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Diets of Bigeye and Yellowfin Tunas
in the Western Tropical Pacific

Jong-Bin KiM, Dae-Yeon MOON, Jung-No KwoN, Tae-lk Kim and Hyun-Su Jo
National Fisheries Research and Development Institute (NFRDI), Pusan 619-900, Korea

Stomach contents of bigeye tuna, Thunnus obesus, and yellowfin tuna, Thunnus albacares, caught by
longlining in the western tropical Pacific were analyzed to examine their foods and to compare their feeding
behavior. The food species of both bigeye and yellowfin tunas were primarily fishes, crustaceans, and
cephalopods. A total of 15 fish, 6 crustacean, and 1 cephalopod species were identified from their stomach
contents, of which lantern fish (Myctophum sp.) was the most important food for both tuna species. No
significant differences in species composition of food items between bigeye and yellowfin tunas were observed,
indicating that in the same habitat the tunas have a similar feeding behavior. However, while they showed a
remarkable similarity in diet composition, significant quantitative differences on the basis of IRl values were
observed in several diet species, such as Myctophidae, Alepisauridae, Oplophoridae, Gammaridae, and
Onychoteuthidae.

Key words : stomach content, bigeye tuna, yellowfin tuna, lantemn fish, index of relative importance (IR1), catch per
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Introduction bigeye tuna in the western equatorial Pacific, but his re-

search was rather qualitative than quantitative. On the

It is well known that food availability is a key factor (o pand King and Ikehara (1956) described in detail

in determining the abundance and distribution of tunas the food species of bigeye and yellowfin tunas caught in

as a top predator in the pelagic layer of the world the Central and Eastern Pacific. Comparisons of the re-

oceans. To study the diets and feeding habits of tunas, sults between the two researches indicated that diet co-

examination of stomach contents has been carried out si- mpositions of the both species were quite different due

nce the 1950s. Tuna species previously investigated for to different sampling area and season, but both studies

feeding ecology were the primary market tunas including observed that fishes, crustaceans, and cephalopods comp-

yellowfin, Thunnus albacares, skipjack, Katsuwonus pela- rised the three major categories of the food for the tu-
mis, bigeye, Thunnus obesus, and bluefin tuna, Thunnus
thynnus (Reintjes and King, 1953; King and Ikehara,
1956; Watanabe, 1958; Alverson, 1963; Nakamura, 1965;
Magnuson, 1969; Dragovich, 1970; Dragovich and Pot-
thoff, 1972; Perrin et al, 1973; Kornilova, 1980; Valle et
al, 1980; Borodulina, 1982; Manoch and Mason, 1983;
Ankenbrandt, 1985; Olson and Boggs, 1986; Pelczarski,
1988; Eggleston and Bochenek, 1989; Roger, 1994),

which were caught by various fishing gear types.

nas.

In this paper, we report the food species found in the
stomachs of bigeye and yellowfin tunas caught by longli-
ning in the western tropical Pacific. Since these two tuna
species are known to aggregate together over wide habi-
tat range, we compare their diets and discuss the relative
importance of different food organisms.

Among these species of tunas, bigeye tuna as one of Materials and Methods
the dominant species in commercial catches by longlining
have not been dealt with frequently in feeding studies. All tunas sampled for the present study were caught

Especially, for those occurring in the western Pacific by longlining during the observer trip by a researcher of
Ocean, the major Korean tuna fishing ground, comprehe-  the National Fisheries Research and Development Insti-
nsive qualitative and quantitative analyses on food items  tute (NFRDD aboard Korean commercial tuna longliners
and feeding habits of the tuna have rarely been conduc-  in June 1993 in the western tropical Pacific. The samp-
ted. Watanabe (1958) described the stomach contents of ling area (Fig. 1) was located between longitudes of 2°38'
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Fig. 1. Map showing the sampling location in the
western fropical Pacific tuna ground.

and 6°19'S, and latitudes of 168°47 and 173°24’E, north-
west to the Solomon Islands.

A total of 170 stomachs of bigeye tuna and 181 stoma-
chs of yellowfin tuna were examined. Date of capture,
number and size of these tunas are indicated in Table
1. Upon hauled aboard, stomachs were removed imme-
diately and put into individual plastic bags labelled for
species name, date and time, and sampling location. The
stomach samples were frozen immediately at —60C for
the later study. In the laboratory, the stomachs were tha-
wed over night before examination. Stomachs were then
opened, excess water drained off and wet weight of each
food item weighed.

Stomach contents were identified under dissecting mi-
croscope to the lowest taxonomic category possible. The
food species which were too digested to classify or the
small fragments which remained were classified as uni-
dentified. Bait used to catch the tunas was not included
in the list of prey items found and thus stomachs contai-
ning the bait only were treated as empty. Of the stoma-
chs examined, 132 (42 bigeye and 90 yellowfin) contai-
ned longline bait only and thus not included in the anal-
ysis of stomach contents. These stomachs accounts for
about 38% of the total stomachs examined.

The index of relative importance (IRI) was used to
determine the importance of each food item based on
number, percent frequency of occurrence and percent of
weight:

Table 1. Date of capture, number and size of 351
tunas used for stomach content analysis

Number of tunas Range of Fork

Date sampled length (cm)

June 2 B: 5 110~143

: Y: 2 109~115

June 3. B:15 108~141

June 4 B:19 84~157

. Y: o4 110~138

Jue 5 B: 5 112~138
: Yi1 120

June 6 B:14 112~166

: Y: 3 93~105

June 7 B: 7 116~146

: Yo 94~140

June 8 B: 8 74~149

: Y:14 80~142

June 8 B: 4 74~164

: Y: 8 96~158

B 10 113~140

June 11. Y:19 72~147

B 12 82~151

June 13, Y23 99~157

B:14 108~143

June 14. Y: 5 90~36

B: 5 105~153

June 15. Y10 74~139

B: 9 117~152

June 16. Y12 §7~147

B: 10 113~141

June 17. Y:19 92~148

B:20 112~148

June 18, Y 20 86~153

B: 9 111~155

June 19. Y9 106~145

B: 4 114~129

June 20. Y: 8 110~137

B : bigeye tuna Y :yellowfin tuna

IRI=(N+W)F

where N=percent number, W=percent weight, and F=
percent frequency of occurrence (Olson, 1982).

To investigate the relationship between the size of tu-
nas and their prey, they were grouped into four age cla-
sses: ~118 cm (up to age 3), 119~135 cm (age 4), 136~
148 cm (age 5), and 149 cm~ (age 6+) for bigeye, ~97
cm (up to age 2), 98~123 cm (age 3), 124~143 cm (age
4), and 144cm~ (age 5+) for yellowfin tuna (Table 2).

For the comparision of vertical distribution between
bigeye and yellowfin tunas, catch per unit effort (CPUE),
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Table 2. Comparisons between bigeye and yellowfin tuna stomach contents by weight

Species Sy Ay Number P R e o

Bigeye ~118 3 47 879 5,621.6 64 1196
119~135 4 49 2,068 9,234.0 45 1884

136~148 5 25 1,332 44240 33 1770

149~ 6 7 581 1,943.5 3.3 277.6

Yellowfin ~ 97 2 17 196 7364 38 43.3
98~123 3 23 514 2,4230 47 865

124~143 4 39 1,341 2,615.0 20 67.1

144~ 5 7 302 970.0 32 138.6

FL : fork length, TBW : total body weight, TSCW : total stomach content weight, SCWB : stomach content weight
per body weight, SCWF : stomach content weight per fish

expressed in number of fish caught per 100 hooks, by fi-
shing depth was calculated. The number of fishing hooks
used each day ranged from 1100 to 2090 hooks during
the study period. The depth of hooks was estimated ac-
cording to Yoshihara’s method (1951). No attempt has
been made to apply statistical tests of significance to the
data obtained for the present study.

Results

The sample of bigeye and yellowfin tunas used in this
study consisted of 52 males and 109 females (9 were
unable to be distinguished), and 70 males and 105 fema-
les (6 were unable to be distinguished), respectively. The
sampled fish varied in size ranging from 74 cm to 166 cm
(mean 1268 cm) in fork length for bigeye and from 72
em to 158 cm (mean 1179 cm) for yellowfin tuna (Fig.
2). In both species, females were generally smaller than
males. Since no differences in diet composition between
males and females were observed, we presented the re-
sults of stomach content analyses for both sexes combi-
ned.

As shown in Fig. 3, the food species of both the bigeye
and yellowfin tunas were mainly fishes, crustaceans and
cephalopods, of which the first was predominant food
type comprising 90.9% of the total stomach content wei-
ght in bigeye and 80.6% in yellowfin. Cephalopods comp-
rised 6.1% in bigeye and 17.8% in yellowfin, and crusta-
ceans 3.1% and 1.6%, respectively.

Table 2 shows stomach content weight of the both
species by age classes. For both species, there was a ten-
dency to increase in the stomach content weight with
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Fig. 2. Size frequency distribution of bigeye and yel-
lowfin tunas from which stomach samples
were taken.

the increase in the size of tuna. In contrast, the stomach
content weight per unit of body weight decreased with
the size of the tuna, but this was not obvious for yellow-
fin. The weight of food contents was remarkably different
between the two species. Mean weight of stomach conte-
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Fig. 3. Diet composition (in weight) by major prey
types in bigeye (A) and yellowfin tuna (B).

nts in bigeye tuna was 190.7 g and in yellowfin tuna 83.9

g, indicating that bigeye feed voraciously compared.to.

yellowfin. In addition, the mean weight of stomach con-
tent per unit of body weight of bigeye was also significa-
ntly higher than that of yellowfin.

Tables 3 and 4 are detailed lists of all food items
found in stomachs of bigeye tuna and yellowfin tuna, res-
pectively. Each food item was analyzed in terms of fre-
quency of occurrence, number, weight and IRI values.

Fishes

Fishes occurred most frequently in the diet of both
species of tunas; 984% stomachs of bigeye and 95.6%
stomachs of yellowfin tunas. They belong to 15 families,
of which 7 were identified to the species level. Among
the 15 families only a few made up, by weight, an impor-
tant portion of the stomach contents of the hoth species;

these were Myctophidae, Alepisauridae, Anotopteridae,
Sternoptychidae, Trichiuridae, and Scombridae. The fa-
milies Gempylidae and Bramidae were observed exclusi-
vely in bigeye tuna, while Ostraciidae and Exocoetidae in
yellowfin tuna.

The Myctophum sp., called lantern fishes, from the fa-
mily Myctophidae was predominant in terms of number
and weight, which give the highest IRI value of 67.1%
among all stomach contents. The same species was also
the most important food item in yellowfin with lower IRI
value of 44.1%.

For the both tuna species, the second and the third
most important fish species in the order of their IRI va-
lues were from the family Alepisauridae (lancet fish) and
Stenoptychidae (hatchet fishes), respectively. The lancet
fish was encountered over half of the stomachs of the
both species and this gives higher percent of occurrence
than lantern fishes in yellowfin. The remaining fish fami-
lies constituted relatively minor proportion of stomach
contents, some of which were found in a single stomach
of the tunas, indicating that they were occasionally con-
sumed by the tunas.

The remarkable differences in the taxonomic composi-
tion of prey fish between both tuna species were not ob-
served; the prey fish common to both species were 11
out of 15 families. However, quantitatively bigeye tunas
have a much higher number of prey fish in their stoma-
chs than yellowfin tuna; 37 fish (or 150.3g) in bigeye
whereas only 14 fish (or 59.1g) in yellowfin.

Crustaceans

Crustaceans had the lowest percentage in the food of
bigeye and yellowfin tunas in terms of weight. However,
they occurred in 79.9% of bigeye tuna and 49.5% of yel-
lowfin tuna stomachs. Most of the crustaceans were shri-
mps (families Oplophoridae and Penaeidae) and amphi-
pods (family Gammaridae), and small number of crabs
(Brachyuria) and lobster (family Nephropidae) were also
found, but their importance is negligible (Tables 3 and
4).

Among the crustacean preys, most important one based
on the IRI values was the family Oplophoridae in bigeye
and the Gammaridae in yellowfin. The family Penaeidae
occurred in high numbers in the stomachs of bigeye
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Table 3. Composition of the stomach contents of bigeye tuna by occurrence, number, weight and IRI

FOOD ITEM Occurrence (%) Number (%) Weight (%) IRI (%)
Fishes

Myctophidae
Myctophum sp. 102 79.7 3439 62.0 8835.4 417 8264.9 67.1
Alepisauridae
Alepisaurus brevirostris 81 63.3 288 52 4665.3 22.0 17218 140
Sternoptychidae
Argyropelecus aculeatus 57 445 837 151 1234.5 58 930.1 7.6
Anotopteridae
Anotopterus pharao 23 180 90 1.6 17191 8.1 174.6 14
Trichiuridae
Benthodesmus sp. 15 117 25 0.5 1003.1 47 60.8 05
Nemichthyidae 14 109 20 04 274 0.1 55 0.0
Gempylidae 2 16 8 0.1 124.8 0.6 11 0.0
Balistidae
Monacanthus sp. 1 0.8 1 0.0 26.2 0.1 0.1 0.0
Carangidae 1 08 1 0.0 216.3 1.0 08 0.0
Scombridae 3 23 5 0.1 279.9 13 32 0.0
Berycidae 1 0.8 2 0.0 94.0 04 0.3 0.0
Engraulididae
Engraulis australis 2 1.6 2 0.0 19.6 0.1 02 0.0
Bramidae
Brama japonica 3 23 3 0.1 64.8 0.3 09 0.0
Unidentified fishes 45 352 9335 45

Crustaceans
Oplophoridae 74 57.8 542 9.8 518.7 24 705.2 5.7
Penaeidae 16 125 67 12 811 04 200 0.2
Gammaridae 12 94 26 05 8.2 0.0 47 0.0
Nephropidae juvenile 3 23 4 0.1 5.5 0.0 0.2 0.0
Phyllosoma larvae 2 16 4 0.1 9.2 0.0 0.2 0.0
Brachyuria 1 0.8 1 00 0.8 0.0 0.0 00
Unidentified crab larvae 1 0.8 8 0.1 4.7 0.0 0.1 0.0
Unidentified shrimps 11 8.6 229 0.1

Cephalopds
Onychoteuthidae 68 53.1 143 2.6 1098.5 5.2 4142 34
Unidentified octopuses 19 14.8 28 0.5 1336 0.6 16.3 0.1
Unidentified squids 7 55 49.7 0.2

Total 128 100 5544 100 21176.8 100 12325.2 100

tuna but was found in a single stomach of yellowfin tuna.
Crustaceans occurred more frequently than cephalopods
but their quantitative importance is lower because of
their relatively small size. The number of crustaceans
observed per stomach in bigeye was much smaller than
in yellowfin.

Cephalopods
Cephalopods, consisted primarily of squids and oc-

topuses, occurred in 61.7% of bigeye and 59.3% of yello-
wfin tuna stomachs (Tables 3 and 4). However, the iden-
tification of this prey type to lower taxonomic category
was particularly difficult since many external features are
easily digested. Therefore, we could identify only one fa-
mily of cephalopod, the Onychoteuthidae, which conside-
red as the most important cephalopod item in both spe-
cies of tunas. Squids of this family were encountered in
more than half of the stomachs of the both species. Es-
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Table 4. Composition of the stomach contents of yellowfin tuna by occurrence, number, weight and IRI

FOOD ITEM Occurrence (%) Number (%) Weight (%) IRI (%)
Fishes

Myctophidae
Myctophum sp. 37 40.7 753 46.9 1930.5 28.6 3072.9 41
Alepisauridae
Alepisaurus brevirostris 48 52.7 237 14.8 1316.0 195 1807.6 26.0
Sternoptychidae
Argyropelecus aculeatus 23 253 96 6.0 410.6 6.1 306.1 44
Anotopteridae
Anotopterus pharao 15 16.5 35 22 409.6 6.1 137.0 20
Scombridae 12 132 73 45 3273 49 124.1 18
Trichiuridae
Benthodesmus sp. 5 55 52 32 138.7 2.1 29.2 04
Balistidae
Monacanthus sp. 8 8.8 9 0.6 52.5 0.8 123 0.2
Engraulididae
Engraulis australis 5 55 10 0.6 54.5 0.8 77 0.1
Carangidae 1 11 1 0.1 26.5 0.4 0.6 0.0
Ostraciidae
Lactoria diaphana 5 55 6 04 9.9 0.1 2.8 0.0
Exocoetidae
Danichthys cribrosus 1 11 4 0.2 877 13 17 0.0
Nemichthyidae 1 11 1 0.1 0.8 0.0 0.1 0.0
Berycidae 1 11 1 0.1 24.1 04 0.6 0.0
Unidentified fishes 26 28.6 647.8 96

Crustaceans 133 15 53
Gammaridae 38 418 83 5.2 21.3 0.3 2299 3.3
Oplophoridae 14 154 72 45 485 0.7 80.1 1.2
Penaeidae 1 11 3 0.2 26 0.0 0.2 0.0
Brachyuria 4 44 5 0.3 4.5 0.0 13 0.0
Nephropidae juvenile 4 44 4 02 1.0 0.0 09 0.0
Phyllosoma larvae 3 33 3 0.2 57 0.1 1.0 0.0
Unidentified crab larvae 18 19.8 42 2.6 17.3 0.3 574 08
Unidentified shrimps 2 22 76 0.1

Cephalopods 7.1 178 15.7
Onychoteuthidae 47 516 108 6.7 9379 139 1063.0 15.3
Unidentified octopuses 7 7.7 7 04 194.8 29 254 04
Unidentified squids 10 110 66.7 1.0

Total 9 100.0 1635 100.0 6744.4 100.0 6961.9 100

pecially, the Onychoteuthidae appeared to be the third

most important diet item in yellowfin tuna and formed

a more important part of yellowfin diet than that of bi-

geye. The remaining octopuses and squids occurred in

very small quantities in both tuna species. The number

of specimens encountered in stomachs of the tunas was
similar in both species.

Relationship between the size of tunas and their prey

Fig. 4 illustrates the relationship between the size of
tunas and IRI values (%) of the three food types, ie. fi-
shes, crustaceans and cephalopods. Fishes made up the
most important part of the diets of both tuna species. Fo-
llowing fishes, crustaceans appeared to be the second
most important diet to bigeye, while they formed the
least important part of the yellowfin diet.

The percentage of crustaceans increased progressively
with the increase in size in the small to medium size
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Fig. 4. Changes in IR! values of major prey types

consumed by each size class of bigeye (A)
and yellowfin tunas (B).

classes (72~117 cm, 118~135cm and 136~148cm) of
bigeye. The percentage of cephalopods also increased
with the size, while that of fishes decreased in three size
classes. In contrast, predation by yellowfin tuna on crus-
taceans and cephalopods did not increase with increasing
fish size, and food share of the three categories in yello-
wfin tuna was fairly constant throughout all the size clas-
ses.

Fig. 5 shows the changes in IRI values (%) of major
prey fish species by each size class of the tunas. The la-
ntern fish (family Myctophidae) constituted the most im-
portant part of bigeye diets. In the small to medium size
classes of bigeye, the increasing percentage of lancet fish
(family Alepisauridae) was apparent with the increase in
fish size. The daggertooth (family Anoptoteridae) appea-
red to be the second most important diet in the larg
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Fig. 5. Changes in IRl values of major fish species
consumed by each size class of higeye (A)
and yellowfin tunas (B).

e size of bigeye (149~157 cm) but this species was al-
most absent in the other three size classes.

Yellowfin showed somewhat different figure from bi-
geye; in the first two size classes of yellowfin lantern fi-
shes were dominant followed by lancet fish, but the cont-
rary may be said for the next two size classes.

Vertical Distribution of bigeye and yellowfin tuna

Fig. 6 presents catch per unit effort (CPUE) of the tunas
observed by depth in the western tropical Pacific fishing
grounds. The tunas were fished by longlining at depths of
about 170m to 290 m. After setting, longline hauling took
about 12 hours from around 1pm through 1 am, and about
40% of fish hooked were hauled aboard from 6 to 9pm.
CPUEs of bigeye and yellowfin varied by depth, but the
pattern of the change was opposite each other; bigeye
CPUE was 01 fish/100 hooks at 140m and increased with de-
pth 1o 14 fish/100 hooks at 260 m, while yellowfin CPUE dec-
reased with water depth from 19 fish/100 hooks at 170m
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Fig. 6. Changes in CPUEs(number of fish/100
hooks) of bigeye and yellowfin tunas by fi-
shing depth.

to 04 fish/100 hooks at 290 m.

Discussion

Both species of tunas appeared to utilize a variety of
food, which maght be classified into the three major ca-
tegories including fishes, cephalopods and crustaceans, of
which the first one constituted the bulk of the stomach
contents. These results are consistent with those publi-
shed earlier by Watanabe (1958), but comprehensive
quantitative comparisons between the present study and
previous research were difficult since Watanabe’s study
was rather qualitative than quantitative. Taxonomic diffe-
rences in diets between the two studies were also obser-
ved. According to Watanabe (1958), the most important
fish families observed in the stomachs of bigeye and yel-
lowfin tunas were Acinaeidae and Chiasmodontidae,
which were not found in the present study at all. King
and Ikehara (1956) indicated that food items of major
importance to both species of tunas caught in the Central
and Eastern Pacific were pomfret (family Bramidae) and
snake mackerel (family Gempylidae), but only few indivi-
duals of these species were found in our study. The lan-
tern fish from the family Myctophidae was the most im-
portant diet among all stomach contents observed by us,
but in the previous research this fish was either not ob-
served at all or listed as a diet of minor importance. This
taxonomic difference in food composition between our

study and previous research may be partially explained
by the different sampling area and time of the year. Co-
mparatively shorter sampling period might have also
caused the difference, in addition with lower diversity of
fish species preyed upon by tuna. While only 15 families
were represented in the present study carried out for
one month, 48 and 39 fish families were reported by
King and Ikehara (1956) and Watanabe (1958), respecti-
vely, in their research conducted for about 3 years. It has
been suggested that the food of tunas depend on the dis-
tribution of prey and vary by region and by time of the
year (Watanabe, 1958 and Borodulina, 1982).

As previous research recognized, bigeye and yellowfin
tunas seem to eat animal materials whatever available
around them and thus no significant differences in spe-
cies composition of food items between the two species
were observed. The only taxonomic difference observed
is that the Gempylidae and Bramidae exclusively occur-
red in bigeye tunas and the Ostraciidae and Exocoetidae
in yellowfin tunas. While they showed a remarkable simi-
larity in diet composition, significant quantitative differe-
nces between the two tuna species on the basis of IRI -
values were observed in several diet specie such as My-
ctophidae, Alepisauridae, Oplophoridae, Gammaridae, and
Onychoteuthidae. The most important five food items of
bigeye tuna in the order of their IRI values were Mycto-
phidae, Alepisauridae, Sternoptychidae, Oplophoridae, and
Onychoteuthidae. However, in yellowfin tuna the Ony-
choteuthidae was ranked for the third most important
diet and the Gammaridae for the fifth, which was quanti-
tatively negligible in bigeye tuna. In addition, bigeye tuna
devoured twice more food than yellowfin of the corres-
ponding size, which is not consistent with the results ob-
tained by Pelczarski (1988) from tunas caught in the At-
[antic. The reason that bigeye tuna appeared to be more
voracious consumers compared to yellowfin is not clear
from the results of the present study. However, it is as-
sumed that bigeye might require more energy for swim-
ming into deeper water layers relative to yellowfin (Hol-
land et al,1990; Boggs, 1992), which is supported by the
CPUE results of our study, and they may have more
chance to prey on vertically migrating fish species, such
as lantern fishes, at night when they move up to the su-
bsurface (Roger and Grandperrin, 1976; Collette and
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Nauen, 1983; Roger, 1994). In our study, bigeye consu-
med three times more lantern fishes than yellowfin. The
lower number of lantern fish in the stomachs of yellowfin
may be explained by the feeding behavior of this species
during daytime, indicating that yellowfin tuna feed more
actively in the daytime than at night, which is supported
by other researches (Watanabe, 1958; Roger and Grand-
perrin, 1976; Collette and Nauen, 1983). Alternatively,
the reproductive state of tuna should also be considered
in association with their feeding habits as suggested by
Ttano (1996) in the yellowfin study.

In both species of tunas, the larger fish contained more
food in their stomachs than the smaller one and ontoge-
netic changes in their diet composition were also obser-
ved. However, since the results of our study were based
on relatively small sample size during the short-term sa-
mpling period, further studies with long-term sampling
protocol would be necessary for unbiased results in fee-
ding habits of the tunas and to clarify seasonal changes
in food composition of the tunas in the western tropical
Pacific. The information obtained from the current resea-
rch, including major food items which might be used to
determine where feeding concentrations of tunas occur,
would be useful to fishermen for more effective fishing
operations of tunas.
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