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Reproductive biology af the greater amberjack, 5i~g~g
~ng!~, was investigated to determine relationships
with the irregular occurrence of ciguatoxic fish in
Hawaiian waters. Incidence of toxic fish was indepen-
dent of ovary maturity and spawning season. The spawn-
ing season is from February through June and peaks in
March and April. Incidental spawning occurs year-
round. Amberjack appears to be an intermittent spawner
with three to four major spawnings in the relatively
long protracted spawning season. Size at first matu-
rity was 72-cm fork length and ripe ovaries were first
observed in fish 78 cm long. Estimates of fecundity
ranged fram 1.3 to 4.2 x 10< ova for the 83.0 to
118.6-cm size group. Sex ratio was 1.09:1  males to
females!; males predominated among fish 60 to 79 cm in
length and females among fish l00 cm in length.
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Until May 1980, the greater amber jacky !RRXLQ14 jlllalaLLli.
camprised a substantial amount of the handline fishery landings
in Hawaii, ranking third with an annual average catch of about
33,107 kg  DAR, 1980!. Irregular occurrences of ciguatera
poisoning  Halstead, 1970! which implicated the amberjack have
virtually eliminated commercial sales.



In April 1979, a 2-year program was initiated by the Hona-
lulu Laboratory, Southwest Fisheries Center, National Marine
Fisheries Service  NMFS!, with the University of Hawaii School of
Medicine, and the United Fishing Agency  UFA! to deveLop a prac-
tical method to screen commercial fishes for ciguatera. Due to
its history of implication in ciguatera poisoning, the amberjack
was employed as a test species.

Previous warkers  Hiyama, 1950' Watanabe, 1950; Cooper,
1964! have hypothesized that ciguatera poisoning is directly
related ta maturity and gonadal ripeness of the fish. A prepon-
derance of toxic fish might occur during the spawning seasons.
Banner et al. �966! have found that elimination of the cigua-
taxin in ~~m ~i~ was very slow such that after 30 months
there was no detectable drop in toxicity level. They inferred
that the incidence of toxicity would be higher in the larger,
mature fish.

Of the few studies conducted on the reproductive biology of
the greater amberjack, none has examined its relationship with
ciguatera levels. Burch �979! observed that peak spawning in
the western Atlantic occurred in March through June with evidence
of year-round incidental spawning. Similar fecundity and matura-
tion studies of 9. ~>~~ off California have demonstrated that
multiple spawning occurs from July to October  Baxter, 1960!.

In this study, some aspects of reproduction of an exploited
fish stack including �! spawning season, �! fecundity, �! size
at first maturity, and �! sex ratio have been determined and
compared with the occurrence of ciguatoxin.

MATERIALS AND METHODS

A total of 5,242 amberjack gonads were collected from April
l979 through April 1981 far ciguatera screening. Fish sampled
were caught by commercial handline boats in the area between the
island of Hawaii and Pearl and Hermes Atoll in the Northwestern
Hawaiian Islands.

pork length  FL!, body weight  to the neareSt 0.1 kg!, date,
and location of capture, when available, were recorded. Ganads
and stomachs were removed and frozen for laboratory examination.
Tissue samples extracted fram various parts of the body were col-
lected for ciguatoxin analysis using a radiaimmunoassay technique
developed by Hokama et al. �977! at the John A. Burns School of
Medicine, University of Hawaii.

Frozen gonads were weighed to the nearest gram and larger
more developed ovaries were preserved in modified Gilson's fluid
 Simpson, 1951! for fecundity estimates. Other ovaries were pre-
served in 4 percent formaldehyde solutian. Testes were weighed
and discarded.
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To facilitate the penetrations of the Gilson's fluid, epi-
thelium of the ovary was slit longitudinally on both lobes and
inverted, exposing the sinuous germinal tissues. Daily agita-
tions of samples over a 3 to 6-week period enhanced the digestion
deterioration of the connective tissues and freeing of the hard-
ened ova. Remaining connective tissue was sufficiently broken
down so that any attached ova could be easily freed. Ova were
separated from remaining tissue with a 1-mm mesh nylan screen,
then collected and washed over a 0.183-mm mesh screen.

Subsamples for fecundity estimates were obtained by a
volumetric method  Van Dalsen, 1977! with minor madifications.
In place of a reversing magnetic stirrer, ova were initially
suspended with a stirring rod. Then, an unidirectional magnetic
stirrer was activated to create a counterflow. Prior to the
formation of a vortex, two 5-ml aliquots were drawn with a
pipette from the lawer two-thirds of the mixture, and approxi-
mately 2 to 5 cm from the wall of the container.

Estimates of fecundity  F! were obtained by the followingformula: N
5 ml

where n = number af subsamples
N = number of ova in each subsample
V = total volume of the mixture in milliliters

Eight ovaries were sampled during the 1980 spawning season
for fecundity estimates. Relationships of fecundity with FL,
body weight  wt!, and gonad weight  gw! were compared using
Bartlett's "three-graup" method far madel II regression  Sokal
and Rohlf, 1969; Ricker, 1973!. Also from each of the sub-
samples, 300 randomly selected ova were measured and staged under
a microscope  Kikkawa, 1980!. Due to the irregular shape of the
preserved ova, diameters were measured following the method of
Clark �934!.

Earlier workers have custamarily used ava diameter frequency
distribution in spawning studies  Clark, 1934; Yuen, 1955; Otsu
and Uchida, 1959!. Although this method provides a good estimate
of maturity, the technique is quite laborious. Due to the large
number of samples, a simpler method was desirable. Bagenal and
Braum �968! suggested the use of gonad weight as an indicator of
repraductive condition. Consequently a percent ratio of gonad
weight to body weight  gw/wt x 100!, termed the gonadosomatic
index  GSI!, was employed to represent maturity. For comparative
purposes, the developmental stage of ovaries was also determined
on the basis of the most advanced ova in the ovaries.
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RESULTS

DevelopELental Stages of the Ovary

Seven stages of ova development could be identified based on
physical characteristics: immature, early developing, develop-
ing, advanced developing, early ripe, ripe, and residual  Table
1!. These stages were similar to those found by Uchiyama and
Shomura �974! in the swordfish, Xiphlas i~<~, and Kikkawa

h

Ova diameter distributions of ova in various stages of
maturity are shown in Figure l. Primary or primordial cells
occurred in all of the ovaries. These rudimentary cells were not
measured.

Early developing ova made up the "developing" mode. They
were considered unlikely to be released during the next spawning.
The "ripening" category included ova in a wide developmental
stage from "developing" to "early ripe"  Table 1!. No running
ripe ova were observed.

The developmental stage assigned to an ovary was based on
the most advanced ova. Immature and recently spent females with
only primordial cells in the ovaries were considered to have
nondeveloping ovaries. Those with ova in the "developinq" mode
 Figure 1! were classified as developing. Ovaries were classi-
fied as "ripening" based on the presence of ova in "advanced
developing" mode which included ova in the developing to ripe
stage.
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Physical Description
of the Oocytes

Diameter Ovary
pm x 10 Maturity

GSI Mean

 +S.E.!
Ova

Natur ity Stage

I. Primordial 0.940

�.059!
Oocytes prevalent in
all ovaries; oocytes
are usually ovoid
and consist of uni-

form transparent
gelatinous material.

Hondeveloping

Oocytes are semi-
transparent to
translucent due to
the formation of

granular yolk mat-
ter. Oocytes are
usually avoid or
wedgel ike.

2.0-5.1 Developing0.701

�.052!
II. Early

III ~ Developing 0.701
�.279!

4.1&.9 RipeningOocytes are can-
pletely opaque with
yolk material.

4.6-7.4 Ripening1V. Advanced

developing
Oocytes are usually
spherical with uni-
form opaque yolk
granules and encased
in a transparent
fertilization maa-

brane.

2.80

�.099!

3.78

�.55!
5.1-7.6 RipeningV. Early

ripe
Oocytes are usually
spherical. 'Ihe yolk
material is translu-
cent; oil globules
are present.

4.86

�.16!
Oocytes are usually
almost trans~rent;
oil globules are
present.

VIZ. Residual 4.8-7.0 Ripening3.80 Oocytes show signs
of reabsorptice.
Cells are translu-
cent and greatly
reduced.
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TABLE l. DESCRIPTION OF THE OVARIES OF GREATER ANBERJACK AT
VARIOUS STAGES OF DEVELOPMENT
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OVA DIAMETER  pm!

Figure 1. Size-frequency distribution of ova at
various stages of maturation
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Fecundity

In eight ripening females  83.0 to ll8.6-cm FL!, fecundity
ranged from 1.3 to 4.2 x 10 ova. The relationships of fecundity
to length, body weight, and gonad weight were linear. Bartlett's
method for model II regression was used to describe the rela-
tionship:

Fecundity and length -0.71 + 0.0025 FL

0.72

F
r*

Fecundity and body weight 0.97 + 0.05 wt

0.82
F
r 'k

Fecundity and gonad weight 7 -0.24 + 0.0036 gw
0.89

F
r*

where

fecundity x 106
fork length in centimeters
body weight in kilograms
gonad weight in grams
the unbiased correlation coefficient  Kendall and
Stuart, 1967!

FL

wt =

gv
r*

All developing and ripening ova in the most advanced mode
were used to estimate fecundity. The fecundity was best cor-
related with gonad weight. Gonad weight, therefore, was consid-
ered the best predictor of fecundity.

Ovary maturity and gonadosoaatic index

Spawning season

The seasonal distribution of GSI indicated that spawning
began in February, peaked in March and April, and concluded by
July  Figure 2!. Mean GSI reached 2.5 percent for males and 3.0
percent for females in February and rose to 5 per".ent far males
and 4.5 percent for females in March. At the conclusion of the
spawning period, GSI declined to about 1.8 percent for both
sexes. The occurrence of a few ripe ovaries and law mean GSI
levels throughout the year indicates that incidental year-round
spawning may occur.
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Females that �! were too small to be sexually mature, �! had
ovaries containing only primordial cells, �! had ovaries contain-
ing early developing oocytes, and �! were recently spent had
indices of about 1 percent. Females with indices 2.0 percent were
considered to be sexually active and expected to spawn in the
current spawning season. Fish with near ripe ovaries had indices
3.5 percent. The highest index for a female was 4 .86 percent.



Mean monthly gonadosomatic index  GSI!
for the greater amber jack. The verti-
cal lines represent + standard error of
the mean;  N! is sample size.

Figure 2.

Size at aaturity
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The relationship between body length and the development of
ovaries was determined from l44 randomly selected ovaries. The
percentage of females with nondeveloping, developing, and ripen-
ing ovaries was plotted by 2-cm size classes to determine size at
maturity. Females with developing ovaries were considered mature



and those with nondeveloping ovaries, immature. At 70 cm every
female was immature; however, at 72 cm 40 percent had reached
maturity. Thus, females were considered likely to reach maturity
at 72 cm  Figure 3! . The smallest female with ripe ovaries mea-
sured 78 cm and was estimated to be 2.5 years old  J.H. Uchiyama,
1983: personal communication!.

RIPENING

DEVELOPING

NON DEVELOPING

100

ZO 60
IJJ
X
O

0
70- 7 I 72- 7 3 74- 75 78-77 78-79 80-8 I 82-83 84-85

FORK LENGTH  cm!

Figure 3. Percentage of distribution of ovaries
in various stages of development by
fish size

Sex ratio

Males predominated �.09:1! in the 5,242 fish sampled for
this study, Sex ratios by year were: 1979, 1.01:1; 1980,
l.ll:1; and 1981, 1.10:1. The sex ratio for 1980 deviated most
from the expected 1:1 ratio. Pooled by year, the sex ratio
deviated significantly from 1:1 in March, June, and December
 Table 2!. For the 10-cm length classes, sex ratio deviated from
1:1 for most of the size categories  Table 3!. Generally the
males predominated in the larger sizes  < 100 cm!. Among the
Smaller sizes  <60 cm!, no significant deviations from the
expected were found.
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TABLE 2 ~ DEVIATION OP THE MALE TO FEMALE SEX RATIO PROM 1:1 IN
GREATER AMBKRJACK BY MONTH AND YEAR

Year
Total a d.f.

1980 19811979

122: 112

73: 93

129: 123

267:208

591: 536

3 2.68
l,747:1,583

ll
8.08

400:395

8 0.03
Total b

d.f.

X

Note: Total a = the mx ratio pooled by mph for all years; Total b = the
sex ratio for each year

~p < 0.05

tP < 0.01

Incidence of ciguatoxic fish

Of the 5,227 amberjacks tested, 370 males and 372 females
had high levels of ciguatoxin. The percentage of toxic males
�3.6 percent! from that of females �4.9 percent! was not
significantly different.  t = 1.6934; d. f. = 5,226; P > 0. 05! .
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April
May
June

July
August
Septenber
October
November

December

January
February
March

29:16

43: 69

101:72

89:64

31:29
15:28
14:26

23: 41

55 50

221:221

121:94
137: 93"

92:111

150:151

83: 87
108: 119*

81:69
159:122

128: 97

202: 203
265: 216

372: 339
164: 163

238: 165

181: 175

181: 180

98: 115
l22 145
104. 110

214: 172
201: 190

331: 326
532: 424

1.53

0.003

13.22t
0.10
0.003

1.36

1.98
0.17

4.57
0.31

0.04

12.20*



TABLE 3. DEVIATION OF THE MALE TO FEMALE SEX RATIO
FROM 1.09:1 IN GREATER AMBKRJACK BY 100-MM
SIZE CATEGORIES

Fork Length
 mm! X 2FemaleMale

Note: percentages given in parentheses

"P < 0.01

A 2 x 3 contingency table of nontoxic and toxic females
against stages of ovary development was constructed to show
variations in the occurrence of toxic females by maturity   X
9.517' d.f. = 2; P < 0.01!. A test of independence showed that
toxic female amberjacks were most likely to have immature or
ripening ovaries  X = 9.668; d.f. = 2; P < 0.01!  Table 4!.

TABLE 4. PERCENT DISTRIBUTION OF TOXIC AND NONTOXIC
PiSH AT VARIOUS DEVELOPMENTAL STAGES

Developmental
Stage ToxicNontoxic

14.0 �44!
15.2 �59!
15.6  86!

86.0 �,353!
84 .8  890!
84.4 �64!

Developing
Developing
Ripe

100.00 �89!100.00 �,707!TOTAL

Note: Sample size is given in parentheses
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400

400-499
500-599
600-699
700-799
800-899
900-999

1,000-1 p 099
1,100-1,199
1,200-1,299

1,300

27 �9.7!
104 �6. 0!
202 �2.3!
393 �7. 4!
835 �8.1!
815 �4.1!
282 �6. 3!

40 �4.1!
7 �3.0!
1 �.4!
0 �!

41 �0. 3!
122 �4.0!
184 �7.7!
292 �2.6!
601 �1.9!
692 �5.9!
327 �3 ' 7!
126 �5.9!

47  87.0!
22  95.6!

6 �00!

68
226

386
685

1,436
1,507

609

166
54
23

6

2.88
1.43

0.84
l4.89*

38.13*
10.04*

3.33
44.554
29.63*
19.17"



No obvious trends in the relationship between the seasonaL
distribution of toxic fish and spawning could be detected.
During 1980, occurrence of ciguatoxic fish peaked in January,
March, June, August, and October. The mean percentage was 22
percent of the total month' s catch.

DISCUSSION

Xn this study, fecundity is defined as the number of eggs in
the female likely to be extruded at the next spawning  Bagenal
and Braum, 1968!. Ova in this category were those in the most
advanced mode in the ova diameter frequency distribution. It was
unlikely that the ova in the secondary mode would develop enough
to be released with ova in the most advanced mode. Although the
developmental rate of the ova was not determined and the advanced
mode included ova in various developmental stages from developing
to early ripe, it, was assumed that at the time of spawning all of
the ova in the most advanced mode would be extruded. Work on the
jack mackerel off California demonstrated the occurrence of two
major spawnings, i.e., the two modal groups of ova suggested a
spawning with each mode.

The seasonal distribution of GSI did not indicate a second
peak spawning during the relatively long breeding season, which
was estimated to last from February to June, but the possibility
of multiple spawning cannot be ignored. Xt is apparent from the
multimodal distribution of ova diameters that the ova in the
secondary mode would unlikely develop enough in size and maturity
to be released with ova in the most, advanced mode. Based on the
continuous development of ova, it seems likely that the greater
amberjack is a multiple spawner. Although there are no data to
determine the number of spawnings per season, higher occurrences
of juveniles  fish <45 cm and with sexually indistinguishable
undeveloped gonads! in May, July, September, and October  Figure
4! could possibly reflect three or four major spawnings in the
spring.

During the off-spawning season, the infrequent catches of
ripe fish and a few juveniles indicate that incidental spawning
may occur. Spawning would be closely associated with environ-
mental conditions conducive to larval fish survival as was demon-

MDllUllB
 Chigirinskiy, 1970! .

The spawning season for greater amberjack off the coast of
Florida is from March to June, peaking in April and May. It was
inferred from the infrequent catches of ripe fish that the amber-
jack exhibit low year-round spawning  Burch, 1979!. Also, larval
fish surveys in the eastern Gulf of Mexico and Straits of Florida
tend to support the generalization that year-round spawning is
typical of the,'~~ sgp  Dooley, 1972; Munro et al., 1973;
Aprieto, 1974~ Fahay, 1975! ~
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Figure 4. Percentage of distribution of juvenile
amberjack < 45 cm throughout the year

The literature on sex ratio provided little assistance in
interpreting the significant variations from a 1:1 sex ratio.
Deviations from the expected ratio could be due to sexual differ-
ences in longevity, growth, mortality, and behavioral patterns,
or to sex reversal and migration of one sex out of the sampling
area as suggested by Wenner �972!. Of these, only differences
in mortality and longevity are supported by available evidence.
The number of males in the midsize classes �0 to 90 cm! were
significantly greater than the females. Conversely, fish > 100 cm
were predominantly females.

The occurrence of 12.2 percent immature and 16.9 percent
ripening toxic fish is contradictory to the hypothesis that
toxicity is related to spawning period and gonad development
 Hiyama, 1950; Watanabe, 1950!. No significantly higher number
of toxic ripening fish was found. Xnvestigators studying the
acquisition and retention of ciguatoxin in the red snapper,

have found that toxicity levels remained the same
for about 30 months and that elimination of the toxin is very
slow  Banner et al., 1966!. Due to the persistence of the toxin,
one would expect a higher percentage of toxic fish to have
reached sexual maturity, but we did not find this to be so. A
possible explanation of this anomaly is that at various stages of
development, ciguatoxin could be concentrated in different
organs. Higher levels of the fat soluble toxin  Scheuer et al.,
1967! might. be in tissues of high lipid concentrations such as
the generative tissues at the onset of spawning. Substantiating
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work an sardines, herring, and other cluepids have elucidated the
increase of fats in the musculature, mesentery, and viscera pre-
ceding the onset of spawning  Blaxter and Holliday, 1963; Channan
and Kl Saby, 1932!. At the onset of spawning, fat reserves are
channeled to the gonads as energy source and nutritive materials
in the yolk  Shul'man, 1974!. A close association of ciguataxin
with the homologous lipids  Lasker and Theilacker, 1962! might be
expected and like the lipids, toxin might be concentrated in dif-
ferent organs due to physiological changes in the fish. During
the prespawning period, movement of fat reserves to the reproduc-
tive organs would create a lipid and ciguatoxin gradient, thereby
increasing the taxicity level in the viscera. Some ciguatera
attacks were thought ta be caused by the consumption of the more
toxic viscera than the musculature  Halstead and Schall, 1958;
Cooper, 1964; Helfrich et al., 1968!. In immature or resting
fish, higher concentrations of toxin would likely be in the
musculature due to the rising fat reserves. Because only the
musculature was tested by radioimmunoassay, this question remains
unresolved.

SUMMARY

1. Greater amberjack ganad samples were collected from the
Hawaiian commercial fishery from April 1979 through April l981 as
part of a ciguatera research pragram.

2. Fecundity estimates, based on counts of all ova in the
most advanced mode, ranged fram l.32 x 106 ta 4.2 x 1D6 for fish
from 83.0 to 118.6 cm. Relationships of ava count to ganad
weight, body weight, and length were best decribed by model II
regressions. Gonad weight was the best predictor a fecundity.

3. Spawning season for the amberjack was February through
July, peaking in March and April.

4. Infrequent occurrence of ripe ovaries and law mean GSK
levels throughout the year indicated year-round incidental
spawning.

5. Based on the occurrence of juveniles < 45 cm and con-
tinuous ripening of the ova during the relatively long spawning
period, it appears that the amberjack are intermittent spawners;
it is possible that there may be three to four major spawnings in
a single season.

6. Size at maturity was estimated to be 72 cm. Same fully
ripe individuals were 78 cm.

7. The male to female sex ratio of the 5,242 amberjack
sampled was 1.09:1, differing significantly from the expected 1:1
ratio. Males predominated among the midsizes �0 to 79 cm!
whereas, females predominated in the larger sizes  >100 cm!.
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8. The incidence of ciguatoxic fish was neither related to
spawning season nor to sex.

9. There was a slightly higher rate of toxic females in the
immature and ripening stages.
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Michael P. Seki

Southwest Fisheries Center Honolulu Laboratory, National Marine
Fisheries Service, NOAA, P.O. Box 3830, Honolulu, Hawaii 96812

Sixty-seven stomach and spew samples of the grouper,
Q

Islands were examined. The study showed that this
grouper forages mainly on bottom-associated crusta-
ceans, fishes, and cephalopods.

Shrimp  predominantly of the family Pandalidae! were
the most important food item as determined by an index
of relative importance  IRI!. The IRI incorporates
numbers and volumes of the prey and their frequency of
occurrence. Of the 22 families of fishes that were
represented in the food samples, members of the fami-
lies Lutjanidae, Emmelichthyidae, and Congridae were
the most important. The results suggest that g.

is a carnivorous, opportunistic bottom feeder.

4
Northwestern Hawaiian Islands

feeding

INTRODUCTION

Some of the Hawaiian fishes of highest commercial value are
the bottomfishes which comprise the tropical snapper-grouper
complex  Uchida et al., 1979! . The lone serranid of commercial

h' h p 1 I' tllbglUR gi
Scale. Although the maximum size of this species is not known,
specimens >105.9 cm total length and weighing 26.5 kg were caught
on the resource survey cruises in the Northwestern Hawaiian
Islands  NWHI! conducted by the Honolulu Laboratory, National
Marine Fisheries Service  NMFS! Uchida and Uchiyama, in prepara-
tion!. This species is only recorded from Hawaii and is the only
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serranid which "contributes significantly to the commercial land-
ings in Hawaii"  Tinker, 1978< Department of Land and Natural
Resources, 1979!.

h' d' hhhhhhhh h ' h h
upon such species as g. ~zip~, J. ~~, and g. age~ in
the Atlantic  Longley and Hildebrand, 1941; Bardach and Mowbray,
1955; Randall, 1965, 1967; Moe, 1969; Collette and Talbot, 1972!

h. ~ h ~ h ~ ~
Pacific  Hiatt and Strasburg, 1960; Randall and Brock, 1960;
Helfrich et al., 1968; Harmelin-Vivien and Bouchon, 1976;
Randall, 1980!. In general, these groupers are benthic carni-
vores and primarily feed on fishes and crustaceans. In addition,
Randall �965, 1967!, Moe �969!, and Harmelin-Vivien and Bouchon
�976! found that groupers become more piscivorous as they
increase in size.

Feeding periodicity of the groupers vary according to the
geographical area and the species. Off Florida, g. gg~ feeds
indifferently by day or night and 5. g~~ is primarily a
diurnal feeder  Longley and Hildebrand, 1941!. Serranids in the
Caribbean Sea feed day and night and increase foraging activity
during the crepuscular periods  Randall, 1967! . Serranids in
Madagascar also feed during day and night, but more actively at
night  Harmelin-Vivien and Bouchon, 1976!. In Tahitian waters,
groupers are primarily diurnal; however, they may occasionally
feed at night, especially in the presence of a bright moon
 Randall and Brock, 1960!.

These earlier studies have concentrated on groupers captured
in nearshore waters. Although J. <~~ may be found in the
shallow, nearshore waters  Hobson, 1980!, the food samples for
this study were collected from fish captured on the offshore ben-
thic slopes at depths of 128 to 219 m �0 to 120 fathoms!.

Kluegel �921! published the only report on the feeding
habits of g. ~~am. In her study of the diet of food fishes,
she found that this grouper was carnivorous. This was based on
the contents of 13 stomachs �0 of which were empty! and the
presence of scombroid fish among the food items.

The major objective of this study is to quantitatively
determine specific forage items of this deep-dwelling species.
This study was part of an overall investigation of the life
history of this species and other bottomfishes. Together with

*h ~h
 see report in this proceedings by Michael P. Seki!, occupying
the same or comparable habitat, this diet study of the grouper
may provide data on competition among species for prey, and thus
may lead to a better understanding of trophic relationships.
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METHODS

Field Collection of Food Saaples

The 67 stomach and spew samples were collected from group-
ers captured at deep-sea handlining stations aboard cruises to
the NWHI from Narch l978 to August 1981. Fifty-nine of the
samples were collected on the RV T!Z~aG5 Mgmye11, whereas four
spew samples each were collected aboard commercial vessels, the
FV ~ g~i~, and the FV ~~.

The fish �4 females, 2 males, and 31 unsexed! were captured
at 2l islands or banks stretching f rom Nihoa to Kure Atoll. They
ranged from 38.7 to 109.3 cm total length and weighed from 1.8 to
22.7 kg. The study material included 14 stomachs removed intact
from the fish and 53 spew samples.

The handlined fish were caught primarily on hydraulic-
powered gurdies, although a few fish from early cruises may have
been hauled by hand or on an electric reel. The terminal rig and
gurdy specifications are reported by Uchida and Uchiyarna  in
preparation!. Nost of the grouper landed were caught on rigs
with four hook lines and Tankichi or Izuo ulua hooks Nos. 26 and
28 baited with stripped squid. At handline stations, the vessel
was usually allowed to drift over banks 73 to 219 m �0 to 120
fathoms! deep.

Since the fish were taken from great depths, most of the
stomachs were everted due to gas blaMer expansion when the fish
were brought to the surface and much of the contents were regur-
gitated. Nany food items, however, were caught in the throat or
gill rakers and were picked out by long forceps and saved. These
were classified as spews. All stomachs and spews were preserved
immediately in a 10 percent Formalin-seawater mixture. Data on
species, station number, date of capture, total and standard
lengths, weight, and sex were noted for each sample.

Laboratory Procedure

The laboratory methods for examination of the samples were
similar to those reported in Humphreys �980! and Harrison et al.
�983!. For this study, the analyses of stomach and spew samples
were treated similarly. The stomach contents were emptied into a
fine mesh strainer, rinsed in running water, and sorted into
identifiable groups. The volume of the prey items were measured
by water displacement and coded for stage of digestion. The
codes ranged from 1 through 4 where code 1 represented an item
with no perceptible loss in volume and code 4 an item almost
completely digested. When more than one item in the same taxon
were present and could not be distinguished as whole individual
items, the total number and volume of the items were recorded.
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Where possible, lengths of the prey items were determined.
The measurements, which included standard length  SL! for fish,
mantle length  ML! f or cephalopods, and carapace length  CL! f or
crustaceans, were coded as follows: code 1, totally intact spec-
imen which could be measured precisely, and code 2, inexact mea-
surement of a partially digested specimen. No attempt was made
to measure the length of any prey item that was well digested.

Food items were identified to the lowest taxon possible,
using the methods reported in Harrison et al. �983!. To
identify fish, external characteristics and morphometrics were
used whenever possible; however, many fish were in an advanced
state of digestion and required clearing and staining in Alizarin
S so that vertebral counts and morphological characters could be
used for identification purposes. Invertebrates were identi-
fied by external morphological features. Thus, many of the crus-
taceans were identified at least to family since the exoskeletons
remained intact despite digestion.

Method of Data Analysis

Traditionally, numerical, volumetric, and frequency of
occurrence methods have been used in expressing results of food
studies. Reintjes and King �953! stated that, individually,
each method has shortcomings, but food items which ranked high in
number, volume, and frequency of occurrence were important foods
for the predator at the time and area sampled.

Pinkas et al. �971! attempted to incorporate the three
traditional methods of stomach analysis in the deve].opment of an
index of relative importance  IRI! expressed as:

IR1 =  N+V! F

where

percentage of the total number of prey items
percentage of the total aggregate volume of the
prey items
percentage of the occurrence in the stomach
samples

For this study, the importance of each of the forage items
was determined by the IRI method. The number, volume, and fre-
quency of occurrence percentages were rounded off to the nearest
10th prior to the IRI calculations.

A list of the food items in the 67 stomach and spew samples
is presented in Table 1. The numerical, volumetric, and fre-
quency of occurrence analyses, along with the IRI values, are
given for the forage items identified to the lowest taxon.

182



TABLE I. NUMBER, FREQUENCY OP OCCURRENCES VOLUME AND INDEX OF
RELATIVE IMPORTANCE   IRI ! OP THE FORAGE ITEMS IN 67

1 I I ERE Ma .DIH RIB l'I 00»

FOrage Items

ESYLUN KKXlS X
Class Cephalopoda

Order Octcpoch
0.2 11 1.5 23.0 0.7
0.8 3 4.5 239.0 7.6

1.4
37.8

0.2 1 1.5 0.6 < 0.1

0.2 1 1.5 1.0 <0.7. 0.3

1 1 5 6 5 0 20.2 0.6

9 13.4' 43.6 1.4
5 7.5 17.6 0.6

16 23.9 212.7 6.8
2 3.0 14.5 0.5
1 1.5 0.3 0.1
2 3.0 9.8 0,3

11.5
5.6

63.4
1.0

0.4

l72.9
46.5

1,677.8
4.5

2.1

56
27

308

5 2
0.2
0.4
0.6
0,2
0.2

1.5 2.0 0.1
3.0 3.5 0.1
3.0 101.0 3.2
1.5 20.0 0.6
1.5 27.0 0.9

0.4
1.5

ll.4
1.2
1.6

PHON KHZhK!DKRNZA
Class Echinoidea 0.3 <0.10.2 1 1.5 0.3

BDIIR QKSIRTA
Subphylum Tunicata

Family Pyrosmetidae
Super class Pisces
Class Osteichthyes

 unidentified f ishes!
Order Anguillif crees

Felly Congr idee
Family Nuraenidae

Order Salnxniformes
Family Argentinidae

0.2 1 1.5 23.0 0.7 1.4

3.2
0.4
9.8
0.2

17.1
1.2

64.8
0.6

0.6
0.4
1.0
0.2

101.5
13.7

307.0
5.0

4.5
1.5
6.0
1.5

0.2 3.51.5 0.1

Note: Food items were identified to the lowest taxon possible
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PHXUR ARTHMKKR
Class Crustacea
Subclass Nalacostraca

Order Zsopoda
Order Amphipoda

Family Pbronimidae
Zhramm aM~

Order Stcmatopoda
Family Squillidae

Order Decapoda
Suborder Natantia  shrimp!

Super f emily Car idea
Family ~ldae
Rleaimiha 1aaaira~
"Shrimp remains

Subcrder Reptantia
Tribe Anamra

Family Galatheidae
gggida sp.

Tribe Brachyura
Family Hami idae
Family Raninidae

Aqgregate
No. of Organimaa Occurrence Total ~clyde~

ZRZ
Total Percent No. Percent ml Percent



TABLE 1. NUMBER, PREQUENCY OP OCCURRENCE, VOLUME AND INDEX OP
RELATIVE IMPORTANCE  IRI! OP THE PORAGE ITEMS IN 67
~ QWtulaa   i d!

Aggregate
~re Total VolmeNo. of Organisms

Forage Items

1 0.2 1 1.5 1.9 0.1

3 0.6 2 3.0 76.1 2.4

0.4

9.0

1 0.2 1 1.5 60.0 1.9
0.2 I 1.5 14.0 0.4

3.2
0.9

1 1.5 32 ' 0 1.0 1.80.2

0.4
0.6
0.2

2 3.0 2.3 0.1
2 3.0 13.5 0.4
1 1.5 4.0 0.1

1.5
3.0
0.4

0.2 1 1.5 24.0 0.8

3 4.5 130.5 4.2

l.5

0.8 22.5

1 1.5 10.0 0.3
1 1.5 1.5 < 0.1
4 6.0 307.0 9.8

0.2
0.4
0.8

0.8
0,6

63.6

1 1.5 1.8 0.1
1 1.5 24.0 0.8
8 11.9 176.4 5.6
1 1.5 136.0 4.3
l 1.5 780.0 24.8
3 4.5 7.5 0.2

1 1

15 1 1 4
0.2
0.2
3.1
0.2
0.2
0.8

0.4
1.5

103.5
6.8

37.5
4.5

0.2
0.2
0.2

1.5
1.5
1.5

43.0
10.0
81.0

1.4
0.3
2.6

2.4
0.8
4.2

0.6
0.6
0.4

0.2
0.2
0.2

1.5
1.5
1.5
3.0

5.5
7.0
2.5

13.7

0.2
0.2
0.1
0.4

VZHKK
Unidentif ied remains
"Coral rubble"

1. 3 0.1
3.5 < O.l

1 1.5
1 1.5

l84

Order Gonorhynchif ornms
Family Gonorhyndudae
NKKKRHKhUk QQD0rhYD~

Order Myctoghiformes
Family Nyctophidae

Order Polymixiiformes
F'amily POlymiXiidae
Zahmixia herndti

Order Gadifornms
Fnnnily Ophidiidae
Br>;~ I ltibarh~

Order Berycif ormes
Family Tra~chthyidae

FamQy Holocentr idae
Order Scorpnenif orn&s

Family Scorpnenidae
Order Perciformes

Family Serranidae
Family Pr iacnnthidae
Zria!anther sp.

Fancily Apogonidae
Family ~idae
Family Carangidae
Zmmterua sp.
~<iariuliL sp.

Family Ennnelichthyidae
Family Lut j anidne
Xtelia mrhmMus

Family Nullidae
LiLGLERGQQk sp.

Family Pomacmntridae
Family Gempylidae

Order Tetraodontiformee
Family Nonacanthidae
ZRL8392I sQiloRRa

Family Tetraodontidae
Unidentified fish ranains

Total Permit Nn. Per cent ml Percent



Table 2 presents the analysis of the food items by major
classes and groups. The classes are listed in descending order
of IRI values for fishes and invertebrates. Primarily, the prey
fishes are presented by the families and the invertebrates by
class or order. The IRI values and the percentages used in the
IRI calculations are given in the table.

Overall, fishes  IRI = 5,384.9! and crustaceans  IRI =
5,009.2! made up the bulk of the forage items. Molluscs  IRI
54.9!, other miscellaneous invertebrates  IRI = 3.3!, and uniden-
tifiable remains made up the rest of the food items.

Fishes, representing 22 families, occurred in 59.7 percent
of the food samples, comprised 76.2 percent of the total aggre-
gate volume, and represented 14.0 percent of the total number of
food items. Lutjanidae �29.5!, Emmelichthyidae �03.5!, and
Congridae �4.8! had the highest IRI. Although unidentified
fishes  IRI 17.l! are significantly represented, the individ-
uals represented various species.

Crustaceans, which made up the majority of the invertebrate
forage, appeared in 50.7 percent of the sampl.es and comprised
84.2 percent of the organisms and 14.6 percent of the total
aggregate volume. Shrimp  Natantia! represented 96.8 percent of
all the crustaceans, and the family Pandalidae represented 79.0
percent of all the shrimp. the lone species of shrimp identi-
d' l y d d y 'ly
crabs  Reptantia!, stomatopods, amphipods, and isopods made up
the rest of the crustaceans in the forage.

Molluscs were present in 5. 9 percent of the samples; all but
one were octopuses. They comprised 8.3 percent of the total
aggregate volume and 1.0 percent of the total number of forage
items.

Other invertebrates were not significant contributors to the
forage. One tunicate, family Pyrosomatidae, and an echinoid
comprised 3.0 percent of the forage and made up 0.7 percent of
the total aggregate volume and 0.4 percent of the organism total.

Unidentified remains and coral rubble comprised the remain-
ing items in the samples. The IRI for these classifications and
'fish remains" was not computed because it was not possible to
determine the number of these items in the samples.

Individual lengths, length ranges, and mean lengths of the
prey items are presented in Table 3. The lengths of prey fish
ranged from 35 mm  a trachichthyid! to 516 mm  a congrid eel!.
Among the invertebrates, lengths ranged from 7-mm CL  a pandalid
shrimp! to 85 mm ML  an octopod!.
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TABLE 2. NUMBERI FREQUENCY OP OCCURRENCE, VOLUME g AND INDEX OF
RELATIVE IMPORTANCE  XRI! FOR MAJOR CLASSES OF FORAGE

6 7 REHIEJII CKUIEKul

No. of
Organisms

Aggregate
Total volum.Occurrence

Forage Classes

Total Per aent No. PercentPercent

288.9

163.3
262.0

23.0

6.5
1.0

0.6

0.3

9.2

5.2
8.3
0.7

0.2
�.1
'0.1

 P.l

396 81.5 24
10 2.1 8

Natantia  shrimp!
R~tantia
Ceohalopoda
Tunicata
Stomatopoda
Amphipoda
I+~@a
Echinoidea

3,247.135.8

ll. 9 86.9

55.8
1.4

0.6
0.3
0.3

0.3

6.0

1.5
1.5

1.5

1.5
1.5

5 1.0

0.2
1 0 ~ 2
1 0.2

1 0.2
1 0.2

0.4
0.3
0.3

�.1

0.2
0.1
0.1

0.1
0.1
3.2

0.4

2 0.4
1 0.2
1 0.2

2 0.4
1 0.2
1 0.2

1 0.2
1 0.2
1 0.2
3 0.6

1.2

0.8

0.8

0.6

0.6

0 4

0.4

0.4
0.4

17.1

13.7

10.0
10.0

1.5

5.0
4.0
3.5

2.5

1.9

101.5
13.7

1.5

1.5
1.5
1.5

1.5

1.5

1.5

1.5
1.5

4.5
3.0

OXHERS

Unidentif ied remains
"Coral r~le"

0.1
0.1

1.3
3.5

1.5

1.5
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FISHES

Lut janidae
Emnelichthyidae
Congr idae
Echeneidae
Serranidae
Trachichthyidae
Nyctophidae
Polymixiidae
Gemgylidae
Car angidae
Nona canthidae
Mullidae
Ophidiidae
Scorpaenidae
Anguilli forays

 unidentified eels!
Priacanthidae
Pomacentr idae
Apogonidae
Muraenidae
Holocentr idae
Argentinidae
Tetraodontidae
Gonorhynchidae
Unidentified fishes
Fish remains

6 1.2

15 3.1
5 1.0

4 0.8
4 '0.8

5 1.0
3 0.6

2 0.4
1 0.2

2 0.4
2 0.4
1 0.2

1 0.2

1 0.2

7.5
11.9

6.0
6.0

4.5
6.0
3.0

3.0

1.5
3.0

3.0
1.5
1.5

1.5

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

29.4
5.6

9.8
9.8
4.2

0.5
2.4
2.4

2.6
0.8
0.4

1.4
1.0
0.8

229.5
103.5

64.8

63.6

22.5

9.0

9.0
8.4

4.2

3.6

2.4

2.4

1.8

1.5



TABLE 3. LENGTHS AND LENGTH RANGES OF
XIaQS QIQ35gJg FOOD SAMPLES

No. of
Organisms

Forage Items

47-85  x = 66. 0!

27

75

 x = ll. 5!

 x = 11.3S!
 x = 16.8!

 x = 36.0!
 x = 38.33!

174
116-516

79
 x = 297.75!

 x = 151.0!

 x = 36.0!
 x = S7.33!

Trachichtyidae
sp,

Holocentridae
Serranidae

Priacanthidae
 x = 143.33!

71

179-197  x = 237.5!
sp,

125
45-126  x = 96.89!

187

INVERTEBRATES

Cephalopoda
Octopoda

Crustaceans
Isopoda
Stomatopoda

Decapoda
Natantia  shrimp!

Caridea
Pandalidae

Reptantia
Galatheidae

Kuu~i sp.
Brachyura

Homolidae
Raninidae

FISHES

Anguilliformes
 unidentified eels!

Congridae
Argentinidae
Gonorhynchidae

Myctophidae
Polymixiidae

Ophidiidae
tW

Echeneidae
Carangidae

3Rzj~ sp.
Emmelichthyidae

2

1

98
5

ITEMS FOUND IN 67 I~~KPH-

Lengths
or Range of Length

and Mean Length
 mm!

10-13
12

7-20
13-22

45
24-38
38-39

43

66

78
146-156

161

87

158
35-37
50-67

63
93-197



TABLE 3. LENGTHS AND LENGTH RANGES OF ITEMS FOUND IN 67
XLUS ~ER1515 FOOD SAMPLES  continued!

Lengths
or Range of Length

and Mean Length
 mm!

No. of
OrganismsForage Items

202
377

53-56  x = 54 .25!

Lut j anidae
Et.J

sp.

Mullidae
128

68

267

67
66

Sp,
Pomacent.ridae
Gempylidae
Monacanthidae

2

Note: Means are given in parentheses

DISCUSSZON AND CONCLUSION

As mentioned earlier, most of the food samples were spews
which were caught in the throat or gill rakers of the groupers
when the stomachs everted due to gas bladder expansion. It is
possible that the spewed organisms are more likely to be retained
due to some morphological structure  such as the antennules and
antennae of pandalid shrimps! or perhaps size, and therefore a
biased interpretation of the actual feeding habits and diet may
result. Thus, it is possible that the results obtained may not
completely represent the diet of this species. This problem was
also encountered by Kluegel �921! in the deeper-dwelling food
fishes  including ~ g~~!, by Forster et al. �970! in ~lj s

|=K "t !!" [991
the red grouper in the Gulf of Mexico.

The results of this study support the conclusions of other
d i.e., g. ~~ is a benthic carnivore.

This grouper appears to be primarily piscivorous, although crus-
taceans and cephalopods also contribute to the forage. As con-

d h h
l955; Hiatt and Strasburg, 1960; Moe, 1969!, Z. ~~ appears
to be an unspecialized feeder.

The items found in the food samples reflect the bottom-
feeding behavior of this grouper. All 22 of the identified fish
families contributing to the diet are usually found near the
bottom, most being bottom inhabitants. Of particular interest

length!, in the stomach of a large �,059 mm total length!
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grouper. This snapper is also a bottomfish which belongs to the
tropical snapper-grouper complex mentioned earlier.

The invertebrates in the diet were generally small; shrimp
were numerous. Shrimp  primarily Pandalidae! appear to be a very
important food item for this grouper in the NWHI. Again, it is
possible that the abundance of shrimp in. the forage may be
attributed to the sampling problem and that the long appendages
characteristic of the shrimp are responsible for their high rep-
resentation in the diet. However, 120 shrimp were found in one
intact stomach. The lone pandalid shrimp that was identifiable

P* " Z.
species was distributed along the benthic slopes in tropical
Pacific islands, and our trapping results show this to hold true
in the NWHI. This would indicate that the shrimp occupy a simi-
lar habitat as g. g~i~~, and thus their presence in the diet is
not surprising. The presence of other invertebrates such as
octopuses and galatheid crabs among the forage items further show
the opportunistic benthic foraging behavior of J. gg~~~m as well
as a potential nocturnal or crepuscular behavior. Time of feed-
ing, however, could not be determined due to lack of sufficient
data. This species will take a baited hook both night and day
 Moffitt, 1980!, so it seems that g. ~~, like its congeners
 Longley and Holdebrand, 1941; Randall and Brock, 1960; Randall,
1967; Harmelin-Vivien and Bouchon, 1976!, feeds indifferently by
day or night but may increase its foraging activities during
certain periods af the day.

Trapping data collected on research cruises to the NWHI
indicated possible depths of foraging by the grouper  Uchida and
Uchiyama, in preparation! . Adult g. gag~~ were caught in
depths ranging from 18 to 230 m �0 to 126 fathoms! which
includes the depths over which bottom handlining stations were
conducted. This suggests that the grouper may forage over a wide
range of depths very close to the bottom.
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THB POOD ARD PBEDIN HABITS OF THB WHITE TRRVAXLY,
~ ISI~   Mt'

IH THB HAWAIIAN ISIA895

Michael P. Seki

Sixty-four stomach samples of the white trevally,
~ dtllt gh ' h
Hawaiian Islands were examined to quantitatively
determine the items which comprise the diet of this
commercially valuable food species.

The results indicated that the white trevally is an
opportunistic carnivore. It is primarily piscivorous,
although cephalopods and crustaceans are also major
contributors to the diet. The findings also strongly
indicate that white trevally feeds near the bottom in
the deeper waters offshore.

An index of relative importance  ZRI! was computed to
indicate which forage items were most important to the
predators sampled. The IRI incorporates the frequency
of occurrence and the percentage in the number and
volume of the prey. The IRI showed that members of the
families Congridae, Priacanthidae, and Serranidae were
the most important fish prey. Cephalopods, crabs, and
shrimp had the highest ZRI among the invertebrates.

Northwestern Hawaiian Islands
Carangidae
feeding

INTRODUCTION

A food study of commercially important bottomfishes was
undertaken as part of a survey and assessment of the benthic
slope resources in the Northwestern Hawaiian Islands tNWHI!.
Among the species that comprise these resources is the white
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0
lipped jack, butaguchi, or pig ulua. This species has been known
as ~~[ g~~ Snyder 1904~ however, according to Smith-Vaniz
and Pass  Department of Ichthyolagy, The Academy af Natural Sci-
ences of Philadelphia, April, 1982: personal communication!, who

0 " " " " " ~ 0- PUJkd '.
is a synonym of P. Q~I~i  Bloch and Schneider 1801!. Around
Hawaii the species attains a length of 91 cm � ft!  Gosline and
Brock, 1960!.

Outside the NWHI, the Indo-Pacific distribution of g.
includes South Africa, Australia, Tasmania, Norfolk Island, New
Zealand, Japan, Pitcairn, Rapa, Easter, and the Lord Howe Islands
 Randall, 1981!. In the NWHI, the white trevally is found mainly
on the banks and benthic slape at depths between 73 and 183 m �0
and 100 fathoms!. The distribution of this species is not, how-
ever, limited to the deep slopes. At Kure Atoll, Okamato and
Kawamato �980! observed the white trevally in waters 1.5 m �
ft! deep, occasionally in large schaols of 200 to 300 individ-
uals. Hobson �980! found the species on his transect lines at
Midway in depths af 5 m, and traps set as shallow as 18 m �0
fathoms! during aur NWHl studies have captured both juveniles and
adults.

Although feeding studies of J. /~i~< are nonexistent, a few
feeding studies on other species af the family Carangidae have
been published. Hobson �974! and Okamoto and Kawamato �980!
briefly mentioned the foraging habits of the bluefin trevally, Q.

I
has been studied on the reef s of the Gilbert Islands  Randall,
1955!, the Marshall Islands  Hiatt and Strasburg, 1960; Randall,
1980!, and off the east coast of Africa  Williams, 1965!. The
0'hh'0' ll.0~0'0
in the Marshall Islands  Randall, 1980!, off East Africa
 Williams, 1965!, and in the NWHI  Okamoto and Kawamato, 1980;
Parrish et al., 1980! . Feeding habits of various other common
jacks, such as g. ~i~~, have also been covered by Randall
�955, 1967, 1980!. In general, the studies have found jacks to
be primarily piscivores; however, the time of feeding appeared to

"0 9 P ! ~ dl " 0
 Williams, 1965; Okamoto and Kawamoto, 1980> Patts, 1980! whereas

P.~»d 0 d ~ 901.
In his examination of stomach contents fram five species of
QU~g, Randall �967! noted that although some species were not
ordinarily reef residents, many individuals made foraging trips
into reef communities.

At the present time, the knowledge of the feeding habits of
jacks has been limited to the species which may be easily cap-

d h h 0 . h hd 9099000 ~
0

4eg~g is known to inhabit coastal waters about 146 m  80
fathoms! deep with other commer cia lly impor tant f ood species such

h k k
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and Natural Resources, 1979; Ralston, 1981, 1982!. The major
objective of this study was to quantitatively determine the items
constituting the diet of this deep-dwelling species. Together
with food studies of other sympatric predators such as g. gggrngs
 see paper on grouper in this proceedings by Seki!, this study
may provide a better understanding of the trophic relationships
among the species of the demersal community in the NWHI,

HBTHODS

Field Collection of Pood Saaples

Sixty-four stomach samples of adult white treva3.ly were
collected at deep-sea handline stations aboard the RV ~ihip
Qrgag~ on resource survey cruises to the NWHI from September
1978 to August 1981. The samples were collected at 11 banks fram
Nihaa to Kure Atoll  Figure 1!.

Fish sampled ranged from 42.7 to 82,2-cm fork length and
weighed fram 1.35 ta 10.73 kg. Thirty-three of the specimens
were females, 29 were males, and 2 were unsexed. Sixty of the
samples were whole stomachs removed intact from the fish. The
remaining four consisted af regurgitated food items removed from
the gill rakers. Empty stomachs were not collected.

The fish were caught with hook and line on hydraulic-pavered
gurdies. The terminal rig and gurdy specifications have been
described in a forthcoming publication edited by R.N. Uchida and
J.H. Uchiyama. Briefly, the gurdies had a terminal rig with four
hooks  Tankichi or Xzua No. 26 and/ar Na. 28!. Each hook was
usually baited with stripped squid. Handline stations were
conducted with the vessel adrift in depths of 73 ta 220 m �0 ta
3.20 fathoms!.

When fish were landed, stomachs were removed, examined, and
unless empty, preserved in a 10 percent Farmalin-seawater solu-
tian for later analysis. Regurgitated food items  spew! caught
in the gill rakers when the stamachs everted due to gas bladder
expansion were also preserved.

Laboratory Procedure

The laboratory methods for examination of the samples were
simi3,ar to those reported by Humphreys �980! and Harrison et al.
�983!. The stomach contents were emptied into a fine mesh
strainer, rinsed in running water, and sorted into identifiable
groups. The volume of prey items were measured by vater dis-
placement. Where mare than one item in the same taxon was pre-
sent and could not be distinguished as a whole individual, the
total volume and number of individuals comprising the volume were
recorded. When possible, lengths of the prey were taken, inclu-
ding standard length for fish, mantle length for cephalopods,
carapace length for shrimp, carapace width for crabs, and total
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length for all others. No attempt was made to measure the
lengths of any prey items that were well digested.

Food items were identified to the lowest possible taxon
using the methods of Harrison et al. �9S3! . When possible, fish
were identified by external characteristics and morphometrics.
In most cases, however, the fish were in an advanced stage of
digestion and required clearing of the flesh and staining of the
vertebrae with Alizarin S. A combination of vertebral counts an<3
morphological characters was then used for identification. Inver--
tebrates were identified by external morphological features; thu<
many of the crustaceans were identified at least to family since
the exoskeletons remained intact or nearly intact despite
digestion.

Many samples included bottom sediment and debris  classifie<3
as 'rubble ! which were saved for further identification of smal:.
infaunal invertebrates that may be of nutritional value to the
predator. The volume of the rubble was determined by water
displacement. The volume was also determined for unidentifiable
digested remains.

DATA ANMYSXS

The importance of each of the forage items was determined br
the method described by Pinkas et al. �971!, who developed the
index of relative importance defined as

IRI =  N + V!F

where

N = Percentage of total aggregate number of a prey item

V = Percentage of total aggregate volume of a prey item

F = Percentage of occurrence. of a prey item in the stomac',s
samples

The IRI value provides a basis for ranking the prey items b' 
incorporating the three measures traditionally used in stomach
content analysis. Rubble and unidentified remains were not used
in determining 1RI.

RESULTS

The forage items found in the 64 stomach samples are listed
in Table 1. The classification or taxonomic rank, the percent
numerical, volumetric and frequency of occurrence, and the IRI
values are given for each forage item.
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TABL E l NUMB ER t FREQV EH CY OF OCCURRENCE r VOLUME t AHD I HD EX OF
RELATIVE IMPORTANCE VALUES OP THE FORAGE ITEMS IN 64
~ Ill'ZWJI

Aggregate
~ r~m Total Volurre

HG

&r~t ml Percent

No. of Organisms

Total Percent
Forage Items

~ ANNELIDA
Class Polychaeta 2.3 0.2 9.91.9 3 4.7

ERYLUM NDLLUSCA
Class Gastropoda
Class Bivalvia

Order Mytiloida
Family Pinnidae
Pizza mriuM

Order Veneroida
Family Cardiidae

Bamardium ~aaumi
Class Cephalopoda

Order Octopoda

18 4.3 10 15.6 1.2 0.1 68.6

2 3.1 14.00.5 1.4 5.9

1
12

7

14 4.43.4 7 10.9 0.4 41.4

0.2
0.2

1.6
1.6

0.1
0.1

0.3
0.3

~0.1
0.6

< 0.1

1
15

1

1.6
9.4
1.6

0.1
5.9
0.3

0.3
39.5

0.3

0.2
3.6
0.2

14

15 2
2 1

3.4
3.6
0.5
0.5
0.2

7.8
4.7
1.6
1.6
1.6

3.5
6.0
1.0
0.4
0.6

0.3
0.6
0.1

<O.l
0.1

28.9
19.7

1.0
0.8
0.5

0.30.2 0.1 <0.11 1.6

2 3.1 1.6 0.2 2.20.5

1 1.6 1.0 0.1 0.5
2 3.1 0.7 O.I. 1.9

16 25.0 18.2 1.8 182.5

1
2

23

0.2
0.5
5.5

PHYLUM ECHIhGDERHATA
Class Oghiuroidea 2
Class Echinoidea

Order Cidaroida
Family Cidaridae

0 ~ 5 2 3.1 0.6 0.1 1.9

1 1.6 5.5 0.50.2

l97

~ AFKliROPODA
Class Crustacea
Subclass Nalacostr aca

Order Arrrphipoda
Order Stanatopoda

Family Squillidae
~le sp-

Order Decaporh
Suborder Natantia  shrimp!

Superfamily Caridea
Family Pandal idee
Family Crangonidae
"Shrimp remains"

Suborder Reptantia
Tribe Palinura

Family Palinuridae
BrQLrl~g sp.

Tribe Ancmura
Family Pagur idae
Family Galatheidae
5gga sp.

Tribe Brachyura
nC

0.2 1 1.6 8.0 0.8 1.6
2.9 10 15.6 8.1 0.8 57.7
1.7 6 9.4 64.5 6.3 75.2



Aggregate
Total Volurre

IRI

ml Percent

Ho. of Organians

Total Percent

Occur rence

No. Percent
Forage Items

RfYMIC <3KIRDPZh,
Supe r class Pisces
Class Osteichthyes

 Unidentif ied f ishes!
Order Anguilliformes

Family Congr idee
Gorrgrixm ~garish

Family Ophichthidae

"Leptoc~ralus larvae"
Order Nyctophiformes

Family Synodonti dae
Family Chlorophthalmidae
Family Nyctophidae

Order Gadiformes
Family Nor idee
Family Ophidiidae

Order Lophiif ormes
Family Ogcocephal idae
13L!.imhtea mbira
5altkmgaia sp.

Order Scerpaeniformes
Family Scorpaenidae

Order Dactylopteriformes
Family Dactylopteridae
Qa~~gtma arie&alia

Order Pegasiformes
Family Pegas idae
Zcgaaua gapQiu

Order Perciformes
Family Serranidae
~i0 sP.

Family Priacanthidae
Zriitr~~ sp.

Family Lutjanidae

Family Percogkididae
[= Bembropsidae!

Family Anuror9ytidae
EhbMr~z sp.

Order Gobiesociformes
Family Calli~dec

Order Pleuronectiformes
Family Bothidae
~ ~Zr800i

Order Tetraodontiformes
Family Nona canth idee
Family Tetraodontidae

9.4
6.2
7.8
1.6
3.1
1.6
1.6

10. 3
61.8
55.7
10.0

9.5
7.0
0.8

4.6
1.2
7.2
0.5
0.7
0.5
0.2

19 5

30 2 3 2 1
1.0
6.1
5.5
1.0
0.9
0.7
0.1

52. 6
45.
99.3

2.<
5. 
1.'
0 c,

60.1
2.5
0.5

5.9
0.2

<0.1

21.:.
0. 
0..

3.1
1.6
1.6

1.2
0.2
0.2

3.6
0.8

37. 0
7.9

0.2
6.5

6..
34.3

1.6
4.7

1
27

1.6
1.6
1.6

1.6
3.5
0.3

1.:.
0.0
0.3

0.5
0.2
0.2

0.2
0.3

<0.1

26.6 2.63.11.7

0.! i0.11.30.2 1.6

0.10.83.10.5

0.8
0.6

24. 2
6.1

3.1
0.7

8.6
6.4

13
3

6.2
4.7

37. 3
22. 7

3.2

207.0
9.1
7.7

1.6
4.7
1.6

20.4
0.9
0.8

2.9
3.9
1.2

12
16

5

0.51.6 0.22.30.2

53.9 38.55.34.72.912

0.50.8 0.11.60.2

34.8
0.5

2.0
0.1

20. 8
1.0

9.4
1.6

1.7
0.2

0 ~ 8
1.8

8.0
18.1

2.1
48.4

0.5
4.4

2
18

1.6
7.8

5.3
21.9

194.1

0.5
2.2

19.l

9.4
31.2
67.2

Fish remains
"Rubble"
Urridentif ied rerrnins

6
20
43

198

TABLE 1 NUMBERS FRE{}UENCY OF OCCURRENCE ~ VOLUME ~ AND I ND EX OF
RELATIVE IMPORTANCE VALUES OF THE FORAGE ITEMS IN 64
~ IIIIEI9I < 5!



Table 2 presents the analysis of food items by major classes
and the ranks of the forage items in descending order of IR1
values for the invertebrates and fishes. Fish prey were primar-
ily grouped at the family level and the invertebrates primarily
at the class or or der level.

Fishes, molluscs, and crustaceans formed the bulk of the
forage items in the samples. Fish prey yielded a total IRI value
of 7,884.5 compared with 1,454.9 for crustaceans and 653.6 for
molluscs.

Fishes as a whole occurred in 68.8 percent of the stomach
samples and represented 64.2 percent of the total aggregate
volume, and 50.4 percent of the total number of forage items.
Twenty families of fishes were represented, and families that had
high IRI values were Congridae  IRI = 133.5!, Priacanthidae  IRI

74.7!, and Serranidae  IRI = 58.9!. Unidentified fish  IRI =
52.6! which were also included in the analysis deserve mention
only to the extent that individuals which comprised this group
were not of the same species, but of various species.

The invertebrate forage included four phyla, with the
majority belonging to Arthropoda, class Crustacea. Crustaceans
appeared in 53.1 percent of the samples and represented 4.3
percent of the total aggregate volume and 23.1 percent of the
total forage items. Among the crustaceans, crabs  suborder
Reptantia! ranked the highest  IRI = 277.7!, followed by shrimp
 suborder Natantia!  IRI = l31.1!, of which most were carideans.

p t 1
also found.

Molluscs were present in 34.4 percent of the samples and
comprised 9.4 percent of the total volume and 9.6 percent of the
total number of forage organisms. Cephalopods  IRI = 256.2!,
mainly octopods  IRI = 75.2!, were the primary contributor from
this phylum appearing in 21.9 percent of the samples and repre-
senting 7.1 percent of the total aggregate volume. Gastropods
and bivalves were also present.

Other invertebrates were minor contributors to the diet of
the white trevally sampled. These included eight polychaetes
 IRX = 9.9! and three echinoderms  IRI = 6.1!; together they
comprised 2.6 percent of the forage items, 0.8 percent of the
total aggregate volume, and appeared in 9.4 percent of the
samples. Many small invertebrates and limestone fragments were
found in the rubble. A list of these organisms  identified
through the courtesy of B. Burch, Bishop Museum, Honolulu,
Hawaii! and their taxonomic rank are presented in Appendix l.

To examine differences in diet with respect to location of
capture, the islands and banks were divided into three geograph-
ical regions as described by Moffitt �980!  Table 3!. Region 1
ranges from Nihoa to Gardner Pinnacles and represents the area in
the NWHI fished most by commercial vessels in recent years,
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Aggregate
Total VolumeNo. of Organisms Occurrence

Forage Classes
Percent Percent Percent

IPlERZEBR ATES
Reptantia "crabs"
Ce~opoda
Natantia  shr imp!
Staretopoda
Gastr opoda
Crustacea  unidentif ied!
Bivalvia
Annelida  Polychaeta!
Echinodermata
Amphipoda
Reptantia "lobsters"

20

14 9
9

107 3 3 3 1
31.2
21.9
14.1
14.1
15.6
10.9

4.8
4.7
4.7
1.6
1.6

21.5
72.6
11.5

6.4
1.2
4.4

22.0
2.3
6.1
O.l
0.1

2.1
7.1
1.1
0.6
0.1
0.4
2.2
0.2
0.6

~ O.l
< 0.1

277.7
256.2
13l.l

69.1
68.6
41.4
13.9

9.9
6.1
0.3
0.3

28
19
34
18
1814 3 8 3 1 1

6.8
4.6
8.2
4.3
4.3
3.4
0.7
1.9
0 ' 7
0.2
0.2

FISHES
Con gr idae
Pr iacanthidae
Serranidae
Osteichthyes

 Unidentified fishes!
Tetraodontidae
Anguillif orrnes

 Unidentif ied eels!
Bothidae
Lut janidae
7emod gidae
~idiidae
Synodontidae
Scar paenidae
~ichthidae
Nor idae
Ogcocephalidae
Nonacanthidae
Pegasidae
Chlorophthalmidae
Per cophididae

 = Benbropsidae!
Dactylopter idae
Ieptoce~lus larvae
Cal lionymidae
Nyctophidae
Fish remains

133.5
74.7
58.9

7.7
3.1
3.9

9.4
3.1

10.9

65.7
213.6

15.0

6.5
21. 0

1.5

32
13
16

4 ~ 6
4.3

9.4
7.8

10.3
18.1

1.0
1.8

52.6
47.6

19
18

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

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

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

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

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

5
8

21
1227 5 7 5 1 4 2 2 1

0.2
0.1
O.l
O.l

 O.l
0.5

0.6
0.5
0.5
0.5
0.3

0.2
0.2
0.2
0.2
0.2

2.3
1.3
0.8
0.8
0.5
5.3

1 1 1 1 1 1.6
1.6
1.6
1.6
1.6
9.4

OlHERS
"Rubble
Unidentif ied renains

2.2
19.1

21. 9
194.1

20
43

31.2
67.2
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OF THE

Region 2
 n = 18!

Region 3
 n = 23!

Region 1
 n = 22!

Forage Classes

Rank IRI

Annelida  Polychaeta!
Gastropoda
Bivalvia
Cephalopoda
Octopoda
Crustacea  unidentified!
Amphipoda
Stceetopoda
Natantia  shr imp!
Reptantia "lobsters"
Reptantia "crabs"
Echinodermata

Il

9

5*

12 1.6
9 4.6
7 5.8

2* 58.6

17 0.4

17 0.4

1* 77.7

3* 37.6
ll 3.2

2.6
4.7 5A

15

6

4*

2*

ll
22

1»

21

15.5
1.6

15.0

17.2

48.5
4.9
0.4

59.3
0.4

14.4

12

21
20

2.4

0.4
0.4

7.4

FISHES

Osteichthyes
 Unidentif ied f ishes!

Anguilli f ormes
 Unidentif ied eels!

Congr idae
Ogbichthidae
"Leptou~lus larvae"
Synodontidae
Chlorophtha3midae
Myctophidae
Moridae

Ophidiidae
Ogcocephalidae
Scorpaenidae
Dactylopter idae
~idae
Serranidae
Priacanthidae
Lut janidae
Per cophididae
Anmodgtidae
Callionymidae
Bothidae
Monacanthidae
Tetr aodontidae

6.2 1 ~ 9 9.513

2.921 0.4
1* 132. 9

18 1.03.410

20

8

17

0.5

10.2

0.8

19 0.9

0.416

8

10

17

6.0
4.3

1.0
7

16

19

14.2
1.3

0.6
13.5

15

16 2*

14 3*

1.8

1.1
36.2

1.9

24.4

5.7
1.4

25.9

0.7

17.58
13

15
18
20
10

13

14

0.6
0.5

9.0

2.0

1.8

13.3

4* 15.1

Highest ranked classes for each region
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TABLE 3. RANKS AND INDEX OF RELATIVE IMPORTANCE VAIUES
MA JOR FORAGE CLASSES OF PREY ITEMS BY REGION



Region 2 is from Raita Bank ta Lisianski Island, and Region 3 is
from Pearl and Hermes Reef to Kure Atoll. The latter two region.-
are separated by a natural break in the chain. The IRI values of
the prey classes for each region were used to rank the importanc
of the classes in the three regions. The highest value was gives
the rank of 1. The top ranked classes in Regions 1 and 3 were
invertebrates, primarily crustaceans. The top classes in Region
2 were fishes  Congridae, Priacanthidae, Ammodytidae, and
Tetraodontidae!.

The lengths of fish prey ranged from l4 mm �!~Make 24K~!
to 306 mm  an ophichthid eel!. Lengths of invertebrate forage
items ranged from 5 mm  a crangon shrimp! to 42 mm  a stomatopod,

p.!. ~, 1 h
prey items are presented in Table 4.

DISCUSSION

The results of this diet study indicate that as in other
carangids previously studied, the white trevally is a high-level
opportunistic carnivore. The species is primarily piscivorous,
although cephalopods and crustaceans are also major contributors
to their diet. The results also strongly indicate that this spe-
cies is a bottom feeder. By comparison, Randall �967! noted
small amounts of sand in a few stomachs of ~~ ~~, indicat-
ing that at times they were feeding on prey directly off the
bottom. The presence of same coral tissue and algae provided

f.. ~ f
 Williams, l965!. In this study, the presence of rubble in about
31 percent of the samples shows that the white treyally feeds or.
the bottom ta an even greater degree.

Nineteen of the 20 fish families found in the forage can be
classified as benthic, the exception being myctophids, which
although inhabiting the water column, may approach the bank slopes
during their vertical migrations. Nearly half of the fish fami-
lies represented in the diet of white trevally were also repre-
sented. in the food of another bottom feeder, g. gggrggg  see paper
on grouper in this proceedings by Seki! . Fishes of the Congridae
and Serranidae families, which were two of the most important
groups in the diet of the white trevally, were also among the m<>st
important fishes in the J. ggg~g stomach samples.

The bottom feeding behavior of white trevally is also
reflected in the invertebrate forage. The invertebrates with the
highest IRI ranking were crabs, octopi, and gastropads, all
bottom dwellers. The occurrence of other invertebrates such as
echinoderms, bivalves, and shrimp  even if taken infrequently! : n
the forage composition reflects the probable browsing behavior af
the species. It is noteworthy that among the outstanding morpho-
logical features of white trevally are the thick, fleshy lips o»
a mouth that features an inferior jaw, uncharacteristic of mast
other carangids. This morphology would appear ta facilitate
bottom browsing.
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TABLE 4. LENGTHS OR RANGE OF LENGTHS OF THE ITEMS FOUND IN 64
~ ISIIZI'Jl

Lengths or Range
of Lengths and MeansNo. of

Or ganismsForage Items

I NVERTE BRAT ES
Polychaeta
Gastropoda
Crustacea

Amphipoda
Stomatopoda

 -�= 15.0!
 x = F 5!

10-29
5-8

33.9! x =30-42

33

13

10.3!
8.4!
11.0!
5.5!
9.2!

6-16
11-12
ll-ll

5-6
6-11

 x =
«x =
 x =

 x =

7
14

2
2
4

14

9

6

FISHES

Anguilliformes
 unidentified eels!

Congridae
MHL'~ JlR 4<~ddK>X%4

Ophichthidae
I'"'

 x = 108.0!
 x = ll4.0!
 K = 134.0!

 K = 181.5!
 x = 57 ' 5!Synodontidae

Chlorophthalmidae
Moridae
Ophidiidae
Ogcocephalidae

lU41LRUt 'CU'

 x = 49 7!
 x = 38.0!

Bp.
Scorpaenidae
Dactylopteridae

 K = 52.6!

30

Note: Means are given in parentheses
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sp.

sp.

Decapoda
Natantia  shrimp!

Caridea
Pandalidae
Crangonidae

Reptantia � "crab"
Anomura

Paguridea
Galatheidae

51U1LCR sp.
Brachyura

Ophiuroidea

3ll 2 1 2 2 1 l
14 2 1 1 5

73-162
80-135

120-148

306
167-196

40-75

62
152

45-54

38-38
52
22

27-69



TABLE 4. LENGTHS OR RANGE OF LENGTHS OF THE ITEMS FOUND IN 64
~ mumx tm aw s  *-;...a!

Lengths or Range
of Lengths and MeansNo. af

OrganismsForage Items

Pegasidae
p~ggg~ pi~i~

Serranidae
5~iyy sp.

Priacanthidae

 x = 19.0!
 K = 32.0!
 x = 35 5!

14-24

21-43
32-39

 x = 89.1!
 -� = 39.2!
 x = 53 ' 7!

82-94
28-61
50-57

10
6
3

spi
Lutjanidae

sp,

Ammodytidae
 x = 96 ' 5!

 -� = 70.0!

93-100

52

70-70
37

60-71
22-45
24-87

6 1 2 2
15 3

sp.
Callionymidae
Bothidae

IICkb
 x = 65- !
 !  ~ 37.7! -"� = 45 .7!

Monacanthidae
Tetraodontidae

Unidentified fishes

The wide variety of forage organisms and the absence of any
dominant prey in the gut contents suggests opportunistic feeding.
This is consistent with the results of the studies by Major

a.
exhibited opportunistic feeding habits; however, it may be that
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Unlike the other species of jacks which feed on reef fishes
 Randall, 1955, 1980; Williams, 1965; Hobson, 1974; Okamoto and
Kawamoto, 1980; Parrish et al., 1980!, the white trevally feeds
on fishes found in the deeper waters offshore. Most of the

|' ~ t~' E~ CIUWWO ' ' h
diet of white trevally have been captured in bottom trawls
between 55 and 92 cm � 0 and 50 f athoms!  Uchi da and Uchiyama, in
preparation!. The trap catch data collected during the NWHI
resource survey also provide a relative indication ta the feeding
grounds of this species. Although food samples were not
collected from trap-caught fish, the data provided depths of
capture and thus information on foraging depths. Adult white
trevally were captured in traps set, in waters 18 to 124 m �0 to
68 fathoms! deep, suggesting a fairly wide range af foraging
depths. This diet study concentrated on adults; however, it is
worth noting that large numbers of juveniles �00 to 252
individuals per trap! were caught in traps set in water 60 to 64
m �3 to 35 fathoms! deep.



the number of stomach samples was inadequate to demonstrate
possible selective feeding or other trends.

A small sample size also prohibited an investigation of the
extent stomach contents are influenced by seasonal effects.
Although sampling was conducted throughout. the year, 37 �8 per-
cent.! of the stomachs were collected in the summer. For the
other seasons, 15 �3 percent! were collected in the spring, 9
 l4 percent! in the fall, and 3 � percent! in the winter.
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