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Sixty-seven stomach and spew samples of t h e  grouper ,  
EDineT>helus m, from t h e  Northwestern Hawaiian 
I s l a n d s  were examined. The s tudy  showed t h a t  t h i s  
grouper  f o r a g e s  mainly on bot tom-assoc ia ted  crusta- 
ceans ,  f i s h e s ,  and cephalopods.  

Shrimp (predominant ly  of t h e  fami ly  Pandal idae)  were 
t h e  most impor tan t  food item a s  determined by an index 
of r e l a t i v e  importance ( I R I ) .  The I R I  i n c o r p o r a t e s  
numbers and volumes of t h e  prey and t h e i r  f requency  of 
occurrence .  O f  t h e  22 f a m i l i e s  of f i s h e s  t h a t  were 
r e p r e s e n t e d  i n  t h e  food samples, members of t h e  fami- 
l i e s  L u t j a n i d a e ,  Emmelichthyidae, and Congridae were 
t h e  most impor tan t .  The resu l t s  sugges t  t h a t  E. 
g~ernlls i s  a ca rn ivo rous ,  o p p o r t u n i s t i c  bottom feede r .  

-auernus 
Northwestern Hawaiian I s l a n d s  

f e e d i n g  

Some of t h e  Hawaiian f i s h e s  of . h ighes t  commercial va lue  are 
t h e  bo t tomf i shes  which comprise t h e  t r o p i c a l  snapper-grouper 
complex (Uchida e t  a l , ,  1 9 7 9 ) .  The lone  s e r r a n i d  of commercial 

Seale. Although t h e  maximum s i z e  of t h i s  species i s  no t  known, 
specimens >105.9 c m  t o t a l  l e n g t h  and weighing 26.5 kg were caught  
on t h e  r e source  survey cruises i n  t h e  Northwestern Hawaiian 
I s l a n d s  ( N W H I )  conducted by t h e  Honolulu Labora tory ,  Na t iona l  
Marine F i s h e r i e s  S e r v i c e  (NMFS)(Uchida and Uchiyama, i n  prepara-  
t i o n ) .  T h i s  species is only recorded from Hawaii and is t h e  only  

va lue  w i t h i n  t h i s  group i s  t h e  grouper ,  EDineDhelus aYernclS 
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s e r r a n i d  which " c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e  commercial  land-  
i n g s  i n  Hawaii" ( T i n k e r ,  1978;  Department of Land and N a t u r a l  
Resources ,  1 9 7 9 ) .  

The f e e d i n g  s t u d i e s  on W e D h W  t h u s  f a r  have f o c u s e d  
upon such  s p e c i e s  as E. striatus , E. gu t t a tus ,  and E. i n  
t h e  A t l a n t i c  (Longley and H i l d e b r a n d ,  1941;  Bardach and Mowbray, 
1955;  R a n d a l l ,  1965,  1967;  Moe, 1969;  C o l l e t t e  and T a l b o t ,  1972)  
and E. f u s c o u u t t a t u s ,  E. u, and E. h e x a g o n a t u  i n  t h e  Indo- 
P a c i f i c  (Hia t t  and  S t r a s b u r g ,  1960;  R a n d a l l  and Brock,  1960;  
H e l f r i c h  e t  a l . ,  1968;  Harmelin-Vivien and Bouchon, 1976;  
R a n d a l l ,  1 9 8 0 ) .  I n  g e n e r a l ,  t h e s e  g r o u p e r s  are  b e n t h i c  c a r n i -  
v o r e s  and  p r i m a r i l y  f e e d  on f i s h e s  and c r u s t a c e a n s .  I n  a d d i t i o n ,  
R a n d a l l  (1965,  1 9 6 7 ) ,  Moe ( 1 9 6 9 ) ,  and Harmelin-Vivien and Bouchon 
(1976)  found t h a t  g r o u p e r s  become more p i s c i v o r o u s  as  t h e y  
i n c r e a s e  i n  s i z e .  

F e e d i n g  p e r i o d i c i t y  of t h e  g r o u p e r s  v a r y  a c c o r d i n g  t o  t h e  
g e o g r a p h i c a l  area and t h e  species. Off F l o r i d a ,  E. morio f e e d s  
i n d i f f e r e n t l y  by day o r  n i g h t  and E. s t r i a t u s  i s  p r i m a r i l y  a 
d i u r n a l  f e e d e r  (Longley and H i l d e b r a n d ,  1 9 4 1 ) .  S e r r a n i d s  i n  t h e  
C a r i b b e a n  Sea f e e d  day and n i g h t  and i n c r e a s e  f o r a g i n g  a c t i v i t y  
d u r i n g  t h e  c r e p u s c u l a r  p e r i o d s  ( R a n d a l l ,  1 9 6 7 ) .  S e r r a n i d s  i n  
Madagascar a l s o  f e e d  d u r i n g  day and n i g h t ,  b u t  more a c t i v e l y  a t  
n i g h t  (Harmelin-Vivien and Bouchon, 1 9 7 6 ) .  I n  T a h i t i a n  waters, 
g r o u p e r s  are  p r i m a r i l y  d i u r n a l ;  however, t h e y  may o c c a s i o n a l l y  
f e e d  a t  n i g h t ,  e s p e c i a l l y  i n  t h e  p r e s e n c e  of a b r i g h t  moon 
( R a n d a l l  and Brock,  1 9 6 0 ) .  

These e a r l i e r  s t u d i e s  have c o n c e n t r a t e d  on g r o u p e r s  c a p t u r e d  
i n  n e a r s h o r e  waters. Although E. may b e  found i n  t h e  
s h a l l o w ,  n e a r s h o r e  waters (Hobson, 1 9 8 0 ) ,  t h e  food  samples f o r  
t h i s  s t u d y  were c o l l e c t e d  from f i s h  c a p t u r e d  on t h e  o f f s h o r e  ben- 
t h i c  s l o p e s  a t  d e p t h s  of 128  t o  219 m (70 t o  120 f a t h o m s ) .  

Kluegel  (1921)  p u b l i s h e d  t h e  o n l y  r e p o r t  on t h e  f e e d i n g  
h a b i t s  of E. m. I n  h e r  s t u d y  of t h e  d i e t  of food  f i s h e s ,  
s h e  found t h a t  t h i s  grouper  was c a r n i v o r o u s .  T h i s  was based  on 
t h e  c o n t e n t s  of 1 3  s tomachs  (10 of which were empty) and t h e  
p r e s e n c e  of scombroid f i s h  among t h e  food  items. 

The major o b j e c t i v e  of t h i s  s t u d y  is t o  q u a n t i t a t i v e l y  
d e t e r m i n e  s p e c i f i c  f o r a g e  items of t h i s  deep-dwel l ing  s p e c i e s .  
T h i s  s t u d y  was par t  of an o v e r a l l  i n v e s t i g a t i o n  of t h e  l i f e  
h i s t o r y  of t h i s  species and o t h e r  b o t t o m f i s h e s .  Together  w i t h  
f e e d i n g  s t u d i e s  of o t h e r  species, such  as PseudocarglUr d e n t e x  
(see r e p o r t  i n  t h i s  p r o c e e d i n g s  by Michael  P. S e k i ) ,  occupying  
t h e  same o r  comparable  h a b i t a t ,  t h i s  d i e t  s t u d y  of t h e  grouper  
may p r o v i d e  d a t a  on c o m p e t i t i o n  among s p e c i e s  f o r  prey ,  and t h u s  
may l e a d  t o  a b e t t e r  u n d e r s t a n d i n g  of t r o p h i c  r e l a t i o n s h i p s .  
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METEODS 

F i e l d  Collection of Food Samples 

The 67 stomach and spew samples were c o l l e c t e d  from group- 
e r s  cap tu red  a t  deep-sea h a n d l i n i n g  s t a t i o n s  aboard cruises t o  
t h e  N W H I  from March 1978 t o  August 1981. F i f ty -n ine  of t h e  
samples ‘were c o l l e c t e d  on t h e  RV Townsend Gromwell, whereas f o u r  
spew samples each were c o l l e c t e d  aboard commercial v e s s e l s ,  t h e  
FV m y  ma, and t h e  FV Xlibra. 

The f i s h  (34 females ,  2 males ,  and 31 unsexed) were cap tu red  
a t  2 1  i s l a n d s  or  banks s t r e t c h i n g  from Nihoa t o  Kure  A t o l l .  They 
ranged from 38.7 t o  109.3 c m  t o t a l  l e n g t h  and weighed from 1 .8  t o  
22.7 kg. The s tudy  material inc luded  1 4  stomachs removed i n t a c t  
from t h e  f i s h  and 53 spew samples. 

The handl ined  f i s h  were caught  p r i m a r i l y  on hydrau l i c -  
powered g u r d i e s ,  a l t hough  a few f i s h  from e a r l y  c ru ises  may have 
been hauled  by hand or on an e l e c t r i c  ree l .  The t e r m i n a l  r i g  and 
gurdy s p e c i f i c a t i o n s  are  r e p o r t e d  by Uchida and Uchiyama ( i n  
p r e p a r a t i o n ) .  Most of t h e  grouper landed  were caught  on r i g s  
wi th  f o u r  hook l i n e s  and Tankichi  or Izuo u l u a  hooks Nos. 26 and 
28 b a i t e d  wi th  s t r i p p e d  squid .  A t  hand l ine  s t a t i o n s ,  t h e  v e s s e l  
was u s u a l l y  a l lowed t o  d r i f t  over banks 73 t o  219 m ( 4 0  t o  1 2 0  
fa thoms) deep. 

stomachs were e v e r t e d  due t o  gas  b ladder  expansion when t h e  f i s h  
were brought  t o  t h e  s u r f a c e  and much of t h e  c o n t e n t s  were regur-  
g i t a t e d .  Many food items, however, were caught  i n  t h e  t h r o a t  or 
g i l l  rakers and were p icked  ou t  by long  f o r c e p s  and saved. These 
were c l a s s i f i e d  as spews. A l l  s tomachs and spews were p rese rved  
immediately i n  a 1 0  p e r c e n t  Formalin-seawater m i x t u r e .  Data on 
species, s t a t i o n  number, d a t e  of c a p t u r e ,  t o t a l  and s t a n d a r d  
l e n g t h s ,  weight ,  and s e x  were noted  f o r  each sample. 

Laboratory Procedure 

similar  t o  those  r e p o r t e d  i n  Humphreys (1980) and Har r i son  e t  a l .  
(1983) .  For t h i s  s tudy ,  t h e  a n a l y s e s  of stomach and spew samples 
were t r e a t e d  s i m i l a r l y .  The stomach c o n t e n t s  were emptied i n t o  a 
f i n e  mesh s t r a i n e r ,  r i n s e d  i n  running water, and s o r t e d  i n t o  
i d e n t i f i a b l e  groups.  The volume of t h e  prey items were measured 
by water d isp lacement  and coded f o r  s t a g e  of d i g e s t i o n .  The 
codes ranged from 1 through 4 where code 1 r e p r e s e n t e d  an i t e m  
wi th  no p e r c e p t i b l e  l o s s  i n  volume and code 4 an item almost  
comple te ly  d i g e s t e d .  When more than  one item i n  t h e  same taxon 
were p r e s e n t  and could not  be d i s t i n g u i s h e d  as  whole i n d i v i d u a l  
items, t h e  t o t a l  number and volume of t h e  items were recorded.  

S ince  t h e  f i s h  were taken  from g r e a t  dep ths ,  most of t h e  

The l a b o r a t o r y  methods f o r  examinat ion of t h e  samples were 
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Where p o s s i b l e ,  l e n g t h s  of t h e  prey items were determined.  
The measurements, which inc luded  s t a n d a r d  l e n g t h  ( S L )  f o r  f i s h ,  
mant le  l e n g t h  (ML) f o r  cephalopods,  and carapace  l e n g t h  (CL) f o r  
crustaceans, were coded as fo l lows :  code I, t o t a l l y  i n t a c t  spec- 
imen which could  be measured p r e c i s e l y ,  and code 2 ,  i n e x a c t  mea- 
surement of a p a r t i a l l y  d i g e s t e d  specimen. No a t t empt  was made 
t o  measure t h e  l e n g t h  of any prey  item t h a t  was well d i g e s t e d .  

u s ing  t h e  methods r e p o r t e d  i n  Har r i son  e t  a l .  (1983) .  To 
i d e n t i f y  f i s h ,  e x t e r n a l  c h a r a c t e r i s t i c s  and morphornetrics were 
used whenever p o s s i b l e ;  however, many f i s h  were i n  an advanced 
s t a t e  of d i g e s t i o n  and r e q u i r e d  c l e a r i n g  and s t a i n i n g  i n  A l i z a r i n  
S so t h a t  v e r t e b r a l  coun t s  and morphological  characters  could be 
used f o r  i d e n t i f i c a t i o n  purposes .  I n v e r t e b r a t e s  were i d e n t i -  
f i e d  by e x t e r n a l  morphological  f e a t u r e s .  Thus, many of t h e  crus- 
t a c e a n s  were i d e n t i f i e d  a t  l e a s t  t o  fami ly  s i n c e  t h e  exoske le tons  
remained i n t a c t  d e s p i t e  d i g e s t i o n .  

Method of Data Analysis 

T r a d i t i o n a l l y ,  numer ica l ,  vo lumet r i c ,  and f requency  of 
occur rence  methods have been used i n  expres s ing  r e su l t s  of food 
s t u d i e s .  R e i n t j e s  and King (1953) s t a t e d  t h a t ,  i n d i v i d u a l l y ,  
each method has  shortcomings,  b u t  food items which ranked h igh  i n  
number, volume, and f requency  of occurrence  were impor tan t  foods  
f o r  t h e  p reda to r  a t  t h e  time and a r e a  sampled. 

P inkas  e t  a l .  (1971) attempted t o  i n c o r p o r a t e  t h e  t h r e e  
t r a d i t i o n a l  methods of stomach a n a l y s i s  i n  t h e  development of an 
index  of r e l a t i v e  importance ( I R I )  expressed a s  : 

Food items were i d e n t i f i e d  t o  t h e  lowes t  taxon p o s s i b l e ,  

I R I  = (N+V)F 

where 

N = percen tage  of t h e  t o t a l  number of prey  items 
V = percen tage  of t h e  t o t a l  aggrega te  volume of t h e  

F = percen tage  of t h e  occurrence  i n  t h e  stomach 
prey  items 

samples 

For t h i s  study, t h e  importance of each of t h e  f o r a g e  i t e m s  
was determined by t h e  I R I  method. The number, volume, and f re -  
quency of occur rence  pe rcen tages  were rounded o f f  t o  t h e  n e a r e s t  
1 0 t h  p r i o r  t o  t h e  I R I  c a l c u l a t i o n s .  

RESULTS 

A l ist  of t h e  food items i n  t h e  67 stomach and spew samples 
i s  p resen ted  i n  Table  1. The numer ica l ,  vo lumet r i c ,  and f r e -  
quency of occur rence  a n a l y s e s ,  a l o n g  wi th  t h e  I R I  va lues ,  a r e  
g iven  f o r  t h e  f o r a g e  items i d e n t i f i e d  t o  t h e  lowes t  taxon.  
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TABLE 1. NUMBER, FREQUENCY OF OCCURRENCE, VOLUME AND INDEX OF 
RELATIVE IMPORTANCE (IRI) OF THE FORAGE ITEMS I N  67 
gPINEPHELUS FOOD SAMPLES 

Forage Itens 
‘IMal B r a t  No. Percent ml Percent 

wyI;uMKlLLcsa 
Qaes CeFhalOFoda 
Order OctopOaa 

HIyLtlMARmmKm 
Class Crustacea 

Order Isopods 
Order AJnFhipda 

Order Stanatoprda 

Order Decapda 

Subclass Nalacostraca 

F d y  Phronimidae 

Family Quillidae 

2hrQnim- 

Odontodactvlusbrevirostrie 
Suborder Natantia (shrimp) 
Superfamily Caridea 
F a y  Pandalidae 

“Shrimp remains” 

Family Galatheidae 

Family Hanolidae 
F d y  Raniniche 

Suborder Reptantia 
Tribe Anarura 

Tribe Brachyura 
mlida ap. 

FfIYLuMMB- 
Class Echinoidea 

Submylwn Tunicata 

Superclass Pisces 
Class Osteichthyes 

FfIYLUM Q1oRwTA 

Family Fyromtidae 

(unidentified fishes) 
Order Anguillifoms 

F d y  Cangridae 
Family Muraenidae 

Order Salmonifoms 
Family Argentinidae 

1 
4 

1 

1 

1 

56 
27 
308 
5 

2 

1 
2 
3 
1 
1 

- 

1 

1 

3 
2 
5 
1 

1 

0.2 
0.8 

0.2 

0.2 

0.2 

11.5 
5.6 
63.4 
1.0 

0.4 

0.2 
0.4 
0.6 
0.2 
0.2 

- 

0.2 

0.2 

0.6 
0.4 
1.0 
0.2 

0.2 

11 
3 

1 

1 

1 

9 
5 
16 
2 
1 
2 

1 
2 
2 
1 
1 

1 

1 

3 
1 
4 
1 

1 

1.5 
4.5 

1.5 

1.5 

1.5 

13.4 
7.5 
23.9 
3.0 
1.5 
3.0 

1.5 
3.0 
3.0 
1.5 
1.5 

1.5 

1.5 

4.5 
1.5 
6.0 
1.5 

1.5 

23.0 
239.0 

0.6 

1.0 

6.5 

43.6 
17.6 
212.7 
14.5 
0.3 
9.8 

2.0 
3.5 

101.0 
20.0 
27.0 

0.3 

23.0 

101.5 
13.7 
307.0 
5.0 

3.5 

0.7 
7.6 

<0.1 

< 0.1 

0.2 

1.4 
0.6 
6.8 
0.5 
co.1 
0.3 

0.1 
0.1 
3.2 
0.6 
0.9 

co.1 

0.7 

3.2 
0.4 
9.8 
0.2 

0.1 

1.4 
37.8 

0.3 

0.3 

0.6 

172.9 
46.5 

1,677.8 
4.5 

2.1 

0.4 
1.5 
11.4 
1.2 
1.6 

- 

0.3  

1.4 

17.1 
1.2 
64.8 
0.6 

0.4 
~- - 

Note: Food itens were identified to the lowest taxon possible 
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TABLE 1. NUMBER, FREQUENCY OF OCCURRENCE, VOLUME AND INDEX OF 
RELATIVE IMPORTANCE ( I R I )  OF THE FORAGE ITEMS I N  67 
EPINEPHELUS QUERNlJS FOOD SAMPLES (continued) 

Forage Items w 
Tbtal Percent No. Percent m l  Percent 

Order Gonorhynchiformes 

Order HyctoFhiformes 

Order Polymixiiformea 

order Gadlformes 

Fanily Gamrhymhidae 
!ax&ndu- 

-Y HyctOFhidae 

F d y  PDlymixiidae 

PrmLly midiidae 
Bcotulamlltibarbata 
Famcly Tracbichthyidae 
Paratrachichthve sp. 
Famcly Bolocentridae 

Order SaorFaeniformes 
Famcly Saorpenidae 

Order Perciformes 
Rmily Serranidae 
M l y  Priacanthidae 
prlacanthue sp. 
E'amily Apgonidae 
Rmily Echeneidae 
F d y  Carangibe 
D!swk=u sp. 
seriola sp. 
Family Dmelidkhyidae 
Panily Lutjanidae 
EfeuaJaKbauE 
SYnohvsanodon sp. 
pamily Pfullidae 
I3xwawx sp. 
Family Rxracentridae 
Rmily m l i d a e  

Order Tetraodontiformes 
E'amily Monacanthidae 
Pervaaor- 
Rmily Tetraodontidae 

unidentified fish remains 

OIHERS 
Unidentified remains 
"Coral rubble" 

hurgxiaberndti 

Order Beryciformes 

1 

3 

1 
1 

1 

2 
3 
1 

1 

4 

1 
2 
4 

1 
1 
15 
1 
1 
4 

1 
1 
1 

1 
1 
1 - 

- - 

0.2 

0.6 

0.2 
0.2 

0.2 

0.4 
0.6 
0.2 

0.2 

0.8 

0.2 
0.4 
0.8 

0.2 
0.2 
3.1 
0.2 
0.2 
0.8 

0.2 
0.2 
0.2 

0.2 
0.2 
0.2 - 

- 
- 

1 

2 

1 
1 

1 

2 
2 
1 

1 

3 

1 
1 
4 

1 
1 
8 
1 
1 
3 

1 
1 
1 

1 
1 
1 
2 

1 
1 

1.5 

3.0 

1.5 
1.5 

1.5 

3.0 
3.0 
1.5 

1.5 

4.5 

1.5 
1.5 
6.0 

1.5 
1.5 
11.9 
1.5 
1.5 
4.5 

1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
3.0 

1.5 
1.5 

1.9 0.1 

76.1 2.4 

60.0 1.9 
14.0 0.4 

32.0 1.0 

2.3 0.1 
13.5 0.4 
4.0 0.1 

24.0 0.0 

130.5 4.2 

10.0 0.3 
1.5 <0.1 

307.0 9.8 

1.8 0.1 
24.0 0.8 
176.4 5.6 
136.0 4.3 
780.0 24.8 
7.5 0.2 

43.0 1.4 
10.0 0.3 
81.0 2.6 

5.5 0.2 
7.0 0.2 
2.5 0.1 
13.7 0.4 

1.3 0.1 
3.5 co.1 

0.4 

9.0 

3.2 
0.9 

1.8 

1.5 
3.0 
0.4 

1.5 

22.5 

0.8 
0.6 
63.6 

0.4 
1.5 

103.5 
6.8 
37.5 
4.5 

2.4 
0.8 
4.2 

0.6 
0.6 
0.4 - 

- - 

184 



Tab le  2 p r e s e n t s  t h e  a n a l y s i s  of t h e  food items by major 
classes and groups.  The classes are l i s t e d  i n  descending o rde r  
of I R I  v a l u e s  f o r  f i s h e s  and i n v e r t e b r a t e s .  P r i m a r i l y ,  t h e  prey 
f i s h e s  are p resen ted  by t h e  f a m i l i e s  and t h e  i n v e r t e b r a t e s  by 
class o r  o rde r .  The I R I  va lues  and t h e  percentages  used i n  t h e  
I R I  c a l c u l a t i o n s  are given i n  t h e  t a b l e .  

O v e r a l l ,  f i s h e s  ( I R I  = 5,384.9) and c r u s t a c e a n s  ( I R I  = 
5,009.2) made up t h e  bulk of t h e  f o r a g e  items. Molluscs ( I R I  = 
54 .9 ) ,  o t h e r  misce l laneous  i n v e r t e b r a t e s  ( I R I  = 3 . 3 ) ,  and uniden- 
t i f i a b l e  remains made up t h e  rest of t h e  food items. 

F i shes ,  r e p r e s e n t i n g  22 families,  occur red  i n  59.7 p e r c e n t  
of t h e  food samples,  comprised 76.2 pe rcen t  of t h e  t o t a l  aggre- 
g a t e  volume, and r ep resen ted  1 4  . O  percen t  of t h e  t o t a l  number of 
food items. Lu t j an idae  (229 .5) ,  Emmelichthyidae (103.5) ,  and 
Congridae (64.8) had t h e  h i g h e s t  I R I .  Although u n i d e n t i f i e d  
f i s h e s  ( I R I  = 17.1)  are s i g n i f i c a n t l y  r ep resen ted ,  t h e  i n d i v i d -  
uals r e p r e s e n t e d  v a r i o u s  s p e c i e s ,  

Crus taceans ,  which made up t h e  ma jo r i ty  of t h e  i n v e r t e b r a t e  
f o r a g e ,  appeared i n  50.7 pe rcen t  of t h e  samples and comprised 
84.2 percen t  of t h e  organisms and 14.6 percen t  of t h e  t o t a l  
aggrega te  volume. Shrimp ( N a t a n t i a )  r ep resen ted  96.8 p e r c e n t  of 
a l l  t h e  c r u s t a c e a n s ,  and t h e  fami ly  Pandal idae r ep resen ted  79.0 
p e r c e n t  of a l l  t h e  shrimp. t h e  lone  s p e c i e s  of shr imp i d e n t i -  
f i a b l e  beyond t h e  fami ly  l e v e l  was Ples i o n i k a  W o s t r i g ? .  
c r a b s  ( R e p t a n t i a ) ,  stomatopods,  amphipods, and i sopods  made u p  
t h e  rest of t h e  c r u s t a c e a n s  i n  t h e  forage .  

one were octopuses .  They comprised 8.3 pe rcen t  of t h e  t o t a l  
aggrega te  volume and 1.0 pe rcen t  of t h e  t o t a l  number of f o r a g e  
items. 

Molluscs were p r e s e n t  i n  5.9 pe rcen t  of t h e  samples;  a l l  bu t  

Other i n v e r t e b r a t e s  were not  s i g n i f i c a n t  c o n t r i b u t o r s  t o  t h e  
fo rage .  One t u n i c a t e ,  fami ly  Pyrosomatidae,  and an ech ino id  
comprised 3.0 p e r c e n t  of t h e  f o r a g e  and made up 0.7 p e r c e n t  of 
t h e  t o t a l  aggrega te  volume and 0.4 pe rcen t  of t h e  organism t o t a l .  

U n i d e n t i f i e d  remains and c o r a l  rubb le  comprised t h e  remain- 
i n g  items i n  t h e  samples.  The I R I  f o r  t h e s e  c l a s s i f i c a t i o n s  and 
" f i s h  remains" was not  computed because it  was not  p o s s i b l e  t o  
de te rmine  t h e  number of t h e s e  items i n  t h e  samples. 

p rey  items are p resen ted  i n  Table  3. The l e n g t h s  of prey f i s h  
ranged from 35 mm (a  t r a c h i c h t h y i d )  t o  516 mm (a  congr id  ee l ) .  
Among t h e  i n v e r t e b r a t e s ,  l e n g t h s  ranged from 7-mm CL ( a  panda l id  
shrimp) t o  85 mm ML ( an  oc topod) .  

I n d i v i d u a l  l e n g t h s ,  l e n g t h  ranges ,  and mean l e n g t h s  of t h e  



TABLE 2. NUMBER, FREQUENCY OF OCCURRENCE, VOLUME, AND INDEX OF 
RELATIVE IMPORTANCE (IRI) FOR MAJOR CLASSES OF FORAGE 
ITEMS IN 67 EPINEPHELUS QUERNUS FOOD SAMPLES 

Aggregate Occurrence volume No. of 
Forage Classes Organislns IRI 

Tbtal  Percent No. Percent m l  Fercent 

l3mKmwATEs 
Natantia (shrimp) 
Reptantia 
cephalapoaa 
Ttmicata 
Stmtopoda 
mipoaa 
IsOP0da 
Echinoidea 

FISHES 
Lutjanidae 
Emnelichthyidae 
Congridae 
Echeneidae 
Serranidae 
Trachichthyidae 
Myctophidae 
Polymixiidae 
m l i d a e  
Carangidae 
Monacanthidae 
Mullidae 
Oghidiidae 
Scorpaenidae 
Anguillif o m s  

Priacanthidae 
Punacentr idae 
Apgonidae 
Muraenidae 
Holocentridae 
Argentinidae 
Tetraodontidae 
Gonorhynchidae 
unidentified fishes 
Fish ~ e r n a i n s  

(unidentified eels) 

CmERs 
Unidentified remains 
“Coral rubble” 

396 81.5 24 35.8 
10 2.1 8 11.9 
5 1.0 4 6.0 
1 0.2 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 

6 1.2 5 7.5 
15 3.1 8 11.9 
5 1.0 4 6.0 
4 0.8 4 6.0 
4 0.8 3 4.5 
5 1.0 4 6.0 
3 0.6 2 3.0 
2 0.4 2 3.0 
1 0.2 1 1.5 
2 0.4 2 3.0 
2 0.4 2 3.0 
1 0.2 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 

2 0.4 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 
2 0.4 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 
1 0.2 1 1.5 
3 0.6 3 4.5 

2 3.0 - - 

1 1.5 
1 1.5 

- - - - 

288.9 
163.3 
262.0 
23.0 
6.5 
1.0 
0.6 
0.3 

923.5 
176.4 
307.0 
307.0 
130.5 
15.8 
76.1 
74.0 
81.0 
25.8 
12.5 
43.0 
32.0 
24.0 

13.7 
10.0 
10.0 
1.5 
5.0 
4.0 
3.5 
2.5 
1.9 

101.5 
13.7 

1.3 
3.5 

9.2 3,247.1 
5.2 86.9 
8.3 55.8 
0.7 1.4 
0.2 0.6 
co.1 0.3 
<O.l 0.3 
co.1 0.3 

29.4 229.5 
5.6 103.5 
9.8 64.8 
9.8 63.6 
4.2 22.5 
0.5 9.0 
2.4 9.0 
2.4 8.4 
2.6 4.2 
0.8 3.6 
0.4 2.4 
1.4 2.4 
1.0 1.8 
0.8 1.5 

0.4 1.2 
0.3 0.8 
0.3 0.8 
<0.1 0.6 
0.2 0.6 
0.1 0.4 
0.1 0.4 
0.1 0.4 
0.1 0.4 
3.2 17.1 
0.4 - 

- 0.1 
0.1 - 
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TABLE 3. LENGTHS AND LENGTH RANGES OF ITEMS FOUND IN 67 EPINEPH- 
QUERNUS FOOD SAMPLES 

Lengths 

(mm) 

No. of OK Range of Length 
Forage Items, Organisms and Mean Length 

INVERTEBRATES 
Cephalopoda 
Octopoda 

Crustaceans 
Isopoda 
Stomatopoda 

Decapoda 
Natantia (shrimp) 

-ius brev- 

Car idea 
Pandalidae 

Reptan t i a 
Galatheidae 

Munida Spa 
€3 I a Chyu Ka 
Homoli dae 
Ran ini dae 

FISHES 
Anguilliformes 

Cong r i dae 
Argentinidae 
Gonorhynchidae 

Myctophidae 
Polymixiidae 

Ophidiidae 

Trachichtyidae 

Holocentridae 
Ser ran idae 
Priacanthidae 

Eriacanthus SP. 
Echeneidae 
Carangidae 
Scrim sp. 

Emmelichthyidae 

(unidentified eels) 

Gonorhvnchusaonorhvnchus 

Brotula- 

Paratrachichthvs SP* 

2 

1 

1 

2 
1 
98 
5 

1 
2 
3 
1 
1 

1 
4 
1 

1 
2 
1 
1 

1 
2 
3 
1 
3 

1 
4 

1 
9 

47-85 ( Z  = 66.0) 

27 

75 

10-13 (X = 11.5) 
12 
7-20 (X = 11.35) 
13-22 (X = 16.8) 

45 
24-38 (X = 36.0) 
38-39 (X = 38.33) 
43 
66 

17 4 
116-516 (E = 297.75) 

79 

78 

16 1 
87 

146-156 (X = 151.0) 

158 
35-37 (X = 36.0) 
50-67 (X = 57.33) 
63 

93-197 (f = 143.33) 

71 
179-197 ( z  = 237.5) 

125 
45-126 (X = 96.89) 

187 



TABLE 3. LENGTHS AND LENGTH RANGES OF ITEMS FOUND I N  67 EPINEPH- 
E.LW QJJUlNUS FOOD SAMPLES ( con t inued)  

Forage Items 

Lengths  

(m) 

No. of or  Range of Length 
Organisms and Mean Length 

L u t  j a n i d a e  

M u l l  i d a e  

Pomacentr idae 
Gempylidae 
Monacanthi dae 

Eteliacarbunculus 
Svmphvsanodon SP. 

Earur>eneus SP. 

€!c=mQLspilosoma 

202 
377 

53-56 ( 2  = 54.25) 

128 
68 

267 
67 
66 

Note: Means are  g iven  i n  p a r e n t h e s e s  

DISCUSSION ARD CONCLUSION 

A s  mentioned ea r l i e r ,  most of t h e  food samples were spews 
which were caught  i n  t h e  t h r o a t  or g i l l  rakers of t h e  g roupe r s  
when t h e  stomachs e v e r t e d  due t o  gas  b ladder  expansion.  I t  i s  
possible t h a t  t h e  spewed organisms are  more l i k e l y  t o  be r e t a i n e d  
due t o  some morphologica l  s t ruc tu re  (such  a s  t h e  a n t e n n u l e s  and 
an tennae  of panda l id  shr imps)  o r  perhaps  s i z e ,  and t h e r e f o r e  a 
b i a s e d  i n t e r p r e t a t i o n  of t h e  actual  f e e d i n g  h a b i t s  and d i e t  may 
result .  Thus, it i s  p o s s i b l e  t h a t  t h e  r e s u l t s  o b t a i n e d  may no t  
comple t e ly  r e p r e s e n t  t h e  d i e t  of t h i s  s p e c i e s .  T h i s  problem was 
a l s o  encoun te red  by Kluegel  (1921)  i n  t h e  deeper -dwel l ing  food  
f i s h e s  ( i n c l u d i n g  E, m), by F o r s t e r  e t  a l .  (1970) i n  Etelis 
marshi ( 5 :  Et carbPnCUlUS, Anderson ( 1 9 8 1 ) ) ,  and by Moe (1969) i n  
t h e  r e d  grouper  i n  t h e  G u l f  of Mexico. 

The resul ts  of t h i s  s t u d y  suppor t  t h e  conc lus ions  of o t h e r  
s t u d i e s  on , i .e . ,  E. i s  a b e n t h i c  c a r n i v o r e .  
T h i s  grouper  a p p e a r s  t o  be p r i m a r i l y  p i s c i v o r o u s ,  a l though  crus- 
t a c e a n s  and cephalopods a l s o  c o n t r i b u t e  t o  t h e  fo rage .  A s  con- 
c luded  w i t h  o t h e r  s p e c i e s  of EDineDhelus (Bardach and Mowbray, 
1955; Hia t t  and S t rasburg ,  1960;  Moe, 1 9 6 9 ) ,  E. (~~le~nus a p p e a r s  
t o  be an u n s p e c i a l i z e d  feeder. 

The items found i n  t h e  food samples ref lect  t h e  bottom- 
f e e d i n g  behavior  of t h i s  grouper .  A l l  22 of t h e  i d e n t i f i e d  f i s h  
famil ies  c o n t r i b u t i n g  t o  t h e  d i e t  are u s u a l l y  found near  t h e  
bottom, most be ing  bottom i n h a b i t a n t s .  Of par t icu lar  i n t e r e s t  
was t h e  occur rence  of a red snappe r ,  E. carbunculus (377 mm f o r  
l e n g t h ) ,  i n  t h e  stomach of a l a r g e  (1,059 mm t o t a l  l e n g t h )  
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grouper .  T h i s  snapper is  a l s o  a bo t tomf i sh  which be longs  t o  t h e  
t r o p i c a l  snapper-grouper complex mentioned ea r l i e r .  

The i n v e r t e b r a t e s  i n  t h e  d i e t  were g e n e r a l l y  small: shr imp 
were numerous. Shrimp ( p r i m a r i l y  Panda l idae )  appear  t o  be a ve ry  
impor tan t  food item f o r  t h i s  grouper  i n  t h e  NWHI.  Again, it is  
p o s s i b l e  t h a t  t h e  abundance of shr imp i n  t h e  f o r a g e  may be 
a t t r i b u t e d  t o  t h e  sampling problem and t h a t  t h e  l o n g  appendages 
c h a r a c t e r i s t i c  of t h e  shr imp are  r e s p o n s i b l e  f o r  t h e i r  h igh  rep- 
r e s e n t a t i o n  i n  t h e  d i e t .  However, 120 shr imp were found i n  one 
i n t a c t  stomach. The l o n e  panda l id  shr imp t h a t  was i d e n t i f i a b l e  
t o  s p e c i e s  was E .  _lonqjsost &. King (1981)  showed t h a t  t h i s  
s p e c i e s  was d i s t r i b u t e d  a long  t h e  b e n t h i c  s l o p e s  i n  t r o p i c a l  
P a c i f i c  i s l a n d s ,  and our t r a p p i n g  resu l t s  show t h i s  t o  ho ld  t rue  
i n  t h e  NWHI.  T h i s  would i n d i c a t e  t h a t  t h e  shr imp occupy a s i m i -  
l a r  h a b i t a t  as E. m, and t h u s  t h e i r  p re sence  i n  t h e  d i e t  is 
not  s u r p r i s i n g .  The p resence  of o t h e r  i n v e r t e b r a t e s  such as 
oc topuses  and g a l a t h e i d  crabs among t h e  f o r a g e  items f u r t h e r  show 
t h e  o p p o r t u n i s t i c  b e n t h i c  f o r a g i n g  behavior  of E. a u e r w  as  w e l l  
as a p o t e n t i a l  n o c t u r n a l  or c r e p u s c u l a r  behavior .  Time of feed-  
ing ,  however, cou ld  no t  be de te rmined  due t o  lack of s u f f i c i e n t  
d a t a .  T h i s  s p e c i e s  w i l l  take a b a i t e d  hook both n i g h t  and day 
( M o f f i t t ,  1 9 8 0 ) ,  so  it seems t h a t  E. m, l i k e  i t s  congeners  
(Longley and Holdebrand, 1941; Randa l l  and Brock, 1960; Randa l l ,  
1967; Harmelin-Vivien and Bouchon, 1 9 7 6 ) ,  f e e d s  i n d i f f e r e n t l y  by 
day or n i g h t  bu t  may i n c r e a s e  its f o r a g i n g  a c t i v i t i e s  d u r i n g  
c e r t a i n  p e r i o d s  of t h e  day. 

Trapping  d a t a  c o l l e c t e d  on r e s e a r c h  cruises t o  t h e  NWHI 
i n d i c a t e d  p o s s i b l e  d e p t h s  of f o r a g i n g  by t h e  grouper  (Uchida and 
Uchiyama, i n  p r e p a r a t i o n ) .  Adul t  1E;. aue rnus  were caught  i n  
d e p t h s  r ang ing  from 1 8  t o  230 m (10  t o  126 fathoms) which 
i n c l u d e s  t h e  d e p t h s  over  which bottom h a n d l i n i n g  s t a t i o n s  were 
conducted.  T h i s  s u g g e s t s  t h a t  t h e  grouper  may f o r a g e  over a wide 
range  of d e p t h s  ve ry  c l o s e  t o  t h e  bottom. 
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