e l y  c lean ,  
h i g h l y  oxygenated, c i r c u l a t i n g  water.  
It i s  most abundant on hard  c o r a l  
r e e f  o r  r i c k  su r faces  where wave 
a c t i o n  i s  l i g h t  t o  moderate, b u t  
i s  o f t e n  found on lagoonal  sandy 
bottoms o r  i n  seagrass meadows. 
L i k e  most c o r a l  r e e f  organisms, 
Diadema has a narrow range o f  t o l e r -  

ance t o  changes i n  temperature and 
s a l i n i t y .  It i s  s e n s i t i v e  t o  des ic -  
a t i o n  and i s  r a r e l y  found i n  areas 
t h a t  a re  exposed a t  l ow t i d e .  Diadema 
avo ids  s t i l l ,  sha l l ow  wate r  t h a t  
may become superheated (above 35°C) 
d u r i n g  t h e  day. It i s  n o t  found 
near  t h e  mouths o f  r i v e r s  and streams 
o r  on r e e f  f l a t s  where t h e  seawater 
may be d i l u t e d  t o  a  s a l i n i t y  o f  
l e s s  than  30 p p t  by r u n o f f  o r  p e r i o d i c  
ra ins to rms.  Diadema i s  d i f f i c u l t  
t o  keep i n  aqua r i a  and w i l l  d i e  
i n  a  s h o r t  t ime  a f t e r  c o l l e c t i o n  
i f  kep t  i n  a  crowded con ta iner .  

Diadema d e n s i t i e s  can be h i g h  i n  
t h e  v i c i n i t y  o f  sewage o u t f a l l s  
(J. C. Ogden, personal  observa t ions ) .  
T h i s  may be a r e s u l t  o f  n u t r i e n t s  
s i m u l a t i n g  a l g a l  growth o r  o f  d i r e c t  
uptake of d i s s o l v e d  o rgan ic  m a t e r i a l  
by t h e  u r ch i n .  

One o f  t h e  major  e f f e c t s  o f  develop- 
ment i n  t h e  Caribbean i s  u n c o n t r o l l e d  
sed imenta t ion  f rom t h e  r u n o f f  o f  
c l e a r e d  lands  o r  f rom dredging. 
Diadema appears t o  be more t o l e r a n t  
t o  sed imenta t ion  than  c o r a l s ,  b u t  
w i l l  d isappear  f r om  areas where 
sed imenta t ion  i s  heavy. Sediment 
a f f e c t s  u r c h i n s  by abras ion ,  smother- 
i ng ,  and by c u t t i n g  o f f  l i g h t  neces- 
s a r y  f o r  a l g a l  growth. 
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Species p r o f i l e s  a r e  1  i t e r a t u r e  summaries o f  t h e  taxonomy, morphology, range, 1  i f e  
h i s t o r y  and environmental  requirements o f  coas ta l  aqua t i c  species.  They a r e  designed 
t o  a s s i s t  i n  environmental  impact assessment. The long-sp ined b l a c k  sea u rch in ,  
Diadema a n t i l l a r u m ,  i s  one o f  t h e  most common marine i n v e r t e b r a t e s  i n  t h e  South 
F l o r i d a  and Caribbean reg ions .  Diadema i s  gregar ious and i s  found i n  l a r g e  groups on 
hard  bot tom i n  sha l low waters.  Spawning i s  year-round, concent ra ted i n  l a t e  w i n t e r  t o  
e a r l y  summer, and t h e  l a r v a e  spend an unknown p e r i o d  i n  t h e  p lankton.  Fo l l ow ing  
se t t l emen t ,  g rowth i s  r a p i d ,  t o  a  maximum s i z e  of about 10 cm i n  3  t o  4  years.  
Diadema i s  a  g raze r ,  f eed ing  on smal l  a l g a l  f i l a m e n t s  and on seagrass, and tends t o  
be a c t i v e  a t  n i g h t .  Graz ing a c t i v i t i e s  can produce grazed ha los  around patch ree fs  
i n  t h e  v i c i n i t y  o f  seagrass beds. Many exper iments have i n d i c a t e d  t h e  importance of 
t h i s  g r a z i n g  i n  t h e  coex is tence o f  species on t h e  r e e f  and i n  m a i n t a i n i n g  h i g h  
b i o l o g i c a l  p r o d u c t i v i t y .  I n  1983-84, Diadema s u f f e r e d  an unprecedented mass m o r t a l i t y  
and i t s  popu la t i ons  were reduced by up t o  98% throughout  i t s  range. The e l i m i n a t i o n  
o f  Diadema has a f f e c t e d  a l g a l  biomass, r e e f  p r o d u c t i v i t y ,  and f i s h  popu la t i ons .  
Diadema popu la t i ons  a re  s l o w l y  beg inn ing t o  increase,  b u t  complete recovery  may take  
years .  
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As the Nation's principal conservation agency, the Department of the Interior has respon- 
sibility 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 thsenvironmental and cultural values of our national parks and historical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as- 
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American Indian reservation communities and for people who live in island territories under 
U.S. administration. 




