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PREFACE 

Th i s  spec ies p r o f i l e  i s  one o f  a s e r i e s  on c o a s t a l  aqua t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  s p o r t ,  commercial ,  o r  e c o l o g i c a l  impor tance.  The p r o f i l e s  
a re  designed t o  p r o v i d e  c o a s t a l  managers, eng ineers ,  and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive ske t ch  o f  t h e  b i o 1  o g i c a l  c h a r a c t e r i s t i c s  and env i ronmenta l  
requi rements o f  t h e  spec ies and t o  desc r i be  how p o p u l a t i o n s  o f  t h e  spec ies may be 
expected t o  r e a c t  t o  env i ronmenta l  changes caused by c o a s t a 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 impor tance,  i f  appl  i c a b l  e. A t h r e e - r i n g  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 hey  a r e  prepared.  
Th i s  p r o j e c t  i s  j o i n t l y  p lanned 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  Se rv i ce .  

Suggest ions o r  ques t ions  r ega rd i ng  t h i s  r e p o r t  shou ld  be d i r e c t e d  t o  one of 
t h e  f o l l  owing addresses. 
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Na t i ona l  Wetlands Research Center  
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NASA-Sl ide l l  Computer Complex 
1010 Gause Bou levard  
S l i d e l l ,  LA 70458 
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Figure 1. Black, red, and Nassau groupers. 

BLACK, RED, AND NASSAU GROUPERS 

NOMENCLATURE/TAXONOMY REASONS FOR INCLUSION IN THE SERIES 

Scientific name ........... Mycteroperca 
bonaci Poey, 1860 

Preferred common name....Black grouper 
Other common names...Marbled rockfish, 

black rockfish, snider grouper, car- 
barita, junef ish (Figure 1) 

Scientific name ............ Epinephelus 
morio Valenciennes, 1828 

Preferred common name......Red grouper 
(Figure 1) 

Scientific name ............ Epinephelus 
striatus Bloch, 1792 

Preferred common name...Nassau grouper 
Other common names ............ Grouper, 

rockfish, hamlet (Figure 1) 

Class ..................... Osteichthyes 
Order ...................... Perciformes 
Family ...................... Serranidae 

Black, red, and Nassau groupers 
are actively sought by both commercial 
and sport fishermen throughout their 
geographic ranges. The red grouper is 
one of the most abundant o f  the 17 
species of grouper caught i n  F l o r i d a  by 
commerci a1 and rec rea t iona l  f i shermen. 
The 1984 grouper landings f o r  F l o r i d a  
t o t a l e d  about 10 m i l l  i o n  l b ,  worth $14 
m i l l i o n .  The south F l o r i d a  reg ion 
(from C i t r u s  around t o  Brevard Coun- 
t i e s )  con t r i bu ted  more than 8 m i l l i o n  
l b  (81% of the  t o t a l ,  worth more than 
$11 m i l l i o n  (about 79% o f  the  t o t a l ) .  
The 1984 F l o r i d a  f i n f i s h  landings were 
worth about $57.5 m i l l i o n ,  o f  which 
groupers con t r i bu ted  $14 m i  11 i o n  o r  
near ly  25% o f  the tota l - -making them 
the most valuable marine f i n f i s h  group 
i n  F lor ida.  However, desp i te  t h e i r  
economic importance, ava i l ab le  i n f o r -  
mation on t h e i r  l i f e  h i s t o r i e s  i n  the 
south Florida region--particularly 
for black and Nassau groupers--is 



g r o s s l y  inadequate f o r  e f f e c t i v e  man- 
agement o f  t h e  f i s h e r y .  Beaumar i age 
and Bu l lock  (1976) wro te  t h a t  fewer 
than  two dozen p e r t i n e n t  s t u d i e s  had 
then  been pub l i shed  on t h e  b i o l o g y  of 
groupers, and t h a t  a lmost  h a l f  o f  
these were based on tagg ing  programs 
t h a t  desc r ibed  movement p a t t e r n s .  Ac- 
co rd i ng  t o  these au thors  "Th is  p a u c i t y  
of  da ta  e x e m p l i f i e s  t h e  need f o r  s i m i -  
l a r  l i f e  h i s t o r i e s  s t ud i es ,  i f  sound 
management p o l i c i e s  are t o  be adopt- 
ed. ..." 

These t h r e e  spec ies o f  groupers 
a re  an impor tan t  component o f  t h e  
h i g h l y  d i ve r se  r e e f  f i s h  community, 
occupying p o s i t i o n s  near t h e  t o p  of 
t h e  food webs. The i r  b i o l ogy ,  ecology, 
and e x p l o i t a t i o n  a re  i n t e g r a l  compo- 
nen ts  o f  c o r a l  r e e f  f i s h e r i e s  and 
management o f  r e e f  f i s h e r i e s  (Bohnsack 
1982; Bannerot 1984). Any s i g n i f i c a n t  
change i n  t h e i r  numbers c o u l d  a f f e c t  
t h e  balance o f  r e e f  ecosystems (May e t  
a l .  1979). P rese rva t i on  o f  c o r a l  r e e f s  
i s  e s s e n t i a l  f o r  t h e  p e r p e t u a t i o n  o f  
ha r ves tab l e  grouper  popu la t ions .  

I n  south F l o r i d a ,  c i g u a t e r a  ( p o i -  
son ing f rom consumption o f  t r o p i c a l  
f i s h e s )  i s  endemic. Many o f  t h e  
r e p o r t e d  cases f rom b l a c k  g rouper  a r e  
r e a l l y  f rom i n c o r r e c t l y  i d e n t i f i e d  f i s h  
smuggled i n  f rom t h e  Bahamas, where 
c i g u a t e r a  i s  much more common (Jones 
Bohnsack, N a t i o n a l  Mar ine  F i s h e r i e s  
Serv ice ,  Miami, FL; pers .  comm.). L i f e  
h i s t o r y  data,  e s p e c i a l l y  on f eed ing  
h a b i t s ,  o f  t h e  spec ies  i m p l i c a t e d  a r e  
needed t o  h e l p  p reven t  c i gua te ra .  The 
t o x i n  causes g a s t r o i n t e s t i n a l ,  c a r d i o -  
vascu la r ,  and n e u r o l o g i c a l  d i s t u rbances  
r e s u l t i n g  i n  pro1 onged d i  sab i  1  i t y  and 
1  ong and expensive r ecove ry  pe r i ods  
(de Sy lva  and Higman 1980; P o l i  1982). 

Chapl i n  1968; Smith 1971; F i  scher  
19781, a l though  t h e  t h r e e  spec ies are 
r a r e  n o r t h  o f  F l o r i d a .  Reports o f  
these spec ies n o r t h  o f  t h e  Ca ro l i nas  
a re  p robab l y  a  r e s u l t  o f  l a r v a l  
t r a n s p o r t  by  cu r ren t s ,  as suggested by 
Thompson and Munro (1978) f o r  o t h e r  
grouper  species. 

The b lack  grouper  i s  abundant i n  
t h e  F l o r i d a  Keys (Randal l  1968), i n  
t h e  Bahamas, and o f f  Cuba and 
Venezuela (Cerv igon  1966); it i s  r e -  
p o r t e d l y  r a r e  i n  t h e  eas te rn  G u l f  o f  
Mexico (Smi th  e t  a l .  1975), t h e  V i r g i n  
I s lands ,  Puer to  Rico, and t h e  
Colombian Caribbean (Dahl 1971). 

The r ed  grouper i s  p r i m a r i l y  a  
c o n t i n e n t a l  species, hav ing  t h e  w ides t  
d i s t r i b u t i o n  o f  a l l  western c e n t r a l  
A t l a n t i c  groupers (Roe 1976). It i s  
found mos t l y  i n  broad s h e l f  areas; i t s  
cen te r  o f  abundance i s  i n  t h e  F l o r i d a  
s h e l f  and t h e  eas te rn  G u l f  o f  Mexico 
(Moe 1969). It i s  a l s o  abundant i n  t h e  
Colombian Caribbean (Dah 1  1971), and 
o f f  no r t heas te rn  Venezuela (Cerv i gon  
1966), b u t  uncommon i n  t h e  West I n d i e s  
(Randal 1  1968). 

The Nassau grouper  i s  p r i m a r i l y  
an i n s u l a r  spec ies,  v e r y  common i n  
t h e  West I n d i e s  (Randa l l  1968), t h e  
Bahamas (Boh 1  ke and Chapl i n  1968), 
southern G u l f  o f  Mexico (F i sche r  
1978), and t h e  Colombian Caribbean 
(Dahl 1971). I n  Venezuela, i t  i s  com- 
mon i n  t h e  Arch ipe lago  Los Roques b u t  
r a r e  i n  no r t heas te rn  i s l a n d s  such as 
Margar i ta ,  Coche, and Cubagua 
(Cerv igon 1966). Red and Nassau grou-  
pers  occur  s y m p a t r i c a l l y  i n  t h e  F l o r i -  
da Keys ( F i g u r e  2) ,  a l though  t h e i r  
l o c a l  d i s t r i b u t i o n  i s  e s s e n t i a l l y  d i s -  
j u n c t  (Moe 1969). 

GEOGRAPHIC RANGE MORPHOLOGY AND IDENTIFICATION AIDS 

The b lack ,  red,  and Nassau grou-  
pers  range f rom New England and Morpho log ica l  C h a r a c t e r i s t i c s  
Bermuda t o  sou theas te rn  B raz i  1, 
i n c l u d i n g  t h e  Bahamas, G u l f  o f  Mexico Smith (1971) p rov i ded  t h e  f o l -  
and a l l  o f  t h e  Caribbean (B6hlke and low ing  morpho log ica l  d e s c r i p t i o n s .  
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Figure 2 .  Approximate d i s t r i b u t i o n  o f  t h e  b lack ,  red ,  and Nassau groupers i n  south 
F l o r i d a .  
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Black grouper.  "Large spec ies o f  
Mycteroperca w i t h  r o b u s t  body, r e l a -  
t i v e l y  l a rge  scales, and rounded 
p reoperc le .  Dorsal  f i n  X I ,  17; anal  
f i n  111, 12(13) ;  p e c t o r a l  f i n s  17; 
g i l l  r ake r s  20-26. P o s t e r i o r  n o s t r i l  
n o t  en larged.  V e r t i c a l  f i n s  w i t h o u t  
exser ted  r ays .  F i r s t  t h r e e  do r sa l  
sp ines low, n o t  fo rm ing  an e l eva ted  
lobe. G i l l  r a k e r s  a re  moderate i n  
leng th .  The exposed sur face  of t he  
m a x i l l a  i s  sca led.  The upper l i p  i s  
broad, as wide as o r  wider  than t h e  
s h a f t  o f  t h e  m a x i l l a  a t  t h e  m idpo in t  
of t h e  supramaxi 11 a r y  groove. " 

Red grouper.  "Moderate-sized spe- 
c i e s  o f  Epinephelus w i t h  l a r g e  eyes, 
smal l  sca les,  r obus t  body. N o s t r i l s  
subequal, p o s t e r i o r  l i t t l e  l a r g e r  than  
a n t e r i o r .  Dorsal  f i n  X I ,  16-17 w i t h  
i n t e r s p i n o u s  membrane n o t  notched. 
Second do rsa l  sp ine  longes t .  V e r t i c a l  
f i n s  angu la te  i n  l a r g e  f i s h .  Anal f i n  
111, 9; p e c t o r a l  f i n s  17; g i l l  r a k e r s  
23-25. " 

Nassau grouper.  "Moderate-sized 
spec ies o f  Epinephelus w i t h  l a r g e  
eyes, medium-sized scales, r o b u s t  
body. N o s t r i  1s subequal, - p o s t e r i o r  
s l  i g h t  l y  en larged,  comma-shaped i n  
a d u l t s .  Dorsal  f i n  X I ,  16-17 w i t h  
i n t e r s p i n o u s  membranes notched; ana l  
f i n  moda l l y  111, 8; p e c t o r a l  f i n s  18; 
g i l l  r ake r s  24-25. V e r t i c a l  f i n s  
rounded. " 

Morpho loq ica l  D i f f e rences  

Morpho log ica l  d i f f e r e n c e s  among 
grouper  spec ies were c i t e d  by F ischer  
(1978).  

Black grouper .  Th i s  grouper can be 
d i s t i n g u i s h e d  f rom species o f  t h e  
genus Epinephelus by i t s  more e l o n -  
gated body, which i s  n o t  deepest a t  
t h e  o r i g i n  o f  t he  do r sa l  f i n ,  and i n  
hav ing  12, sometimes 13, s o f t  a n a l - f i n  
r a y s  (8-9 i n  Epinephelus spp.). It 
d i f f e r s  f rom o t h e r  spec ies o f  
Mycteroperca i n  hav ing  a g e n t l y  round-  
ed p reoperc le ,  w i t h  no d e f i n i t e  lobe  

and o n l y  a  s l i g h t l y  emarginated notch, 
and f rom o t h e r  se r ran i ds  i n  hav ing  t h e  
bases o f  t h e  s o f t  do r sa l  and anal  f i n s  
covered by sca les  and t h i c k  sk i n .  

Red grouper.  Th i s  grouper can be 
d i s t i n g u i s h e d  f rom o t h e r  spec ies o f  
t h e  genus Epinephelus by i t s  d o r s a l  
f i n ,  i n  which t h e  second sp ine  i s  t h e  
l onges t  and t h e  i n t e r s p i n o u s  membrane 
i s  n o t  notched. I n E .  n i g r i t u s ,  E. 
f l a v o l  imbatus, E. mystacinus, and E. 
n ivea tus ,  t h e  p e l v i c  f i n s  are longer  
than t h e  p e c t o r a l  f i n s  and a re  i n s e r -  
t e d  a n t e r i o r  t o  t h e  p e c t o r a l - f i n  base, 
whereas i n  t h e  r e d  grouper t h e  p e l v i c  
f i n s  a re  s h o r t e r  than t h e  p e c t o r a l s  
and a re  i n s e r t e d  s l i g h t l y  behind t h e  
v e n t r a l  end o f  t h e  p e c t o r a l  f i n  base. 
The r e d  grouper  d i f f e r s  f rom 
Mycteroperca spec ies i n  hav ing  a l e s s  
e longa ted  body, and i n  hav ing  n i n e  
s o f t  a n a l - f i n  rays .  The r e d  grouper  
d i f f e r s  f rom o t h e r  se r ran i ds  i n  
hav ing  a more r o b u s t  body, hav ing  t h e  
bases o f  t b e  do r sa l  and anal  f i n s  
covered by sca les  and t h i c k  s k i n ,  and 
i n  hav ing  11 dorsa l  f i n  sp ines.  

Nassau grouper .  Th i s  grouper  can be 
d i s t i n a u i s h e d  f rom o t h e r  spec ies i n  
t h e  g&us Epinephelus by t h e  t h i r d  
sp ine  o f  t h e  do r sa l  f i n  which i s  
longer  than  t he  second, and i n  hav ing  
a s l i g h t l y  indented i n t e r s p i n o u s  mem- 
brane. The caudal f i n  i s  s l i g h t l y  
emarginated. I n  Nassau groupers t h e  
p e l v i c  f i n s  a r e  s h o r t e r  t han  t h e  pec- 
t o r a l s  and a re  i n s e r t e d  below o r  
behind t h e  v e n t r a l  end o f  t h e  p e c t o r a l  
f i n  base. I n  E. mystac inus,  - E. 
n i g r i t u s ,  - E. f l a v o l i m b a t u s ,  and - E. 
n i vea tus .  t h e  ~ e l v i c  f i n s  a re  l onae r  
t han  the' p e c t d r a l s  and a re  i n s e r t e d  
a n t e r i o r  t o  t h e  v e n t r a l  end o f  t h e  
base o f  t h e  p e c t o r a l  f i n s .  I n  add i -  
t i o n ,  E. mystacinus has g r e a t l y  en- 
1  a r g e d ,  equa l -s i zed  p o s t e r i o r  nos- 
t r i  1 s ,  whereas i n  t h e  Nassau grouper  
t h e  n o s t r i  1  s  a r e  subequal. The Nassau 
grouper  can be d i s t i n g u i s h e d  f rom 
Mycteroperca spp. by i t s  l e s s  e lon-  
ga ted  body and e i g h t  s o f t  anal  f i n  
rays .  Other  s e r r a n i d  spec ies have 
l e s s  r obus t  bodies,  s o f t  do r sa l  and 



anal fin bases that are not covered by 
scales or thick skin, and 10 or fewer 
dorsal fin spines. 

Color and Pigmentation 

As a rule, groupers can undergo 
rapid and dramatic changes in color 
and pattern, which are under nervous 
and hormonal control. The extent of 
change depends on their surroundings 
and the grouper's own activity. Life 
color can be used to distinguish dif- 
ferent species, but specific color and 
distinctive markings such as bars and 
spots fade soon after the fish dies, 
and undergo further discoloration when 
the fish is preserved in Formalin or 
alcohol. 

The following coloration and pat- 
tern descriptions were compiled from 
Rivas (1964), Cervigon (1966), Bohlke 
and Chap1 in (1968), Fi scher (1978), 
and the Source Document for the 
Snapper-Grouper Fishery of the South 
Atlantic Region (1983). 

Black grouper. 'This species can 
change its body coloration and color 
pattern over a wide range, from light 
tan or gray ground color with rows of 
rectangular darker blotches, to dark 
reddish gray with short dark bands, to 
whitish with a few dusky bars on the 
fin margins. In general appearance the 
black grouper resembles the yellowfin 
grouper (M. venenosa) and the gag 
(M. microlepis], but the black grouper 
can be distinguished by its straighter 
posterior caudal margin and rows of 
rectangular dark blotches on the body. 
Blotches are larger and more 
quadrangular and regularly aligned in 
the black grouper than in the yellow- 
fin grouper; in addition, each pecto- 
ral fin of the black grouper has a 
narrow orange margin, whereas each of 
those in the yellowfin grouper has a 
broad yellow margin that sharply con- 
trasts with the spotted basal portion. 

Red grouper. This grouper has one 
of most variable color patterns among 

fishes. The body generally is 
uniformly brownish red with a lighter 
ventral coloration and a transient 
pattern of whitish spots. While inac- 
tive it may have a banded pattern 
that matches its surroundings and is 
similar to that of the Nassau grouper. 

Nassau grouper. In this species the 
body qround color can be tawn.~ to 
pinkish and red, with five dark verti- 
cal bars; the third and fourth bars 
divide above the lateral line and 
their adjacent branches join to form a 
w-shaped mark. The Nassau and red 
groupers are somewhat similar in gene- 
ral appearance, but can be distin- 
guished because the Nassau grouper has 
a black saddle  on top of the caudal 
peduncle, distinctive black spots 
below and behind the eyes, and a 
characteristic "tuning fork" shaped 
mark on top of the head, all of which 
are lacking in the red grouper. 

Moe (1963) reported the col lec- 
tion of a xanthic specimen of red 
grouper off Fort Myers, Florida, that 
agreed in general morphology and 
meristic counts with published 
descriptions of the red grouper, and 
appeared normal in all respects except 
coloration. Overall body coloration 
was a brilliant orange-yellow on the 
dorsal and upper lateral surfaces, 
shading into reddish-pink on the lower 
lateral and ventral surfaces. 

Black groupers can reach total 
lengths greater than 1 m and weights 
over 65 kg, but most of those caught 
range up to 70 cm TL and about 26 kg 
in weight. During the 1977 and 1978 
Metropolitan South Florida Fishing 
Tournaments, several black groupers of 
22 to 36 kg were caught in the Florida 
Keys (Official Entry Forms, unpubl.). 
Male red groupers are reported 
up to 72 cm TL and females up to 70 cm 
TL; most fish in commercial catches 
range from 45 to 70 cm TL. Nassau 
groupers can grow to about 1.2 m TL 



and 20 kg, b u t  most o f  those marketed 
weigh 2 t o  10 kg (BOhlke and Chapl in  
1968; F ischer  1978). 

LIFE HISTORY 

Hab i t a t  

L i ke  most species o f  groupers, 
t h e  b lack,  red, and Nassau groupers 
a re  secre t i ve ,  occupying caves, ledges 
and c rev i ces  on r e e f s  and shipwrecks 
(Smith 1961); t h e  l a r g e r  f i s h  genera l -  
l y  occupy t he  lower p a r t  o f  t h e  depth 
range (Thompson and Munro 1978). 

The b lack  grouper l i v e s  over 
r ocky  bottoms, c o r a l  ree fs ,  and drop- 
o f f  wa l l s ;  f i s h  longer  than  about 65 
cm TL are  gene ra l l y  r e s t r i c t e d  t o  
water deeper than  20 m and smal l  young 
o f  t h e  year  are u s u a l l y  i n  shal lower 
water  (F ischer  1978). During monthly 
c o l l e c t i o n s  on a sha l low grass f l a t  on 
Matecumbe Key, F lo r i da ,  Spr inger  and 
McErlean (1962) repo r ted  c o l l e c t i n g  
what appeared t o  be two young b lack  
groupers (20 and 24 rnm i n  standard 
length,  SL) . I n  Venezue 1 a, Cerv igon  
(1966) repo r ted  t h a t  b lack  groupers up 
t o  350 cm SL f r e q u e n t l y  occur over  
muddy bottoms o f  mangrove-fr inged 
coas ta l  lagoons, and t h a t  f i s h  longer  
than 65 cm SL are g e n e r a l l y  a t  depths 
g rea te r  than about 20 m. Moe (1966) 
repo r ted  t h i s  species t o  a depth o f  
151 m, a t  bot tom temperatures o f  16 t o  
28 O C  (mean 20 OC). 

The red  grouper occurs ma in ly  
over  r ocky  bottoms, b u t  a l s o  l i v e s  
over muddy bottoms (Cerv igon 1966; 
F ischer  1978). I n  t he  eas te rn  Gu l f  o f  
Mexico i t  has been repo r ted  as occur-  
r i n g  o n l y  over r ocky  r e e f  bottoms a t  
depths o f  3 t o  122 m, f r e q u e n t l y  oc- 
cupying c rev ices ,  ledges, and caverns 
i n  l imestone r e e f s  (Moe 1969). Juve- 
n i l e s  may be w i d e l y  d ispersed over 
hard bottoms a t  depths o f  a t  l e a s t  37 
m, be ing  ext remely c r y p t i c  and thus  
r e l a t i v e l y  i nvu lne rab le  t o  most c o l -  
l e c t i n g  gear. F i sh  1 t o  6 years  o l d  
(under 50 cm SL) commonly i n h a b i t  

nearshore r e e f s  (Beaumariage and 
Bu l lock  1976). It has been repo r ted  
t o  depths o f  189 m, a t  bot tom tempera- 
t u r e s  f rom 15 t o  30 OC, bu t  most are 
c o l l e c t e d  a t  19 t o  25 O C  (Roe 1976). 

The Nassau grouper i s  g e n e r a l l y  
found near h i g h - r e l i e f  c o r a l  r e e f s  and 
rocky  bottoms. f rom the  sho re l i ne  t o  a 
depth o f  a t  l e a s t  90 m (F i sche r  1978; 
Bannerot 1984). Cervigon (1966) r e -  
p o r t e d  t h a t  l a r g e  f i s h  occur  a t  depths 
g rea te r  than  about 50 m. I n  Bermuda, 
Bardach (1958) repo r ted  a marked s i z e  
segregat ion:  f i s h  l ess  than 40 cm SL 
were on inshore banks and l a r g e r  ones 
were on o f f s h o r e  banks. The species 
may be r e s i s t a n t  t o  changing s a l i n i -  
t i e s :  i n  t h e  o l d  New York Aquarium, 
severa l  Nassau groupers r e p o r t e d l y  
l i v e d  f o r  severa l  years  i n  water t h a t  
occas iona l l y  became almost f r e s h  and 
was r a t h e r  p o l  l u t e d  (Townsend 1905). 

Sex Reversal and Spawning 

Most se r ran ids  are protogynous 
hermaphrodites ( f i s h  are f i r s t  females 
and then change i n t o  males), and t h e  
sex o f  an i n d i v i d u a l  cannot be 
accu ra te l y  determined unless i t  i s  
r i p e .  There i s  d i f f e r e n t i a l  d i s t r i b u -  
t i o n  by sex i n  b l ack  and Nassau grou- 
pers, b u t  no t  i n  r ed  groupers 
(Bannerot 1984). 

Smith (1959) repo r ted  h i s t o l o g i  - 
c a l  and f i e l d  observa t ions  t h a t  
s t r o n g l y  suggested protogynous he r -  
maphrod i t ism i n  b 1 ack groupers. The 
b lack  grouper has been repo r ted  t o  
spawn o f f  Puer to Rico i n  February 
(Erdman 1956), and has been observed 
i n  spawning c o n d i t i o n  i n  t he  Campeche 
Bank area i n  Ju l y  and August (Smith 
1961). O f f  Bermuda, spawning extends 
f rom May t o  e a r l y  August; females may 
weigh up t o  22.7 kg, b u t  l a r g e r  f i s h  
are u s u a l l y  males (Smith 1971). 

Red groupers change f rom female 
t o  male between the  ages o f  5 and 10 
years,  a t  a r a t e  o f  about 15% annual- 
ly .  The t r a n s i t i o n  occurs a t  any 
leng th  g rea te r  than about 275 mm SL, 



but  i s  most common a f t e r  500 mm SL i s  
reached. Females are mature a t  4-6 
years, but  reach t h e i r  g rea tes t  repro-  
duc t i ve  p o t e n t i a l  a t  8-12 years o f  
age. Males do no t  compose more than 
10% o f  a  year c l ass  u n t i l  a f t e r  age 9  
(over  500 mm SL), and the  sex r a t i o  i s  
no t  equal u n t i l  about age 15, o r  625 
mm SL ( ~ o e  1969; Beaumariage and 
Bu 1  lock  1976). Males are reproduc t ive-  
l y  s i g n i f i c a n t  i n  t he  popu la t i on  i n  
age groups 10 years o l d  and o lde r  
(Beaumariage and Bul lock 1976). 

Female red  groupers u s u a l l y  do 
no t  spawn u n t i l  they are about 450 rnm 
SL. O f f  t he  west coast  o f  F lo r i da ,  
spawning peaks i n  A p r i l  and May i n  
waters 20-90 m deep and a t  water tem- 
pera tures  between 19 and 21 OC. Gona- 
d a l  a c t i v i t y  has been observed as 
e a r l y  as January, and culminates i n  
spawning i n  l a t e  spr ing.  The on l y  
environmental f a c t o r  t h a t  c o r r e l a t e s  
s i g n i f i c a n t l y  w i t h  gonadal development 
i s  photoper iod (Moe 1969). 

The Nassau grouper changes f rom 
female t o  male a t  a  length  between 300 
and 800 mm, which presumably i n d i c a t e s  
t h a t  an i n d i v i d u a l  f i s h  can spend more 
than one spawning season as a  func-  
t i o n a l  female. O f f  Bermuda, 3.2 kg 
f i s h  are j u s t  reaching m a t u r i t y  
(Bardach and Menzel 1957). Spawning 
near Bermuda occurs between e a r l y  May 
and mid-August (Smith 1971). I n  the  
Caribbean, r i p e  f i s h  were c o l l e c t e d  
between February and May, and sexua l l y  
i n a c t i v e  ones were c o l l e c t e d  i n  
October and November (Munro e t  a l .  
1973). Nassau groupers form spawning 
aggregations o f  as many as 100,000 
f i s h  o f f  B imin i ,  Bahamas, f o r  1 week 
dur ing  t h e  f u l l  moon i n  January (Smith 
1972). S i m i l a r  aggregations have been 
repor ted  by M i l l e r  (1984) i n  Be l i ze ;  
by Bannerot (1984) o f f  t he  southern 
Berry Is lands,  Bahamas (bo th  a l so  
du r i ng  the  f u l l  moon i n  January) ; by 
Burnett-Herkes (1975) o f f  Bermuda; and 
by Olsen and LaPlace (1978) i n  t h e  
V i r g i n  Is lands.  Nassau groupers have 
been observed t o  spawn a t  n i g h t  i n  

tanks, w i t h  no fo rmat ion  o f  mating 
p a i r s  (Manday and Fernandez 1966). 

Egqs and Larvae 

Groupers produce p lank ton i c  eggs 
t h a t  are f e r t i  1  i z e d  ex terna l  l y ,  and 
predators  and cu r ren ts  a f f e c t  t h e i r  
s u r v i v a l  (Smith 1961; C o l i n  1982). 
Fecundi ty  has  bee^ est imated t o  be 
over 5  m i l l i o n  eggs a t  805 mm SL i n  
b lack groupers; over 785,000 a t  445 mm 
SL f o r  Nassau groupers (Smith 1961); 
and. 1,469,000 (range 312,000- 
5,735,700) f o r  red  groupers 495 t o  667 
mm SL (Moe 1969). Calculated i n d i v i d -  
u a l  egg weights ranged f rom 12 t o  22 
m9. 

Moe (1969) described the  eggs of 
t he  red  grouper as having no f i l amen ts  
o r  o ther  appendages, con ta in ing  an o i l  
d rop le t ,  and beiug l ess  than 1 mm i n  
diameter . Manday and Fernandez ( 1966) 
repor ted  t h a t  the  eggs o f  t he  Nassau 
grouper were between 0.9 and 1.024 mm 
i n  diameter, and descr ibed the  spe- 
c i e s '  embryological  and l a r v a l  devel -  
opment u n t i l  t he  y o l k  sac was 
absorbed. 

The d i s t r i b u t i o n  o f  grouper l a r -  
vae i s  p o o r l y  known. Larva l  r e d  grou- 
per  probably leave the  p lank ton  and 
become ben th i c  a t  about 20-25 mm SL 
(Beaumariage and Bu l lock  1976). 

Johnson and Keener (1984) r e -  
por ted  t h a t  t he  d i f f e r e n t  p a t t e r n s  o f  
s e r r a t i o n  on t h e  long second do rsa l  
and p e l v i c  f i n  spines t h a t  charac- 
t e r i z e  grouper la rvae are cons i s ten t  
f ea tu res  t h a t  can be used t o  i d e n t i f y  
l a r vae  of c e r t a i n  species groups. 
These p a t t e r n s  can i d e n t i f y  l a r vae  of 
some grouper species a t  lengths as 
shor t  as 5-6 mm, i n  l i e u  o f  ranges o f  
m e r i s t i c  counts, where considerable 
over lap  e x i s t s  among many American 
grouper species. I n  t he  genus 
Mycteroperca, which inc ludes  the  b lack 
grouper, species separa t ion  o f  the  
l a r vae  based on s p i n e l e t  morphology i s  
no t  poss ib le .  However, l a r vae  o f  t he  



genus can be d i s t i ngu i shed  from la rvae 
of o ther  grouper genera by the  f o l -  
lowing c h a r a c t e r i s t i c s :  "h igher  number 
o f  anal so f t  r ays  (10-13, u s u a l l y  11, 
vs. 7-10, u s u a l l y  8  o r  9), charac ter -  
i s t i c  spine morphology.. . and presence 
of a  c l e i t h r a l  pigment spot." Larvae 
o f  the  red  group.er, t he  red  h ind  
(Epinephelus g u t t a t u s ) ,  and the  
speckled h ind  (E. drummondhayi) can be 
separated f rom la rvae o f  o ther  
epinephel ine species w i t h  t he  excep- 
t i o n  o f  t he  mutton hamlet (E.. afer), 
b u t  cannot be d i s t i ngu i shed  among 
themselves because they  have s imi  l a r  
body form, s p i n e l e t  morphology and 
r e l a t i v e  spine length.  Larvae o f  t he  
Nassau grouper and t h e  rock  h ind  (E. 
adscensionis)  can be separated f rom 
a l l  o ther  western A t l a n t i c  grouper 
la rvae by t h e i r  f i n  r a y  counts, w i t h  
t he  except ion o f  t he  j e w f i s h  (E. 
i t a j a r a ) ,  which has a  p a r t i c u l a r  sp ine 
morphology. 

The f u n c t i o n  o f  t he  s p i n e l e t s  i s  
n o t  known. According t o  Johnson and 
Keener (1984) they may be invo lved i n  
i n t e r s p e c i f i c  r ecogn i t i on ,  b u t  t h i s  i s  
n o t  1  i k e l y  because the  s p i n e l e t s  are 
r e l a t i v e l y  t ransparent  and lack p i g -  
mentat ion. The purpose o f  these s t r u c -  
t u r e s  may be t o  r e p e l  o r  hook 
a t t a c k i n g  predators.  

Juveni l e s  

Juven i les  o f  the  t h ree  species o f  
groupers t r ea ted  here are commonly 
found i n  inshore seagrass beds i n  
south F lo r ida ,  and are  o f t e n  caught i n  
shal  lower waters than those occupied 
by adu l ts .  Juven i le  r e d  groupers do 
no t  wander f a r  away f rom t h e i r  r e e f s  
o f  res idence and are  sca t te red  i n  low 
d e n s i t i e s  over hard bottoms i n  water 
a t  l e a s t  36 m deep, where they  are 
d i f f i c u l t  t o  c o l l e c t  due t o  t h e i r  
c r y p t i c  behavior  (Moe 1969). Juveni l e  
red  groupers a re  "exact m in ia tu res "  o f  
the  a d u l t s  i n  form and co lo r ,  and they  
were o f t e n  c o l l e c t e d  i n  seagrass beds 
i n  water shal lower than 15 m (Smith 

'1971). Small Nassau groupers are a l so  

common i n  seagrass beds (Randal l  
1968). 

Movement and M ig ra t i on  

Most grouper species appdrent l y  
migra te  v e r t i c a l l y  as they grow, t he  
l a r g e r  f i s h  l i v i n g  a t  p rog ress i ve l y  
g rea te r  depths. However, a d u l t  grou- 
pers may s t a y  i n  t he  v i c i n i t y  o f  spe- 
c i f i c  r e e f s  f o r  long per iods.  Black 
groupers tagged and re leased i n  i n -  
shore r e e f s  i n  the  F l o r i d a  Keys d i s -  
played s t rong home-reef s p e c i f i c i t y ,  
and "even a  hur r i cane f a i l e d  t o  d i s -  
r u p t  t h e i r  res idence" (Beaumariage and 
Bu l lock  1976). 

Using evidence from tag  and r e -  
capture s tud ies  o f  red  groupers, Moe 
(1969) summarized t h e i r  o f f sho re  move- 
ment. During t h e i r  e a r l y  years they  
remain i n  shal low water, u s u a l l y  3  t o  
18 m deep. Later ,  a t  about 400-450 mm 
SL and 4-6 years, they leave the  near- 
shore r e e f  environment and move t o  
depths g rea te r  than 36 m. Evidence 
support ing t he  tagg ing  and recovery 
da ta  was g iven by s i ze  and age 
analyses o f  onshore and o f f sho re  
f i shes .  The o f f sho re  movement seems t o  
co inc ide  w i t h  t he  onset o f  sexual 
ma tu r i t y .  Commercial f ishermen have 
repor ted  seasonal movement o f  adu l t s  
i n  o f f sho re  waters 27 t o  91 m deep; 
some school i n g  o r  group movement among 
adu l t s  has been evidenced by commer- 
c i a l  catches o f  tagged i n d i v i d u a l s  
(Source Document f o r  the  Snapper- 
Grouper F ishery  o f  the  South A t l a n t i c  
Region 1983). A1 though no alongshore 
m i g r a t i o n a l  p a t t e r n s  were noted, a  few 
i n d i v i d u a l  r ed  groupers moved 28 t o  72 
km f rom tagging l oca t i ons .  

Beaumariage and Bu l lock  (1976) 
repor ted  t h a t  tagged Nassau groupers 
i n  the  F l o r i d a  Keys, t ranspor ted  t o  
o ther  nearby ree fs ,  prompt ly  re tu rned 
t o  t h e i r  o r i g i n a l  r ee f ,  showing a  
"s t rong home-reef s p e c i f i c i t y .  " 
Randal 1  (1962) repor ted  t h a t  tagged 
Nassau groupers i n  the  V i r g i n  Is lands  
moved a t  most about 820 m f rom the  
s i t e  o f  re lease.  From r e s u l t s  o f  
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tagging studies,  Springer and McErlean 
(1962) repor ted  t h a t  t he  Nassau 
grouper tends t o  become es tab l ished i n  
an area. 

Nassau groupers have been r e p o r t -  
ed t o  form enormous spawning aggrega- 
t i o n s  and undergo spawning migrat ions.  
A l a rge  aggregation o f  Nassau groupers 
was observed i n  t he  Bahamas by Smith 
(1972). The f i s h  congregated as a 
school o f  perhaps as many as 100,000 
i n  water about 27 m deep. Analyses o f  
gonad samples i nd i ca ted  t h a t  f i s h  o f  
both sexes were present  and r i p e .  Some 
i n d i v i d u a l s  i n  t he  aggregation d i s -  
played an unusual c o l o r  pa t te rn ;  they 
were dark above and l i g h t  below and 
t h e i r  c h a r a c t e r i s t i c  head markings 
were reversed. S i m i  l a r  spawning aggre- 
ga t ions  were observed by Bannerot 
(1984), M i  1 l e r  (1984), and others.  

GROWTH CHARACTERISTICS 

Mean back-calcul  ated t o t a l  lengths  
f o r  b lack  groupers aged 1, 5, 10, and 
14 years were 260, 664, 975, and 1,110 
mm (Manooch and Mason 1987). Growth i n  
l eng th  was most r a p i d  f o r  t h e  f i r s t  3 
t o  4 years, and then g radua l l y  slowed. 

The r a t e  o f  growth o f  male and 
female r e d  groupers i s  be1 ieved t o  be 
s i m i l a r ,  though males reach a l a r g e r  
u l t i m a t e  s i z e  than females. The i r  
e f f e c t i v e  f i s h a b l e  l i f e  span i s  about 
17 years, b u t  l i f e  span may reach 30 
years (Moe 1969; Beaumariage and 
Bu l l ock  1976). Data from the  S c h l i t z  
tagg ing  program ind i ca ted  t h a t  t h e  red  
grouper grows a t  about 5.8 t o  10.3 mm 
per month (Moe 1966, 1967). For Nassau 
groupers i n  t h e  V i r g i n  Is lands,  and 
based on r e s u l t s  from tagg ing  studies,  
Randall (1962) repor ted  t h e  f o l l o w i n g  
mean growth ra tes :  f i s h  175-250 mm TL 
grow about 4.55 mm/month; 251-325 mm TL 
about 3.5 mm/month; and 326-451 mm TL 
about 1.92 mm/month. Table 1 presents 
t h e o r e t i c a l  growth parameters f o r  r e d  
and Nassau groupers. 

FISHERIES 

Recreational and Commerci a1 F isher ies  

Estimated grouper 1 andings and 
f i s h i n g  e f f o r t  from 1983 t o  1986 by 
U.S. spo r t  f ishermen are sown i n  Table 
2. Recreat ional  grouper fishermen use 
a v a r i e t y  o f  boats i n  p u r s u i t  o f  t h e i r  
sport .  Boats are a necess i ty  s ince 
grouper catches from shore and dock 
f i s h i n g  are ra re .  Boats used vary from 
3.7 m long, pr ivate ly-owned s k i f f s  w i t h  
outboard motors t o  "pa r t y  boats," a l so  
known as head boats, up t o  26 m long  
and powered by d i e s e l  engines. Par ty  
boats take groups o f  f ishermen t o  
f i s h i n g  r e e f s  f o r  a fee. Boat numbers 
have increased g r e a t l y  recen t l y .  
Conventional types o f  f i s h i n g  rods and 
r e e l s  a re  used r o u t i n e l y ,  and occasion- 
a l l y  e l e c t r i c  r e e l s  are used. Minor 
catches are made by spear fishermen, 
who most o f t e n  use scuba gear. F i sh  
t raps  were used s p o r a d i c a l l y  i n  F l o r i d a  
beginning i n  1919 (Schroeder 1924). 
They were p r o h i b i t e d  i n  F l o r i d a  Sta te  
waters i n  1980, bu t  a re  s t i l l  l e g a l  t o  
use i n  a1 1 Federal waters. 

Since 1948, commerci a1 grouper 
1 andings have been s i g n i f i c a n t l y  1 arger 
i n  F l o r i d a  than i n  several  o the r  States 
combined (F igure  3) .  A l l e n  and Tashiro 
(1976) est imated t h a t  about 96% o f  
commercial grouper catches were made 
w i t h  hand1 ines. I nc iden ta l  catches 
were made i n  shrimp t raw ls ,  spiny 
l o b s t e r  t raps ,  f i s h  pots, haul seines, 
trammel and g i l l  nets, and l ong l i nes .  
Long1 i nes became a major gear ( i n  terms 
o f  pounds landed) i n  t h e  g u l f  grouper 
f i s h e r y  i n  t h e  e a r l y  and mid-1980's and 
accounted f o r  t h e  increase i n  
commerci a1 1 andings then (Goodyear 
1988). Vessels are  u s u a l l y  7.9 t o  24 m 
long, and f requen t l y  use a small 
steadying s a i l  w h i l e  f i s h i n g  over 
ree fs .  Some boats are mu1 t i  -purpose, 
used i n  shrimp and l o b s t e r  f i s h e r i e s  
when no t  used f o r  groupers. 

Add i t i ona l  i n fo rma t ion  on t h e  r e e f  
f i s h  f i s h e r i e s  i n  t h e  g u l f  i s  provided 
by Waters (unpubl . ) . Fishermen, 1 i ke 



Table 1. Y ie ld-per - recru i  t parameters f o r  black, red, and Nassau groupers. N.D. 
= no data avai lable;  t = age a t  length  o f  f i r s t  capture; to = age a t  length  0; K 
= von Ber ta lan f f y  c o e f f i c i e n t ;  Z = t o t a l  m o r t a l i t y ;  Loo = length  a t  i n f i n i t y ;  
TL = t o t a l  length; SL = standard length.  

- -  - - -- 

Length- 
weight 

Species t, to K Z Loo re la t ionsh ip  Area Source 

Black 5-7 -0.927 0.116 0.49-053 1352 ~=5 .55x10-~  T L ~ . ' ~ '  Most ly Manooch and 
South Mason (1987) 
F l o r i d a  

Red 1 -0.449 0.179 0.322 672 ~=4 .34x10-~  S L ~ . ~ ~  West Moe (1x9) 
F l o r i d a  

Nassau 4 -0.488 0.185 N.D. 974 W=0.1393 S L ~ . "  U.S. Olsen & 
V i r g i n  LaPl ace 
I s1  ands (1978) 

the f i s h i n g  vessels they use, may work 
on ly  p a r t  time f i s h i n g  f o r  grouper, 
often working i n  o ther  f i s h e r i e s  o r  
jobs. 

Manooch and Mason (1987) present a 
y ie ld -per - rec ru i  t f i s h e r y  model f o r  
b l  ack grouper. 

Marketi  nq 

Data from a telephone survey 
reported by Cato and Prochaska (1976) 
showed t h a t  Gu l f  o f  Mexico groupers 
were usua l l y  so ld  by f i s h  dealers f resh 
and iced (82% by volume); 16% were 
f i l l e t e d  and on ly  about 2% were f rozen 
whole. The p r i n c i p a l  markets are i n  
the Southeastern United States, 
r e l a t i v e l y  c lose t o  the important 
f i s h i n g  grounds, thereby permi t t i ng  
shipments o f  a fresh, iced product. 
Most dealers so ld  t h e i r  f i s h  t o  other 
wholesalers (52%); about 35% went t o  
r e t a i l  markets o r  agents. The r e s t  
were sold t o  New York agents. 

Groupers probably do not  con t r ibu te  
subs tan t ia l l y  t o  the export market; 
perhaps on ly  1% by volume o f  both 
groupers and snappers are exported. 

The strong import market f o r  groupers, 
which are imported i n t o  south F lo r ida  
from throughout the Caribbean and from 
as f a r  away as Braz i l ,  impl ies  a weak 
export market. 

Reuul a t ions 

The minimum s ize  f o r  any species 
( inc lud ing species such as scamp and 
gag) i s  18 inches t o t a l  length. New 
gear r e s t r i c t i o n s  p r o h i b i t  use o f  
l ong l ine  nets and stab nets (a lso 
ca l led  s ink  nets) o f f  the A t l a n t i c  
coast o f  F lor ida.  

A r t i f i c i a l  Reefs 

A r t i f i c i a l  reef programs deslgned 
t o  improve recreat iona l  f i s h i n g  i n  the 
ocean have become popular i n  recent 
years; most a c t i v i t y  i n  United States 
waters has been i n  F lor ida.  A r t i f i c i a l  
reefs cons is t ing o f  a wide v a r i e t y  o f  
mater i  a1 s, ranging from abandoned 
vessels t o  designed and prefabr icated 
s t ruc tures and even junk (debris, 1 arge 
appl i ances, etc. ) , have been p l  aced on 
the coasts o f  F l o r i d a  (greatest  
a c t i v i t y  has been i n  Dade County). 



Table 2. Recreational s t a t i s t i c s  (catch and e f f o r t )  f o r  groupers i n  F lo r i da ,  
1983- 86.' 

F l o r i d a  (eas t  coast)  F l o r i d a  (west coas t )  
Number o f  E f f o r t  (nymber Number o f  E f f o r t  (nymber 

Year f i s h  caught o f  t r i p s )  f i s h  caught o f  t r i p s )  

- - - - 

' ~ r o m  Nat ional  Marine F i she r ies  Service (1984-87). 
2 ~ r i p s  f o r  a l l  spo r t  f i s h .  

A controversy e x i s t s  as t o  t he  best  
depths f o r  a r t i f i c i a l  r ee fs .  Among the  
rec rea t i ona l  fishermen, t he re  seems t o  
be a consensus favo r ing  water about 
73 m deep, where d i v i n g  and spear- 
f i s h i n g  are discouraged and r e e f s  tend 
t o  a t t r a c t  l a r g e  f i s h .  The long- te rm 
e f f e c t  o f  a r t i  f i c i  a1 r e e f  placement 
would seem t o  be t h a t  rec rea t i ona l  
catches o f  groupers would improve, 
perhaps i n  some p ropo r t i on  t o  t he  
numbers and k inds  o f  a r t i f i c i a l  r e e f s  
i n s t a l  l e d  (Cardozo and H i rsch  1985). 
I t i s  no t  known if a r t i f i c i a l  r e e f s  
increase f i s h  populat ions o r  j u s t  
r e d i s t r i b u t e  them (Bohnsack, i n  press) .  

Contaminsnts 

Red grouper from the  Southeastern 
Uni ted States had an average o f  0.008 
ppm DDT and undetectable l e v e l s  o f  
PCB's. Levels f o r  b lack  grouper were 
0.009 ppm DDT and up t o  0.059 ppm PCB's 
compared t o  o the r  f i s h ,  low l e v e l s  o f  
these contaminants are co r re la ted  w i t h  
low l i p i d  content  (Stout  1980). 

ECOLOGICAL ROLE 

Food and Feedinq Hab i ts  

Groupers are unspec ia l i zed and 
oppor tun i s t i c  carnivores,  feeding on a 

v a r i e t y  o f  f i s h e s  and crustaceans 
(Thompson and Munro 1978) du r i ng  the  
day and a t  n i g h t .  General ly, feeding 
i s  most a c t i v e  a t  dawn and dusk 
(Randal 1 1967). Foods inc lude 
cephal opods, crustaceans and o the r  
inver tebra tes ,  and f i shes .  By opening 
the  mouth and r a p i d l y  d i l a t i n g  t h e  g i l l  
covers t o  draw i n  water, groupers can 
genera l l y  engu l f  prey who1 e (Bardach e t  
a1 . 1958). The usual c o l l e c t i o n  method 
(ba i ted  hand1 ines)  may b i a s  r e s u l t s  o f  
food s tud ies  i n  groupers because these 
f i s h  f requen t l y  r e g u r g i t a t e  wh i l e  being 
brought t o  t h e  sur face and may a l so  
con ta in  f i s h i n g  b a i t  (Randall 1967; Moe 
1969). Spear f ish ing  has been regarded 
as the  c o l l e c t i o n  method most 1 i k e l y  t o  
assure unbiased eva lua t ions  o f  stomach 
contents (Randal 1 1967). 

Black groupers are  l e s s  i n t i m a t e l y  
associated w i t h  t h e  bottom, and have 
more s lender bodies and b e t t e r  
developed canine t e e t h  than do the  r e d  
o r  t h e  Nassau groupers, suggesting a 
predominately p isc ivorous  d i e t  (Randall 
1967). Reported stomach contents 
i n c l  ude c l  upeoid f i s h e s  (Cervigon 
1966), grunts,  and c o r n e t - f i  sh (Randal 1 
1967). Both b lack  and r e d  groupers 
have been repor ted  t o  prey on p ink  
shrimp, Penaeus duorarum (Cos t e l l  o and 
A1 l e n  1970). 
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Figure 3. U.S. grouper landings (primarily dressed weights) by States. 
"Other States" inc ludes North Carol ina, South Carol ina, Georgia, A1 abama, 
M iss i ss ipp i  , Louisiana, and Texas. From A1 l e n  and Tashiro (1976). 

O f f  t he  Dry Tortugas, F lor ida ,  red  
groupers were repor ted t o  feed on 
l b t j a n i d  and spar id  f i shes  (Gudger 
1929) and on var ious  o the r  f ishes,  
octopuses, shrimps, stomatopods, and 
spiny l o b s t e r s  (Longl ey and Hildebrand 
1941). Randal 1 (1967) repor ted 
u n i d e n t i f i e d  crustaceans, crabs, and 
f i shes  i n  the  stomachs o f  two specimens 
c o l l e c t e d  o f f  the  V i r g i n  Is lands.  I n  
the  stomachs o f  red  groupers c o l l e c t e d  
by commercial and spo r t  f ishermen o f f  
the  F l o r i d a  west coast, Moe (1969) 
found small f i s h  o f  several species, 
oc topuses  and squ ids ,  c r a b s  
( p a r t i c u l a r l y  m s  spp. and Cal a ~ ~ a  
spp.), p a n u l i r i d  and s c y l l a r i d  
lobs ters ,  shrimps, and u n i d e n t i f i e d  
crustaceans. Moe (1969) a l so  i nd i ca ted  
t h a t  red  groupers seemed t o  feed more 
on i n v e r t e b r a t e s ,  p a r t i c u l a r l y  
crustaceans, than on f i s h ,  bu t  t h a t  
feeding h a b i t s  may change i n  l a r g e  
groupers, which probably consume a 
greater  p ropor t i on  o f  f i sh. Longl ey 
and Hildebrand (1941) repor ted no 
d i f f e rence  i n  feeding hab i t s  o f  red 
groupers between day o r  n igh t ,  bu t  Moe 
(1969)indicated t h a t  fishermen on the  
west coast o f  F l o r i d a  genera l ly  made 

t h e i r  b e t t e r  catches dur ing  day1 i g h t .  
Cuban commercial boats f i s h i n g  i n  the  
Campeche Bank area repor ted ca tch ing 
more and l a r g e r  red  groupers a t  n i g h t  
than dur ing  the  day (Zupanovich and 
Gonzalez 1975). 

Randall (1965) reported t h a t  t he  
stomach contents o f  150 Nassau groupers 
c o l l e c t e d  dur ing  d a y l i g h t  o f f  the  
V i r g i n  Is lands and Puerto Rico 
consisted o f  about 53% f i s h ,  39% 
crustaceans, 5% cephalopods, 2% 
gastropods, and 2% pelecypods. The 
most abundant f a m i l i e s  o f  f i s h  i n  the  
d i e t ,  1 i s t e d  i n  order  o f  occurrence, 
were p a r r o t - f i  shes (Scaridae), wrasses 
( L a b r i d a e ) ,  d a m s e l  f i s h e s  
( P o m a c e n t r i d a e ) ,  s q u i r r e l f i s h e s  
(Hol o c e n t r i  dae) , snappers ( L u t j a n i  dae) , 
and grunts (Haemul i dae) . Crustaceans 
dominated the  d i e t  o f  smal ler  f i s h ,  
whereas f i s h  predominated i n  the  
stomach contents o f  1 arger Nassau 
groupers (over 300 mm SL). Crustaceans 
i n c l  uded crabs (Majidae, Portunidae, 
Cal appidae, P o r c e l l  anidae, and 
Xanthidae), stomatopods ( S q u i l l  idae) , 
hermit  crabs (Paguridae), panul i r i d  
lobs ters ,  and car idean and penaeid 



shrimp. Mol l  usks i nc l  uded octopuses and 
squids, arks (Arcoida), and queen 
conchs (Strombus giqas) , . Randal 1 
(1964) suggested t h a t  desp i te  t h e i r  
l a c k i n g  the  d e n t i t i o n  t o  cru!!h the  
she1 1 s, Nassau groupers may consume 
queen conchs a f t e r  o ther  predators have 
made s o f t  p a r t s  a v a i l  able. I n  Bahamian 
waters, however, Nassau groupers have 
been observed f o r c e f u l l y  p u l l  i n g  conchs 
out  o f  t h e i r  s h e l l s  (B. Rose, 
commerci a1 f i  sheman, Freeport,  Bahamas; 
pers. comm. ) Moray ee ls  (Muraenidae) 
have been reported i n  stomachs o f  
Nassau groupers c o l l e c t e d  i n  the  V i r g i n  
Is lands and Puerto Rico (Randall 1965) 
and Jamaica (Thompson and Munro 1978). 
Cervigon (1966) repor ted t h a t  Nassau 
groupers i n  Venezuela fed most ly  on 
crustaceans. 

Comuetitors and Predators 

In te rspec i  f i c  compet i t ion f o r  food 
and s h e l t e r  among groupers i s  l i k e l y  
because o f  t he  over lap i n  hab i ta t ,  
d i s t r i b u t i o n ,  size, and food hab i t s  
(Thompson and Munro 1978). Adul ts o f  
most grouper species occupy h igh 1 eve1 s 
i n  the  complex t r o p h i c  webs o f  r e e f  
communi t ie 's .  These webs inc lude many 
species o f  general ized, oppor tun i s t i c  
predators (Bohnsack 1982; Bannerot 
1984), i nc lud ing  groupers, which can be 
assumed t o  cons tan t l y  compete wi th,  and 
prey upon, s i m i l a r  species. Other 
competi tors f o r  food probably inc lude 
var ious species o f  jacks (Carangidae) , 
snappers ( Lut jan idae)  , barracudas 
( S p h y r a e n i d a e ) ,  a n d  s h a r k s  
(Carcharhinidae, Sphyrinidae). 

According t o  Thompson and Munro 
(1978) "nothing i s  known o f  the causes 
o f  na tura l  morta l  i t y  i n  groupers. " 
Small, c r y p t i c  i n d i v i d u a l s  probably 
f a l l  prey t o  f i shes  such as moray ee ls  
(Muraenidae), which can a t tack  them i n  
t h e i r  h i d i n g  places. Large groupers o f  
several species are a lso  repor ted t o  
r e a d i l y  feed on smal ler  groupers (Smith 
1961). Thompson and Munro (1978) 
mentioned the  1 ack o f  pub1 ished 
in format ion  on grouper predators, and 
suggested t h a t  groupers are probably 

preyed upon by sharks and o ther  l a r g e  
f i shes.  Large groupers are  probably 
preyed upon on ly  by c e r t a i n  shark 
species. Only two species o f  sharks 
were repor ted by Compagno (1984) t o  
prey on groupers: t he  sandbar shark 
(Carcharhinus ~l umbeus) and t h e  g rea t  
hammerhead ( S ~ h v r n a  mokarran) , but  
o ther  species o f  sharks undoubtedly 
feed on groupers. 

Parasi tes and Diseases 

Black, red, and Nassau groupers are 
hosts f o r  a number o f  paras i tes  (Table 
3) .  The e f f e c t  o f  these paras i tes  on 
the  hea l th  o f  t h e i r  hosts i s  unknown. 
Groupers from the Tortugas I s 1  ands, 
F lor ida ,  were hosts f o r  several species 
o f  d igenet ic  trematodes (Manter 1947). 
Overstreet  (1968), who surveyed species 
o f  f i s h  i n  Biscayne Bay, Flor ida,repor-  
t ed  d i g e n e t i c  trematodes from b lack  
and Nassau groupers. I n  waters o f f  
Campeche, Mexico, Fa je r  e t  a l .  (1979) 
found l a r v a l  cestodes and nematodes i n  
red groupers, and noted t h a t  males 
tended t o  have more paras i tes  than 
females. They a l so  observed t h a t  the  
1 arger groupers (specimens t h a t  ranged 
from 320 t o  500 mm TL) tended t o  be 
more heav i l y  pa ras i t i zed  than small e r  
ones--an observat ion t h a t  has been made 
f o r  a wide range o f  host  species. 

Observations on grouper paras i tes  
were made by Thompson and Munro (1978) 
from specimens caught around Jamaica. 
Parasites were n o t  i d e n t i f i e d  and on ly  
general groups were reported. I n  
Nassau groupers, they found p a r a s i t i c  
isopods i n  the  n o s t r i l s ,  encysted 
l a r v a l  tapeworms commonly i n  the  
v iscera,  and nematodes i n  the  ovaries. 
They observed, "Heavy i n f e c t i o n  by t h i s  
(nematode) pa ras i te  can d r a s t i c a l  l y  
reduce the  number o f  eggs produced by 
an i n d i v i d u a l  ." The gonads o f  male 
f i s h  were no t  in fec ted.  

The on ly  r e p o r t  on grouper diseases 
t h a t  we found i n  the  l i t e r a t u r e  was an 
account by Moe (1969) o f  a l a rge  
ske le ta l  tumor removed from a red 
grouper. The f i s h  was caught about 



Table 3. Pa ras i t e  species i n  b lack ,  red ,  and Nassau groupers. 

Species o f  
p a r a s i t e  

Loca t ion  Geographic 
i n  hos t  l o c a t i o n  Source 

BLACK GROUPER 

D igene t i c  trematode 

Lec i t hoch i r i um  microstomum Stomach 
11 

I n t e s t i n e  
I n t e s t i n e  & 
p y l o r i c  caeca 

Biscayne Bay, F1 Overs t ree t  (1968) 
II 11 

11 I 1  

I 1  I 1  

RED GROUPER 

Digenet i c  trematodes 

He1 icometra t o r t a  N.D. Tortugas, F1 Manter (1947) 
Lepidapedon levenseni  I n t e s t i n e  & I 1  11 

caecum 
Stephanostomum dentatum I n t e s t i n e  I 1  I 1  

Cestoda 

Ca l l o t e t r a rhynchus  sp. Muscles Campeche Bank F a j e r  e t  a l .  
( larvae-encysted)  D iges t i ve  t r a c t  (Mexico) (1979) 

L i v e r  
Abdominal c a v i t y  
Gonads 

Nematoda 

Anasak i s D iges t i ve  t r a c t  
( larvae-encysted)  L i v e r  

Gonads 

NASSAU GROUPER 

Digenet i c  trematode 

Hel icometra t o r t a  N.D. Tortugas, F1 Manter (1947) 
I 1  P y l o r i c  caeca Biscayne Bay, F1 Ove rs t r ee t  (1968) 

L e c i t h o c h i r i u m  microstomum Stomach Biscayne Bay, F1 Overs t ree t  (1968) 
Lec i  t h o c h i r i u m  parvum II Tortugas, F1 Manter (1947) 
S te r rhu rus  muscu l u s  a t  B i  scayne Bay, F1 Ove rs t r ee t  (1968) 

a ~ . ~ .  Smith (1961) r e p o r t s  0 i s t h o  o rus  epinephely  o c c u r r i n g  i n  r e d  grouper,  
based on a r e p o r t  by Manter *record o f  t h i s  trematode was found i n  
Manter 's  r e p o r t .  



43 km southwest o f  Venice, F lor ida ,  i n  
May 1967. No in format ion  on length,  
age, o r  sex o f  t he  f i s h  was recorded. 
Otol  i t h  abnormal growths have been 
reported i n  red  groupers by Moe (1969) 
and i n  Nassau groupers by Thompson and 
Munro (1978). 

Ciquatera 

Ciguatera i s  a t o x i n  t ransmi t ted  by 
hundreds o f  species o f  t r o p i c a l  f i shes .  
I t  c a u s e s  g a s t r o i n t e s t i n a l ,  
cardiovascul ar, and neuro log ica l  
d isturbances i n  persons who eat  t o x i c  
f i s h ,  r e s u l t i n g  i n  prolonged d i sab i  1 i t y  
and long and expensive recovery 
periods. Several species o f  Western 
At1 a n t i c  groupers, i nc lud ing  the  back 
and the  red  groupers, are r o u t i n e l y  
repor ted t o  be c iguatox ic ,  whereas 
others such as the  Nassau grouper seem 
t o  be un i fo rm ly  nontoxic,  throughout 
t h e i r  range. I n  south F l o r i d a  
c iguatera  i s  endemic, and o f  a l l  
grouper species the  b lack  grouper i s  
t he  most o f t e n  impl ica ted;  t h i s  species 
i s  considered t o x i c  throughout the  
Caribbean, except near St. Croix,  U.S. 
V i r g i n  Is lands (de Sylva and Higman 
1980; Pol i 1982). 

The occurrence o f  t he  t o x i n  i s  
usua l l y  r e s t r i c t e d  t o  1 arge predatory 
species associated w i t h  reefs .  The 
l a r g e r  o l d e r  f i s h  are genera l ly  more 
t o x i c  than small younger f i s h  because 
the  o l d  f i s h  have had t ime t o  
accumulate the  tox in .  Even w i t h i n  
c e r t a i n  species the  d i s t r i b u t i o n  o f  
t o x i c  f i s h  i s  no t  geographical ly  
continuous, occur r ing  i n  some areas and 
not  i n  o thers  (Olsen e t  a l .  1984). I n  
a study based on in terv iews (Po l i  
1982), "groupers" were responsib le f o r  
t he  l a r g e s t  number o f  recorded cases o f  
c iguatera  i n t o x i c a t i o n  i n  F l o r i d a  
dur ing  two periods, "pre-1978" and 
1978-1980. Many t imes the  species 
responsib le were n o t  i d e n t i f i e d  due t o  
the  processing procedures used f o r  
marketing t h e  f i s h .  

Behavior 

Groupers can generate sound i n  
d i f f e r e n t  ways, p a r t i c u l a r l y  by 
v i b r a t i n g  t h e i r  t h in -wa l l ed  swim 
bladder by sudden con t rac t i on  o f  a x i a l  
muscles, such as the  s i n g l e  p a i r  o f  
b i  1 a t e r a l  muscles behind t h e  operc l  es. 
Various sounds have been a t t r i b u t e d  t o  
a l l  th ree species: low-frequency, 
high-amp1 i t u d e  "mooing-1 i ken sounds, 
deep booms, and sustained rumbles, 
v i b r a n t  grunts  ( s i n g l e -  o r  i n  r a p i d  
ser ies) ,  and long noises from g r ind ing  
o f  t e e t h  when f i g h t i n g  f o r  food. Sound 
may have many func t ions ,  i nc lud ing  
warning, i n t i m i d a t i o n ,  o r i e n t a t i o n ,  and 
recogn i t i on  (Haz le t t  and Winn 1962; 
F ish  and Mowbray 1970). Nassau 
groupers are d i u r n a l  o r  crepuscular i n  
t h e i r  movements (Col 1 e t t e  and Ta'l bo t  
1972) and do n o t  usua l l y  move f a r  from 
cover (Starck and Davis 1966). They 
are o f t e n  wary o f  d i v e r s  and q u i c k l y  
r e t r e a t  i n t o  h i d i n g  places, producing 
a ser ies  o f  g run t i ng  sounds (Haz le t t  
and Winn 1962). Black and Nassau 
groupers were repo r ted l y  a t t r a c t e d  by 
i r r e g u l a r l y  pulsed s igna ls  dur ing  
experiments designed t o  a t t r a c t  and 
f i l m  sharks o f f  Bimini ,  Bahamas. The 
groupers approached slowly, came t o  
r e s t  i n  f r o n t  o f  t h e  sound p ro jec to r ,  
and s lowly  moved away a f t e r  10-30 
seconds (Myrberg e t  a1 . 1969). Randal 1 
(1962) repor ted t h a t  Nassau groupers 
have a tendency t o  re -en te r  f i s h  t raps;  
some tagged f i s h  were recaptured 
several times, presumably re -en te r ing  
t o  feed on o the r  f i s h  i n  the  t raps .  

Nassau groupers are  o f t e n  involved 
i n  symbiot ic  c lean ing behavior a t  
"c leaning ' s ta t i ons "  on co ra l  ree fs .  
Species most o f t e n  repor ted invo lved 
inc lude several species o f  gobies 
(Gobiosoma spp.) and shrimp t h a t  mainly 
remove g n a t h i i d  isopods from the  
bodies, f i n s ,  g i l l  chambers and mouths 
o f  groupers (Bohlke and McCosker 1973; 
Darcy e t  a l .  1974; Sargent and 
Wagenbach 1975). 
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