
UNITED STATES DEPARTMENT OF THE INTERIOR, Fred A. Seaton, Secretory

FISH AND WILDLIFE SERVICE, John L. Farley, Director

COMPARATIVE STUDY OF FOOD OF

BIGEYE AND YELLOWFIN TUNA

IN THE CENTRAL PACIFIC

By JOSEPH E. KING, and ISAAC I. IKEHARA

FISHERY BULLETIN 108

From Fishery Bulletin of the Fish and Wildlife Service

VOLUME 57

UNITED STATES GOVERNMENT PRINTING OFFICE. WASHINGTON: 195b

For sale by the Superintendent of Documents, U. S. Government Printin~ Office, Washin~ton 25. D. C.
Price 30 cen ts



CONTENTS
I'age

Sou rcc of mat.erial,,_ _________________________________________________________ 1)2
:\1ct.hod,,___________________________________________________________________ 63
RClmlt." ____________________________________________________________________ 66

Variat.ion ill food with flizl' of t.nlla "______________ 1,1}

Variat.ion in food wit.h dl'pt.h of capt.ure____________________________________ 67
Vllriat.ion in food wit.h difltance from land__________________________________ 68
Variat.ion wit.h sea;;on all(llongit,mle_______________________________________ l)\l

Variat,ioll wit,h current. "ystem_ ___________________________________________ 73
Ot,her vttriations in \'olnllle of "tornach content"'____ _________________________ 77

Sumnuuy and conclnsions___ _________________________________________________ 7!1

Literature cit,ed _____________________________________________________________ 80
Appendix__________________________________________________________________ 82

II



COMPARATIVE STUDY OF FOOD OF BIGEYE AND YELLOWFIN TUNA
IN THE CENTRAL PACIFIC

By JOSEPH E. KING Bod ISAAC I. IKEHARA, Fishery Research Biologists
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The predominant. species of tuna capt.ured on
longline-fishing surveys of the Fish and Wildlife
Service's Pacific Oc~anic FishCl'Y Invest.igat.ions
(POFI) arc the yellowfin, Neoth"Unnu,~ macropterus
(Temminck and Schlegel), and the bigeye, Para
thunnus sibi. (Temminck and Schlegel), wit.h a
cat.ch rat.io of about 5 to 1 in favor of t.he yellow
fin. These are large t.unas, the yellowfin oc..
casionally reaching a weight of 200 pounds and
t.he bigeye a. 'weight, of 300 pounds in the tropical
Pacific. The two species have a marked super'
ficial resemblance in general body shapH and
coloration and are not always differentiat,ed in
the commercial catch.

Murphy and Shomuril, (1953a, 1953b), in dis
cussing results of experiment,a.! longlinc fishing
eondurt.ed by POFI, point. out illterest,ing differ
ences in the distribut.ion -of t.hese two species. III
the tropiral Pacific, the bigcye have been taken
in great.est. numbers nort.h of lat,itude 5° N. The
best. catches of yellowfin, on t.he other hand, have
been made in the general region of the Equator,
somet.imes to the nOl"th when t,he area is under
the influence of southeast t.radewinds, and some
t.imes t.o t.he south when t.he nort,heast trades are
dominant.. This shift in abundance that. appp.ars
to be relat.ed t.o changes in the prevailing winds
can now be e"\:plained, at least partially, from our
knowledge of t.he ocean currents and t.heir effect
on the basic food supply (Cromwell 1953).1 AI
t.hough the peaks in abundance do not correspond
exactly, the gel1f'ral area of high yellowfin cateh
is also the area of greatest zoopla.nkton abund
ance (King 1954). The horizont,al distribution of
the bigeye, however, does not seem to conform to
the general pattern that t·he most. fish are found
whem food is most abundant.

There is also some evidenee of differenee in the
vertical distribution of yellowfin and bigeye.
While the results are rather variable, t.here have

I Also R manuscript by O. E. Sctte: Nourishment or central Paciflc
stocks or tuna by the equatorial current system (Proceedings or the 8th
Pacillc Science Congn!ss).

been indications on certain POFI cruises to the
equatorial area that, the best catches of bigeye
came from greater depths than those of the
yellowfin (Murphy 8ml Shomura 1953b). In Ha
waiian waters the bigeye oeeurs in great,est num
bers during t.he winter months from October to
May, whereas the yellowfin is most abundant from
May to September (Otsu 1954). Broek (1949)
points out t.hat the Hawaiian longline fishermen
try to increase the catch of bigeye aft.er the yellow
fin season by lengt.hening the hook lines in order
to fish deeper. Also, unlike t,he yellowfin, the
bigeye-at. least. the adults-are rarely taken by
surfaee-fishing methods. Nakamul'8 (1949) stat.es
that the bigeye is thought, to oceur at the deepest
levels of any of the tunas. It appears that t.he
bigeye prefers somewhat eolder water than does
the yellowfin, or perhaps the two speeies have
different feeding habit,s or food preferenees which
influence their distribution.

The purposes of this study are to describe the
food of bigeye tuna in the central Pacific, to eom
pare t,he foods of bigeye and yellowfin tuna 2

eaptured at about the same time and place, to
, determine whether differences occur whieh are

associated with the horizontal and vertical distri
bution of these fish, and to obtain information on
food preferences of each fish whieh may be useful
to the eommercial fishery. The experimental
fishing carried out by POFI has provided collec
tions of bigeye and yellowfin stomachs which are
essentially alike in respect of time and area and
which were obtained with standardized fishing
methods. Therefore, we believe the resulting
data should provide reliable eomparisons of the
food of these fish because these several variables
hnve been controlled.

There is an extensive literature, reviewed pre
viously by Reintjes and King (1953), dealing wit,h
the food of yellowfin, whereas there are only a very

I The rood or yellowlin was pre,'\ously described by Relntj~s and King
(1953).
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few references pertaining specifically to the food
of bigeye. Suyehiro (1942) deseribes this species
as a very voracious fish and lists the following
items as appearing in its food: amphipods, shrimp,
cuttlefish, squid, sardines, sauries, bonitos, needle
fish, and a viper fish. In the report of the South
Seas Tuna Fishery Investigations for 1950 tKan
agawa et al. 1951), the food of 27 bigeye is shown
to include the following: 7 squid, 1 octopod, :3 deca
pod Crustacea, 1 fan fish, 15 needle fish, 1 file fish,
6 pomfret, and 4 lantern fish. This suggests that
the bigeye, like many other tunas, has It varied
diet.

A large number of the tuna stomachs reported
on here were examined by John W. Reintjes,
Sueto Murai, and T. J. Roseberry, former em
ployees of POFI. We appreciate their services
in a difficult and generally disagreeable task. We
are grateful to other staff members of POFI for
assistance in handling these large fish aboard the
votlsels and in removing and preserving the
stomachs.

SOURCE OF MATERIALS

This report is based on examination of 439
yellowfin and 166 bigeye stomachs collected on 11

cruises of Fish and Wildlife Service vessels during
the years 1950 to 1953 (table 1). The yellowfin
data include 125 stomachs collected in 1950 and
1951 and previously reported on by Rein tj es and
King (1953). These collections and the additional
314 yellowfin stomachs obtained in 1952 and 1953
were obtained at the same stations, or near the
same stations, as furnished the bigeye stomachs
included in this report. The sampling area (fig. 1)
extended along the Equator between latitudes
119° W. and 180° a.nd approximately from la.t
itude 17° N. to latitude 14° S. at its greatest width.

The tuna were captured by longline at depths
of about 150 to 500 feet. This method of fishing,
as practiced by POFI, has been reviewed by
Murphy and Shomura (1953a); the design and
construction of the gear was described by Niska
(1953).

Only fish csugh t 25 miles or more from land are
considered in this study; therefore local differences
due to reef faunas should be reduced to It mini
mum. The sampled fish varied widely in size,
from 87 to 172 cm. fork length for the yellowfin,
and from 77 to 196 em. fork length for the bigeye
(fig. 2). Weights of fish given in this paper were
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FIGURE I.-Locations of the stomach collections of yellowfin and bigeye t.una captured by experimental longline fishing
in the central Pacific, 1950-53.
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TABLE I.-Distributioll of yellowfin and bigeye stomachs collected from. the central Pacific, idenhfied by vessel, cruise,
tim.e of year, and locality

------------ ------T~umb~:r--------Number ----

Range of Range of Number of Percent Number of Percent
longitude latitude captured stomachs of catch captured stomacbs of catch

(\V.l exam- sampled exam- sampled
Ined lned

Vessel Cruise I
No.-

Period

Sampling area Yellowl\n Bigeye

Hugh M. Smith__________ 7 Oct.-Nov. 1950. _________ 157°-167°____ -- 1\0 N-00 ______ 132 1106 80 22 14 64
Hugh M. Smlth__________ 11 Aug.-Sept. 1951 _________ 150°-156°____ -- 15° N-4° S ____ 457 '153 34 93 36 39
John R. Manning________ 11 Jan.-Mar. 1952___ . ____ ._ 155°-180°__ . __ . 5° N-7° S_____ 210 59 28 30 6 20
Charles H. Gilbert _______ I May-June 1952__________ 119°-130°__ .. __ 9° N-l° S_____ 72 44 61 43 17 40Cavallcri.. _____ • _________ 1 June-July 1952__________ 140°___________ 6° N-5° N _. ___ 42 j 17 1\ 2 18
Cavalieri.. _____ . _________ 2 Aug.-Sept. 1952_________ 140°-142°______ 6° N.-2° N ____ 720 19 3 60 13 22
John R. Mannlng________ 12 Aug.-Sept. 1952_________ 140°-150°__ ---- 7° N.-5° S. ____ 146 I 1 28 5 18
John R. Mannlng________ 13 Oct.-Nov. 1952__________ 151°-170°______ 17° N.-5° S ____ 135 55 41 29 10 34
Hugh M. Smith __ . _______ 18 Oct.-Nov. 1952__________ 120°-131°______ 9° N .-10° S____ 60 40 67 50 17 34
John R. Mannlng____ • ___ 14 Jan.-Mar. 1953 __ .. ______ 140°-150°_ -. _--, 4° N.-14° S____I 106 69 65 19 19 IOU
John R. Mannlng______ ._ 15 Apr.-June 1953___ . ______ 150°-170°____ -- 10° N.-6° S..._ 197 20 10 46 27 59

I Of this number, only 38 (29 percent of the cRtch) were considered comparable in respect to time and place to the blgeye collections and were Included in
this report.

• Of this number, only 87 (19 pcrcent of the catch) were included In this report for the same reason as above.

FIG l'Rt; 2.-Lellgt.h-frequency distribution of yellowfin
and bigeye t.una from which st.omachs were collect,ed.

At. sea, the st.omltch was removed as soon as
possible after the fish was eaptllJ'CfI, plaeecl with
any regurgit.ated mat.erial in all unbleached-muslin
bag, and preserved in 1O-percen t formalin. A

label bearing dat.e, species name, fork length, fish
ing met.hod, hook number, bait used, name of
observer, vessel, and cruise number was placed
with each stomach. Tuna landed with their
stomachs everte.d were not sampled.

The stomach was removed by one of the follow
ing methods: (1) The abdominal cavity was
opened by a longit.udinal midventral incision, the
small in t.est,ine was severed post.erior t.o t.he pyloric
valve, and the stomach was freed by cut.ting
through the esophagus; or (2) the gill membrane
was slit, along the line of att.achment wit.h the
cleithrum posterior to t.he fourth gill arch, t.he
viscel'a was pulled out" and t.he st.omach was
removed by cut.ting through the small int.est.ine
and esophagus.

In the laborat.ory, the st.omachs were soaked
in fl'esll water fOl' a period of 16 to 24 hours to
remove excess formalin. Eaeh st.omach was then
slit. open, and the contents were carefully removed
and separated int.o groups according to kind of
orgiwism. Idcnt,ificat.ions were ma.de as com
plet.el,v as was practica.ble, and the number of
eaeh species or group of organisms present was
recorded. Eaeh species or group wa·s measured
volumetrieally by the displacement of wat.er in
a graduat.ed cylinder of appropriat.e size. Bait.
used to capture t,he tuna was omitt.ed from t,his
l\lHl.lysis. The met,hods and literature used in
t.he identificat.ion of t.he food organisms were
essent.ially the same as t,hat. employed by' Reint.jes
and King (195:3) and wiII not. be reviewed herE'.
Berg's (1947) system of dassifieation and nomen
clat.ure was primarily used for t.he family names
of the forage fishes.
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derived from length measurement.s eonvert.ed by
means of length-weight t.ables provided in t.lw
POFI Scien t.ific Field Manual (unpublished).

METHODS
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A det.ailed list. of t.he food organisms found in
t.he t.una st.omachs is present.ed in t.he appendix
(t.able 11). For each kind or group of organisms
there a,re sho\vn (1) the tot.al number of such
organisms, (2) the number of st.omachs in which
they oeeurred, (3) the pereentage of occurrenee,
(4) the t.otal aggregate volume of each food
element., and (5) the percent.age of tot.al volume.

Regardless of the method or met.hods of anal
ysis used, there are many uncont.rollable variables
inherent in food st.udies which detract. from the
preeision of t,he results. It is our belief, however,
t.hat. for a fish wit.h a generalized diet., sueh as
t.hat of t.he t.una, any of the commonly used meth
ods of evaluat.ion will give subst.ant.iall~' t.he same
results if a sufficiently large number of specimens
a.re examined. In reporting t.}w results of OUl'

st.udies on t.una food we use both t.he pereent.age
of-oecurrence and t.he percentage-of-volume meas
urements (as described by Reint.jes and King
19.53) and the average volume of food per st.om-

aeh. The food items t.hat rank high in number,
volume, and frequency of occurrence are most
likely t.o be importan t foods.

No att.empt. has been made t.o apply st.at.ist.ieal
t.ests of significance t.o t.he data. It. is likely t.hat.
the variates used-volume of food per st.omaeh,
percentage of OCCll\'l"enCe, and percent,age of t.otal
volume of t.he organism-are not. distribut,ed nor
mally and that the means are correlat.ed wit.h the
variances or standard deviations. To apply
meaningful t.ests of significance, transformat,ion of
the data would be neeessury. l'vloreover, several
of the comparisons that will be made involve
t.wo-way or three-way c.lassifieation of the dat.a.
.Even if suitable t.ransformations were derived,
the application of advanced analysis of varianee
teehniques would be hampered by unequal
subclass numbers.

Furthermore, it appears that. in both yellowfin
and bigey(' t.here is an increase in mean volume
of food per stomach with increase ill size of fish,
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F)(1UR~: a.-Examples of types of food commonly found in stomachs of yellowfin and bigeyl' tunas: J"l'h. to right: pom
fret. (1), truncated ;;unfish (1), snake mackerel (n, lancet fish (1), shrimps (:J), viper fish (3), hatchet fish (3), euphausids
(8). juvenile stomatapods (:l) , crab megalopa f,(2). squid (:J), and paper nautilus (1).
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and t.lll:~re is also it decl'l~ase in aVl'mge st.omaeh
cont,ent, per unit, of body weight. (ce./lb.) with
increase in size of fish. The least-squares h"t'.nd
lines shown in figure 4 (t.here is no a· priori reason
for assuming I'eet.ilillearit,y) indicat.e t.he need for
eoval'ianec met.hods of st.at,ist,ical analysis, again
after suitable tl"llllsformations. Filially wc must
poin t, ou t til(' grCltt, val'iabili ty of t,he dat,a as
illust.rated by the wide seaUel' of points about, the
trend lines. This great, vllrillbilit,y I'eduees till'
OPpol"t.unity of demonstl'llting statist,jeally signifi-

cant differences, particula,.},v whell t.lIl' llal'll nl'e
allltlyzed in subgroups which eontain few Slll'ci
mens in elleh.

Because of the difficulties outlined above, in the
following sect,ions we have tabulated avemgl'
vitlues and have discussed differences and t.rends
without, at,tempting t,o appraise their statistielll
significance. Consequen tly, the infcrcnces that,
we make must be regarded as suggest,ions only,
They may form the bases for hypotheses which can
be t.l'st,ed more stringl'nt.Iy in the futml'.
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• A 140·cm. yellowlln from the equatorial Pacillc weighs approximately
118 pounds, while a 140-cm. blgeye weighs approximately 127 pounds.

Variation in Food with Size of Tuna

In general, for both yellowfin and bigeye. there
was an increase in food volume pel' stomach with
an increase in size of the t,una (fig, 4). With the
hope of minimizing the effects of this factor, in
our examination of differences in the food specif
ically related to size of tuna we have split the
data for both species int.o two size groups, (1)
those less than 140 cm.5 and (2) those 140 cm. and
over, in fork length (table 2), This provided for
each species two groups of fish roughly equal in
number, In the yellowfin the larger size g,roup
contained 29 percent more food per stomach, and
in the bigeye it contained 16 percent more. The
ratios of stomach content to body weight are
almost identical for the two species (table 2).
Although Crustacea make up a very small pel'
centage of the food of these large, deep-swimming
fish, in both species the smaller specimens con
sumed greater amounts of such organisms as
crab larvae, shrimp, and amphipods. In both
species, the larger specimens consumed less fish
and more mollusks-as percentage of total
volume-than did the smaller size group; this
was particularly true for the bigeye. The per-

a few items were of primary import.ance to either
species. For both the yellowfin and the bigeye,
those food elements ranking high in number,
volume, and frequency of occurrence wel'e squid, of
the families Ommll,strephidae and Loliginidac, and
among the fish t,he pomfret (Collyfnt8 drachmf-) and
snake mackerel (Gempylu8 serpens) were import.an t.
Certain fishes, such as the tunas (Thunnidae) and
the sun fishes (Molidae), were relatively impol't.ant
in volume but ranked low in number and frequency
of occurrence, indicating that t.hey are only occa
sionally utilized. Crustacea of th~ order Stomato
poda, prominant in number in the food of yellow
fin, were completely lacking from the 'bigeye
stomachs. The young of other tunas, especially
skipjack, formed a much more import.ant part, of
the yellowfin diet than that of t.he bigeye. In the
following sections of this report we shall try to
describe the major differences and similarities in
the foods of these two species of tuna as related to
such far-tors as size of the tuna, area and dept.h of
capt.ure, season, and features of the equatorial
current system.

OTHER
FOOD

o
CRUSTACEANS SQUID OTHER TOTAL

MOLLUSCS FISH

20

100r-----,r-----.---""T""---~----,

TOTAL OTHER
FISH FOOD

FIGURE 5.-Percentage of occurrence of the major food
elements.

• Among the results of this study. not referred to elsewhere in the report
but perhaps worthy of mention, were observations on the number of stomach
parasltps. Among the bigeye, 26 percent of the stomachs examined were
Infesred with ne.'11atodes and 32 percent with tre.'11atodes. The Infestation
was somewhat less among the yellowlln, being 16 percent for npmatodes and
26 percent for trematodes.

• The greater variety In thp food of the yellowlin as compared with the big.
pye Is dup, we believe. simply to the fact that more than twice as many yello~.
lin stomachs were examined.
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RESULTS

The food of both the yellowfin and the bigeye
was primarily fish, of great variety, and squid
(table 11, Appendix), Other mollusks, such as
the argonauts and octopods, and crustaceans
were of minor importance.3 Figure 5 illustrates
the percent.age of occurrence of the major food
items. Figure 6 shows the percentage of aggre
gate total volume of each major food element.,
which indicates its relative importance by bulle

Represen tatives of 48 fish families and 11
invertebrate orders were found among the st,omach
contents of the yellowfin, as compared wit.h 36
fish families and 9 invertebrate orders for t.he big
eye,~ Despite this great variety in t,he food, onl~y
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YELLOWFIN BIGEYE
FWUR.; 6.-Comparat.ive import.ance, in volume, of t.he major food element.s.

cent.age by occUI'I'cncc and percent.age by volume
for t.he fish families prominent. in the dict exhibited
little variation with t,he size of the tuna.

Variation in Food with Depth of Capture

Figure 7 is a diagram of one unit, (a basket.) of
POFI longline geRr, showing the an·angement. of
hook-bearing dropper lines and t,he general lay of
the line with respect to the surface. Although an
attempt is made t.o set. the line at. each station in a

.standard fashion, with an average distanee be-
tween buoys of about 900 feet, the aet-ual depth
of fishing' is quite variable depending upon the
amount of sag in the main line, which is greatly
influenced by wind and current condit,ions.

v'
.. - - - - --' - - --'- -.-------- ••------.--- SURFACE -------- ---- '-' ------ ---------'. -.

FIGURE i.-Arrangement of a unit (basket) of POFI
standard longline gear showing the float lines. main linc,
hook-bearing dropper lines, and the general lay of the
line wit.h respect to the surface.

:{88ia4 1I-r.r_2

Murphy and Shomura (l953a) have calculated
that 'the ma:ximulll possible depth for hooks 1 and
6, with a 900-foot buoy int,erval, is 310 feet; fo!"
hooks 2 and 5, it is 450 feet; and for hooks 3 and
4, it. is 530 feet. These maximum depths are
seldom achieved, however, because of t.he rela
t.ively st,rong surface current.s gcnerally prevailing
in this region. The minimum depths are evcn
more uncertain; therefore it is difficult to define a
dept.h range for each of t.he hooks. We post,ulate
that hooks 1 and 6 may fish at depths of 1fiO too
300 fcet, hooks 2 and 5 at depths of 250 to 400
feet, and hooks :3 and 4 at depths of 300 to 500
feet. Despit.e this variat.ion and the uncert.ain
t.ies involved, it. is worthwhile, wit.hout attempt
ing to designate actual fishing depths, t.o make
comparisons between the shallow (hooks 1 and 6),
int.ermediat.e (hooks :3 and 5), and deep (hooks 3
and 4) levels of capture with respect, to differences
in st.omach contents. Because of t.he rather slight
differences in composit,ion of the food associat.ed
wit.h the size of tIll' tuna, t.he two size groups
«140 em. and >140 em.) were combineo for this
study.

Table 3 shows the variation in composition of
stomach contents with depth of capture; the varia
tion in the two general categories, squid and fish,
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TABJ.E 2.-1'al';olioll in volume alld compositioll of slomach cOlllenls of yellowfin alld bigeye til/HI, by size groups

Awra~.. \,olullle (ee.) per Pereentage oC occurrence PCI'rentnge oC total \'olullle
stom""h ill f1sh- in fish- in fish-

Food or~a.nisms

Less than 140 em.. ,md Less than 1411 em., ,\lid
1400.11I., Cork largl'r, Cork 140 em., Cork larger. Cork

lenllth length length length

Less thnn 140 elll .. and
140 em .. Cork Jarller, Cork

length len~th

Crust.lcCang:Yellowfin _
Blg,'ye _

Squids:Yellowfin _
Bi~,'ye _

Other mollusks:Yellowfin _
Bige~'e-- _

Fish It.otn1l:Y,'lIowfin _
Rlgeye _

Bralllidae:Yellowfin _
Blg,'ye _

Gt'ml'~t'lida(':

1r:~~fi-J~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::1
Thunnid,\(':Yellowfin __ . _

Bigl'y<' . . .. "._. _
Sudldae:Yellowfin _

Billeye_ --- -- --- --- _-- ---- -- --- -- --- _----- -- _-- -- --
Molidae:Y,'lIowfin . _

Bige~'e-- _

Other Coods:Yellowfin _
BigeYl' _

All Coo,!s:Yellowfiu _
Bige~'e- _

Numhe,' oC stom'lChs e,amlned:Yellowfin _
Bigeye _

Awra~e lork length (em:):Yellowfin · _
Big.ye . _

A\,erage weight., Ih~.:Yellowfin _
Bige~-e------ _

A"era~e ,'olume lee.) oC Cood per Ih. oC hody welllht:Yellowfin _
Rilleye .. _

1.5
2.8

2-1.8
32.1

3.3
1.6

56.6
8.~.8

9.1
33.3

6.0
19 2

10.0
0.3

0.4
1.7

13.4
2.0

O.•i
II. I

lilI.9
122.4

1811
li3

117
122

r,9
8.~

1.3
1.4

0.9 4;'.2 41.0 1.7 0.8
2.0 38. I 41. 7 2.3 1.4

33.3 89.4 85.3 28.1\ 29.5
51. 4 81.U 83.5 21). 2 36.3

10.4 29.8 48.6 3.S 9.2
5.7 28. Ii 34.0 1.3 4.0

Ai. i 90.4 94.8 li5.2 60.0
82.4 84. I 84.5 7U. I 58.2

12.9 53.7 6.1).7 10.4 II. 4
17.3 31\.5 31.1 ~- ~ 12.2.. I ...

i.3 24.5 37.4 6.9 1\.5
12.5 42.9 34.11 15.7 8.8

18.6 6.9 9.2 11.5 16.5
8.6 1.0 3.0 0.3 1,,0

0.5 9.0 5.2 0.5 0.4
5.2 15.9 li.5 1.4 3.7

i.2 3. ; 2.0 15.4 6.4
1.4 3.2 1.0 1.6 1.0

O.li 23.9 24.3 0.7 O. ,~

0.2 I. r, 9.7 0.0 0.1

112.0 "------ --_ .. _---_ ... - ._------------ --------_._---
141. Ii ------- ---_._._-_.--- ---_.-._------ .. _---_ ... _---

2.i1
103

149
1fJ0

142
187

::J ::::::::::::::1:::::::::::::: :::::::::::::: ::::::::::::::

is illustrated in figure S. For the yellowfin, there
is an increase in average volume of stomach con
tents with incrcasing depth of capture; for the
bigeye, the largest average volume was found at
the intermediate depth, with the deep-caught, fish
ranking second. For both speeies, the most. con··
sistcnt featui'c was the low average food volume
for the shallow-caught fish.

In the yellowfin, the increase with depth is
largely due to a highel' consumption of fish,
particularly juvenile tunas (Thunnidae) al\(I sun
fishes (Molidae), at the intermediate and deep
levels; t.he squid are utilized about equally at. all
tllrl:'t' depths. In the bigeye taken on tIll' deeper
hooks, there is also greater utilizat.ion of fish,
particularly pomfrets (Bramidac) ami snake
mackerels (Gempylidac), with squid decreasing in
relative importance with depth but varying irrcg
ulady in absolutc vol lIme. Despite these rather
minor differenees, t.hel'e is no marked variation in

eomposltlOn of stomaeh cont.ents over this range
of dept.h (estimated at 150 to 500 feet), which may
be evidence that both the forage organisms nnd
the tuna range throughout.' this wat,er layer.

Variation in Food with Distance from Land

Tn the routinc processing of t,he stomach data,
the records were dnssified according to the distance'
of the place of capture hom t.l1l' nenrest. emergent.
land. An al'bitmry scale (0-24 miles, 25-99 miles,
100-399 miles, and 400 miles and more) was used
as in the previous study (Reintjes and King 1953).
No bigeye stomachs were colletted at 0-~4 miles,
nnd few (eight) were coIled-cd in t.he 25-99 mile
in t.erval; therefore, thl' data do not provide the
desil'ed informat.ion on differcnces in the food
related to this feature. There was some indica
tion t.hnt the consumption of squid nnd pomferts
by the bigcye increased in an offshore direction,
as compared with their uniform utilizntion by the
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BIGEYE

YELLOWFIN

r;jJJ TOTAL FISH

OL..-~a-

1BOlL 1550 150""" 1400 130CL.1200

WEST LONGITUDE

FU;URE 9.-Variation in t.hf' major foods as relat,ed t.o
t.ime of year t.hat. t.he tuna were capt.ured. Numbf'r of
stomachs is shown in parentheses.

greatest amount during April-July and in least
amount during August-September (fig. 9 and
table 5). The average volumes of squid and the
major fish families represented in the food did not
vary in parallel fashion for the bigeye and yellowfin.

When the data from the various cruises are
combined with regard t,o longitude but without
regard to t,ime of year, we obtain the results pre
sented in table 6, with t,lle variation in availability
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yellowfin (table 4), and in the bigeye the average
food volume increased with greater distallee from
land while in the yellowfin the volume varied
irregularl.y.

o L......JU."-d.._
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FIGURE 8.-VariaLion in Lhe major food caLegories (Lot,al
fish and squid) as relat.ed t.o the depLh at, which the tuna
Wf're captured. Nnmber of ,;t.omachs is shown in
paren t.hf'8f's.

Variation with Season and Longitude

To examine differenees related to time of sampl
ing, the various cruises were grouped into four
seasonal periods, as indicated in table 5. For
both species the largest average volume of food
occurred in the April-.July period, with Oct.ober
November averaging the lowest in the yellowfill
and August-September the lowest in the bigeye.
If we consider the average volume per stomach of
the major food elements, we find that, in our
samples of both tunas, fish were consumed in
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TABLE 3.- rariation ill volullle and composition of stomarh ronlfnts with depth of captllrl' of .lIcllowjill and f,iy('W' tl/lla

Fooll organisms

A vl'ragp \"oluml' (CC.I J)(·r Perc('ntagl~ of orcurrl.'Ill""e I PI'I'("I'ntag(' or total \"ulumC'
stolllach

1---.....-------,---- ---.---------- -----------
Shallow Inter-

medi<1tl'
Decp Shallow III1.l"··

Illl'c.liatl'
Shallow Int"r·

rm'diutl'
Deep

-------------------1--- ----------------------------.

0.8
IJ.O

11.2
2. ;

fl. 1
fi.:1

n. !_
2..'1

i.4
II. 2

I~. 2
1.9

W.,~

\.1

11.0
\I). :1

M.fl
r04. ,;

27.7
27. ;

4.8
o 0

II..;
II. ~

0.4
:1. 9

0.8
O.~

.~. 8
n.r.

i.3
14. ~

15. fl
O. a

II. i
14. i

.~9..~

.~fl..~

:1:1.3
41. i

2.0
0.11

o..~
n.O

fl. II
4.8

1.2
.~..~

2.1)
n.7

1U.2
5.8

12.0
11.11

1:1.•j
0.8

5:j.~

4;.0

:10.2
fil. 4

W.I
2. ~I)

2.4
1.2

27.3
i.4

i.3
22.2

:la.9
a9. S

~NI. 3
~a. 9

93.9
85.2

37.11
40. i

4ti. i
4ft ~

1. i
4.4

9.2
2.2

4.2
li.8

23.:1
8.8

fl4.2
211. j

35.11
42.2

00.0
>l4.4

~1. i
8fi. i

4"- 2
li.8

44.2
as.•1

1.8
11.11

9.2
0.0

II. 9
I\.I

27. fl
.j. fi

.'\3.2
27.8

33.9
aa. a

91. i
72.2

84.4
72.2

39.4
aa.a

0.9
0.1

0.3
a.5

i.4
f1.9

1.1
a.2

12.S
1.4

9.0
14. S

22.2
~..~

33. i
a'l,ll

.8. n
~3. 7

142
142

0.4
0. :1

4.4
a.4

0.4
6.0

O. i
1.4

5.4
0.9

f~. ;
22. ;

14.4
O.S

54.9
8'1. 7

10.8
22.5

311. i
1\3.9

1411
148

\.8
0.0

5.3
4.4

9.0
5.3

1.0
5.0

11.5
0.0

1.8
II. ';

10.•1
0.0

1l.8
0.8

4i.4
43.2

2,j.1I
4- .)...

141
IS2

Crustaceans:Yellow Iin__ . • . _.. ' _
Bigeye . • _.. ' . _._

8quids:
y ..llowlin __ . . _ __ . . _. _ _.
Bigeye • __ . __ . , .... _

Other mollusks:
y ..llowlin . __ __ . . __ .. _
Bigeye__ . _ _ . _. . _

Fish Clotall:Yellowfin. . _. ._. . . _.. _
Bigeye .. .. . __ . . .. . __

Rr:lmido.e:
Yellowfin_ .. _. ._. _ _.. ...
Bigeye. _._. _. . _ _. _ .

O..mpylldae:
Ydlowfln . . . _. _... _. . _ .
Big..y... .. . __ . . _. __ .

Thunnl;!a",
Yellow lin. . _.'" __
BI!,:"~"', . . _.. . __ . • _.. .

Sudldat':
Yellowlin_. __ . _.. .. _. . . ..
Rigeye. . . . .

Molidne:
Yellowlio .. ... __ . __ .. ..
Bigeye._. . . .. . __ .

Other foods:
Yellowlio_ __ .. __ . __ ...
Rigeye._ __ . . _._

All foods:

NUO~~::~::':~~~~~~~~~:~~~~~~:.::~~:~~~~~~~~~:::.::::::::::::~-.-lL~ __~~:~I·-m:l :::::::::: ~~:::::: ~~~:::~: ~:::::::: ~~~~~ ~~~~~
Yellowfin __ ._' . . . 109 1211 1115 __ . . . __
Bigeye._. .______________ 18 45 81 . . _

Averag.. fork leogth (em.):
Yellowfio . .
Bigl'y" __ .. . ... __ . __ _ __ ..

Avera!':.. weight Clbs."J:Y"lIo\\'l1o . . ._____________________ 1211 118 10 ')

Ave~i:~~iiimj,·«(.c:jroodiiirpotindorbOdY-weiiihi:-------- Ifl2 I 148 laa ---------- ----------1----· ---- ---------- --.----.-- . --------
Yellowfto ._. .______ O.i 0.8 1.0 . -- _ I ------- ----

__B_ige_y_e_--_-_-_--_._.-_._.-_._-_--_-_- -_--_._._--_._--_-_.__._-__-_-.._-_._--_-_-__-_._--_._--.:...__0_._6--'---__1_.0-c-__I_._O...:...::_:_:~_:_:_:". __ :::::::: :::.: :~ :::::::::: ::: ... :::::: _
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TABI,E 4.- Fa.riation in l'olllm" and composition of .~tomll."h contents with distance of pillee of ea.ptm'efrom nearest emugcnt land

FOfulorganisms

AVtorag£" wJluIIlE' «(!(I. J per
. stumach Percentage hy occurrence I Pcrcentagc of totill volume

25-99 lUO-39!1 1400 mi. 25-99 11111-3\i!1 4110 mi. 25-99 \(1I)-3YU 400 mi.
milE's miles and o\'er miles milps and I.lvel" miles miles and over

------------------------ -----------------------------

I.S 0,4 53.3 52.7 7. ; 1.1 2.2 0.4
1.9 2.5 i5.0 42.8 35.8 8.2 \.7 1.6

24.2 34.8 90.0 89.fl 84.1 27.1 29.0 29. Ii
li.9 64.2 75.0 7ti.2 87.4 21. ; 15.4 4\.8

4.4 11.1 13.3 3ll.8 48.1 1.1 5.3 9.5
2.2 5.5 25.1.1 34.9 30. ,~ 6.6 1.9 3.6

52.1 71.1 96.7 94.5 90.9 ')9.8 6:"?fi 61).3
94.11 8\.5 ti2.5 85. i 85.3 ti2.1J 80.11 53.11

9.5 12.4 43.3 61. i li2.0 13.1.1 I\. 4 10..~
15.11 311. i 2".1.1 25.4 38.9 3.4 12.9 20.1)

5.8 8.11 3fj.7 3\.8 3\.2 4.2 ').9 6.8
18.5 ]') 'J 12..~ 3s. I 38.9 48.5 15.9 7.9

5.9 25.5 w.n .~.O I\.I 1.4 i.O 21. 7
10.8 2. t 0.0 a.2 3 • 0.0 9.3 1.5

O.li 0.3 10.11 111.·1 2.9 II.G O. i 11.3
5. t 3.1 12. oJ Ii..~ II).~ 8.2 4.4 2.0

11.1) ').0 It 7 3.11 1.9 33. i 11. 5 .~. I
4.2 11.0 0.0 4.8 0.11 0.0 3.6 0.0

11.8 11.3 26.7 32.8 15.4 \.0 t. II 0.3
o " 11.1 12.5 6.3 6.3 \.5 0.1 0.0

83.9 IIi. 9 - --_. _.. -- ---------- -.-------- ---------- ----------
l1fi.2 15a.~ ---------- ---------- ---------- ---.-.---- ____ 0 ____ • -.--------

Crustaceans:Ypllowfln . . .
Bigc)·c. . .. __ . . _

Squids:Ypllowfln _
Bigeye. _

Other mollusks:Yellowfln . . _
Bi!!eye . _

Fish (totall:
Yellowfln . _
Bigeye ._

Bramidae:Ypllowfln . __ • . _
Bige)'e __ . • -_ - - -_ - - - -. . _

Oempvlidap:Yellowfin . . _
Bi!!eye . . . - __ ..

Thunnidne:Yellowfin .. . __ . . . _
Bige)'p .. _. . _. __ . . - . - _

Sudidae:Yellowlin . . . .. _. . - _. __ ..
Bigeye: . _. -_ -. __

Molidae:Yello"'fin . . . - __ - - . - __

Oth~i~~K(k -- - -.-. --- - - -. - - --- - --. -. - ------ - ---- -. - -- - - - - ----
Yellowfin • _
Bigeye.. . __ . ~ . . --- - .. _

All foo,ls
Yellr.wlin . . __ . . . _" __ .
B i!!eye . . . . .. _.

Numher of stomachs:Yellow fin . _
Bi!!eye . __

Average fork lengt.h i,'m.):
Yellowfin . .. __ . .. ._
Bigeye . . . .. . . __

.-\ vem!:e weight (lbs.1:YellowfiiL . __ . _
Big-eye .. _.. . . _

A vel"age '"0111111(& «,c.) flllld I'e.r pound of hlll.ly \"tE:'ight:Yellowlin . . _
Bigeye. . . _

1.2
3.7

30. i
9.8

1.2
3.0

79. ::!
28.0

14. i
\.5

4.8
2\.9

1.6
0.0

U.7
3. i

38.2 I
0.0

1.1
O. i

11:1. 4
45.1

30
fl

138
15a

112
Hili

1.11
0.3

201
G3

140
139

118
125

0.7
0.9

2t)~

95

142
148

123
14!'

\.0
\.0

1---------- ---------- ---------- ---------- --.------- ----------

---------- ---------- ---------- ---------- ----------1------- --.
.. ---._:~~ ::~:::::~: :~::~~~~:: ::::::::== ==~===~=~= ~=~=~=~~==
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TABI.E 5.-l'ariation in ,'oil/me and composition of stomach contents wUh time of year at which the tunas were captured

2.4
4.6

6.4
2.5

25.1
26.8

6.2
14.4

10.2
21. 4

65.1
66.0

12.9
I I. 1

4.7
5.6

2.0
8.1

0.7
1.1

25.7

14.4
4. I)

53.2
52. I

41. 2
40.9

5.2
8.7

0.1
O. ;

9.3
2.0

9. I)
2ti. ;

16.6
2.5

22.2

68. I
M.O

37.3

8.7
8.4

8.4
2.3

1.2
1.4

PNcentage (0( totnl volume

11.1

8.5
21. 3

60.6
SO. 2

28.8
16.0

5.3
4.9

28.6
39.0

21. 0
26.8

60.9
31. 7

97.0
95.2

43.6
48.8

91.0
92.7

5.6

24.3
28.0

69.2
33.3

29.9
25.9

39.3
13.0

90.7
70.3

00.3
85.1

16.9
6.5

23.9
37.0

50.7
43.5

47.9
30.4

76.0
78.3

91.5
89.1

26.8
37.0

Percentage by oceurrence

7.8

45.3
48.0

46.9
48.0

60.1
24.0

00.1
92.0

60.1
48.0

94.5
SO. 0

5.4
2.9

2.1
5.3

8.6
24.3

5.2
16.6

10.8
12.8

54.8
76.2

21. 1
30.9

1.9
8.0

4.5
5.6

0.6
1.1

25.1

52.0
51. 4

14.1
4.5

40.3
40.3

0.2
1.4

25.7
4.9

8.0
16.9

14.9
51.8

14.5
3.9

34.4
;2.4

7.9
3.2

1.1
1.9

_O~o-l.
0.9
0.2

0.9
13.0

10.4

8.1
11. 5

27.0
21. 8

A,'erage volume (ec.) per stom
ach

Foolj organisms

'~2 ~O ~5 ~3 ~O ~9 &3 1.0 al ~O al)
2.6 2.2 1.836.019.6 5.012.29.5 1.3 2.2 1.5

32.9 0.2 14.7 O. n 12.61 0.9 2.31 0.0 1 21. 2 0.2 17.5

~:: ----~~~. ::~ ---4~:~- ::: ----;~.~- 2::: ----;,.~- ~:: ----;,::;- ~::

15~: ~3 Y~: ~ ~:: 1~: O_I ~: ~_I 3:~. ~: ~ 1 ~: ~ ~: ~ O:~. ~: 08
194.1 118.7 115.3 . ._.___ _ _

-------------------------- ---_. --- ---- ---- --- --- ---- ---- --- ---- ---_. ---

Jan.~r:prll-- Au;'l oct.~ -,;:.:-r:::pril-I Aug.--I-~~~~~~~r~~~T~ug.--~~~
______________________ Marc~ _~~_ ~~~:J~'::...~~~~I_~~_~~~:J-~~I~arc~_JUlY__~~:.- _~~~

('mstaeeans:Yellowlln . _
Bige)'e. _. .. . _

Squids:Yellowlin . .
Blgeye . _

Other lIIollusks:Yellowlln_. ... . _
Bigeye .. .

Fish (total):
Yellowlin .. . .__ ____ _________ 56.9 105.7
Bigeye .__ _____________ 109.5 116.4

Bramldae:Yellowlin. .. .__ 8.0
Blge)'e .. _______________ 29. 1

(lempylldae:
Yellowlln .. . ._ .. . _
Bige)'e .. _. _. . .

Thunuid'le:Yellowlln_. . . .. _
Bigeye__ . . . . ._

Sllbidat':Ydlowlin __ . .. ._
Bigeye . . _._

l\{l)li..lafo:
Yellowliu . __ . ._. . _
Blgeye ._

Ot.h,'r foods:Yellow lin. . " . _
Blge)·. . . . . _.. . .. __ . _. _

All foods:
Yellowlin. . .. __ . . 93.8
Bigeye . .. .. . __ . 136.6

Numb.r of st.oJllneh examined:\".lIowlln .. .. . _
Ilig.y. .,. . . ..

An'mgl' fOI'k length (en1.l:Y"lIowlin .. _. . _
Big"ye __ . . _. .

Aw"ag" weight lItls.l:y"lIowlin. .. . .. _
Bigey. .. . __ . . _

Awr£,g,· volullle ((·e.l food ("'" pound of body weight..:
'.llowlin .. __ . . . .. . __
Big"y. ._. .. _. _

128 7\
25 4"

140 141
148 14\

119 121

14:.

81

12:.

310.9 1.5

107
54

140
14Y

116
151

0.8
0.7

123
4\

141
146

120

14:.
71

:::::::: ::::::::1::::::::1:::-:::: ::::::::I::::::::I::::::::I:::-:::~
0.8 . -- __ . . ----- __ . . ----.--_
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• Provided in the reports of Murphy and Sholllnrn (l9.53a, 1953h, 1955).

Variation with the Current System

The general po.u'el'l1 of the' Pacific equatorial
current system has been described by Sverdrup
and associates (1942, pp. 708-712). In brief, t.he
major surface currents of t.his region are the Nort.h
and South Equatorial Currents flowing toward the
west, with t·he eastward-flowing Equat,oriul Coun
tercurrent. sandwiched in between. Although the
width of the Countercurrent (CC) may vary with
longitude and season, its southern and northern
boundaries are ordinarily near lat,it.tldes 5° N.
and 10° N. in the Cent.ral Pucific. The South
Equatorial Current (SEC) is therefore on both
sides of the Equator, while. the North Equatorial
Current (NEC) is confined ent,irely t,o the Northern
Hemisphere.

The prevailing east to southeast tradewinds,
together with the COrlolis foree resulting from the
eart·h's rotation, induce a divergence of the surfaee
waters at the Equator that is accompanied by up
welling. Under ('ertain condit,ions, described bv
Cromwell (195:3) a eonvergence may be formed.
bet.wee.n t,he Eq lIat,or and t.he southern boundary
of t.he CC, which, we hypothesize, may t.end t,o
concentrat.e plankt,oll and, consequently, t.he tuna
forage organisms.

Over the raJlge of Intitude sampled (17° N.
14° S.), t.here are therefore cert.ain natural sub
divisions of t.he environment that may be est.ab
lished on the bnsis of t,he feat.ures ment.ioned above.
These may be defined as follows: (l) The NEC
from t.he northet'n limit. of our sampling (17° N.)
to t.he northern boundary of the CC; (2) the ce,
with its boundaries det.ermined at. the time of each
crossing from vert.ical temperat.ure seetions;6 (3) a
zone of con vergence in the SEC extending-accord
ing t.o our definition--from the southern boundary
of the CC to latitude 1W N.; (4) tl zone of diver
gence or upwelling in the SEC along t.he Equator
from lat.itude H~o N. to latitude l}~o S. j and (5)

onl}T slight. regional differences for the yellowfin
but. a rather large variation for the bigeye (table
6). In the bigeye, specimens from the west.ern
region cont.ained 1.5 cc. of food per pound of body
weight., as compared with 0.6 cc. for specimens from
the central region and 1.0 cc. for specimens from
the eastern region. These three values elosely
pn.rallel the corresponding overage volumes of
total fish per stomach (115.3, 55.4, and ~15.8 cd.

OCT-NOV

~ TOTAL FISH

(46)

~ SQUID

YELLOWFIN

(71)

125

25

APR - JUL AUG - SEP

SEASON

FIGURE IO.-Variation in the major foods as related to the
general longitude of capture of the tunas. Number of
stomachs is shuwn in parenthese~.

25

125

OL-"-'-'''--"_---J.--'-''''''''".......=-....L-....Lo<..~~J..-..L..._L.,;LL..J::.&ia.._J

150r-------,-----,------r------.

of t.he major food items sllOwn in figure 10. The
chief similarit.y bet.ween t.he two species lies in the
lower volume of t.otal fish in the food of tunas
captured in the region of 140°-150° W. longitude.
The ut.ilizat,ion of squid, Bramidae, Gempylidttt>. ,

and Thunnidae does not vary in any regulnr
pat,t.ern for the t,wo species. A majority of the
Thunnidae appearing in the food of yellowfin
capt,ured in the area of 120°-130° W. were Au.r.i.<:
thazard, which WitS not prominent in the food in t.he
more western regions and which in the bigeye was
represented .by only one specimen. also from the
]20°-130° W. region.

For both bigeye itnd yellowfin, the largest
specimens were capt.ured in the eastern region
(120-130° W.) and the smallest in the western
region (155° W-1800). When the variatio/l in
volume of stomach contents is cO/lsidered in terms
of unit. volume per unit of body weight., we find

388734 0-56--3
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TABLE 6.-l'ariation in lloll/me and ('ompositioll of stomach cOlltents with 10llgitude of place of capture

Food organisms

Awmg" ""Iume lce.l pe.r I Pe.-rentage hy occurrence. I Perc,·ntagc of tolal volume
stuma('h

--.---------:--- -----,---------------------
180°_ 150°- 130°- 180°- 150°- 130°- 180°_ 150°- 130°-

155° W 1400 W 120° W 1550 W 1400 W 120° W 150.'0 W 1400 W 1200 W

1.8 0.8
2.1 1.4

21.ti 37. ;
50.1 35.5

4. fi 5.3
~ - 4.9_. I

64.0 49.8 [
11.~. :! 55.4

10.5 12.1
48.3 6.0

Crusta('tlans:.. Yellownn _
Bigcye _

Squid.:Ycllownn __
Blge)'c _

Olher mollusks:Yellownn __
Blge)'c • . __

Fish (tolnll:Yellownn .
Bigeye . . _

:!f.~~~;~;::::: ::::::::::::::: ::: ::::::::: ::::::::::::: ::::: I
Yellownn __
Bige)'e .. _

Thunnldae:Yellowfin . _
Blge)'e . _

Sur]ldae:Ycllowfin . __
Bigeye --- . _

Molidne:Yellowfin _
Blgeye - --- : _

Olher foods:Yellowfin __
Blgey" . _

Ali foods:Yellownn __
Blg"y" " -- __

Nnmber of slomachs exalllined:Yellownn _
BIl!"Ye ----

.'\\"Cl".lge fork length (cn1.):Yellowfin _
Blg"y,, __

A\"Crag" weight Obs.):Yellowfin _
Blgeyc _

Average volume (ce.) food per pound of body weight:

~fi~~~~'~::::::::::::::::::::::::::::::::::::::::::::::::: I

131;
136

108
116

0.9
1.5

141
)[,0

121
155

0.8
O.R

0.4
5.0

28.8
52.9

17.5
4.5

1H
152

48.3 42.0
49.1 3U.7

90.7 116-.,
82.4 84.0

:.l6~ 40.4
33.3 2-l.U

97.1 92.9
91. 2 ;6.0

56.4 72.7
36.8 30.7

29.8
35.3

78..,
88.2

40.5
20.6

I.~ 0.9 0.3
1.2 1.4 3.1

23.3 40.0 21.1
29.4 36.5 33.4

5.0 5. i 12.8
1.6 5.1 2.8

68.8 52.9 6.~. ;
1i7.7 56.9 60.5

11. 4 12.9 8.7
28.3 Ii. 2 12 ;1

t.he SEC from 1}fo S. 1.0 1.he sout.lll'rn limit. of our
sampling (14 0 S.).

These areas have t.he following charact.erist.ics
affecting the abundance of fish food: Area 1 is It

region of low zooplankton concent.rations (King
ano Demond 1953) and shallow thermoclinc. In
area 2 the t.hermoeline deepens t.o t.he south, and
zooplankt.on shows some increase ill abullditnce.
Area 3 has a deep t.hermocline and a relat.ively
high ('oncen trat,ion of zooplanktoll. In area 4 nt.
the Equat.or, upwelling is evidenced by n doming
.of t.he isotherms, a reduet.ion in smface tem
"perat.ure, an increase in surface inorganic phosphate,
and frequent.ly by the great.est concentration of
zooplankton. In area 5 the t.hermocline deepens,
and t.he zooplankton eoneentrat.ion is reduced.

When the yellowfin and bigeye ent.eh records 7

, Summarized in reports of Murphy and Shomura C1953a. 1953h, 1955).

during the years 1950-5:~ are combined itceording
to these nat.ural features of the environment, we
observe (fig. 11, A) that. t.he mea of best eat.eh for
yellowihi was in the convergence zonc (area 3),
while the best ea tches of bigeye came from the
NEC (area 1) and the CC (area 2). Thus the
longline catch provides some indication of an
inverse relation in the abundnnee of these two
spceies.

The stomitf.'h-cont.ent. volumes were combined
in the same maImer-disregarding tllC rather
minor differences itssoeiated wit.h dept.h of cll.pt.ure,
longitude, nnd setl,son-t.o produce part.s Band C
of figure 11.8 For t.he yellowfin, we find no cor
respondence between cat.eh per 100 hooks nnd

I Parts B anti C. of figure 11 are· base.I on the· 439 yellowfln slomaehs em
ploYed in this reporl. which wero eonsi'.1ered roJllparablo with the blgeye
collections. and not on our tolnl yellowfin·stomach /lata from the central
Pacifle.
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, It was previously reported (Rl'illtj('s ami K.ill~ 1953) that on OIll' (~ruisc

(I'rulse 11, Hugh 1I-r. Smithl there was some inr.llrotion that for yellowfin the
a\"erage \"01u7IIl' of stomach contents "BI'led directly with the catch rate.

volume of st.omach content.s. 9 The divergence
zone at the Equator produced good catches of
yeUowfin, but these fish contained t.he lowest. food
volumes, On the basis of both the average volume
of food per st.omach and the average volume of
food per pound of body weight-disregarding the
three st.omachs coIled-ed from the NEC-we.:
judge that t.he yellowfin eaptured in areas 2, :3,
and 5 were equally well feel. In the bigeye, there
is a suggestion of parallel variation in catch rate
and volume of st.omitch contents, This species
was the best fed in at'eits 1 and 2, which were also
t,he areas of best catch. The bigcye from neat' t.he
Equat.or (itrea 4), where catl'hes were poorest., con
t.ained t.he lowest. food volumes.

Table 7 ilIustrat.es vll.rint.ions in certain food
components ll.S related t.o the syst.em of currents.
The consumption of Crustaeeit by yellowfin is
roughly in itccordance with t.he vitrying abundance
of zooplankt,on ItS determilwd from our plankton
SUI'vcys (King und Demond 195:3, King 1954).
Their utilization by bigeye is quite clifferent,
howevet', itl\(l may be relat.ed to differences in the
kinds of organisms involved. In tlw food of
yellowfin, for example, the crustucean fraction
WitS principllJly itmphipods, with isopods 1111(1 crah
larvae of some import.ance; t.he bigeye had feel
(·hiefly on shrimp I1nd euphnusids. The complex
vitriations in t.he consumpt.ion of squid, Bmmidae
(chit'fly ('lIll!lb"U..~ drachme) , Gempylielae (chiefly
Gnn-pyll/8 8erpI'U8) , and totitl fish nre difficult to
U1Hlerstnl\ll, since we litck infol'n1l1tion on the Iitt.i
t.udina.1 variittions in abUlllll1nce of these foritge
orgitnisms.

We should like next. to exumine in grel1ter det.itil
the differences bet.ween t,he CC (urea 2) amI t.he
(~onvel'gent zone (area :3) wit.h respect. to volume
and composition of food utilized as relat,ed t,o depth
of captUI'e of t.he t.unas. As pt'eviousl~" st,itt,ed.
the CC is a region of rell1t.ivel,v gooll Citt.dt for
bige,ve and of poor cl1teh for yellowfin. Bige,ve
from this region contl1ined itbout 50 percellt, more
food in t,heir st.omachs t,han did Ute yellowfin,
but t.hey averaged somewhitt, larger in body size.
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FWURE ] I.-Variations wit.h the currellt. sp;t.em ill (A)
yellowfin and bigeyo cat,ch 011 longline gear, (B) average
volume of food per st.omach, alld (C) average ,'olume of
food per pound of body weight.. Boundariu~ for eal,h di
vision of the ClIl'I'ellt. !'Iyst.em are defillod in t.he t.ext.. Part.
A is derived from cruises 7, II, and 18 of t.he HI/Uh IIf.
Smith, cruises II, 12, 13, 14, and 15 of the John R. Mann
ing, cruise I of the Charles H. Oil/Jeri, and cruise I of
t.he CaM/ieri. Numberof observat.ions, as stat.ions fished
{part, Al or stomachs examined (part.s B and C), is
shown in pareutheses.
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TABI,E i.-Variatiolls in average volltme per stomach of the major food categories as related to the current .~ystem

[Bo!mdaries o( eaeh "rea or division o( current system arc dellned In text; "olume Is measured In ee.]

Food orR,misms Areal, NEC Area 2, CC Arca3, Conv. Area 4. Di\'. Area 5, SEC
----_·_---------_·_--_·_-------1---·- -----1---·- ---------.-

1.3
10.9

44.6
6.1

W.6
11.9

0.8
3.8

0.9
0.3

115.3
97.9

0.1
1.4

91. 6
SO. 6

9.1
5.4

12.8
'16.5

1.5

0.7
0.1

0.6
0.5

O. I
1.1

4. I
0.7

2.9
1.8

84.8
77.3

44.0
45.5

16.6

5.0
11. 7

33.1
29.2

5.7
0.2

0"
5.7

0.6
3.3

18.3

4.2
18.1

1\2.2
82.6

16.4
22..~

12.5
8.1

30.7
32.3

106. II
126.4

2. .,.
1.3

8.1
0.9

0.3
2. I

20.2
3.5

8.5
41. 0

64.9
75.4

38.0
73.1

106.6
152.0

0.7
5.0

4.0
37.2

34.3
38.9

8.0
155.7

Crustaccans:Ydlowlin ... .• ._. . _.
Blgeye. • •• _. _. • . _. • .. O. I

SqUids:Yellowlin__ . • . . . • . . .
Blgeye . ... . ._. . •

Other mollnsks:Yellowlll\ .. . . • • .' . __ • __ . _
Blgey•. . • . ._ . __ • . . • 7. I

Fish (tota]):Yellowlin. . .• . . • . •
Blgey. . • • . . •

Bramldne:Yellowlin .. . . . . _. . .. __ .
Big.ye. • . . • . •

GemJlyllrlae:Yellowlln .. • • . • . . .
Bigeye • • • • • .

Thunnidae:Yellowlln_. __ . _. . . . . • _. _
Bigcy•. _' • • . . • 28.3

Sudidae: .Yellowlln_. • __ . . . • . • . .
Blg.ye __ ' • . __ . . . 0.6 I. 6

Molidae:Yellowlin " • • . ___ __ _ 2.5 I. 2 _
Bigey". • • ' • . . • 5.2 . .• . _. .

Other (oods:Yellowlln . • . • . . __ • • ___ __ 0.2
Bigey. . • • • .. • • • _

Ail (oDds:'\"ellowlll\. _. _. . • . . . .. .
Bigeye. . • .• • . . • .. . •

Numher o( stom"chs examined:. Yellowlln .. __ • . ..• . .,_.
Blgl'ye. . • . __ . .

A\"Crage (ork length (em.):Y"lIowlin . • . • . _. _. • •
Blgl,ye .• _. • . • . . . __ •

A""raRe weight (Ibs.l:Yellowlil\ • . • . • • . •
Blgeye. . • . _. _. • • . •

A\,er"ge volume (ee) food per pound ot body wl'ight:""ellowlll\ __ .• . • . •
Bigeye . • • . . _. __

-----
3 8fo 164 98

24 58 47 14

147 136 141 144
149 146 145 153

138 108 119 129
153 143 139 1114

0.3 1.0 0.9 0.7
1.3 1.I 0.9 0.5

8ll
23

140
138

118
120

1.0
0.8

On the basis of average volume of food per pound
of body weight there was little difference between
the two species.

The region of convergence has yielded the best
yellowfin catches but has produced consistently
pOOl' bigeye catc.hes. In this region the bigeye
had about 20 percent, more food in their stomachs
t,han did the yellowfin, but t,he bigeye were also
larger in average body size. Again the two species
were almost identical wit,h respect, to average
volume of food per pound of body weight.

In the ce, the thermocline occurs at shallow to
moderate depths, while in the convergent zone it
lies much deeper. Accompanying changes in the
depth and velocity of the surface currents may
greatly affect the fishing depth of the longline.
In the region of shallow thermocline it is possible
that, as a result of the skeaming of the line caused
by the marked shear between the moving surface
waters and the relatively quiet waters below the
thermocline, all hooks may be fishillg 8.(, about, t,he

same level (Murphy and Shomura 1953b), and no
marked difference might be expected in thp food
between the various hook levels. In a region of
deep thermocline the longline can hang vert,ically
and lie entirely wit,hin the homogenous surface
layer. A marked difference in hook depth and
possible differences ill t.lw stomach contents of the
catch may then result.

Data have been assembled in table 8 and figure
12 to illustrate the variations in avera.ge volume
per stomach for the major food categories with
depth of capture of the tunas in these two ocean
areas. In the CC there is gl"eater change in the
food of yellowfin with depth than in the convergent,
zone; this is evidenced by a consistent increase with
dept.h, in t.hp CC, in the utilization of Bramidae,
Gempylidae, and total fish. In the bigeye the
only importallt and consistent variation shown in
the CC is a mal'ked increase with depth in the
amount of Crustacea eaten and a decrease in the
importance of Gempylidae, as contrasted with



FOOD OF BIGEYE AND YELLOWFIN TUNA 77
~ YELLOWFIN 1m! BIGEYE

5r----.....----r-----,-..,.....---,

4 CRUSTACEA

3

2

consumption of Crust.acea by the bigeye in both
the CC and the convergent. zone. If we may con
sider the longline catch I'ate as nn index to abun
dance, it would appear that t.he bigeye responds
in a different manner than the yeUowfin t.o the
more favorable foraging condit,ions which, we
hypothesize, exist in t,he convergent zone.

80

40

60

OTHER VARIATIONS IN VOLUME OF STOMACH
CONTENTS

When the st,omach-cont,ent volumes are clas
sified aceording to an arbit.rary scale, the results
(table 9) indicate for both species a m.ther low
percentage of empty or near-empt,y stomachs; the
average stomach cont,ained a relatively small
amount of food. This may mean that feeding is
almost continuous, as cont,rasted with an irregular
or spasmodic feeding habit., and that these fish
have a high rate of digestion. For instance, it is
hard to believe that. a food volume of less t,han
100 ec., whieh was found in more than 50 percent
of the stomaehs (table 9), constitutes a daily or
even semidaily rat,ion for these large active fish.
Unfortunately, our food studies provide no in
formation on rate of food consumption or digestion.

In longline fishing, the gear is ordinarily set, at
daybreak and is hauled in during the afternoon.
The time of landing is known, but not t·he t,ime
that. the fish took the hook. On some cruises, 50
pereent or more of the tuna are dead when landed.
One might assume that, these fish had been on
the line for a longer period of time than the fil':h
that were landed alive. On the basis of this
hypothesis we examined the records from certnin
c.ruises for which we had the greatest number of
observations supplying information on condition
when landed. These dat,a, as summarized in
table 10, seem to indicat,e that the fish that. were
dead when landed contained larger volumes of
food, on the average, than those that we.re. lo.nd('d
alive. Although we cannot satisfa.etorily explain
t.his difference, we believe thnt. it. may be related
t.o t.he t.endenc.y for more dead fish to occur on
the deep hooks than on the hooks fishing at
shallow and int.ermediate dept.hs; and in the
yellowfin, at. least, we have found an increltse in
volume of st.omach content.s with depth of eapf.ure
(t.able 3l. A eombina.tion of these factors might
produce t.he results shown in t.able 10.

II

SQUID

20

FIGURE 12.-Variationl:l in average volume per stomach
of the major food cat.(·gories with depth of capture of 250
yellowfin and 105 bigeye tuna taken by longline in the
Countercurrent. and the convergent zone.

the increase with dept.h in Gempylidae as noted
for yellowfin. In the convergent zone there is a
similar increase with depth in the ut.iliza.tion of
Crustacea and Bramidae.

The major foods are of about equal importance
in both nretts. There is no indicntion that the
tunas have one set of foods in the CC and another
in the convergent zone. The mnin difference
between the two species is the much greate.r
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TABLE 8,-17a'riations in al'erage volt/me of food per stomach in pela/ion /0 depth of capture, comparing lIcllolOfin and
bigeye tuna, taken by longlinc in the CounterC'ltrl'cnt (lnd convcrgent zone

[Organisms making up less than I pemmt of the totnl food "ohmIC for each depth category were omitted from table; volume is measured In cc.]

1--------~~':~~~~~~ I--------~~~~;~~~t----------
Yellowfin Bigeye Ydlowfln Bigeye

FOlld organisms -;0:~-~~0~;1---- ~~:~-~:~s-I---- ~~OkS-I;:~;I---- Hoo~-I BOO~:-----'
I and 6 2 and 5 Hooks I and 6 2 aud" Ho<.ks 1 and 6 2 and 5 Books I and 6 2 and 5 Hooks
(shal- (lnte,'- 3 and 4 (shal- (Inter· 3 and 4 (shal· llnter- 3 and 4 (shal· (lnter- 3 and 4
low) medi- (deep) low) medl-' (deep)' lowl 'medl-' (deep) 'low) medl· (deep)

are) ate) ate) ate)

3.6 . __
I I

4.3
0_8

1.2
0.2

Crustacea (totall .___ __ __ __ __ _ 0.5 0.6 0.8 0.5 2.1 4.3 O. I 0.5 0.3 O. I 0.6 3.1
Penaeldae . __ .____ 4.2 __ .. . ._____ 2.6

S<lnldsltotal) 25.5 27.6 39.~ 9.2 47.71 28.41 52.1 37.4 ~6.5 110.01138.. 47.8

LOli~~~1fl~iit~I;~iliij;~::::::::::::::::::::::I::::~:;::::::::: ----iT :::::::: :::~.:;: H---i2:3- ::::~i ---If ---~rf '--If ----in
Onycuteuthldae .. _.____ •. 2 .__ __ __ ___ ___ __ __ _ __ __ __ __ I. a

EonnOlm~I.;rs:~tere~~p:h~~ld(l;a~e~ ..EI;OrJioiel;tiiiiiac::::::::::::::::1:::::::: .:::::: :::::::. ::: :::: :-:::::- ~'i ----i·i· --- i-g- --- i-9-1----7-i· 55

~1~~ii~r;:~~~~~~~i~;~~::::::::::::J::::i:i::::~:~- ::::~:;: :::-i:i: ::::i:~:I::: ~;~:I::<~' ·--·7;3- ----:;~- ::::~~;- ;;;i3:i:,----'·i:g
Seplolldae .. . .____________ 2.0 . . ._____ 2.9 3.4 17.6 _
Cranehlldae:Lincra'/Ichia globala'. • • .... 1.4 2.9 12.0

Unidentified Cranchiidae. . __ . .. . __ .. . . ' . - ----
Othermullusks(totall .__ 14.3 K4 15.4 0.9 12.3 I.~ 3.3 2.6 1.5 !,I

Octoplldldae______________________________________ 2.0 2.3 10.6 7.5 1.5 . ._
Argan'lUtfdae, 1 1 I I I

t~':;/~~~r.~~·~:::::::::::::::::::::::::::::::: ----i:ii- ·--·i:o- __ ~:I. :::::::: :::::::: U :::::::: :::::::: :::::::: :::::::: ::::::::
Unidentified Argonautidae ... 10.3 3.5 1.2 .. . 0.9 1.6 • 1.1

Fish (totall.. . 54.• 5S.~ 74.2 32.5 11~.6 70.0 12.9 118.0111.9 73.3107.9 50.7
Gonostomidae: ri'lciglttrria Ivulia . . 1.2 • .. __

Ster~r.~~~;~n;i~"hana------------- .. --- .. --.----1 9.7 .. 2.• __ .. .
Unidentified Sternoptyehidae .. 0.6 0.6 . . 3.6 1.1

SUd~:~~ltPiISP -------. -- -------. 9.0 1.8 -. ---1-------·1-------· ------. --------[--------

~~t~1i~1:=::1-~~1!~~u~si~:::::::::::::::::::: :::::::: ::::~~~: :::::::: :::2fo'::: :::::::: ::::::~: ::':::::1::::3:.:4:: :.:_:_:_'_::_:_:_ :.:.:_:.:.:.:_:_- :_:_:_:_-_.:_:_:. __ -. __--_~_~_r
Unidentified Exoroetldae . 0.1 . . __

'l'rachYPteridae: Truchyp/trv, sp .__ __ __ __ __ __ __ __ __ I. 4 _.

~f~~~I~~J~~~-"i;,;,;ii;il;3 ·ii,·,-I,/iiri,,;.·_· :::::::::: :::: :::::::: :::::::T::: ::: ::::::::1 :::::: ::1"" io' I:: .
Prlaeanthidac: Priacalllhv'cnttlliallt' . .. 1.2
Cllrangidae:Striola sp_ _______ __ __ __ ___ __ ____ ___ __ __ _____ __ I. 8 .. _. ____ ___

Naacralt8Sp__________________________________ 2.4 .. . __
Sc,'mbroidt' sp .. _____ __ __ __ _____ __ __ ____ 2. 4 . _. __

Dramidae:
Gal/yba8 drachmt .____ 10.1 I 1;.31 8.5 3..~ I Y.9 -- 4.0 I 12.4 1 61. 7 17.9

Taraclnsp __ . .,. . . __ . 1.41 1.1 4.6 -------. K! /4.Y 1 --------1 4.1 ·-------1 4.•~ 1----·---
g~:£~I~~~~:t~d~e~-':~J~-I~~::::::::::::::::::::::: ~:~ ~:O. o:~_ :::::::: I:~. ~:~ ~:~ ~:~ .0:6. :::::::: 1:4_ U

GtmpyI1l88erp,n,__ 2.0 1.3 5.2 __ . 39.0 4.2 1.2 ,1.3 15.5 9.5 9.5 2.3
Unidentified Gempylidae. 1.2 1.7 1.31 O.r. -------- 0.41________ 1.0 3.21 9.51 0.4 2.9

Nomeidae:Nomev'sp . • 2.3 . .
llnidentifled Nomeidae .. . . 0.1 0.8 . _

ThUK~:~'~~;onll, pdam;, . I 8.1 4.4 12.8 -- __ ---- --_ .1 1__ __ 28.2 41.1 -- -- -- _-1------
:t~~~';'h;;~rdn~c~o~e~_~~::::::::::::::::: ::::: :::: :::: -- -- 6: 4' In :::::::: :::::::: ::: ::::: ::.: :::: :: :::::: :::.:::: :::::::: :::::::: --- --9: i
Unidentified Thunnidae______________________ 1.1 0.3 1.0

Echeneldae:E,'htntissp . .. I.~ . . . ---.'--.- --------
RtmoT<l rtmora .. . . .__ 0.9 a.8 . --------
Unidentified Echeneidae_ _______ __ __ __ 0.2 . .. 0.3 0.8

Balistidae:
BaU,lts /lycleri.• . __
Unidentified Balistidae_ _.

Ostrae; idac:O,'rarioll diaphll111lR . .___ 1.9 --------
Ladori. 'chltnHl.tri • 2.3 ------ ... -------- --------
Unidentified Ostl'aclidac_ .________ 3.3 0.7 '---- . __ -.------ --------

Tetrodontidae: Tttrodonsp___ 1.3 ~ ... ._. . . ------._ . ._--.--- --.-----

Oth~~~~~~:__~~~_~~~~~~~:::::::: ~: g ----ii: 4' ----oX :::::::: ----0:7· ::::: ::: :: :::::: 6._ 8_ ~: ~ :: ::: ::: :::::::: --- -" o:i
Allfoods . !15.6 90.8130.4 42.2166.0115.3 611.5109.5 161.9 183.~ 2~8.6 103.9

~r~~i~~~;~Trl~1~~~·::~~';~:-:-::.:::::::~~:::~~~ :~- :~--:M---;r- :~ -- -:~--I~! -:~I.-OI :~f- --;{I'.-1 I-~~I'-'~' -:¥07-.
8A\'Cl'3ge "olume oHood per pound of body weight.rce.l. 0.8 0.8 I. 1 0.3 I. 0 0.9 0.7 I.~
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TABLE 9.-DistribuUon of the IIO/lIme of stomach contents of 439 yellowfin and 166 bigeye caught by longline fishing in the
central Pacific

Volum~ (~.)

L~ss than 140 ~m. long 1_. I,40_~_m_._o_r_la_rg""7~-r---
P~re~nt of Accumu· Pere~nt of Ae~umu·

Numb~r total lat~d per· Numb~r total latl'd per·
numb~r c~ntage llumb~r c~ntag~

4 1.6 1.6
6 5.8 5.8

17 6. ; 8.3
10 9.7 15.5

22 8. i 17.0
9 9.4 24.9

50 19. 9 31\.9
13 12. R 37.5

R6 2R.2 1\3. 1
18 17.5 M.O

sr. 22.2 85.3
24 23.3 78.3

30 11.9 97.2
17 16.5 94.8

3 1.2 98.4
5 4.9 00.7

3 1.2 100.0
I 1.0 100.0I--r-----25.1 _____________________ •••

103 ______________________ ••

3.2 3.2
3.2 3.2

17 9.0 12.2
4 R.3 9.5

21 11. 2 23.4
9 14.3 23.8

45 2-1.0 47.4
10 15.8 39.R

49 26.1 73.5
11 17.5 5;.1

31 16.5 90.0
13 2O.R ".,
15 8.0 98.0
12 19.0 96.7

4 2.1 100.0
2 3.2 100.0

0 0.0 --- --- - - - ---
0 0.0 . ---- -. _. ---

188
1- -----------1---------- --IIf\3 -- - - - _. --- -- . - - ------- --

Empty:
«(H).9l:YeJlowfin • . _

Billeye .. -- . _
1.0-9.9:yeJlowfln • _

Bigeye--- • _
10.0-24.9:yeJlowfln • • • _

Blg~ye--. _
25.0-49.9:YeJlowfln _

Bigeye-- _
50.0-99.9:YeJlowflll • _

Blgey~- _. • _
100.0-199.9:YeJlowfln _

Blgeye . _
200.0-499.9:YeJlowfin . • • _

Blgeye . _
500.0-999.9:YeJlowflll _

Bigeye- . • _
1000.0 and over:YeJlowfln_. _

Bigeye---.-------------------------------------------------------------------- -----I-----!-----I\----
Total:YeJlowfin. . _._. • _

Bllley~ • . - • .. _

TABLE lO.-Summary of data relating a1'erage volullle of stomach contents to condition of fish. whether dead or alil'e. at time
of landing

Yellowfin Bigey~

Cruise

143 . . .- - --- - --_.
144

119
137

152
148

em.

9
111

11
24

100.9
280.5

rr.
174.9
83.5

rm.
135
141

37
32

95.6
71. 4

re.
93.7
50.6

Hugh 10[. Smith eruisl' 11:Landed dead __ . _
Landed allve _

John R. 1\-[an1ling emise 14:Landed dead _
Landed alive •

John R. A[anning ('\"uise 15:

t~~~:~ ~~~~::::::: ::::::: :::: ::::::::::::::::::::: :::: ::::::::::::::::::::::: ::::::::: ::: I::::: ::::::: ::: :::::::::

SUMMARY AND CONCLUSIONS

1. This study is based on the quantit.ative
analysis of t.he stomach contents of 166 bigeye
t·unn (Pa.rath-unnus sibi) and of 439 ypllowfin t.una
(Neoth-!tnnus ma.crnpterus) caught at. the same
t.ime or nearly the same time as t.he bigeye.

2. These tuna were eapturpd in t.he centraJ
Pacific during t}ll' period October 19.50-Juue 19.5:3
by means of longline-gear fishing at. dept.hs of
1.50 t.o 500 feet.

3. The food of the yellowfin consisted of fish
(62 percent, by volume), squid (29 percent,), ot,her
mollusks (7 percent), and crustaceans (1 percent.);

the food of bigeye consisted of fish (62 percent),
squid (33 percent.) , other mollusks (:3 percent),
and crustaceans (2 pereent).

4. Both spedes of tuna appear t,o utilize a great
variety of nnimal food, ranging from small plank
ton organisms to large squid and fish. Food it.ems
of major importance to both species were pomfret
(Collybu.8 dra·cAme), snake maekerel (Gempyill-s ser
pens), and squid of the families Ommast.rephidae
and Loligillidae.

.5. This great diversit.y of diet, suggests that,
many forms of fish, squid, and shrimp-if available
t.hrough culture or capture -might be effective as
live bait or longline bait in tuna fishing.
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6. Stomatopod crustaceans, common in the food
of yellowfin, were completely lacking from tlw
bigeye stomachs. The young of other tunas,
mostly skipjack, formed a much more import,ant
part of the yellowfin diet than of the bigeye diet.

7. In both species, the larger tuna had more
food in their stomachs than did the smaller fish,
but the larger fish contained less food per pound of
body we.ight than did the small!'r fish. There were.
few completely empty st,omachs.

8. In both tunas, the smaller individuals con
sumed a greater proportion by volume of cl1.lsta
ceans and fish and a lesser proportion of mollusks
than the larger size group. The same fish families
were prominent in the diet, of both ~ize groups.

9. There was an increase in volume of st,omach
contents with depth of capture for the ydlowfin;
in the bigeye, t·he largest volumes were founn in
spe.cimens f'i"om intermediate depths. There was
no marked variation in composition of stomach
contents over the range of depth sampled (esti
mated at, 150 to 500 feet), which mny be evidence
that both the forage orgnnisms and the tuna rallge
rather freely t,llloughout this water layer.

10. In both yellowfin and bigeye, fish were con
s.umed in greatest amoullt during the period April
.July, and in least amount during August and Sep
tember. There was little correspondence betweell
the two species in the seasonal variation in the
other major food items.

II. In respect. to longitudinal variations in the
food, the two species we.re. similar in the lowe.r
volume of total fish in the stoma.ch conte.nts of
those tunas captured in the. central region (.J400



1500 W. longit,ude) of the sampled area. The
lItilizatioll of specific foods did not, vary with
longitude in any regular pattern for the two species.

12. When classified according to nat,urnl subdi
visions of the equatorial current syst,em, the volume
of stomach contents in the bigeye varied direct.ly
with the longline catch rate, while in the yellowfin
there was little change in vohuue of stomach con
tents with even a marked change in catch rat.e.

1:3. Tuna that were dead wlwn landed con
tained, on the nverage, more food in their stom
achs than those landed alive.

14. Despite the differences that we have pointed
out, the foods of the yellowfin and bigeye are re
markably similar. We eonclude, therefol"e, that

when occupying t.l1l" same gell('ral ll,rca the two
species have essentiall~" t.he same feeding habits.
If t.here is any marked food select,ion, it, must be
exercised by sel:'king diffl>rent areas for feeding.
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APPENDIX
TABLE l1.-Check-list of food organisms found itl the stomachs of 439 yellowfin and 166 bigeye /.tma captured on longlinein

the Central Pacifie. 19.50-5.3

[Family names of fi~hes ar.. '15 gi\'en in Berg 194i]

,"eUowfln Bige)'e

Number 1------,.---- -- Number 1 ---, 1 _
of organ- I or Ol"J:an- I

isms Cnbic isms Cubic
Numb..r Perc..nt centi- Percent I Number Percomt centi- Percent I

mett'!'rs mpters

Food organi~ms
Stomachs in which

o('rurred
A~g""l':ate tol,lI

,"olume
Stomachs In which

occurred
Agg....J!:ate lotal

"olume

-------------------1-------- -_..- ---------------------

0.2

[I. i)

135.9]

o..~

O. I _

1.0

2.1 .. _

1.1 _...... _._

II. I ... _

3. i _... _
0.4 .. _

38.5

[3'!fl.O)

1.0
Ii, 997. 3)

2.4

2.4

0.6

11.6

1.8

2.4

7.2
0.6

0.6

[-10.4)

3

[6i]

6

3

47

1
1910]

-_.-- . _-----_ .. --- -- ---_.. ---_._--- ------
33 9 5.4 4.7

113 2 1.2 27.0 O. I
ll\§ 15 9.0 53.9 0.2

it ,< 3.0 116.8 0.5
Ill) 15 9,0 103.3 0.5

19 8 4.8 34.2 0.2
16 I 0,6 0.2

[669)

0.2

3 2 1.20.4 ._ ... _.. _

[1.1)

[36.4]

0.7
5.0

3.0

2.5
0..5

1.4
9.3

2.0

6.3
4.0

0.3
92.0

0.9
O.~

42.0
0.2

31\.4

11.5
3.8
7.5

~3.6

0.3

11.5
17. i

34.4 103 12
1.5 2 I
0.1 ---------- .-_ ..

II. 4 19 4

O. I
1.0

34.4

13.9
167.1\

[496.1]

1.4
0.2
0.9
3.5
3. i
0.6
2.6
7.3
0.6
6. i
0.3
0.8

(16,275.2)

3.4

0.2

5.51
0.5
11.2

0.9
0.2
0.5
O. i
O. Y
0.5
1.8
1.6
11.2
1.6
0.5
O. i

0.2
0.2
7. I
0.5
2.3

1.6
0.9
0.2

0.2
2.1

0.2
0.5
6.1j

0.5

1.4
2.3

1.1
2.3

11.7
0.2

0.2
0.5

.•. /

14.1
0.5

10.0
11.5
0.2

[42.8)

2
I

,
2
3

3
4
2
8

4
1
2

3
I

I
9

2

I
2

I
24

15

5
III

i
I

31
2

10

I
2

211

62
2

1\
10

44
~

I
12

[188]

2

6
7
2

6
I
~

i
2

10

4Y

I
60

9
27

1

I
27

10
32

I
18
2

67
93

8
52

I
I

212
2

48

li5
27

I
5~

17
519

170
2

2
2

139

[1, i61]

CTENOPHORA ._. ._. .. . . . . . __ . __ .. . __ .
ARTHROPOIJA

Crustacea __ . __ " .. .. _. ., ... _
Mysidacea:
My~idM:

},JU.i. sp. . . . __ ... __ ._
Unidentified m~·sids.. _. . _.. . __

Isoporla:
Idoth..idae_,,_ . __ ... . . . __ ... _
Cymotbehlae . .. .. _. _
T:maidlW_ ... .... . ._._ .. _
l'ni'lent.iftecl isopods .... .. ._ .. __

Amphipoda:
H~'perildae .. . ... __ " " _
Gammarid:lt"":

Gammar". sp_ .. __ . . . . __ .. _
J.)·sianjssidae__ . . ... ... . _
Phronlmid",,:

Phr'mima sp .. ..... .
Unidentified Phronimlda.' .. . ._

cC:~~~n~p_. . . . ._. _
Unidentiflpd Caprellid'"' .. _. __ .. ..

\lnidenlifled amphipods .. .. .. _
Euphausiacea:
Enphall~iidae:

Euphausia sp . __ . . __ .... _
Unident.illed pUl'h"nsids ..... _

Dpcapoda'
Penae;dae:

P"latU8SlI . .. . 0 •• •

Unidentified PpnaE"idal,.~ ... . _
Palaemonidae:

Palarmoll sp ., .. . . _
Unidentified PalaemollidRr .. . _

Hippolytidae . .
Nt:'phrop~idl\(o:

Elloploml'lopll. sp .. _._. .. .. .. _
Unidentified Nephropsida. . ._

Palinuridae:
PanulirliB sp __ ~ .. ... . _... _. __ ..
Unidentified PalinlJrida~. ... . .

Me~alopa lan'Re . ". __ . .
Phyllo.<omn larvae. . .. _
TJnidenlifterl dccapods. __ . . _.... _

Stomatopoda
Squillidn.. :

Squillll Sl'. . . __ . _
8. alba __• .. ._. . . .
P.ClldoBqllillu Sl' . . . __ . .
P. oUllltn . . . _. _. . __
Ly.i<RJq,.illa sp__ . . . . .. _
Co,onida sp. _. . __ . _

~~~~:~f:,~~'~~ ~~-_ ~ ~ ~ ~ ~ :::::::~::::::::::::::::
OdolitodactylliB Sll. . . _
O. hfns,n;;. . ._._. _
Vl1identified 8tom"tol'ods ._. . _. .

l'nid.ntifi•.<\ crust~c."ans . . ___ 4
MOLLVSCA . .____________ [3, 53i] ._

Gastropod"
Hdel'opoda

A'.lantida•. .. . _
Pf.t.~rotl";...chl~idae:

Pttrotrach.-a sp . . . _
{Inidentified h.teroporls. . _. . __ . _

1'te"opodaSpirat.Bida. . . _
Vnidentified pten,pods. . _

S('e footnot.. at .nd of tablp.

82
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TABLE Il.-Cheek-list of food organis77Is fOllnd in the stomachs of 439 lIellowfill and 166 bigeye tllna captured OIl longline in
the Celltral Pacific, 1950-53-Continued

(Family names of nshos arc as givell III Berg 194i]

Yellownn Bigeye

Cubic
Numher Percent centi. Percent 1

met"rs

Cuhle
eenti. Percen t I

meters
Numher Pereeut

Stomac'hs in which
occurrl'd

Aggregate total Stomachs ill which Aggrel1ate tot"l
volume Numher oocurred volume

Numher ----~.------I_--_.----of or,.•l1m"ns' 1 . _
of orl1"n·

isms

_·_-----------------1---- --------------------------- ----
C'cphalopoda

Ootopo<la
Ootopodid"c:OclopuB sp _

Unidentified Octollodida,, _
Arl1onautidal':

2
6;

1
22

0.2
5.0

20.0
1,153.4 2.6

2
15

I
II

0.6
6.6

i. i
2i3.9 1.2

2.8
0.6

0.3

0.3
1.0
0.6

1.0

0.3

O. I

0.2

0.4

0.5

3.7

0.6
0.9

O. i

0.3
1.9

U.2

0.3
4.8
5.6
1.5

11. 1

0.2
[32.8)

9.4

14.8
i5.0

2.0
32.8

2.1

41. (I

\Ill. 3

34.0

i6.1
216.0
123.0
17.5

214.8

[21. 8)

l4i.O

830.9
4.9

120.0

1.8
131. 0
2Oi.8

56.5
414.8

2,482.0

62.8
1,080.0
1.252.8

334.0

20.0
29.4

Ii, 311. 3]

5.8
9. i

1.2
0.6

0.6
1.8
0.6

4.2

0.6

1.2

0.6
1.2

1.2

1.2

0.6
2.4
1.8

1.8

1.2
3.0
1.2
0.1;

10.8

(6.0]

25.3

28.9
3.0

1.8
21.1

1.8
4.2

14.5
3.0

1.2 11.5
1.2 0.9

(84.3] 113,890.2) -- -- i62:3j

0.6
2.4

[82.5)

2

1
3
I

I
4
3

2

I
18

42

48
5

3
35

i
24
5

[10]

2
2

[140J

I
4

[13i)

2

6

8

8

4
2i
24
6

44

311

5
ii

I
95
i4

10
26
85

9

[411

181
I

29
118

205

151
35

2
4

[nO]

3
3

3
~

[I, i02]

1.2

0.5

0.2
0.9

U.3

0.4
0.2
;.9

0.2

0.9
4.9
0.6

O. I

(0.6]

I. 2 45 9 5. 4 156. I O. i
g:~ --------8- --------3- ------(8- -----58:ii- ------ii:3-
1.6 23 Ii 10.2 115.i 0.5

12.5
0.2

(61. 9]

(29,2)

2. i

4.U
14.2

14.0
4.5

2.2
51i.1

1.1
238.0

14.2
81. 5

39i.4

110.5

543.4
273.2
254.4
i2i.1

(264. i)

116.1
li.O

5,591.\1
86.1

Ji9.9
85.0

3,534.6

3.8
382.3

2,205.0
2ii.8

0.5
0.5

0.2

0.2
1.1

0.2
0.5

;.3
1.8
3.6
9.8

0.2
24.1

l.ti
U.5

32.6
i.3

2.1
0.2

39.9

0.2
0.\1

15.3

0.2
2. i

13.4
1.1

0.9 23.6
0.2 2.0

[92.9) [2i. 643. 5]

[24. J)

0.5 45.0
I. II 35.2

[8i.0) [13,036.41

2
2

I
12
59
5

32
8

16
43

9
1

lifi

I
106

i
2

143
32

4
I

[4081

(106]

i
[382)

6

2

I
10

2
22

4
253

19
349

40
16

923

333,

169
i2
52

14i

[3i5)

61
10

1.0114
159

6
I

[4,340)

,
[2, i38)

.-Iroona"la sp : _

.-I. hiallB _

.-I. botloerL _
Unidelltified arl1OlUluts _

Bolitaellidan:F.ltdolllltlla SIL _
Ullidelltincd oclol>od8. _

D"c"pou" (squlu) • ._
Sepiidae:

.~epiasJ). . . . .. -. . .. . ----------
Unidentined sepiid"e_________________________ 13 10 2.3

I.olinginid"c:Lolioa sp . _
Sepiott"lhiB sp .,. _
Unideutincd Lolip;iuidae _

Sl~r)iolidao. ~ .. _.... _. _
Onyroteuthid".:

()ngcolt"lhiB sp.O. banhL _
7'tltolt1£lhiB sp _
Unidentined OIl)'coteuthi'I". • _

Histioteuthldae:Calliltl//hiB sp _
UnidenUned HlsUot,'uthhhll' _

E1I0piotNIth idae:
.-Ibmlin sp -- - -- __ --- -- -- - -- - --- ----
.-I. a8Ir08licla . .___ 4 I
Enoplotel/lhi8 Sl>_ ________ ____ ____ _____ __ 31 4
Unldl'ntificd Enoplot.llthid,lc________________ Hi2 6i

Ommastrephidae:Notodarl/8 sp . _
OmmaBlrtphts sp __ ... . _
Unidentlned Omlll:lslrophhhll' _

Cranehiid'le:l1elicocrnllehin sp ._
IJiocranchia sp ~ _•.. .. _
L. ~lob"I"8------- . __
Unidcntlfied C'ranchiid:lc _

Unidentined squid . _
Unidentified cephalopods _

CHORDA'I'A'l'unicatll .. . . _
'l'hallaeea

S"lpldac:Salpa sp . _. _
Unidentified Salphl". _

AscidillC'eaP)·ro.omatldae .. _
Unldentifil'd tunicate" _

Vertebrata (Plsces.! , _. _
Oonostomidlle (viperflshcs):Cgelothont sp _

Finei~lI.rrialue.til/--------------------------- 110 2 0.5 44.4 _Unidentincd Oon".tomid:lc _
Sternopt)'chidae (Imtch.Wshesl:Sitmop/y.r sp _

S. dinpha"a __
.1rgyroptltcl/8 sp.
A. hatmiggmnIl8 ._ 4 1 0.6 14.3
UnidentifiedSt"rnoPt)'chid"" 81 II 2.5 83.1 0.2 82 13 i.8 115.0

Stomiatid"c____________________________________ 13 4 0.9 12.0 3 2 1.2 1.6
Chauliodontldae_______________________________ 1 0.6 5.0
Astronesthidae_________________________________ 1 I 0.2 0.2 _
Melallostomlatldae_____________________________ I I 0.2 43.5 _
Sudidae:

S"diBSI>______________________________________ I I 0.2 3.6 _
Paralepi8.p . _
LtBlidium sp_ __________ __ __ I I 0.2 2.5 _
L. IIl/dunl _
Ullidcntinl'd Sudidae_________________________ 4i 28 6.4 19i.9 11.4

AIl'llisnul'id"c (lane<>t flsh,'s):
.·tltpiBa"ruBsp_______________________________ 41 16 3.6 Ji2.3 0.41 36 Ii Ill. 2 635.4

Seolll'lidac (lant...rn fishes'-_____________________ 5i 21 4.8 114.fi 0.2 21 i 4.2 12i.1
Muraenidal'____________________________________ 6 1 0.2 1.4 _

See footnote at end of tahle.
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TARLE ll.-Cheek-list 4lood m"gallis1ns found ill the stomachs of 4:J9 !/ellowfin ami lf1i1 bigeye tUlia captured on IOllglhle in
the Celltral Padfic, 1.95G-5:J-Conl.illlled

Y~llowfill

Aggrc!:"le total Sloma~h~ in which AggrP.J:ale 10lal
\"olume Nllmh('T occurred \"olunl(,

oC 01''''111- 1 .,--. _

isms

Food orJ!"nism~
Numh~r

of OTu-nl1
lsm~

Stomachs III which
o~cllrr~d

Number P('rrpnt
Cuhlc
('en t 1- PerccII t I

m~t~rs

Guhic
NUI11t'-t'T l'('T("('nt ('(lnti- P(lTc('nt I

mHcr~

---_._--------._----------/------ ---- ---- -------- -------------- -----

~. IlY. [. 4. ; t«I 4:1 25. II 2,023.7
n.4 2 . O. fi 2.4

21..~ O.fj 4 ·1
311.(' .. __ .. _- -- .. _----- --_.

._- .. - - ... _._ .... 1 I 11.li S_ 5
:' 1 n,n 2_ S

1.8 18 1 (I. Ii 1ll1.0
78ft 2 I.~ 4~ !8 I'I.S :Iili. ;.c

0.2 3.4
1.4 10. i
0.2 7.0

4 0.9 321. 3 o. i
I 0.2 31. ,;

]3 3.11 295.3 O. i

3 O. i r..r.
I 0.2 1.9

---------- ---------- -------_ ..

i.8 i6 2ft 15. i 2.550.8 II. 4
1.8 34 22 13.3 83.~. .; 3 -..

-----.---- .-._---.--
14.8I I O.li

I.S t8 10 6.0 476.9 2. 1

0.1

n.4
l.i

~_ 1

2.6

3 --,

0.1

33.0 0.1

SS.4 0.2

6.8

9.2
1.9
1.2

0.5 . _
12.0 _

i.O
2.0

211_ 9

:::::~;;0: I; ;:;;:;:;;
Ii...

0.6

0.1\

O. f.

1.2
n.f)

U.II

O.r.
:!.r.

O.r.
U. r.
n.6

-3_0 -----iJ:j.-~- ------0.-3-

2 1.2

II. 6

1
r.

1 11.6
1 n.1i
3 I. 8

O.r. 1.0 -------.--
n.r. 2. ~

2 O. f, 40.11 0.2

O.ti 190.0 0.9
0." 3.11

9
I

11

150

0.3

______~._2_1::::~:-:.-: ::::::::::

0.2 _

ll.lj

S.3

i.2

9-1.0 0.2

45_ n 0.1
94.0 0.2

21. 6

12.8
~Ii. "
21. 9

1.2

211.3
4.4

39. ,~

24.8

118. I
1.4
3_3
1.5

21.0

3. 41'~. 9
i86.3

3.0
4.2

675.2

88.0 U.2
118.0 0.3

- __ - __ - __ - - - - - - - I
II,;. i n.3 __

1.8

0.2

o..~ 6.9
0.5 4.6

0.2 29.5

0. i

n.2

o. ;
0.2

0.5

u.s

n.2

U.7
11.5
2.3
U. i

n.2
:? :i
0.2

IS. I
0.2
n.2
0.2

II. ,
1·1.1

3
I

2
2

10
3

1
10

1

!
62

sn
1
I
I

U.2
0.2

U.2
U.2

190 4:1. 3
33 i . .r;

1 n.2
I 0.2

6l\ Ifi.O

2 0.5
I 0.2
2 0_5
I 0.2
1 0.2

0.2

5
2

i
8

3
2
I
8

"

2;

10
I

3
13
I

S
3

2ti
12

..1

I
H9

202
I

10

1.012
88

I
2

2-14

Verlehrata-Continu('(!
Jlil'ml~hth~'i<1al'(snipe eels). .. _
Bc\onldae (n~l'(lll' fishes) _
Hemirh:unphldae (haICbl'aks) . _
Exocoetidac (flying f\~h.,~):

Cypstillrus sp . _
Parae.rocor/us 5P . _. . _
Unidentified ExocoeUdac _

Bregmacerotldae:
Rrtgmaccros ma~ltl/alldi.. ._

GadirJac (eodfishcs) __
Lophotidac (OllrflshcsL . .
'frach~·ptcrldac (rlbhon IIsh~s):

Hi.:~~~~~f:~~rcosa~~sil~sj,-- - - -- - - -- --. -- -- - -- -- --- -- - - - -- - - - - -- - - - - - --
Rtgalulls sp _

Ber~·eldae _. . . _
llirelmid,lc . _
Caulo\epidac:

.-Illoplogaster sp _

.-1. cornutus .. _
Unidentilled Cauloll'pldll~. . _

Holocenlrld:\e (squirrd fish~s):
l-lolouII'rlls sp____ __ ______ ____ ____ ____ __ __ 2
Unidentifi..<1 Holocpntrid,lc _

Zeirlae (John DOl'i~s):

c~~:~fX~~~sp_ ------ - - - --. ------------- ----- ---
.·llIli"o>l;. sp . __ . _
.-1. rapros .. __

Ath~rinidae (sil\'l'rsld~s-):
.-1. IIISI/I.1'I/111 _

T'olynemid'lc (thr,,:\dllns) . _
]'riacanthidae (~ataluC'ls):

Priranth"s rrl/tlltatl/s . _.. _
Pstlldopriaranthlls sp . . .

AIJOl(onid:\~ (cardinlll fisI1l's):
P.,.sromIJroJls ptlll/cida. _

S~OIl1hrop ida~:
l1yporlydollia ~Il- . . _
Sr01llbroJls sp . . _
Unidentified S('omhropidul) . . .

C,mlllgidm' (jacks):
Serfola Sll--------- _
Na'lCrates sp _____ ___ __ ___ _ __ I
Carallgl/s sp _
Scoml.roides Sll_ ____________________________ ___ I
Unidentified Curanghluc. .. I

Dmmld,l" (pomCrcts):
Co/lyblls drachme _. . .. _
Tararlts ~p _
Pttrarlis sp _
P. oce/latl/s . .
linid~ntif\ed Bl'lImidne.. ._. . __

Corypbucnidae (dolphins):

f.~'l~~~~;':~s~~J_-~:::::::::::::::::::::::::::::
Unidentified COI'~'ph~nid,\('- . __ . .

Lutianidac (snappers) _
Lcio!:nathldae . . _
Muliidal' (!loat fishl's):

Pst"dllpcn.cl/s Sll_. . . ._
P. porphgrel/s _
llllldcntillpd Mullid,II' . _

Chuetodontid'le (huttcl'fi~' fishes) _
T'Olllll('('ntridae (dlllllsel fish~sl. _
Champso,lontidac: Champsod01' Sll _
Chiusmollontidac .. _
A~anthurld:.\I.' (sur""on fishes):
He(J"tu~ ~)l- -- --- '" _

Unidl·nt.ificd A("3nthuridu,(' .. __ .
7.an~lid,u.' (Moorish Idl.D . _
Oemp~'lid:w (snak,. macke/'l'ls):

Gempyills serpellS.. " _.
RII'tltus sp .. . " __
Neolotlls trip," __
Pro11ltlhichthys prnmtlhcu., __
!VeOflJhilln ula oTiellfall8 . •.
RUiQ solandriL. . .. .
Alimflua tatni08omu._. " . .
Unidcnliflpd G~m(Jylid,,,' _

8~~ Coolnote al,'nel oC l'lhlo-.
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TABLE ll.-Cheek-list of food organislll11Jound in the stomachs oj 439 yellowfin and 166 bigeye tuna capt-ltred 011 longline in
the Central Pacific, 1950-53-Contiuued

[Family names of fishes are as given in Berg 1947)

Yellowfin Bigeye

Aggregate total
.-alume

Cubic
centi- Pereent I
melcrs

Cubic
centi- Percent I Number Percent
melcrs

Number Percent

Stomachs in which
occurred

Aggregate total Stomachs in which
volume Numher occurred

Number 1------,,-----1------,----- oforl'slrlU'm's-I------,,------I----,---oforg,m.
buns

}'ood organiNms

-------------------1---- ---- ----.--- ---- --------------------

0.5
0.7

17.4

3.0

1.0

fi.1i _.. _

1.0

1l\.6 _

0.1

1l3.0
151. 0

224.0

662.0

3,884.0
22,297.3166 _

O.fl

0.6
1.1)

0.6

1.8

0.6

0.6

1.2

48.8

I
2

2

3

81

I
2

2

15 2 1.2 23.0 0.1
8 2 1.2 29. i O. I
I 1 U.6 2.5
2 2 1.2 flll.5 0.3

O.fl 0.6

34 6 3.6 76.9 0.3
8 3 1.8 2Vl 0.1

.-.-. ---_. -~ .. - -_._-----. _.
4 2 1.2 10.4
I I 0.6 5.6

15 10 6.0 75.0 0.3

3 0.6 !7.5

51l6.6

0.1
0.1
0.4

0.5

0.2
0.7

0.2

0.2
0.\
11.5
0.3

0.2
0.9
0.3

0.3 • __

0.3
0.3

;.8
2.2

4.4
0.2 _. _

0.3

0.2

0.2

0.2
21. 4
68.6

;;.0
57.5

215.7
118. I

10.0
1\11.1
54.0

162.3

78.3
322.7

15.3
243.4
2;.1

;2. (i
412. 5
134.0

fl. 8
71. 9
27.8

122.6

144.8
2".6
14.3

U5.S
lIfl.3

102.3
30.8
10.11
79.0

3.497.1
1162.0

Z2.2
\.961.11

70.11
12.2

0.8
2.91\8.9

44,679.5
439

1.4
II. ,~

II.•~
I.ti

0.2
1.1
0.2
2.3

3.2
li.6
0.7
3.0
2.3

I. 1
2.7
0.7
0.5
1.6
1.6

I.!l
0.5
0.7
2.5
4.6

5.7

0.5
0.7

3.6
0.9
0.2
2.7

8
2

2
3

I
5
I

10

14
29

3
13
10

5
12
3
1

3
II
20

16
4
1

12

9
3
3

9
4

I
5
3

13

8
23

.~

I
8

11

33
78

3
18
11

16
4
4

12
26

Vertebrata-Conllnued
Srombridae (m3Ckel'Cl~):

$comber 51'- . .. ' . __ .. - . - _
Unidentified Scombridu"_---. . _

Nomeidac (ruddpr fishes):,Yomeu, sp_ __ ____ __ _ __ 41
CuhireP3 sp . .___ 14
C. Ihompaoni. . • 2
1'8enel sp . ____ __ __ __ 41

Manodaclul", !!P- ---- ----------------... ------ " -. ------Unidentilled Nomeldac_ . . .____ 58
Thunnidae (tuna IIsh,.s):

Sa,di Sl' --- ------ - - ----- - ... __ .. . -- --.- ---.
Ralll"oon"R pelamil .__________________ 48 17 3.9
Ntolhurl1lul mat'opl.ruR._____________________ 2 2 1).5
Germo alall/nUIl . 1 1 0.2
A/lr;I fha:ard_ 6S 12 2.7
ParalhulllluIIIM_____________________________ 1 1 11.2
Unitlentilll,t1 Thunnidac. __ 6 4 11.9

Echeneidao.. (remoras):
Rchtlltilf sp_. a. _. _._ ••••• ~. __ •• • _

Remorop.il hrathup/er",__• __ . __ . __ •.. • _
Remora Sl' ••.. __ . _. . -- .. _... . _...
R. remora .' ._. ... .. •. _
Unidpntifi.d Eclll'nelcla. _

Balistidac (trigger IIshes):Bolillel Sll - .. -. _
B. lIurleril . _
R. rillgenl. . __ . •. ._
XOlllhiclithUI 51>. . _. ' - - -. . -. __ . __ ..
Unidentified B"listidae.. .. _. .

Monacanthidae (lU" IIshc8i_ .. __ ... _
Ostraeiidae (trunk "shes):

Ostracioll. ~JJ- . -. - .. _-.' - - - - - -- -. -. - ----.-
O. diophan'II. ' _
Loetoria sp __ .. _
L. Irhlemmeri. _. _
Unidentified Ostmciiduc .. .. .. ._

Tetrodontidae (llutT"rsl:
Sphoeroidellagocepholl/' . . .. __
Logorephol", sp . _' . ..
Tdrodon sp . _
lTnidentified Tctrodontidue __

Diodontidae (porcllpirll' ".1"'5):J)iod07/ sp .. _
CheilomUcler;I sp . __
C. o/filli. .' .. _. _. _. _
Unidentified Diodontida,,_. ... __

Molidac (sun fishes):
Ronzlllliasp .. 19 12 2.74.318.8 9.7
Unidentified Molidll" . _

Antennariidae (froldishes):
.111Iell7/0,;", sp . __ .. _____ __ ____ _ 0.2

Other and unidentified fish_________________________ 1.11\0 213 48.5Total food _
Numher of stomachs e.umilled _

I Given only when 0.1 percent or g""lt,'r.

u. S. GOVERNMENT PRINTING OfFICE, 1956 0-388734


