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ABSTRACT 

S i x t y - f o u r  stomach samples of t h e  w h i t e  t r e v a l l y ,  

Hawaiian I s l a n d s  were examined t o  q u a n t i t a t i v e l y  
de t e rmine  t h e  items which comprise t h e  d i e t  of t h i s  
commercially v a l u a b l e  food species. 

The r e su l t s  i n d i c a t e d  t h a t  t h e  w h i t e  t r e v a l l y  i s  an  
o p p o r t u n i s t i c  c a r n i v o r e .  I t  is p r i m a r i l y  p i s c i v o r o u s ,  
a l t h o u g h  cephalopods  and c r u s t a c e a n s  are  a l s o  major 
c o n t r i b u t o r s  t o  t h e  d i e t .  The f i n d i n g s  a l s o  s t r o n g l y  
i n d i c a t e  t h a t  w h i t e  t r e v a l l y  f e e d s  near  t h e  bot tom i n  
t h e  deeper waters o f f  sho re .  

An index  of r e l a t i v e  impor tance  ( I R I )  was computed t o  
i n d i c a t e  which f o r a g e  items were most impor t an t  t o  t h e  
p r e d a t o r s  sampled. The I R I  i n c o r p o r a t e s  t h e  f r equency  
of o c c u r r e n c e  and t h e  p e r c e n t a g e  i n  t h e  number and 
volume of t h e  prey .  The I R I  showed t h a t  members of t h e  
f a m i l i e s  Congridae,  P r i a c a n t h i d a e ,  and S e r r a n i d a e  were 
t h e  most impor t an t  f i s h  prey. Cephalopods,  c r a b s ,  and 
sh r imp  had t h e  h i g h e s t  I R I  among t h e  i n v e r t e b r a t e s .  

dentex, caught  i n  t h e  Nor thwes tern  

Carangidae  -- 
f e e d i n g  Northwestern Hawaiian I s l a n d s  

A food  s t u d y  of commercially impor t an t  b o t t o m f i s h e s  was 
under taken  as par t  of a su rvey  and assessment  of t h e  b e n t h i c  
s l o p e  r e s o u r c e s  i n  t h e  Nor thwes tern  Hawaiian I s l a n d s  ( N W H I )  . 
Among t h e  species t h a t  comprise t h e s e  r e s o u r c e s  is t h e  whit, 
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t r e v a l l y ,  m, a l s o  known i n  Hawaii as  t h e  t h i c k -  
l i p p e d  jack,  bu taguch i ,  o r  p i g  u l u a .  T h i s  species h a s  been known 

Snyder 1904; however, a c c o r d i n g  t o  Smith-Vaniz as Caranx chelllo 
and Poss (Department of I ch thyo logy ,  The Academy of Natural Sc i -  
ences  of P h i l a d e l p h i a ,  A p r i l ,  1982: p e r s o n a l  communication),  who 
are  working on a r e v i s i o n  of t h e  genus B e u d o c a m ,  C. chelllo 
is a synonym of p. d e n t e x  (Bloch and Schne ide r  1 8 0 1 ) .  Around 
Hawaii t h e  species a t t a i n s  a l e n g t h  of 9 1  cm ( 3  f t )  (Gos l ine  and 
Brock, 1 9 6 0 ) .  

O u t s i d e  t h e  N W H I ,  t h e  Indo-Pac i f i c  d i s t r i b u t i o n  of 2. dentex 
i n c l u d e s  South A f r i c a ,  Aus t ra l ia ,  Tasmania, Norfolk I s l a n d ,  N e w  
Zealand, Japan ,  P i t c a i r n ,  Rapa, Easter,  and t h e  Lord Howe I s l a n d s  
(Randa l l ,  1 9 8 1 ) .  I n  t h e  N W H I ,  t h e  w h i t e  t r e v a l l y  i s  found mainly 
on t h e  banks and b e n t h i c  s l o p e  a t  d e p t h s  between 73 and 183  m ( 4 0  
and 1 0 0  f a t h o m s ) .  The d i s t r i b u t i o n  of t h i s  s p e c i e s  is n o t ,  how- 
e v e r ,  l i m i t e d  t o  t h e  deep  s l o p e s .  A t  Kure  A t o l l ,  Okamoto and 
Kawamoto (1980) obse rved  t h e  w h i t e  t r e v a l l y  i n  waters 1 .5  m ( 5  
f t )  deep, o c c a s i o n a l l y  i n  l a r g e  s c h o o l s  of 200 t o  300 i n d i v i d -  
uals.  Hobson (1980) found t h e  s p e c i e s  on h i s  t r a n s e c t  l i n e s  a t  
Midway i n  d e p t h s  of 5 m ,  and t r a p s  se t  as sha l low as 18 m ( 1 0  
fa thoms)  d u r i n g  our NWHI s t u d i e s  have c a p t u r e d  both j u v e n i l e s  and 
a d u l t s .  

. .  

. .  

Although f e e d i n g  s t u d i e s  of 2. dentex a re  n o n e x i s t e n t ,  a few 
f e e d i n g  s t u d i e s  on o t h e r  s p e c i e s  of t h e  f ami ly  Carangidae  have 
been pub l i shed .  Hobson (1974) and Okamoto and Kawamoto (1980) 
b r i e f l y  mentioned t h e  f o r a g i n g  h a b i t s  of t h e  b l u e f i n  t r e v a l l y ,  C. 
-, on Hawaiian i n s h o r e  c o r a l  r e e f s .  The same species 
has  been s t u d i e d  on t h e  r e e f s  of t h e  G i l b e r t  I s l a n d s  ( R a n d a l l ,  
1 9 5 5 ) ,  t h e  Marsha l l  I s l a n d s  (Hiat t  and S t r a s b u r g ,  1960; Randa l l ,  
1 9 8 0 ) ,  and o f f  t h e  east  c o a s t  of A f r i c a  (Williams, 1 9 6 5 ) .  The 

, were s t u d i e d  f o r a g i n g  h a b i t s  of t h e  g i a n t  t r e v a l l y ,  C. isnobllls 
i n  t h e  Marsha l l  I s l a n d s  ( R a n d a l l ,  1 9 8 0 ) ,  o f f  East A f r i c a  
( W i l l i a m s ,  1 9 6 5 ) ,  and i n  t h e  N W H I  (Okamoto and Kawamoto, 1980; 
P a r r i s h  e t  a l . ,  1 9 8 0 ) .  Feeding h a b i t s  of v a r i o u s  o t h e r  common 
jacks,  such  as C. , have a l s o  been covered  by Randa l l  
(1955, 1967, 1 9 8 0 ) .  I n  g e n e r a l ,  t h e  s t u d i e s  have found jacks t o  
be p r i m a r i l y  p i s c i v o r e s ;  however, t h e  t i m e  of f e e d i n g  appea red  t o  
va ry  among t h e  s p e c i e s .  Caranx i s  a d i u r n a l  p r e d a t o r  
(Will iams, 1965; Okamoto and Kawamoto, 1980; P o t t s ,  1980) whereas 

i s  a n o c t u r n a l  f e e d e r  (Okamoto and Kawamoto, 1 9 8 0 ) .  c* icrnobllls 
I n  h i s  examinat ion  of stomach c o n t e n t s  from f i v e  species of 
Caranx, Randa l l  (1967) no ted  t h a t  a l though  some s p e c i e s  were no t  
o r d i n a r i l y  r e e f  r e s i d e n t s ,  many i n d i v i d u a l s  made f o r a g i n g  t r i p s  
i n t o  r e e f  communities. 

. .  

. .  

A t  t h e  p r e s e n t  t i m e ,  t h e  knowledge of t h e  f e e d i n g  h a b i t s  of 
jacks has  been l i m i t e d  t o  t h e  s p e c i e s  which may be  e a s i l y  cap- 
t u r e d  on t h e  n e a r s h o r e  r e e f s ,  a l t h o u g h  G. 
t a k e n  i n  waters as deep as 70 m ( 4 0  f a t h o m s ) .  p g e u d o c w  
dentex is  known t o  i n h a b i t  c o a s t a l  w a t e r s  about  146 m (80 
fa thoms)  deep  wi th  o t h e r  commercially important food  species such 
as t h e - p i n k  snapper or opakapaka, filamentosy~, 

may a l s o  be . .  

. .  
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and t h e  hapuupuu, (Hawaii Department of Land 
and Natural Resources ,  1979: R a l s t o n ,  1981, 1 9 8 2 ) .  The major 
o b j e c t i v e  of t h i s  s t u d y  was t o  q u a n t i t a t i v e l y  de t e rmine  t h e  items 
c o n s t i t u t i n g  t h e  d i e t  of t h i s  deep-dwelling species. Together  
w i t h  food s t u d i e s  of o t h e r  s y m p a t r i c  p r e d a t o r s  such as E. auernus 
(see paper on grouper  i n  t h i s  p roceed ings  by S e k i ) ,  t h i s  s t u d y  
may p r o v i d e  a b e t t e r  unde r s t and ing  of t h e  t r o p h i c  r e l a t i o n s h i p s  
among t h e  species of t h e  demersa l  community i n  t h e  NWRI. 

METHODS 

Field Collection of Food Samples 

Six ty - fou r  stomach samples of a d u l t  w h i t e  t r e v a l l y  were 
c o l l e c t e d  a t  deep-sea h a n d l i n e  s t a t i o n s  aboard  t h e  RV 
Gromwell on r e s o u r c e  su rvey  cruises t o  t h e  NWHI from September 
1978 t o  August 1981. The samples were c o l l e c t e d  a t  11 banks from 
Nihoa t o  Kure A t o l l  ( F i g u r e  1) .  

F i s h  sampled ranged from 42.7 t o  82.2-cm f o r k  l e n g t h  and 
weighed from 1.35 t o  10.73 kg. T h i r t y - t h r e e  of t h e  specimens 
were f ema les ,  29 were males, and 2 were unsexed. S i x t y  of t h e  
samples were whole stomachs removed i n t a c t  from t h e  f i s h .  The 
remain ing  f o u r  c o n s i s t e d  of r e g u r g i t a t e d  food  items removed from 
t h e  g i l l  rakers. Empty stomachs were no t  c o l l e c t e d .  

The f i s h  were caught  w i th  hook and l i n e  on hydraul ic-powered 
g u r d i e s .  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  have been 
d e s c r i b e d  i n  a for thcoming p u b l i c a t i o n  e d i t e d  by R.N. Uchida and 
J . H .  Uchiyama. B r i e f l y ,  t h e  g u r d i e s  had a t e r m i n a l  r i g  w i t h  f o u r  
hooks (Tank ich i  or Izuo No. 26 and/or No. 2 8 ) .  Each hook was 
u s u a l l y  b a i t e d  w i t h  s t r i p p e d  squ id .  Handline s t a t i o n s  were 
conducted  w i t h  t h e  v e s s e l  a d r i f t  i n  d e p t h s  of 73 t o  220 m ( 4 0  t o  
120 f a thoms) .  

When f i s h  were l anded ,  stomachs were removed, examined, and 
u n l e s s  empty, p r e s e r v e d  i n  a 1 0  p e r c e n t  Formalin-seawater so lu -  
t i o n  f o r  l a t e r  a n a l y s i s .  R e g u r g i t a t e d  food items ( s p e w )  caugh t  
i n  t h e  g i l l  rakers when t h e  stomachs e v e r t e d  due t o  g a s  b l adde r  
expans ion  were a l s o  p re se rved .  

Laboratory Procedure 

The l a b o r a t o r y  methods f o r  examinat ion  of t h e  samples were 
similar t o  t h o s e  r e p o r t e d  by Humphrey6 (1980) and H a r r i s o n  e t  a l .  
(1983) .  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 prey  items were measured by water d i s -  
placement.  Where more than  one i t e m  i n  t he  same taxon was pre- 
s e n t  and cou ld  no t  be d i s t i n g u i s h e d  as a whole i n d i v i d u a l ,  t h e  
t o t a l  volume and number of i n d i v i d u a l s  compr is ing  t h e  volume were 
recorded .  When p o s s i b l e ,  l e n g t h s  of t h e  prey  were t aken ,  i n c l u -  
d i n g  s t a n d a r d  l e n g t h  f o r  f i s h ,  man t l e  l e n g t h  f o r  cephalopods ,  
carapaee l e n g t h  for shrimp, carapace width  f o r  crabs, and t o t a l  
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l e n g t h  f o r  a l l  o t h e r s .  No a t t empt  was made t o  measure t h e  
l e n g t h s  of any prey  items t h a t  were well d i g e s t e d .  

Food items were i d e n t i f i e d  t o  t h e  lowes t  p o s s i b l e  taxon 
u s i n g  t h e  methods of Har r i son  e t  a l .  (1983) .  When p o s s i b l e ,  f i s h  
were i d e n t i f i e d  by e x t e r n a l  c h a r a c t e r i s t i c s  and morphometrics.  
I n  most cases, however, t h e  f i s h  were i n  an advanced s t a g 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  of t h e  f l e s h  and s t a i n i n g  of t h e  
v e r t e b r a e  wi th  A l i z a r i n  S. A combinat ion of v e r t e b r a l  c o u n t s  and 
morphologica l  c h a r a c t e r s  was t h e n  used f o r  i d e n t i f i c a t i o n .  Inver -  
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 ;  t h u s  
many of t h e  c r u s t a c e a n s  were i d e n t i f i e d  a t  least  t o  f a m i l y  s i n c e  
t h e  e x o s k e l e t o n s  remained i n t a c t  o r  n e a r l y  i n t a c t  d e s p i t e  
d i g e s t i o n .  

Many samples  inc luded  bottom sediment  and d e b r i s  ( c l a s s i f i e d  
as " rubb le" )  which were saved  f o r  f u r t h e r  i d e n t i f i c a t i o n  of small 
i n f a u n a l  i n v e r t e b r a t e s  t h a t  may be  of n u t r i t i o n a l  v a l u e  t o  t h e  
p r e d a t o r .  The volume of t h e  r u b b l e  was de termined  by water 
d isp lacement .  The volume was a l s o  de te rmined  f o r  u n i d e n t i f i a b l e  
d i g e s t e d  remains.  

DATA ANALYSIS 

The importance of each of t h e  f o r a g e  items was de termined  by 
t h e  method d e s c r i b e d  by Pinkas  e t  a l .  (1971) ,  who developed t h e  
index  of r e l a t i v e  importance d e f i n e d  as 

I R I  = (N + V ) F  

where 

N = Percen tage  of t o t a l  aggrega te  number of a prey item 

V = Percentage  of t o t a l  aggrega te  volume of a prey  item 

F = Percen tage  of occur rence  of a prey  item i n  t h e  stomach 

The I R I  v a l u e  p rov ides  a bas i s  f o r  r ank ing  t h e  prey  items by 

samples  

i n c o r p o r a t i n g  t h e  t h r e e  measures t r a d i t i o n a l l y  used i n  stomach 
c o n t e n t  a n a l y s i s .  Rubble and u n i d e n t i f i e d  remains were not  used 
i n  de t e rmin ing  I R I .  

RESULTS 

The f o r a g e  i t e m s  found i n  t h e  64  stomach samples  are l i s t e d  
i n  Table 1. The c l a s s i f i c a t i o n  or  taxonomic rank,  t h e  p e r c e n t  
numer ica l ,  v o l u m e t r i c  and f requency  of occur rence ,  and t h e  I R I  
v a l u e s  are g iven  f o r  each f o r a g e  item. 
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TABLE 1. NUMBER, FREQUENCY O F  OCCURRENCE, VOLUME, AND INDEX OF 
RELATIVE IMPORTANCE VALUES O F  THE FORAGE ITEMS I N  6 4  
m U D 0 -  FOOD SAMPLES 

Aggregate 
No. of Organisms Occurrence volume 

Total Percent No. Percent ,,,I. Percent 
Forage Items IRI 

PHYLUM ANNELIDA 
C l a s s  Polychaeta 8 1 .9  3 4.7 2.3 0.2 

0.1 

9.9 

PHnm MDWSCA 
Class Gastropoda 18 
C l a s s  Bivalvia 

Order Mytiloida 

Order Veneroida 

Family Pinnidae 
EislrAa- 2 

1 
Class Cephalopods 1 2  

Order octopods 7 

Family Cardiidae 

4.3 10 15.6 1.2  68.6 

0.5 2 3.1 14.0 1.4 5.9 

0.2 1 1.6 8.0 
2.9 10 15.6 8.1 
1.7 6 9.4 64.5 

0.8 
0.8 
6.3 

1.6 
57.7 
75.2 

FHYLUM AFamrnEA 
Class Crustacea 
Subclass Malaaxtraca 

Order Am&ipda 
order stcmatopoda 

Family Squi l l idae  - SP. - SP. i xk-kgb SP. 

Order Decapods 
Subcrder Natantia (shrimp) 

Supr fami ly  Caridea 
Family Pandalidae 
Family Crangonidae 
”Shrimp rennins” 

Suborder Reptantia 
Tribe Palinura 

Family Palinur idae 
Panullrus SP. 

Tribe Ananura 
Family Paguridae 
Family Galatheidae 
Mmida SP. 

“Crab“ 
Tribe Brachyura 

14 

1 
1 

1 
15 
1 

3.4 7 10.9 4.4 

0.2 1 1.6 0.1 
0.2 1 1.6 0.1 

0.2 1 1.6 0.1  
3.6 6 9.4 5.9 
0.2 1 1.6 0.3 

3.4 5 7 .8  3.5 
3.6 3 4.7 6.0 
0.5 1 1.6 1.0 
0.5 1 1.6 0.4 
0.2 1 1.6 0.6 

0.4 

c o . 1  
<0.1 

‘0.1 
0.6 

co.1  

41.4 

0.3 
0.3 

0.3 
39.5 
0.3 

14 
15 

0.3 
0.6 
0.1  

co .1  
0.1 

28.9 
19.7 

1.0 
0.8 
0.5 

2 
2 
1 

1 

2 

1 
2 

23 

0.2 1 1.6 0.1 

0.5 2 3.1 1.6 

0.2 1 1.6 1.0 
0.5 2 3.1 0.7 
5.5 16 25.0 18.2 

(0.1 

0.2 

0.1 
0.1 
1.8 

0.3 

2.2 

0.5 
1.9 

182.5 

FfiYLUM w1IN3DERMATA 

C l a s s  Echinoidea 
C l 2 s s  m i u r o i d e a  2 

Order Cidaroida 

1 
Family Cidaridae 

0.5 2 3 .1  0.6 0.1 1 .9  

0.2 1 1.6 5.5 0.5 1.1 
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TABLE 1 .  NUMBER, FREQUENCY OF OCCURRENCE, VOLUME, AND INDEX OF 
RELATIVE IMPORTANCE VALUES OF THE FORAGE ITEMS I N  6 4  

DENTEX FOOD SAMPLES (continued) 

Forage Itens 
Aggregate 

-- No. of Organisms Occurrence ~ ~ t a l  volume 
w 

Total P e r c e n t  No. P e r c e n t  Percent 

FHYLUM m m  
S u p e r c l a s s  P i s c e s  
Class O s t e i c h t h y e s  

(Un iden t i f i ed  f i s h e s )  
Order h g u i l l i f o r m e s  

Family Congridae 

Family o@uchthidae 
Conarina- 
)lauaenichthvscookei 
Zeptocephalus larvae" 

Family Synodontidae 
Family W o r o p h t h a l m i d a e  
Family Myctophidae 

Family Moridae 
Family o p h i d i i d a e  

Order L o p h i i f o m s  
Family Cgcocephal idae 

Order Myctophif o m s  

Order Gadiformes 

Halieutaea- 
sp. 

Order Scorpaeniformes 

Order D a c t y l o g e r i f o r m e s  
Family S c o r p e n i d a e  

Family D a c t y l o p t e r i d a e  

Family Pegas idae  

Family S e r r a n i d a e  

Family P r i a c a n t h i d a e  

Family L u t j a n i d a e  
Svrrahvsanodon sp- 

Family Percophid idae  
(T Bembropidae)  

Family AmrrDdytidae 
EibUGwm SP. 

Order G o b i e s o c i f o m s  
Family Cal l ionymidae 

Order Pleuronec t i formes  
Family Bothidae 

Order Tet raodont i formes  

DactvloDteMorientalis 

PeaasusWDillo 

Anthias SP. 

Order  Pegasiformes 

Order Perc i formes  

Pclacanthus SP. 

i&&hus- 

Family MoMcanthidae 
Family 'Detraodontidae 

F ish  remains 
"Rubble" 
U n i d e n t i f i e d  remains 

19 
5 

30 
2 
3 
2 
1 

5 
1 
1 

1 
27 

2 
1 
1 

7 

1 

2 

1 3  
3 

12  
16 
5 

1 

1 2  

1 

7 
1 

2 
18 

I - - 

4.6 
1 .2  
7.2 
0.5 
0.7 
0.5 
0.2 

1.2 
0.2 
0.2 

0.2 
6.5 

0.5 
0.2 
0.2 

1.7 

0.2 

0.5 

3.1 
0.7 

2.9 
3.9 
1 .2  

0.2 

2.9 

0.2 

1.7 
0.2 

0.5 
4.4 

- 
- - 

6 
4 
5 
1 
2 
1 
1 

2 
1 
1 

1 
3 

1 
1 
1 

2 

1 

2 

4 
3 

1 
3 
1 

1 

3 

1 

6 
1 

1 
5 

6 
20 
43 

9.4 
6.2 
7.8 
1.6 
3.1 
1.6 
1.6 

3.1 
1 .6  
1 .6  

1.6 
4.7 

1 .6  
1.6 
1.6 

3 .1  

1.6 

3.1 

6.2 
4.7 

1.6 
4.7 
1.6 

1.6 

4.7 

1.6 

9.4 
1.6 

1.6 
7.8 

9.4 
31.2 
67.2 

10.3 1.0 
61.8 6.1 
55.7 5.5 
10.0 1.0 

9.5 0.9 
7.0 0.7 
0.8 0.1 

60.1 5.9 
2.5 0.2 
0.5 <0.1 

37.0 3.6 
7.9 0.8 

1 .6  0.2 
3.5 0.3 
0.3 <0.1 

26.6 2.6 

1 .3  0.1 

0.8 0.1 

8.6 0.8 
6.4 0.6 

207.0 20.4 
9.1 0.9 
7.7 0.8 

2.3 0.2 

53.9 5.3 

0.8 0 .1  

20.8 2.0 
1.0 0.1 

8.0 0.8 
18.1 1.8 

5.3 0.5 
21.9 2.2 

194.1 19.1 

52.6 
45.3 
99.1 

2.4 
5.0 
1.9 
0.5 

21.3 
0.6 
0.3 

6.1 
34.3 

1.1 
0.8 
0.3 

13.3 

0.5 

1.9 

24.2 
6.1 

37.3 
22.6 

3.2 

0.6 

38.5 

0.5 

34.8 
0.5 

2.1 
48.4 

- 
- - 
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Table 2 p r e s e n t s  t h e  a n a l y s i s  of food items by major classes 
and t h e  r a n k s  of t h e  f o r a g e  items i n  descending  o r d e r  o f  I R I  
v a l u e s  f o r  t h e  i n v e r t e b r a t e s  and f i s h e s .  F i s h  prey  were primar-  
i l y  grouped a t  t h e  f ami ly  l eve l  and t h e  i n v e r t e b r a t e s  p r i m a r i l y  
a t  t h e  class or  o r d e r  l e v e l .  

F i s h e s ,  mo l luscs ,  and crustaceans formed t h e  bulk of t h e  
f o r a g e  items i n  t h e  samples .  F i s h  prey  y i e l d e d  a t o t a l  I R I  v a l u e  
of 7,884.5 compared w i t h  1,454.9 f o r  c r u s t a c e a n s  and 653.6 for 
molluscs .  

F i s h e s  as a whole o c c u r r e d  i n  68.8 p e r c e n t  of t h e  stomach 
samples  and r e p r e s e n t e d  64.2 p e r c e n t  of t h e  t o t a l  a g g r e g a t e  
volume, and 50.4 p e r c e n t  of t h e  t o t a l  number of f o r a g e  items. 
Twenty f a m i l i e s  of f i s h e s  were r e p r e s e n t e d ,  and f a m i l i e s  t h a t  had 
h igh  I R I  v a l u e s  were Congridae ( I R I  = 133 .5 ) ,  P r i a c a n t h i d a e  ( I R I  
= 74 .7 ) ,  and S e r r a n i d a e  ( I R I  = 58 .9 ) .  U n i d e n t i f i e d  f i s h  ( I R I  = 
52.6) which were a l s o  i n c l u d e d  i n  t h e  a n a l y s i s  dese rve  mention 
only  t o  t h e  e x t e n t  t h a t  i n d i v i d u a l s  which comprised t h i s  group 
were no t  of t h e  same s p e c i e s ,  b u t  of v a r i o u s  s p e c i e s .  

The i n v e r t e b r a t e  f o r a g e  i n c l u d e d  f o u r  phyla ,  w i th  t h e  
m a j o r i t y  be long ing  t o  Arthropoda,  class Crustacea. Crus t aceans  
appeared  i n  53.1 p e r c e n t  of t h e  samples  and r e p r e s e n t e d  4.3 
p e r c e n t  of t h e  t o t a l  a g g r e g a t e  volume and 23.1 p e r c e n t  of t h e  
t o t a l  f o r a g e  items. Among t h e  crustaceans, c r a b s  ( suborde r  
R e p t a n t i a )  ranked t h e  h i g h e s t  ( I R I  = 277.7) ,  fo l lowed  by shr imp 
( suborde r  Natantia) ( I R I  = 131.11, of which most were c a r i d e a n s .  
Stomatopods ( p r i m a r i l y  Q & n t o d a c t y l u  s p . )  and an amphipod were 
a l s o  found. 

Mol luscs  were p r e s e n t  i n  34.4 p e r c e n t  of t h e  samples  and 
comprised 9.4 percent of t h e  t o t a l  volume and 9.6 p e r c e n t  of t h e  
t o t a l  number of f o r a g e  organisms.  Cephalopods ( I R I  = 256.21, 
mainly oc topods  ( I R I  = 7 5 . 2 ) ,  were t h e  pr imary c o n t r i b u t o r  from 
t h i s  phylum appea r ing  i n  21.9 percent of t h e  samples  and r ep re -  
s e n t i n g  7 .1  percent of t h e  t o t a l  a g g r e g a t e  volume. Gastropods 
and b i v a l v e s  were a l s o  p r e s e n t .  

t h e  w h i t e  t r e v a l l y  sampled. These i n c l u d e d  e i g h t  po lychae te s  
( I R I  = 9.9)  and t h r e e  echinoderms ( I R I  = 6 . 1 ) ;  t o g e t h e r  t h e y  
comprised 2.6 p e r c e n t  of t h e  f o r a g e  i t e m s ,  0 .8  p e r c e n t  of t h e  
t o t a l  a g g r e g a t e  volume, and appeared  i n  9.4 p e r c e n t  of t h e  
samples.  Many small i n v e r t e b r a t e s  and l i m e s t o n e  f ragments  were 
found i n  t h e  rubb le .  A l i s t  of t h e s e  organisms ( i d e n t i f i e d  
th rough  t h e  c o u r t e s y  of B. Burch, Bishop Museum, Honolulu,  
Hawaii) and t h e i r  taxonomic rank are p r e s e n t e d  i n  Appendix 1. 

c a p t u r e ,  t h e  i s l a n d s  and banks were d i v i d e d  i n t o  t h r e e  geograph- 
i c a l  r e g i o n s  as d e s c r i b e d  by M o f f i t t  (1980) (Table  3 ) .  Region 1 
ranges  from Nihoa t o  Gardner P i n n a c l e s  and r e p r e s e n t s  t h e  area i n  
t h e  NWHI f i s h e d  most by commercial  vessels i n  recent y e a r s ,  

Other  i n v e r t e b r a t e s  were minor c o n t r i b u t o r s  t o  t h e  d i e t  of 

To examine d i f f e r e n c e s  i n  d i e t  w i th  r e s p e c t  t o  l o c a t i o n  of 
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TABLE 2.  NUMBER, FREQUENCY OF OCCURRENCE, VOLUME, AND 
INDEX OF RELATIVE IMPORTANCE VALUES OF MAJOR 
CLASSES OF FORAGE ITEMS I N  6 4  W U D O W  
DENTEX FOOD SAMPLES 

Aggregate 
No. of Organisms OcQlrrence m~ v o w  

Forage Classes IRI - 
Reptantia "crabs" 
Q?*loPoaa 
Natantia (shrimp) 
Stanatopoda 
Gastropoda 
Crustacea (unident i f ied)  
Bivalvia 
Annelida (Polychaeta) 
Echinodermata 
m i p o d a  
m p t a n t i a  "lobsters" 

FISHES 
Congridae 
Priacanthidae 
Serranidae 
Osteichthyes 

Tetraodontidae 
Anguill if  o m s  

Bothidae 
Lutjanidae 
Amnodytidae 
Ggbidiidae 
Synodontidae 
Smrpaenidae 
m i c h t h i d a e  
Moridae 
Ogcocephalidae 
Monacanthidae 
Pegasidae 
Chloro*thalmidae 
Peroofiididae 

(= Benbropsidae) 
mctylopteridae 
L e p t o c e ~ u s  l a rvae  
Callionymidae 
Iyctowdae 
Fish remains 

UJxlERs 
"Rubble" 
Unidentified r d n s  

(Unidentif i e d  f i s h e s )  

(Unidentified eels) 

28 
19 
34 
18 
18 
14 
3 
8 
3 
1 
1 

32 
13 
16 

19 
18 

5 
8 

21 
12 
27 
5 
7 
5 
1 
4 
2 
2 
1 

1 
1 
1 
1 
1 - 
- - 

6.8 
4.6 
8.2 
4.3 
4.3 
3.4 
0.7 
1.9 
0.7 
0.2 
0.2 

7.7 
3.1 
3.9 

4.6 
4.3 

1.2 
1.9 
5.1 
2.9 
6.5 
1.2 
1.7 
1.2 
0.2 
1.0 
0.5 
0.5 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 - 

- - 

20 
14 

9 
9 

10 
7 
3 
3 
3 
1 
1 

6 
2 
7 

6 
5 

4 
7 
4 
3 
3 
2 
2 
2 
1 
2 
1 
2 
1 

1 
1 
1 
1 
1 
6 

20 
43 

31.2 
21.9 
14.1 
14.1 
15.6 
10.9 

4.8 
4.7 
4.7 
1.6 
1.6 

9.4 
3.1 

10.9 

9.4 
7.8 

6.2 
10.9 
6.2 
4.7 
4.7 
3.1 
3.1 
3.1 
1.6 
3.1 
1.6 
3.1 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 
9.4 

31.2 
67.2 

21.5 
72.6 
11.5 
6.4 
1.2 
4.4 

22.0 
2.3 
6.1 
0.1 
0.1 

65.7 
213.6 
15.0 

10.3 
18.1 

61.8 
21.8 
16.8 
53.9 
7.9 

60.1 
26.6 
16.5 
37.0 

5.4 
8.0 
0.8 
2.5 

2.3 
1.3 
0.8 
0.8 
0.5 
5.3 

21.9 
194.1 

2.1 
7.1 
1.1 
0.6 
0.1 
0.4 
2.2 
0.2 
0.6 

c o . 1  
< 0.1 

6.5 
21.0 
1.5 

1.0 
1.8 

6.1 
2.1 
1.6 
5.3 
0.8 
5.9 
2.6 
1.6 
3.6 
0.5 
0.8 
0.1 
0.2 

0.2 
0.1 
0.1 
0.1 

'0.1 
0.5 

2.2 
19.1 

277.7 
256.2 
131.1 
69.1 
68.6 
41.4 
13.9 

9.9 
6.1 
0.3 
0.3 

133.5 
74.7 
58.9 

52.6 
47.6 

45.3 
43.6 
41.5 
38.5 
34.3 
22.0 
13.3 

8.7 
6.1 
4.6 
2.1 
1.9 
0.6 

0.6 
0.5 
0.5 
0.5 
0.3 - 
- - 



TABLE 3. RANKS AND INDEX OF RELATIVE IMPORTANCE VALUES OF THE 
MAJOR FORAGE CLASSES OF PREY ITEMS BY REGION 

Region 1 Region 2 Region 3 
(n = 22) (n = 18) (n = 23) 

Rank IRI Rank IRI Rank IRI 
Forage Classes - 
ANlelida (Polychaeta) 
Gastropoda 
Bivalvia 
c@=lapoda 
Octapoda 
Crustacea (unidentified) 
W F O d a  
stmtopoda 
Mtantia (shrimp) 
Fteptantia "lobters" 
Reptantia 'crabs" 
Echinodermata 

FISHES 
Osteichthyes 

(Unidentif i ed  f ishes)  
Anguil li f o m s  

(Unidentified eels) 
Congridae 
W i c h t h i d a e  
" L e p t o c e ~ u s  larvae" 
Synodontidae 
Qilorophthalmidae 
Myctophidae 
Moridae 
midiidae 
Ogoocephdlidae 
Scorpaenidae 
Dactylmer idae 
Pegasidae 
Serranidae 
Priacanthidae 
Iutjanidae 
&raphididae 
Arrmbdytidae 
Callionymidae 
Bothidae 
Mmacanthidae 
Wtraodontidae 

12 
9 
7 

2* 
- 
17 

17 
- 
1* 

3* 
- 
11 

6 

- - 
10 - - 
- 
16 - 
- 
I 

5* - - 
8 

13 
4* 

15 - - - - 
1 4  

1.6 
4.6 
5.8 

58.6 
0.4 

0.4 
77.7 

37.6 
3.2 

- 
I 

c 

6.2 

- - 
3.4 - - 
- 
0.4 
c - 
c 

13.5 
c - 
5.7 
1.4 

25.9 
0.7 - - - - 
1.1 

11 
9 

5* 
- 
- 
12 
21 
20 - 
- 
7 - 

13 

21 

18 

19 

1* 

- 
- - 
8 

10 
17 - - 
15 
16 

1 4  
2* 

- 
3* 

6 

4* 

- 
- 

2.6 
4.7 

14.4 

2.4 
0.4 
0.4 

- 
- 

- - 
7.4 - 

1.9 

0.4 
132.9 

1.0 

0.9 
- 
- - 
6.0 
4.3 
1.0 - - 
1.8 
1.1 

36.2 
1.9 

24.4 

13.3 

15.1 

I 

- 
- 

- 
5* 

15 
6 

4* 

2* 

- 
- 
11 
22 

21 
1" 

9 

l2 - 
- 
20 
8 

17 - 
7 

16 

19 
- 
- 
3* - - - 

18 
20 
10 
13 
14 

I 

15.5 
1.6 

15.0 

17.2 

48.5 
4.9 
0.4 

59.3 
0.4 

- 
- 

9.5 

2.9 

I 

0.5 
10.2 

0.8 - 
- 

14.2 
1.3 

0.6 

17.5 

- 
- 
- 
- - 
0.6 
0.5 
9.0 
2.0 
1.8 

qighest ranked classes for  each region 
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Region 2 is  from Raita Bank t o  L i s i a n s k i  I s l a n d ,  and Region 3 i s  
from P e a r l  and Hermes Reef t o  Kure A t o l l .  The l a t t e r  two r e g i o n s  
are  s e p a r a t e d  by a n a t u r a l  b reak  i n  t h e  cha in .  The I R I  v a l u e s  of 
t h e  prey  classes f o r  each  r e g i o n  were used t o  rank t h e  impor tance  
of t h e  classes i n  t h e  t h r e e  r eg ions .  The h i g h e s t  v a l u e  was given  
t h e  rank of 1. The t o p  ranked classes i n  Regions 1 and 3 were 
i n v e r t e b r a t e s ,  p r i m a r i l y  c r u s t a c e a n s .  The t o p  classes i n  Region 
2 were f i s h e s  (Congr idae ,  P r i a c a n t h i d a e ,  Ammodytidae, and 
T e t r a o d o n t i d a e ) .  

The l e n g t h s  of f i s h  p rey  ranged from 1 4  mm (- u) 
t o  306 mm ( an  o p h i c h t h i d  e e l ) .  Lengths  of i n v e r t e b r a t e  f o r a g e  
items ranged from 5 mm ( a  crangon shr imp)  t o  42 mm (a  stomatopod, 
Qdontodactvlus sp.)  . Measuremen+,a, r anges ,  and mean l e n g t h s  of 
p rey  items are p r e s e n t e d  i n  "',ole 4 .  

DISCUSSION 

The resu l t s  of t h i s  d i e t  s t u d y  i n d i c a t e  t h a t  as i n  o t h e r  
c a r a n g i d s  p r e v i o u s l y  s t u d i e d ,  t h e  wh i t e  t r e v a l l y  i s  a h i g h - l e v e l  
o p p o r t u n i s t i c  c a r n i v o r e .  The species is p r i m a r i l y  p i s c i v o r o u s ,  
a l t h o u g h  cephalopods  and c r u s t a c e a n s  are  a l s o  major c o n t r i b u t o r s  
t o  t h e i r  d i e t .  The resul ts  a l s o  s t r o n g l y  i n d i c a t e  t h a t  t h i s  spe- 
cies is a bottom feeder. By comparison, Randa l l  (1967) no ted  
small amounts of sand i n  a few stomachs of _Caranx W ,  i n d i c a t -  
i n g  t h a t  a t  times t h e y  were f e e d i n g  on prey  d i r e c t l y  o f f  t h e  
bottom. The p resence  of some c o r a l  t i s sue  and a l g a e  p rov ided  

a l s o  f o r a g e  o c c a s i o n a l l y  on t h e  bottom ev idence  t h a t  c. iqnobllls 
(Williams, 1 9 6 5 ) .  I n  t h i s  s t u d y ,  t h e  p re sence  of r u b b l e  i n  abou t  
31 p e r c e n t  of t h e  samples shows t h a t  t h e  wh i t e  t r e v a l l y  f e e d s  on 
t h e  bottom t o  an even g r e a t e r  degree .  

Nine teen  of t h e  20 f i s h  famil ies  found i n  t h e  f o r a g e  can be 
c l a s s i f i e d  as b e n t h i c ,  t h e  e x c e p t i o n  be ing  myctophids,  which 
a l t h o u g h  i n h a b i t i n g  t h e  water column, may approach t h e  bank s l o p e s  
d u r i n g  t h e i r  v e r t i c a l  m i g r a t i o n s .  Near ly  h a l f  of t h e  f i s h  fami- 
l i e s  r e p r e s e n t e d  i n  t h e  d i e t  of w h i t e  t r e v a l l y  were a l s o  r ep re -  
s e n t e d  i n  t h e  food  of ano the r  bottom f e e d e r ,  E. s&uxnu (see paper 
on grouper  i n  t h i s  p roceed ings  by S e k i ) .  F i s h e s  of t h e  Congridae 
and S e r r a n i d a e  f a m i l i e s ,  which were two of t h e  most impor t an t  
g roups  i n  t h e  d i e t  of t h e  w h i t e  t r e v a l l y ,  were a l s o  among t h e  most 
i m p o r t a n t  f i s h e s  i n  t h e  E. ~ u e r n u ~  stomach samples. 

The bottom f e e d i n g  behavior  of wh i t e  t r e v a l l y  is a l so  
r e f l e c t e d  i n  t h e  i n v e r t e b r a t e  f o r a g e .  The i n v e r t e b r a t e s  w i th  t h e  
h i g h e s t  I R I  r ank ing  were c r a b s ,  o c t o p i ,  and g a s t r o p o d s ,  a l l  
bottom dwellers. The occur rence  of o t h e r  i n v e r t e b r a t e s  such as 
echinoderms, b i v a l v e s ,  and shr imp (even i f  t aken  i n f r e q u e n t l y )  i n  
t h e  f o r a g e  composi t ion  re f lec ts  t h e  p r o b a b l e  browsing behavior  of 
t h e  species. I t  i s  noteworthy t h a t  among t h e  o u t s t a n d i n g  morpho- 
l o g i c a l  f e a t u r e s  of w h i t e  t r e v a l l y  are t h e  t h i c k ,  f l e s h y  l i p s  on 
a mouth t h a t  features  an i n f e r i o r  jaw, u n c h a r a c t e r i s t i c  of most 
o t h e r  ca rang ids .  T h i s  morphology would appear t o  f a c i l i t a t e  
bot tom browsing. 

. .  
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TABLE 4. LENGTHS OR RANGE OF LENGTHS OF THE ITEMS FOUND I N  64 
PSEUDOCARANX DENTEX FOOD SAMPLES 

Forage Items 

Lengths  or Range 
No. of of Lengths  and Means 

Organisms 
mm 

INVERTEBRATES 
Polychae t a  
Gastropoda 
Crustacea 

Amphi poda 
Stomatopoda 

SP. 
-+maqua SP. - SP. 

Decapoda 
Natantia (shr imp)  

Car i d e a  
P a n d a l i d a e  
Crangonidae 

R e p t a n t i a  - 'crab'  

Pagu r i dea 
G a l a t h e i  dae  

Anomu r a 

Munida SP. 
Bra chy u ra 

Ophiuro idea  

FISHES 
Angu i 11 i f  or me s 

Congridae 

Ophi c h t h i  dae 

Synodontidae 
Chlorophthalmidae 
Mor i dae  
O p h i d i i d a e  
Ogcocephal idae 

Scorpaenidae  
D a c t y l o p t e r i d a e  

( u n i d e n t i f i e d  eels)  

Conarinaaeauoria 
Elnraenichthvscookei 

m.uhQEu SP- 

DactvloPtena- 

6 
8 

1 

7 
1 
1 

7 
1 4  

2 
2 
4 

1 

1 
1 
1 

3 
11 

2 
1 
2 
2 
1 
1 

1 4  
2 
1 
1 
5 

1 

10-29 
5-8 

7 

30-42 
33 
1 3  

6-16 
11-12 
11-11 

5-6 
6-11 

1 4  

14  
9 
6 

73-162 
80-135 

120-148 
306 

167-196 
40-75 

62 
152 

45-54 
3 8-3 8 

52 
22 

27 -6 9 

30 

( g  = 15.0)  
( j ;  = 6.5)  

( j ;  = 33.9) 

( j ;  = 10.3)  
( 5  = 8.4) 

( j ;  = 9.2)  

(X = 11.0)  
('i = 5 .5 )  

(X = 108.0)  
( j ;  = 114.0)  
( j ;  = 134.0)  

( j ;  = 181.5) 
( j ;  = 57.5) 

(X = 49.7) 
( j ;  = 38.0) 

(X = 52.6) 

Note: Means are g i v e n  i n  p a r e n t h e s e s  
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TABLE 4 .  LENGTHS OR RANGE OF LENGTHS OF THE ITEMS FOUND I N  64 
PSEUDOCARANX DENTEX FOOD SAMPLES ( c o n t i n u e d )  

Lengths  or Range 
No. of  of Lengths  and Means 

Forage Items Organ i s m s  
mm 

Pegas i d a e  
PeaasusULQilh 2 14-24 (X = 19 .0 )  

S e r r a n i d a e  7 21-43 (X = 32.0) 
Anthias sp .  2 32-39 (X 35.5)  

Prlacanthus SP. 1 0  82-94 (2  = 89.1)  
L u t  j a n i d a e  6 28-61 (5 = 39.2) 
SvmDhvsanodon SP. 3 50-57 ( i  = 53.7) 
Ammodytidae 

Embollchthvs SP. 6 93-100 ( i  = 96.5) 
Cal l ionymidae  1 52 

2 70-70 ( 5  = 70.0)  
1 37 

Both i dae  

Mona c a n t h i d a e  2 60-71 (X = 65.5)  
T e t r a o d o n t i d a e  1 5  22-45 ( i  = 37.7) 
U n i d e n t i f i e d  f i s h e s  3 24-87 (E = 45.7) 

Pr i a  c a n t h i  dae 

Bothus- 

Unl ike  t h e  o t h e r  species of jacks which f e e d  on r e e f  f i s h e s  
(Randa l l ,  1955,  1980;  Williams, 1965; Hobson, 1974; Okamoto and 
Kawamoto, 1980; P a r r i s h  et  a l . ,  19801, t h e  w h i t e  t r e v a l l y  f e e d s  
on f i s h e s  found i n  t h e  deeper  waters o f f s h o r e .  Most of t h e  
species such as Halieutaea retifera and B o t w  thomPsonl ' i n  t h e  
d i e t  of wh i t e  t r e v a l l y  have been c a p t u r e d  i n  bottom trawls 
between 55 and 92 c m  (30 and 50 fa thoms)  (Uchida and Uchiyama, i n  
p r e p a r a t i o n ) .  The t r a p  c a t c h  d a t a  c o l l e c t e d  d u r i n g  t h e  NWHI 
r e s o u r c e  su rvey  also p rov ide  a r e l a t i v e  i n d i c a t i o n  t o  t h e  f e e d i n g  
grounds of t h i s  s p e c i e s .  Although food samples  were no t  
c o l l e c t e d  from trap-caught  f i s h ,  t h e  d a t a  provided  d e p t h s  of 
c a p t u r e  and t h u s  i n f o r m a t i o n  on f o r a g i n g  depths .  Adu l t  wh i t e  
t r e v a l l y  were c a p t u r e d  i n  t r a p s  set i n  waters 18  t o  124 m (10 t o  
68  fa thoms)  deep,  s u g g e s t i n g  a f a i r l y  wide range  of f o r a g i n g  
dep ths .  T h i s  d i e t  s t u d y  c o n c e n t r a t e d  on a d u l t s ;  however, it is 
worth n o t i n g  t h a t  l a r g e  numbers of j u v e n i l e s  (100 t o  252 
i n d i v i d u a l s  per t r a p )  were caught  i n  t r a p s  set i n  water 60 t o  64 
m (33  t o  35 fa thoms)  deep. 

The wide v a r i e t y  of f o r a g e  organisms and t h e  absence  of any 
dominant prey  i n  t h e  gut  c o n t e n t s  s u g g e s t s  o p p o r t u n i s t i c  f eed ing .  
T h i s  is  c o n s i s t e n t  w i th  t h e  results of t h e  s t u d i e s  by Major 
(1978) and P o t t s  (19801, where G. isnobilis and G. melamPvqus 
e x h i b i t e d  o p p o r t u n i s t i c  f e e d i n g  h a b i t s ;  however, it may be  t h a t  
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t h e  number of  stomach samples was i n a d e q u a t e  t o  demonst ra te  
p o s s i b l e  s e l e c t i v e  f e e d i n g  or o t h e r  t r e n d s .  

A small sample s i z e  a l s o  p r o h i b i t e d  an i n v e s t i g a t i o n  of  t h e  
e x t e n t  stomach c o n t e n t s  a re  i n f l u e n c e d  by s e a s o n a l  e f f e c t s .  
Although sampling was conducted throughout  t h e  y e a r ,  37 (58 per- 
c e n t )  o f  t h e  stomachs were c o l l e c t e d  i n  t h e  summer. For t h e  
o t h e r  s e a s o n s ,  1 5  (23 p e r c e n t )  were c o l l e c t e d  i n  t h e  s p r i n g ,  9 
(14 p e r c e n t )  i n  t h e  f a l l ,  and 3 ( 5  p e r c e n t )  i n  t h e  w i n t e r .  
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APPEloDIX A. 

Components of r u b b l e  found i n  pseudoca ranx  dentex s tomachs .  
( I d e n t i f i e d  th rough  t h e  c o u r t e s y  of B. Burch, Bishop Museum, 
Honolulu,  Hawaii) 

Limestone " r -le" 
phylum Protozoa 
Order Foraminifera 

Family Nlmmulitidae 
deter- 

Family Hanotrematidae 
l-uudna- 

Family w s t e g i n i d a e  

Family Soritidae 

. .  
* .  d. blclrculata . .  

Phylum Coelenterata 
Order Scleractinia 

Family Fungiidae (coral) 
Cvcloserisfraailis 

phylum Echinodermata 
C l a s s  Echinoidea 

Family Cidaroidae 
Family Fibulariidae 

Echino<;varmselonaatus 
Class O#-d.uroidea 

C l a s s  Gastropoda 
Phylum Mollusca 

Family Str-idae 
skuA&!ahelli 

Family Eulimidae 
Family Atyidae 
Family Naticidae (Natica) 
Family Cerithiidae 
Family Littorinidae ?ma 
Family Epitoniidae 
Family Hippnicidae 
snbjsconica 

F d y  Xenophoridae 
lieuxma- 

Family T r i w r i d a e  

F d l y  Columbellidae 
FErmily Pteropoda 
Family Bursidae 

Family Turbinidae 

Family Rissoidae 

Family Turridae 

Family Ostreidacea 
Family Cardiidae 

Family spondylidae 

Family Carditidae 

Family Wilidae 

Fmily  Arcidae 
Family Pectinidae 
F d l y  Pinnidae 

Class sca*opda 
Family Wtalidae 

Tri&tua cf. tubularis 

~ p l s i l l u m  

GiWula- 

Zebinatridentata 

Class Bivalvia 

Nernatocardirrm- 

4XmdYulirmuafelis 
Carditella SP. 

phylum Arthropoda 
C l a s s  Crustacea 
Order Ihphipda  

Tribe Bracfiyura 
Fanily Gmmraridae 

Family Xanthidae 
Frmily Portunidae 
Family Leucosiidae 

Family Faguridea 
Tribe Ananura 
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