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FOOD AND FEEDING HABITS OF YELLOWFIN TUNA THUNNUS ALBACARES
(BONNATERRE , 1788), CAUGHT BY HANDLINE AROUND PAYAO
IN THE MORC GULP

1. INTRODUCT ION

The tuna fishery has become a major fishery of the country in the past
few years in terms of production and export of marine fishery products.
Production has increased significantly from around 25,000 metric tons in 1973
to about 261,000 mt in 1984 (BFAR, 1984). 1In 1984 the tunas contributed 17%
to the total marine fishery production, of which 26% came from yellowfin tuna
alone. In the same vyear tuna export reached 36,029 mt valued at about 1
billion pesos. This volume of tuna export consisted of 13,387 mt frozen,
22,259 mt canned, and 43 mt dried tuna valued at 259, 736, and 1 million
pesos, respectively.

There are 21 species of tuna and tuna-like species recorded to have
occurred in the Philippine waters (Herre, 1953). Of this number, six are
exploited commercially namely: yellowfin tuna (Thunnus albacares), bigeye
tuna (Thunnus obesus), skipjack tuna (Katsuwonus pelamis), frigate tuna
(Auxis thazard), bullet tuna (Auxis rochei) and kawakawa (Euthynnus
affinis). Of the commercial tuna species, yellowfin, skipjack and bigeye in
that order are the most important because of their high export demand and
value,

The major fishing grounds of the country, where more than 10,000 mt of
tunas are caught annually, are the Sulu Sea, Bohol Sea, Moro Gulf, Cuyo Pass,
Visayan Sea, and Guimaras Strait., The major fishing gears used in these
areas are purse-seine, ringnet and handline which are operated with the use
of an indigenous fish aggregating device (FAD), the pavyao. Almost all

fishing operations in these major fishing grounds are undertaken with the use
of pavao. As & result of the productive tuna fishing around payac, ©he
Phillippines has become the number one tuna producer among the ocountrias

facing the South China Sea (Aprieto, 1980).

The payao 1s usually made of bamboo but some structures are made of
steel for longer life. The use of payao proved to be a very effective tool
in catching pelagic fishes., It attracts and aggregates foodfishes, thus
making them also vulnerable to adult vyellowfin tunas which need not pursue
their prey and select their food.

Larger sizow of yeliowfin tuna and bigey: tuna are caught by handline.
Catches of ringnet and purse-seine using payao include juvenile tunas (20-25
cm) such us  yellowfin, skipjack, bigeye, kawakawa, bullet and friqgate
(Ganaden et.al., 1982). Considerable amount of roundscads are also caught.

Yellowfin tunas are caught 1in all fishing grounds of the country
(Figure 1). Table 1 presents the 1984 landings of yellowfin by stabistical
fishing area by aear. Moro Gulf is the most productive area, contributing
37% of the total landed catch that year. The most important gear used in
capturing yellowfin tuna is the handline which accounts for ©53% of the
country's total yellowfin landings, 15,217 mt or 49% of which came from Moro
Gulf.

Inspite of the importance of the tuna fishery, biological knowledge on
the local tuna 1s still very inadequate.



Yesaki (1983) indicated that adult yellowfin tuna preys largely on
juveniles of skipjack and yellowfin. These juvenile tunas as well as
other vulnerable foodfishes could contribute a significant amount to the
total fish landings if they are not preyed upon by adult vyellowfin.
Hence , this study is important in that it will provide the information
necessary 1in determining the impact of predation on foodfishes by adult
vellowfin tuna caught around payao as well as the effect on total fish
landings as a result of predation on important juvenile fishes.

2. OBJECTIVES OF THE STUDY

This is a qualitative and quantitative study of the gut contents of
vellowfin tuna caught by handline around payao in Moro Gulf to determine
their food and teeding habits.

This study has the following specific objectives:

(1) To determine the composition and volume of the stomach
contents of yellowfin tuna by sex and by size class;

(2) To estimate the daily consumption rate of male and female
vellowfin tuna.

3. REVIEW OF LITERATURE

The study of stomach content has been an important field of activity
in fisheries biology. However, almost all studies that have been done on
the food intake of fishes were qualitative rather than quantitative, that
iz, biologists have described the occurrence of food found in the stomach
only, but they have not described how much of each food species is eaten.
Moreover , all previous studies on tunas ha:ve dealt on those caught without
the use of an aggregating device such as the pavyao.

Kishinouye, as <cited by Ronaguillo (1953), studied the stomach
contents of 141 specimens, mostly yellowiin, albacore and bigeye tuna. He
found many deep-sea specles of fish and some invertebrates. Nakamura as
cited by Ronguillo (1953), also studied the stomachs of 57 yellowfin tuna
from the Celebes Sea. He found 17 families of fishes in the stomachs of
these 57 yellowfin tuna. Among the mollusks and crustaceans he found
squids and stomatopods, respectively. Most of the fishes he found belong
to the following genera: Engraulis, Ostracion,6 Balistes, Sphyraena,
Stolephorus and Leiognathus. Watanabe (1958) studied the regional
differences in the food consumption of tunas and marlins from several
oceanic areas and found that the food consumption varies from region to
region. Chi and Yang (1971) studied the stomach contents of tunas in the
waters southwest of Taiwan and revealed that the variety of food items was
great from planktonic crustaceans to large fish and sguids. They also
found iae stomrtopods of the family Squillidae and squid as the major food
L. MNS «

Magnusson (1969) worked on the digestion and food consumpdtion of
skipjack tuna and found that the fish eabts an equivalent of about 8.6

percent of the body weight. He also found that the capacity of the
stomach is about seven percent of the fi1sh weight. Olson's (1982) work on
he feeding and energetics of yellowfin tuna presented an estimate of the

daily food consumption by yellowfin tuna in nature based on two
independent methods 1) predicting the energy requirement of the fish
based on an energy budget, and 2) estimating the daily meal utilizing
stomach samples and measurements of the rates of food passage through the
gut . Hie estimated that a yellowfin tuna in the 4+ age-class may eat on
the averaqge at least 730g of frigate tuna, 440qg of rudderfish and about
233g ol other prey per day.



Ronquilln (1953, 1962) studied the food habiits of Lunas and dolohins
pased on the =xzamination of their stomach contents.

4, FISHING AREA AND FISHING GEAR

Moro Gulf (Fiqure 2) 1is one of the lérgest fishiing grounds of the
country and the most productive in terms of vyellowfin tuna. It 1is
situated in Southern Mindanao, bounded by Basilan Island on the west and
Sarangdani Island on the east, or approximately between 59 45" "N,
1219 40' "F and 5920' "N, 125920' "E. The depth of fthe CGulf ranges
from 1,600 m to 5,800 m. The bottom 1s generally muddy.

Handline is generally used to —capture deep-swimminag tunas,
particularly yellowfin and bigeye tunas. In Moro Gulf, handlining 1is
usually practiced while the banca is tied onto a payao. This gear is used
throughout the Philippines, especially 1In More Gulf, From General Santos
City alone, there are around 6,000 units of handline boats which operate
in Moro Gul€, These handline boats are larger and higher powerad than
those used in other parts of the country. They are fitted with insulated
boxes capable of holding 0.8 to 1.5 tonnes of iced fish (de Jesus, 1982).
About five blocks of ice are used for each fishing operation/trip. This
ice lasts a maximum of 6 days so these boats make 4 to 6 day trips
lependinag upon the catch. A boat usually has a crew of 5 fo 6 men.

fishing operation is usually done by lowering the lines to varying
deptns ranging from 80 to 180 fathoms. Each fisherman lowers his line to
various depths, one at 80 fm another at 100 fm, the others, at 120, 140,
160 and 180 fm. Once the depth of the highest concentration of fish has
been located, all the lines are lowered or adjusted to that depth. Only
one hook is usad per line (Figure 3).

Payao 1s an anchored fish aggregating device made up of either
bamboo or boxed stesl plate with strings of coconut leaves suspended
underneath (de Jesus, 1982) Pavao is used to atlract or agyregate small
and large pelagic fishes which are caught by various fishing gears.
Fishermen usually tie their boat onto the payao where handline fishing 1is
usual ly done,

5. MATERTALS AND METHODS

In mid-February 1982, biological studies of vyellowfin Gtuna were
initiated at the facilities of the Dole Philippines, Inc. in General
Santos City by the Japan Trust Fund Project "Investigation on the Indian
Ocean and west Pacific Small Tuna Resources®™, in collaberation with the
Bureau of Fisheries and Aquatic Resources (BFAR)., Funds were provided bv
the project to hire two local persons to conduct sampling through Marcn
1983. BFAR has continued the biological sampling program, with this
thesis proponent as Study Leader of the programme.

This study, authorized by Atty. Reuben A. Ganaden, Froject Leader,
was a part of the Tuna Stock Assessment Research Project of the BFAR
Fisheries Research Divigion.



5.1 Data Callection

Sampling was conduacted at the receiving section of the Seafoods
Department of Dole Philippines, Inc. at General Santos City. This company
purchases large tunas, principally vyellowfin, skipjack and bigeve,
captured by handline <fishermen who fish around payao. Collection of
samples was done regularly every five days or a total of 6 to 7 sampling
days per month, regardless of Saturdays, Sundays and holidays. Sampling
was carried out for one year, from November 1983 to October 1984. Ten
samples were taken randomly from the 1landed catch of the fishermen,
regardless of the state of the stomach, and were preserved in 10% formalin
solution. The two samplers of the BFAR Tuna Stock Assessment Research

. Project Dbased at General Santos City were utilized in collecting the
samples, Montnly monitoring of the samplers activities was done, during
which time the samples were also analyzed.

Bach sampling day the following information was recorded:

a) Fork length of the fish. This was measured from the snout to
the cartilaginous tip of the shortest or median caudal fin ray.

b) Weight of the fish. This was taken to the nearest kilogram
using the weighing scale of Dole Philippines, Inc.

c) Sex. This was determined visually.

d) Weight of the stomach. Stomachs were removed with incision:
at the esophagus and intestine. They were individually
wrapped in c¢heesecloth, labelled and preserved with 10%

formalin in a bhicket

Other relevant data/information was obtained through interviews with
fisherme:: .

5.2 Samples Collected and Analyzed

Detailed examination of the stomachs was done 1in the laboratory.
The weight of the onreserved intact stomachs were taken before examination
of the contents. Prevy organisms were separated into species and/or
species categories and lIdentified to the 1lowest possihle level, The
number of each species and/or species category was recorded and total
weight to the nearest gram was taken with an O-Haus, Dial-0O-Gram balance.
Organisms which could not be 1dentified because of advanced stage of
digestion were grouped and weighed as "digested®.

A total nf 620 stomachs of yellowfin tuna caught by handline .were
collected and analyzed: 403 of which were from males and 217 from females.

53 hnalyses

The stomachs analyzed were summarized by sex and by size class to
determine sexual and size differences in feeding habits. The stomach
contents were categorized into prey, digested and chum. Prey consists of
organisms found in the stomach which were indentifiable. Digested
consists of food items which, through the process of digestion had been
converted into a state which was beyond recognition. Chum consists of
fleshy parts of small tuna or roundscad cut into small pieces which was
thrown into the water by ftishermen to lure the fish.
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The contribution of tne various waieuortes= Lu ihe diet of yvellowfin
tuna was determined using the formula:
IRI = (% N+ % W) % ¢ (Olson, L982)
where: IRI = Index of Relative .Importance
Number percentage
Weight percentage
= Frequency of occurcence percentage

i
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In the computation of IR!l, only the data on food items considered as
"prey® were included. Chum and digested food were excluded in the
analysis as they are considered artificial food items and unguantifiable,
respectively (Shomura, pers. comm. 1/).

The difference in feeding between sexes was obtained by summarizing
the stomach contents of the males and the females separately., To derive
the food consumption per kilogram of predator, the averade weight of the
stomach contents was divided by the average weight of the fish in order to
obtain comparable values.

The length measurements of sampled yellowfin were divided into four
size c<¢lasses: 100-115 em, 116-131 ecm, 132-147 ¢m, and 148-163cm to
determine differences in feeding by size class. Likewise, the average
weight of each length class was taken to get the fouod consumption rate per
kilogram of predator within the size class to get comparable values.

The feeding rate (r) was determined uasing the equation:

r = WA (Olson, 1982)
where r = rate of feeding
W = observed weight of stomach contents
A = area under evacuation <curve, which 1s the average

proportion of Ecod remaining in the stomach over the
evacuation time period

The value 4.69 which Olson (1982) determined from the feeding
experiments he conducted with mackerel [Scomber Jjaponicus) was used as the
parameter A 1in calculating the hourly feeding rate. The feeding rate
obtained wusing the A value derived from mackerel could be an
underestimation as the mackerels are digested slower than most prey
organisms (Yesaki, 1983).

Although tunas are generally considered to feed only during daylight
hours (Reintjes and King, 195%3), the daily meal was computed by
multiplying "r® by 24 hours, as yellowfin under payao are assumed to feed
at night as well as during the day (Yesaki, 1983).

An IBM PC micro-computer was used in the computation for the Index
of Relative Importance (IRI) using programs of LOTUS 123, and for other
statistical tests using the Microstat program.

1/ Mr. Richard Shomura, NOAA, HNational Marine Fisheries Service,
SWPC Honolulu Laboratorv F/SWCZ, 2570 Dole Street, Honolulu HI
96822 - 2396, U.S.A.



6. RESULTS AND DISCUSSTON

6.1 Composifion of stomach contents

Analysis of 620 stomachs taken from vellowfin tuna caught in Moro
Gulf suggests a very hignh incidence of food considering that there were
only four stomachs that were found empty.

The prey organisms consumed by vellowfin tuna consisted of fishes
and invertebrates, The fishes belong to six orders, 24 families, 18
genera; only 12 were identified to species level. Of the invertebrates,
four classess, four orders, six families and three genera were identified.

The fishez commonly encountered in the stomachs of yellowfin tuna
were Thunnus albacares, Katsuwonus pelamis, unidentified species belonging
to the families Balistidae, Tetraodontidae and Gempylidae, Pscudobalistes

fuscus, Decapterus sp., Auxis sp., Brama dussumieri, and Kyphosus sp. The
invertebrates were Loligo sp., Argonauta sp., and unidentified species
belonging to tne families Squillidae, Penaeidae and Brachyura, The
taxonomic classification of the food items is presented in Appendix 1.

The contributions of the wvarious categories in the diet of
vellowfin, as determined by the values of Index of Relative Importance
(fRI), are presented in Tables 2, 3 and 4 and Figure 4, 5 and 6 for sexes
combined, females and males, respectively.

The ten most important food i1tems, in the order of their IRI values

for both sexes combined are Katsuwonus pelamis, Thunnus albacares, Loligo

Sp., unidentified species of the family Balistidae, cephalopad beaks,
brachyurans, stomatopods of the family Squillidae, Decapterus sp.,
Pseudobalistes fuscus, and Auxis sp. For females, K. pelamis is the most
important, followed by T, albacares, some species of the family
Balistidae, Loligo sp., etc. For the males, the preferred food item is
also K. pelamis, followed by T. albacares, Loligo sp., brachyurans,
cephalopnd beaks, etc.

h.2 Weianht of stomach contents

The average weight of the males examined was 52.48 kg; that of the
females was 40.33 kg. The meam length of the males was 136.9 cm and that
of the females was 126.8 cm.

The average total weight of the contents per stomach was 419 grams
for both sexes of vyellowfin tuna. The montnly average total weight of
stomach contents ranged from 244 g to 54% g; these values were recorded in
June and September, respectively (Table 5). For male vellowfin tuna, the
average total weight of contents per stomach was 427 g while that of
females was 403 g, The highest average total weight of stomach contents
for males was 634 g in September, and the lowest was 250 ¢ in June (Table
O} The observed highest average total weight of stomach contents for
females was 635 g in May and the lowest was 227 g in June (Table 7).

The food items found in the stomachs of both sexes are composed of
47% chum, 41% prey, and 12% digested food. The monthly average of chum
rangad from 29% in November to 58% in January, while prey ranged from 25%
in May to 55% in October. Digested food ranged from 7% in January, June
and July ta 22% in May (Figure 7).
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The food ttems of female veliowiin comprisen 37% prey organisms, 52%
Cchum and 11% digested food. Prey organisms randea from 13% in May to 58%
in December and October; chum ranged from 12% in Decemper to 67% in May
and August; and. digested food ranged from 5% in January to 20% in May
(Figure 8).

The food consumption of male yellowfin comprised 43% prey organisms
44% chum and 13% digested food. The prey organisms ranged from 29% in
March to 57% in September; chum ranged from 28% in November to 59% in
January; and digested food ranged from 7% in June to 25% in March (Figure
%) &

The monthly consumption of prey organisms shows that there 1is a
variation in the intake of a particular prey by month in terms of weight
(Table 8 and 9, Figure 10 to 12}. For both sexes, juvenile yellowfin tuna
was the main item in the diet, with values of 132 g and 158 g in September
and October, respectively; and juvenile skipjack with values of 118 g and
112 g in November and December, respectively. Juvenile skipjack seems to
be the preferred prey as it comprised tne main item during most months,
except in June and August, which may indicate the pravalence of the
species in the area.

The high incidence of food organisms observed in the stomachs of
yellowfin tuna may be attributed to the process by which handline catch
was handled. The yellowfin captured by handline in Moro Gulf were placed
in iced boxes in less than 15 minutes of hooking and kept there for 3 to 6
days, depending on the volume of the catch before landing. The fish are
beheaded and gqutted upon landing. Yesaki (1983) stated that the high
volumes and fresh state of food organisms in the stomach indicated that
regurgitation is minimal and that digestion is more or less arrested after
death.

The daily meal of yellowfin tuna captured by purse-seine in the
Eastern Pacific was found to be 642 g for a lZ-hour feeding period (Olson,
1982). If feeding iz assumed te occur throughout 24 hours or one entire
day, then the quantity will be doubled to 1,284 g per day. The fish are
usually enclosed in the purse-seine for a number of hours, frozen aboard
the wvessel and partially or completely thawed prior to unloading and
butchering (Olson, 1982). Eggers (1977) stated that the tuna probably
cease feeding once they are enclosed in a net and digestion continues at a
reduced rate until the stomach is completely frozen.

It appears that the food consumption values for yellowfin vary.
Yegaki (1983) partly attributed these varying values to the difference in
the method of capture and the processing of stomach contents.

The averade weight of contents in the stomachs of yellowfin tuna
caught around payaos in Moroc Gulf was 419 g. This is considerably higher
than the amount found in stomachs of vellowfin captured by longline and
trell line, The stomach contents of 118 vellowfins captured by both troll
line and longline 1in the waters southwest of Taiwan averaged 94 g per
stomach (Chi and Yang, 1971), while in the Central Pacific the averaaga
stomach contents of 101 yellowfin was 87 cc per stomach caught by longline
{Hayashi and Mori, 1967).



The hiah {ood consumption of yellowfin tuna in Moro Gulf is probably
influenced by the presence of the fish aggregating device, the bpayao.
Prey organisms are attracted to and concentrated under the payao, thereby
exposing them to large yellowfin tuna which prey on small fish. ndult
yellowfin tunas fead continuously throughout the day, and possibly
throughout tne night, because of the unlimited food supply. Yellowfins
are voracious eaters and are seemningly non-selective, that is, they eat
any livina organisms available (Ronquillo, 1951). This situation may
partly explain the difference in food volumes between those capturel under
payaos and those from the open ocean. Other factors are regurqgitation and
digestion of fond organisms (Yesaki, 1983).

The high incidence of food 1in the stomach of vyellowiin during
certain months of the year may be attriouted to the tendency of the animal
to take more food during spawning (Yamanaka, 1987). The tunas eat
additional food even after their stomach is half-filled rathear than empty
{Magnusson, 1969). The presence of readily available food under the payao
accounts for almost the same volume of stomach contents of both male and

female vyellowfin.

The variety of food items in the diet of the yellowfin is accounted
for by the effectiveness of the payao to lure and aggregate fishes
belonging ta  wvarious groups which in  turn attract larger animals,
particularly tunas which are known to be predatory.

6.3 LDLifferences in Feeding by Sex

The averaae weignt of stomach contents was 8.1 4/kg for males,
comprising of 3.5 g/kg of prey organisms, 3.6 g/kg of chum and 1 a/kg of
digested food. For females, the average weight was 10 g/kg, comprising of
3.7 g/kg of prey organisms, 5.2 g/kg of chum and 1.1 a/kg of digested food
(Figure 13). The highest average weight of stomach contents for males was
10.5 g/kg in July, while that of females was 15.8 g/kg in May. The lowest
was observed in June for both male and female at 5.2 g/kg and 5.6 g/kg,
respectively.

Inspite of these differences in the average weight of contents and
consumption rate, this study revealed no significant difference in feeding

of both sexes of yellowfin at 5% level of significance.

Yesaki (1983) and ¢Chi and Yang (1971) also found no significant
difference in consumption rates of male and female vellowfin tuna.

6.4 Difference in Feeding by Size Class

eight of the stomach contents averaged 280 g for the 100-115 cm
g for the 116-131 cm class, 459 g for the 132-147 cm class, and
427 g fo the 148-163 cm class for male vyellowfin tuna. For female
vellowfin, the average weights of stomach contents were 324 g for the
100-115 cm class, 406 g for the 116-131 cm class, 432 g for the 132-147 cm
class, and 640 g fer the 148-163 cm class (one fish anly).

The average weights of stomach contents in grams for each kilogram
of fish at length classes 100-115 cm, 116-131 cm, 132-147 cm and 148-163
cm were 10.67 g/ka, 8.56 g/kg, 8.17 a/kg and 6.28 g/kq, respectively, for
the males; and for the females, 12,14 g/ka, 10.67 g/kg, 8.49 g/kg and 10.0
q/kg respectively.



The monthly <onsumptions in grams/kilograms of prey organisms, chum
and digested food items by length class of male and female yellowfin are
presented in Fiqure 14 and 15. The mean values for each food category by
length class are likewise indicated.

Since most of the studies conducted on the feeding habits of
yellowfin only differentiated feeding by sex, this study attempted to
differentiate feeding by size class within the same sex. Previous studies
showed no significant difference in feeding behaviour between male and
female yellowfins caught in the open sea.

Most of the stomach samples analyzed were taken from yellowfins of
116-147 cm length clasg; only few from the length classes 100-115 cm and
148-163 cm which accounted for the variability in the f£ood consumption
values obtained. These values when subjected to statistical tests showed
no significant dif ference bLetween size classes in the males; howover, for
the females, the difference in food consumption was found sigriiicant at
the 5% level between the 116-131 cm and 132-147 length classes.

6.5 Estimates of Prey Organisms Consumed

The average weight of food in all stomachs sampled was 419 g,
consisting of 172 g prey organisms, 196 g chum and 51 ¢ digested food.
This gives a daily meal of 2,145 g comprising of 1,004 g chum, 878 g prey
and 263 g digested food. It is estimated that an adult yellowfin tuna
consumes 783 kg of food per year, of which 321 kg are prey, 366 kg chum
and 96 kg digestad food (Table 10).

One female yellowfin tunea consumes 756 kg of food per vyear,
comprising of 280 kg prey, 392 kg chum and 84 kg digested food (Table 11),
while one male yeilowfin tuna consumes 798 kg of food per vyear, 342 kg of
which are prey, 353 kg chum and 103 kg digested food (Table 12).

The volume of Jjuvenile skipjack and yellowfin tuna consumed by an
adult vyellowfin in Moro Gulf 1is higher than those reported 1in other
areas. This high consumption rate on juvenile skipjack and yellowfin may
be attributed to the presence of payaos or fish aggregating devices
deployed by fishing operators in areas where handlining is usually done.
Juvenile skipjack, yellowfin and other small tunas and pelagic fishes are
attracted and concentrated under the payao. The presence of an aggregate
of these small pelagic fish in turn attracts large predators, particularly
large yellowfin.

The principal prey organisim consumed by female yellowlin were
skipjack, followed by vellowfin and roundscad. A female yellowlin in the
Moro Gulf consumes about 847 g of skipjack, 764 g of yellowfin, 298 g of

rounndscad, 80 g of frigate tuna, 57 g of other fish, 22 g of mollusk and 5
g of crustacea per day.

Skipjack was also the principal prey of male yellowfin. A total of
2,185 g of food, consisting of 980 g of skipjack, 763 g of yellowfin, 239
g of roundscad, 88 g of frigate/bullet tuna, 66 g of other fish, 46 g of
mollusk and 3 g of crustacea, is consumed by & male yellowfin in one day.

Yesaki (1983) reported that the principal prey organism in the North
Celebes Sea was vyellowfin and that an adult yellowfin can consume, 1,060 g
of juvenile yellowfin 1in one day. In the Eastern Pacific, frigate tuna

(Auxis sp.) comprises 52% by weight of the food organisms of yellowfin
(Olson, 1982).
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Juvenils skipjack comprised 42% by weight of the tuna prey and 40%
of the chum, while juvenile vellowfin comprised 38% by weight of the tuna
prey and 36% of the chum.

Catches of Jjuvenile skipjack, yellowfin and other small ftiunas by
ringnets and purse-seines that operate around payao during the study
period were also high (unpublished Progress Report of the Tuna 5tock
Assessment Research Project, 1984). Another small pelagic fish reported
to be abundantly caught around payao are roundscads.

Yesaki (1933) found that the daily meal of yellowfin captured in the
North Celebes Sea was 2,374 g for a 24-hour feeding period, slightly
higher than the wvalue of 2,145 g for an adult yellowfin tuna obtained in
this study. This difference in weight may be a result of the different
methods used to analvze stomach contents. That 1is, he analyzed the
stomach contents in fresh condition, whereas in this study the stomach
contents were preserved in 10% formalin solution.

7. SUMMARY

1. A total of 620 stomachs of yellowfin tuna taken from 403
males and 217 females were analyzed. Six orders, 24 families, 20 genera
and 12 species of fish were identified. For the invertebrates, 4 classes,
4 orders, 6 families and 3 genera were identified.

Zea vellowfin females are smaller than the males, The Jlargest
female examinad was 148 cm, wheresas the argest male was 155 cm. The
maximum length of Western Pacific yellowfin is about 15% cm for the female

and 185 cm for the male.

3. The average total weight of stomach contents of male
vellowfin was 427 g and that of the female, 405 g. The average total
stomach contents of male yellowfin was 8.1 g/kg and that of the female,
10.0 g/kg. However, there 1is no significant difference in stomach content
welghts between sexes. The average weight of female yellowfin was 40.33
kg and the mal:, 52,48 kg.

4. Tre food items were separated into 3 categories namely: prey
organisms, chum and digested food. The food 1items of females was
comprised of 37% prey organisms, 52% chum and 11% digested food, while
those of males was comprised of 43% prey organisms, 44% chum and 13%
digested food.

5 . Fcur size groups, namely: 100-115 cm, 116-131 c¢cm, 132-147 cm
and 148-163 cm, were used to determine differences in feeding by size and
Sex. There 1s no significant difference between size classces of male
yellowfin although the females showed a difference between the 116-131 cm

and 132-147 cm classes at 5% level of significance.

6. Juvenile skipjack accounted for the hidhest volume aof prey
for females during the whole study period except in August, September and
October when Juvenile vellowfin was the dominant food. The male has

skipjack as the main food during the months of November, December,
January, February, March and July and for the rest of the monthsg, juvenile
yellowfin was cbserved to be the highest,



7. Based on the Index of Relative Importance (IEI), the most
important food item of female yellowfin were skipjack (993), unidentified
species belonging to the family Balistidae (302), vellowfin (771), and
squid (208). The male yellowfin tuna prefers to prey on skipjack (1,605),
vellowfin (913), sqguid (343) and crab (154).

8. Female vyellowfin in Moro Gulf consumes about 847 g of
skipjack, 764 g of yellowfin, 298 g of roundscad, 80 g of frigate/bullet
tuna, 57 g of other fish, 22 g of mollusk, and 5 g of crustacea ver day.
Male yellowfin consumes 980 g of skipjack, 763 g of yellowfin, 239 g of
roundscad, 88 g of frigate/bullet tuna, 66 g of other fish, 46 a of
mollusk and 3 g of crustacea in one day.

9. Predation by adult yellowfin caught under payao is higher on
juvenile skipjack and vellowfin than on other foodfishes. This indicates
that there is a high wvrevalence of juvenile tunas year-round in Philippine
waters, particularlyv in the Moro Gulf.
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Appendix 1. Taxonomic classification of the food items
found in the stomach of yellowfin tuna

FISH

Order: Myctophiformes
Family: Myctophidae
Harpadontidae
Omosudidae
Paralipididae

Ordar: Antheriniformes
Family: Exocoetidae

Genus: Cypselurus

Order: Syngnathiformes
Family: Syngnathidae
Genus: Hippocampus

Order: Dactylopteriformes
Family: Dactylopteridae

Order: Perciformes
Family: Scombridae

Genus:  Thunnus

Species: T. albacares
Gernus; Katsuwonus

Species: K. pelamis
Genus: Auxis

Family: Carangidae
Genus: Decapterus
Genus: Selar
Genus: Elagatis
Species: E. pipinnulatus
Family: Gempylidae
Family: Trichiuridae
Genus: Trichiurus
Species: T. lepturus
Family: Bramidae
Genus: Pteraclis
Species: P. carolinus
Genus: Brama
Species: B, dussumieri
Family: Acanthuridae
Family: Kyphosidae
Genus: Kyphosus
Family: Owstoniidae
Family: Rachycentridae
Genits: Rachycentron
Species: R. canadum
Family: Coryphaenidae
Genus: Coryphaena
Species: C. hipputrus
Family: Chaetodentidae




rder:  Tetraodontiformes
Family: Diodontidae
Family: Ostraciontidae
Family: Tetraodontidae
Genus: Arothron
Species: A, immaculatus
Family: Balistidae
Genus: Pseudobalistis
Species: P. flavimarginatus

P. fuscus

Family: Monacanthidae
Genus: Monacanthus
Family: Triacanthidae
Genus: Pseudotriacanthus
Species: P. strilifer

ARTHROPOD

Class: Crustacea
Order: Stomatopoda
Family: Squillidae
Order: Decapoda
Family: Brachyura
Family: Penaeidae

Class: Cephalopoda

Order: Teuthoides
family: Loligonidae
Genus: Loligo
T re "\"‘1"-.".‘1.)51;.'_4. T
Family: Octaopodidac
Gens:
Familv: Argonaubidae
Genus
La L Fropard

351 Loy phozoa
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Table 2. Nusber of 1ndividuils, aggregate weight, frequeacv
ot occurrence and values of index of relative Laportance
(IR1) aof foodfish organisms found in the stomach of 620
adult yellowfin tuna.

FOOD TTEM

HYCTOPHIDAE
HARPADONT I DAE
0M0SUDR{DAE
PARALTPIDIDAE
E10COETIDAE

Cypselurus sp.
SYNGHATHIDARE

Hippocaapus sp.

Others
DACTYLOPTERTDRE
SCONBRIDAE

thunnus albacares

Katsuwanus pelaais

Auxis sp.
CARANGIDAE

Decapterus sp.

Selar sp.

Elagatis dipinnulatus
GEMPYLIDAE
TRICHIURIDAE

Trichiurus lepturus
HRAMIDAE

Pteraclis cerolinus

Brama dussumier:
ACANTHURTDAE
KYPHUSTDAE

Kyphosus sp.
(WSTONIIDAE
RACHYCENTR L DAR

1At
Coryphaena hippurs

CHAETODONTLDAE

F. flavisarginalus

[ "pre

ADNdL Tl
THiACANTH
Pseut
SQUELL TDAE
PENAE | IRE
BRACHYIIRA

LOL | GONI BAE
Loligo sp.
HCTOPODTDAE

Octapus sg
ARGONAUT IDAE
Argonauty argo

CEPHALOPQDA [unidentified

CEPHALOPODA (heak onlvl
GASTROFOLA
SCYFHOITA

NUMBER OF AGBREGATE

ORGANISKS

{1
25

200
200
u

14
1?

8%
814

NETGHT

54,
49,
93.
27,

311,20
33,

.60
.90

2t
1l

JBAGY .80
41211,
4301,

67352,
73.
195,
763,

B8O
90
30
30

40

JULuy

&1,
440
77,40

OCCURRENCE

XUMBER

e~

IR

0

=3

42

LB

.04

.98
S04
14

.32
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Table 3. Number of individuals, aggregate weight, frequency
of accurrence and values of index of relative importance

{IRl) of foodfish orqanisas found in the stoeach of 217

adult female yellowfin tuna.

FOOD [TEX

MYCTOPHIDAE
HARPADONT IDAE
OMOSUDIDAE
PARALIP[DIDAE
EXQCOETIDAE

Cypselurus sp.
SYNGNATHIDAE

Hippocaspus sp.

Others
DACTYLOPTERIDAE
SCOMBRIDAE

Thunnus albacares

Katsuwonus pelasis

Auxis sp.
CARANGIDAE

Decapterus sp.

Selar sp.

Elagatis bipinnulatus
BEMPYLIDARE
TRICHIURIDAE

Trichiurus lepturue
BRAKIDAE

Pteraclis carolinus

Brama dussumier)
ARCANTHURTIAE
¥YPHOSIDAE

hyphosus sp,
ORSTONI [DAE
RACHYCENWTRIDAE

Rachyzentron canadue
CORYPHAEN I DAE

Coryphaena hippurus
CHAETODONT DAL
DTODONT{DAE
OSTRACIONT [DAE
TETRADDONT I DAE

Arothron 1emacylatus

Others
BALISTIDAE

Pseudobalistes fuscus

P. flavasarginatus

Others
HONACARTHIDAE

Honacanthus sp.
TRIACAMTHIDAE

Pseudotriacanthus striliter

SUUILLITAE
PENAE | DAE
BRACHYURA
{ UL LGN DARE

Lolige sp.
0CTOPDDIDAE

Octopus sp.
ARGONRAUT [ DAE

Argonauts argo
CEPHALOPODA (unidentyfred)
CEPHALOPODA |heak only}
GASTROPODA

SCYPHO!CA

NUMBER OF AGGREGATE (OCCURRENCE

ORGANISHS

82
69
i1

[ =)

28

186

19

61

88

WETBHT

8.90
25,56
36.40
13.50

122,70

12245.80
13561.60
1279.60

2759.50
13.90
0.00
210,40

242.20

8.70
188.80
9.10

270.00
7.50

0.00
0.00
0.00
10.80
11.70
.20

=

ro
o~
-
<

30.80
21.90
467,20

23.00

0.00
92.70
f2.10
13,40

586,30

22,60

10.10
2.60
12,70
2.60
0,90

KUMBER

o o

16

21

IR]

—

o o o

771,
993,
7.

-~

O A O

L4

)|

00

00

e
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Table 4. Nusber of individuals, aggregate weight, frequency
of occurrence and values of index of relative iaportance
(IR1) of foodfish orqanisms found in the stosach of 403

adutt wale yellowfin tuna.

FOOD FTEN NUMBER OF ABGREGATE
ORGANISHS  WEJEHT
KYCTOPHIDAE 9 49,90
HARPADONT 1DAE L 20,30
(osuDIDAE 24 34.90
PARALIPIDIDAE { 14,00
EXQCOETLDAE
Cypselurus sp. 14 188,50
SYNGNATHIDAE
Hippocaspus sp. 7 28.80
Others 9 19,90
DACTYLOFTER | DAE 8 10,30
SCOMBRIDAE
Thunnus albacares 138 26163.90
Katsuwonus peiasis 122 33649.50
Auxis sp. 23 3021.50
CARANGIDAE
Decapterus sp. 49 1785.60
Selar sp. ! 40.00
Elagatis Bipinnulatuc i 199.20
GEMPYLILAE 57 2710
TRICHILIRIDAE
Irichiurus lepturuys 38 36840
[iRANTDAE
Ptecacizs carplings [ R4
Brams dusiunier: IE 23, 1
ATANTHUR LR S 3
il "
13,8
2 Lk i UV
poury j od, I
- A gl
V1DAE L} L0180
TONT DAL I |
FACDONT TUAE
frothrps iemaculatys 7 LRI
Uthers LE] 142,20
BALISTL DAk
Faeudobalistes fustus i62.Y
fo flavamarginatue ] 34,60
Others il 06,8
MONARCANTHI DAL
MonacanUee sy, 17 21
TRIACARTHIDAE
Pepudate tar anthus surylife [ E. 3
SQUILL IDAE s a1
PENAE1DAE 3l i6.8
ARACHYL ) KT
LOL | GO Ae
4ls.1¢
Botopun 4p. it YRl
ARGONALT [DAF
Arganauts erge S 8.9
CEPHALOPADA [unideatytjed 3 16,80
CEPHALOPORA (heak only) 199 LRI
GRS TROFIDA | 1ol
PR i6 Y

OCCURRENCE

NUKBER

83

o> o

913,
1063,
.63

24

41

(¥

-

bb
.81
.10

13

A2

s

18
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Table 5.

Table 6.

MONTH

NOV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OocCT

TOTAL

Tabie 7,

neT

TOTAIL

MONT

MOV
DRC
JAN
FEB
M AR
APR
MAY
TN
JUL
SER
ocT
TOTAL

Monthly average
adult yellowfin

NO. OF
STOMACH
60
60
60
60
60

40
60
60
60
60
40
620

NO. OF
STOMACH
44
4]
42
iy

3
34

welgnht of stomach contents

tuna

PREY

ORGANISMS

221
178
112
164
109

108

93
194
167
280
274
172

Monthly average weight of
male yellowfin tuna.

PREY

ORGANISMS

259
144
114
178

101

Welagnt ol

4
1<

PREY

ORGANISMS

| 16
253
107
139
11

stomach contents

ELOMA

CHUM

120
228
183
181
235

227
133
252
214
209
180
196

CHUM

LIE
2710
203
181

154

conkents

(in qrams) of one
DIGESTED TOTAL
77 418
62 468
23 318
38 383
86 430
92 427
18 224
42 488
37 413
56 545
45 499
51 419
{(in grams) of
DIGESTED TOTAL
91 48
71 485
27 344
37 196
87 146
4z 174
L g 2 5]
50 569
11 34
55 Y2
(1 % )
TGRS TEY OTA L
41 234
413 433
[ 251
47 316.
a4 534q
130 635
14 2
34 400
27 47
541 420
42 480
45 405



Table &.

SEX

HFILE
FEHALE
B(ITH

HFLE
FEHRLE
BCUTH

RFILE
FEHRLE
BUTH

HFILE
FEMAL
BOTH

m

HFILE
FERRLE
BUTH

HALE
FEHRLE
BOTH

HEILE
FEMRLE
BOTH

Table 9.

SEX

HALE
FEHALE
BOTH

HARLE
FERALE
HOTH

HALF
FERNLE
BOTH

HALE
FERALE
BOTH

HALE
FEHALE
BOTH

HALE
FERALE
BOTH

HALE
FEMALE
BOTH

20

Homthly sverage weight of prey organisns (in grams. consumed by an adult yellowfin

FOOO ITEHS

Yellowfin

Skaipjack

Frigatesbullet

Round=c ad

Other f1sh

Hollusk

Crustacesn

Honthly average

FOOD ITEHS

Yellowfin

Skipjack

Frigatesbullet

Roundsced

Other fish

Hollusk

Crustacean

of prey organisms consurned by an adult yelloufin tuna by sex.

NOV BEC
86.00 24.00
41.00 77.00
?4.00 41.00
134.00 96.00
?3.00 105.00
118.00 112.00
23.00 5.00

6.00
17.00 6.00
12.00 6.00
10.00
9.00 7.00
2.10 .80
0.86 8.00
1.74 S5.91
1.50 7.S0
0.12 0.90
1.13 5.491
0.53 Q.03
0.19 4.00
0.4% 1.30
nunber

HOW GEC

0.64 0.12

0.31 0.37

Q.55 0.20

0.3k 0.1

0.55 0.89

0.42 0.57

D.14 0.12

0.21

0.10 0.15

0.08 Q.07

0.11

0.03 0.08

0.45 1.66

0.38 1.08

0.52 2.42

0.30 1.60

0.19 0.68

Q.27 1.30

0.95 0.09

0.31 0.32

0.78 0.1%

JAN

32.00
3.00
25.00

£5.00
37.00
S6.00

6.00
26.00
12.00

1.00
3¢.00
10.00

4.80
3.00
3.66

3.80
2.00
J.10

1.25
0.3s
0.38

HONTH

JRN FEB HAR HAY
0.19 0.21 0.09 0.19
0.06 0.14 0.04 0.13
0.15 0.18 ©0.07 0.18
6.26 0.31 0.12 0.25
0.33 0.29 0.23 0.63
0.28 0.30 0.17 0.33
Q.07 u.12 0.0&6
a.22 0.12
a.12 0.12 0.S0
0.02 0.10 0.12 0.31
0.50 0.141 0.08
0.17 0.12 0.10 0.25
1.14 0.76 0.41 0.¢2
0.44 1.81 0.3S 0.12
0.93 1.17 0.43 0.50
1.45 1.085 1.43
.83 0.81 0.3%8 0.7%
0.35 0.97 0.47 1.30
1.33 10.07 0.38 0.94
1.3 2.4 0.12
1.33 7.40 0.683

FEB

S7.00
53.00
56.00

89.00
62.00
80.00

11.00
17.00
13.00

13.
11,

[e]0]
17

3.10
.80
3.01

3.30
0.65
1.15

18

12.

32.
62.
5.

25.
24.

11
1

12

HAR

.00
.00
00

00
00
sl

.00
00
e}

.00
.00
.00

.70

.50
e

.00
-ao

.00

H U N

34.
9.
29.

32.
70.
40.
9.
4.

15.

11.
0.
5.
8.
2.
14.

0.
Q.

T

HARY

00
00
0o
Qoo
[8]¢}
aa
0a
00

00

.0a

20
15

94

o0
o0
<6

40
06

3.83

4.77

2.71
1.87
2.50

1.93
1.40
1.80

H
JLin
35.00 92
30.00 39
34.00 ES.
33.00 104,
24.09 7.
31.00 36
.00 15.
4.00 31
g [JREH 6 21
1800 14.
g.00 1.
15.94 12.
13,010 3
4.50 5
1.30 4
u.B7 0
.59 0
.38 [}

Jue RUG

53 .40
0.20 Q.45
0.37 n.42
0.33 0.0
0.23 0.15
0.28 .32
0.30
.30
a.30
1.53 1.22
1.07 1.90
1.30 2.70
0.93 1.53
0.93 0.30
0.93 1.32
0.10 0.25
0.23 a.1s
[V g n.oz2

JuL

.00
.00
00

o
[ale}
-00

0o
.00
.00

-
v

no
£1

.Lo
.00
.61

.05
L1l
.08

RUG

78.00
?5.00
?7.00

95.00
15,00
.00

13.00
10,00
11.99

500
2.00
3.97
0.14
0.0y
0.12

tuna Gy

SEF acr
161.00 139.00
92.00 18B2.00
132.00 158.00

156.00 74.00
40.00 81.00
10900 ?7.00
27.00

15.00

25.00 16.00
3.00 .00
19.00 12.00
11.00 9.00
15.00 8.00
12.37 8.5k
11.20 4.00
£.00 2.00
9.12 2.96
0.0z Q.04
n.Q1 0.0z
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Table I Estimated werghit af {ood dr gant was Tonsuned per day and per year by an sl Jellowtyn tunis.

FREY CHUR ODIGESTED Ul
Fooo TTER AOHY Cgy svh Tka) ZDRY (@) /YR (kgd /DAY (g /YR Ckg) JO0HC (g0 SYR kg
Yellowlin 31 116 349 127 995 35 Tk PO
sk bpiachk Hel 14 423 157 117 43 43k 324
Frigavte 8ullet ik i 39 14 11 4 Ak 3
Reuridsoed ER et} 137 Lt} 16 o “ kR
{1t hep Foan b 1M 14 5 = I
Heol | use 40 1i 3 3 39 11
rUstadear Rl 1 1 4 1
Total Thi= i ARNTHE ] by P 96 N i) R

Taple 11. Estimated weight of food argam srs consumed per day and per ywér b

adudlV Vemalie gulloltod Flars:

LHUn DIGESTED 01 L
Fare L YER iR Bk SLFN €ad SWR kg? A0AY Q) /¥R TR g2 <hiny da 3 il . b
wal ] dadt) SRS s a8y |4 Ak E s o
k1 L] 1 [ 19 IF % ey i
Y by e i b 1 1% . R o |
wii it 1 [£8 1% ¢ "
t Ty« i 0 1% N '
Aal s ! e
15t A wan 3 3 . i .
i “ HI#S RN ES V] i S 1
rigie B2. Faliwates weiigh SRR RUTTIAMRITNG, & LiSNE Yo 1 ranped per day and per e mir il sl e geliomtis tuos
PREY L HLIfY OIGESTEL PO
Foop TTEm™ sl (g Y (g STIME Pg) SYR kgl FURY (. SYR VOCHY rgr R e
Yar]l bozmb e 33 it L1V | @ P Al I R et
WL s pavh - * [ 51 ISE 128 a7 ~HH [
ygatesdia | let s Tt LE iz “§ i <
Rewgryrs - 23 ] 1 Vi e i = BT a
o lewe [ rosis =y IS 15 t i3
i) ik &1 L 11 4 e, .
ITs sl & @ae 1 B

Total yav i 6T i B0 LIy o e HH
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