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Abstract

This bibliography lists over 370 scientific papers, technical reports and arti-
cles published before 1993 that contain information on the distribution,
biology and fisheries of bigeye tuna (Thunnus obesus (Lowe)). Each entry
is indexed by author and subject. Only articles in English or with an Eng-
lish abstract are included; newspaper articles are not included. Aspects of
the biology and fishery of this species are also discussed.
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Introduction and Explanation

This report has been compiled to help amalgamate and elucidate the pub-
lished literature on bigeye tuna. Globally, bigeye tuna is a large compo-
nent of the pelagic fisheries. However, despite its commercial importance,
it is one of the least known and least researched of the tuna species. This
report attempts to bring together the research findings for this tuna spe-
cies, to help managers, fishers and researchers and to highlight gaps in
our information.

1 Classification and Affinities

1.1 Species name: Thunnus obesus (Lowe, 1839)

Phylum Chordata
Class Osteichthyes
Subclass Actinopterygii
Order Perciformes
Suborder Scombroidei
Family Scombridae

Figure 1. Thunnus obesus (Lowe, 1839). (from FAC 1983)




1.2 Synonyms

Thynnus obesus

Thynnus sibi

Orcynus sibi
Germo sibi
Thunnus sibi
Thunnus mebachi

Parathunnus obesus

Parathunnus mebachi

Parathunnus sibi

Germo obesus

Paratbhunnus obesus mebachi
Thunnus obesus sibi
Thunnus obesus mebachi

Thunnus obesus

1.3 Vernacular names

Lowe, 1839
Gunther, 1840

Guniber, 1840
Temminck and Schlegel, 1842
Richardson, 1846

Kitabara,, 1897

Jordan and Snyder, 1901
Jordan and Snyder, 1901
Kishinouye, 1915

Jordan and Fvermann, 1926
Frade, 1960

Kishinowye, 1923
Mimura, 1963

Jordan and Hubbs, 1925
Jordan and Evermann, 1926
Tinker, 1944

Brock, 1949

Rivas, 1961

Roedel and Fitch, 1962
Alverson and Peterson, 1963

Fowler, 1936

Jones and Silas, 1960
Jones and Silas, 1963
Jones and Silas, 1964
Frazer-Brunner, 1950
Talbot and Penrith, 1960
Collette, 1962

Bruce and Gibbs, 1963
Watson, 1963

Twai, Nakamura and Matsubara, 1965

Collette and Naeun, 1983
Itano, 1992

Bigeye tuna, bigeye tunny (English) Grootoog tuna (Afrikaans)

Thon obese (French)
Thono obeso (Italian)
Mebachi maguro (Japanese)

1.4 Geographical distribution

World-wide in tropical and subtropical waters of the Atlantic, Indian and
Pacific oceans, but absent from the Mediterranean (Collette and Nauen

1983).

Patudo (Spanish)

Grossaugen-thunfisch (Dutch)
Storoyd mackrellsorje (Norwegian)
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1.5 Diagnostic features
’ There is considerable variation in the description of this species in relation
to its diagnostic characters and taxonomic affinities, depending on the site-
of collection and the approach of each worker. The following description
is compiled from Mimura (1963), Talbot and Penrith (1963), Collete and

k Nauen (1983) and Itano (1992).

-

3 A fish in the genus Thunnus, having a liver striated with peripheral blood
- vessels (but striations few in number), comprising three rounded lobes of
3 equal length and the central lobe slightly enlarged. Cutaneous blood ves-

sels are found from the myotomes of the seventh vertebra and backwards.
Swim bladder, wide, running the full length of the body cavity dividing an-
teriorly into two pits in the dorsal side of the body cavity. 23-31 gill rakers
on the first gill arch.

The dorsal outline of the body is curved; the ventral outline is more
curved. The body is very broad, the greatest body depth being about the
middle of the body near the middle of the first dorsal, the caudal portion
short, having a distance from the snout to soft dorsal over 50% of the fork
length. Length of head is nearly equal to the height of the body in the
young, but becoming shorter in older fish. Live or fresh specimens have
dark biue/black back shading into a characteristic iridescent metallic blue
with silvery grey below and a white belly. The boundary between the
dark blue above and the silvery grey below is sharply defined with a dis-
tinct golden bar. After death, the boundary is less clearly defined.

The pectoral fins are moderately long, reaching 22-31% of the fork length;
often reaching beyond the base of the second dorsal in young fish. Soft
dorsal and anal fins are relatively short in adults, being less than 17% of
fork length. The spinuous dorsal is dusky, fringed with bright yellow dis-
tally, edged with a thin black rim. The caudal fin can be purplish black in
live specimens, fading to dusky after death. Finlets are bright lime yellow
with a black rim. The central position of the trailing edge of the caudal
5 forms a semicircular notch with low lateral keels (contrast to the “v” notch
and high lateral keels of the yellowfin tuna).

Differentiating between small bigeye and yellowfin can be difficult. Itano
(1992) notes some distinguishing features: the bigeye have a few vertical
bars in the mid to tail region, whereas the yellowfin have more and nar-
F rower bars. Bigeye also have a bigger eye, but this characteristic is of little
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use if you have only a single specimen available. Yellowfin tuna tend to
have a distinct notch in the caudal fin (in the “v”) as well as a larger, more
pronounced pair of keels, while in bigeye the margin tends to be straight.

FAO (1992) provides a good description of the Scombridae family and the
Thunnus genus in particular.

2 Distribution of Bigeye Tuna

? The bigeye inhabits the warm waters of the Indian, Pacific and Atlantic
- oceans. It is found across the entire east—west extent of the Pacific be-
tween northern Japan and the north istand of New Zealand in the western
Pacific, and from about 40°N to 30°S in the eastern Pacific (Bayliff 1980).

2.1 Areas of abundance

Analyses of long-term data from longline fisheries by several authors sug-
gests that the bigeye tuna Thunnus obesus is distributed in the temperate
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and tropical waters of the Indo-Pacific region between about 45°N and
40°S. Nakamura and Yamanaka (1959) reported that the distribution had a
concentration in the northern (around 7°N) and southern edges of the
north equatorial counter-current in the central and western tropical Pacific
Ocean. Kawai (1969) observed that the main fishing ground was in the
current boundary along the axis of the subtropical gyre (between 30°N
and 40°N) as well as near the current boundary along the northern edge
of the north equatorial current (between.5°N and 10°N) and along the
thermal ridge along the equator.

IATTC (1992) reported that fishing effort was high in most of the eastern
Pacific except the area north of 5°N and east of 125°W. The areas with the
greatest catch rates were between the equator and the Galapagos Islands
throughout the year; north-east of Hawaii in the area between 18° and
33°N and 120° and 145°W during the first and fourth quarters of the year;
south of Peru and northern Chile in the area berween 18° and 25° and
80° and 90°W during the third and fourth quarters. The distribution of fish-
ing effort did not coiucide with the greatest catch rate of bigeye in the are-
as discussed. Effort was heavy in the equatorial waters (10°N to 15°S and
west of 110°W), but the catch rate in this area was not particularly high.
Furthermore, although the catch rates were high to the north-east of Ha-
waii and off southern Peru and northern Chile, not much effort was exert-
ed in those areas. IATTC suggests that bigeye can be caught throughout
the year in the equatorial region (the fish tend to be large), whereas in the
higher latitudes, bigeye were more seasonal and tended to be smaller. Big-
eye tuna are often caught in conjunction with other tuna species such as
yellowfin and may not be the target species.

Suzuki et al. (1977) and Suzuki and Kume (1981) identified extensions of
fishing grounds in the peripheral areas of existing fishing grounds such as
the areas between 15°N and 20°N and between 0° and 5°S along the 180°
meridian. The catch rate in the longline fishery indicates at least two east—
west zonal bands of high abundance: one in the north Pacific centred
around 30°N in the winter; the other in the equatorial area, with the east—
west zone being almost continuous. However east of 150°W is another
zone of high abundance further south along 10°5 (Anon. 1980). Hanamoto
(1986) suggests that the areas now poor in bigeye catches (around 20°N
and also in the high latitudes of the south Pacific between 30°S and 40°S)
.could also be good fishing grounds if fished deeper, since the optimum
temperature layers for bigeye have been found at the greater depths of
250-500 m and 100-500 m respectively in these areas.

In the Indian Ocean, the bigeye tuna are distributed mostly between 20°N
and 40°S and are concentrated in the equatorial area, including the Banda
Sea, throughout the year and along 30°S during the summer (Anon. 1980).
Stequert and Marsac (1989) reported that bigeye tuna fishing in the indian
Ocean was distributed throughout the intertropical zone, and also border-
ing the areas where the yellowfin were scarce, such as the Arabian Sea,
with its low oxygen level, and in subtropical areas when the water tem-
peratures were low. Mohri et al. (1991) describe bigeye’s distribution in
the Indian Ocean as a wide area between 25°N and 40°S. Catch rates were
higher in the western and central tropical regions of the southern higher
latitudes. Areas with low catches were in the middle latitude areas be-
tween the tropical region and the northern high-latitude regions, the Ara-
bian Sea, north of the Bay of Bengal and between 35°S and 50°S.

The geographical distribution of bigeye tuna in the Pacific by quarter years
is shown in Figure 2. Figures 3 and 4 show the geographic distribution of
long-term mean number of bigeye tuna caught by longline by 5° squares
for both the Pacific and Indian Oceans. FAO (1981) describes the distribu-
tion of bigeye tuna in the Atlantic Ocean.
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Figure 2. Ist and 2nd quarters

Quarterly distribution of bigeye tuna in the Pacific
Ocean, expressed by average catch rates in the Japanese
Jongline fishery (from FAO 1980)
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Figure 2 (cont.). 3rd and 4th quarters

Quarterly distribution of bigeye tuna in the Pacific
Ocean, expressed by average catch rates in the Japanese
longline fishery (from FAO 1980)
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2.2 Factors influencing bigeye distribution

Researchers are in general agreement that the distribution of the bigeye
tuna is largely controlled by two major factors: optimum temperature and
dissolved oxygen levels in the oceanic waters. From physiological experi-
ments, Sharp (1979) estimated the optimum temperature for the bigeye
tuna is in the range of 11-23°C, with dissolved oxygen requirements of 1
mL/L (based on the tolerance by fish of 50-75 c¢m for 10 minutes at 0.5 to
1.0 mL/L). Collette & Nauen (1983) report that the water temperatures that
bigeye tuna have been found in range from 13°C to 29°C, with the opti-
mum lying between 17°C and 22°C.

Earlier authors such as Suzuki et al. (1977) give a comparative account of
the catches by regular and deep-set tuna longline gears in the western and
central equatorial Pacific (10°5-20°N, 120°E-160°W). Although the area
along 10°N to the east of .180° is generally considered to be a principal
fishing ground for tuna by regular longlining, deeper longlines found bet-
ter fishing grounds further to the south, in waters between 5°N and 10°S
as well as in the Banda Sea. The catch rate tended to be lower along the
equator. Also, along 10°N, the deep longline method appeared to have rel-
atively lower catch rates than either side of this latitude, which is not the
case with regular longline gear. Suzuki et al. (1977) postulate that the ther-
mocline is narrower around 8°-10°N (100-180 m), and thus the range of
hook depth of the deeper longline is just outside the thermocline area,
whereas the hooks of regular longline gear adequately cover the thermo-
cline at this location. This explains why the latter gear caught more bigeye
around 10°N. South of 5°N, the thermocline is deeper and the deeper-set
longlines are sufficiently deep (50-250 m) to fish the thermocline and so
increase tuna landings. Kawai (1969), Suda et al. (1969) and Saito (1975)
also correlated the distribution pattern of the bigeye with the thermocline
pattern. de Jaeger (1963) noticed that at 7°-35°E and 12°-40°S, the bigeye
was distributed within the temperature range of 16°-21°C, with the highest
catch at 18-19°C. Hisada (1988) found that the catch from Coral Sea sur-
face waters by handline is 26 times more efficient than by longline, but
only for a short period at the beginning of the season. The tuna appeared
to be concentrated at the 26°C isotherm as it moved south through the
fishery.

.. Martinez and Bohm (1983) observed T. obesus distributed between the sur-

face and up to 380 m depth in the Pacific Ocean. Blackburmn (1965) and
Grudinin (1989b) are of the view that the 10°C isocline is the lower toler-
ance limit for the bigeye and that this is a chief factor affecting its distribu-
tion. In some regions of the eastern part of the Pacific Ocean, close to the
southern coast of Mexico and Peru, the oxygen content drops below 1
mL/L at a depth of 100 m, and T. obesus does not occur in any numbers
despite favourable temperature conditions.

Light is another possible factor in controlling the distribution of tunas,
since they are sight feeders (Magnuson 1963). They are not found in the
greenish waters of coastal upwellings, but occur on their boundaries in
clearer oceanic waters. Tuna also do not occur in turbid waters, since poor
visibility inhibits their feeding (Hunter ef a/. 1986). In the studies by Grudi-
nin (1989b), 78% of the bigeye caich was from the 9-13°C zone, 0.49%
from below the 10°C zone, and 12.5% from the zone above 14-15°C. Han-
amoto (1986) suggests the vertical distribution of the bigeye tuna ranges
from the surface to 600 m depth, and that the commonly accepted esti-
mates of its distribution and abundance, which are based on the longline
fishery, are not accurate.

Based on Hanamoto’s (1986) conclusions, it appears that bigeye tuna is re-
stricted to water temperatures between 9°C and 28°C, with 50% of all the
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catches coming from within the 10°~15°C range. Catches decreased rapidly
on the lower side of this range but more slowly on the higher side. The
3 salinity corresponding to the optimum temperature (10°-15°C) range was
34.5-35.5 ppt in the north Pacific. This author postulates that this species
is distributed within the optimum temperature levels where the dissolved
oxygen level is greater than 1 mL/L. This area lies horizontally between
40°N and 40°S and vertically between the surface and 600 m depth. The
depth distribution varies with area, depending on the depth of the opti-
mum temperature zone. Hanamoto (1986) surmised that “it is clear that the
tuna longline fishes only a very narrow segment (within the limits of the
hook depths) of the vertical distribution of the bigeye tuna; the so-called
productive bigeye tuna longline fishing grounds are nothing more than the
areas where the hook depths happen to coincide with the optimum tem-
perature layer of bigeye tuna, and where the dissolved oxygen content
happens to be greater than the minimum requirement for the bigeye tuna
(1 mL/L), and therefore not necessarily representative of areas of higher
fish concentrations”. He argues for further experimental fishing and fish-
finding surveys in waters where the optimum temperature layer lies deep-
er or shallower than the hook depths of longline gear. :

2.3 Distribution related to maturity
Suda et al. (1969) studied the distribution in relation to maturity and sug-
gested that immature fish were largely distributed in the north Pacific cur-
rent area (between 140°E and 180°) with a tendency to be concentrated in
the more eastern part of the current system, while mature fish were dis-
tributed in a wider area south of the subtropical convergence, with their
spawning ground in the equatorial counter-current area.

Hisada (1979) found that the stage of maturity and water temperature in-
o fluenced the vertical distribution of bigeye in the area studied (80°-160°W,
‘ 10°N-10°S). He suggested that, in the case of bigeye tuna in the central
and eastern tropical Pacific, segregation by vertical habitat may be one
component of their spawning migration.

2.4 Dishibution of larvae and young fish
The distribution of larvae has been little studied. Nishikawa et al. (1978)
prepared an atlas of larval distribution in the Indo-Pacific region based on
the surveys conducted by the Fishery Agency of Japan (Fig. 5). Larvae
have been collected from both surface and subsurface waters, mostly from
the equatorial areas during January to March.

Schools of young bigeye are frequently found in association with drifting
logs, wreckage and fish aggregation devices in 50-100 m of water (Suzuki
et al. 1977, FAO 1981; Stequert and Marsac 1989; Itano 1992). Talbot and
Penrith (1963) noted there were no large schools of bigeye tuna; rather,
they moved in compact groups of 10-20 individuals. FAO (1981) reports
that juveniles and small adults school at the surface in mono-species
groups or together with yellowfin tuna and/or skipjack. This also occurs in
the Coral Sea off Australia, sometimes associated with whale sharks (pers.

obs.).

The surface bigeye tuna catch in the Pacific Ocean was recently analysed
by the IATTC and the National Research Institute of Far Seas Fisheries, Ja-
pan (IATTC 1992). About 64% of the surface catch of small bigeye was as-
sociated with free schools, 29% was from schools associated with floating
objects, and the rest was in schools associated with whales, sharks and
dolphins. The highest surface catches were made off northern South
America and offshore west of South and Central America.
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N4 2.5 Prediction of fishing ground/seasons
L; ‘ Pereira (1991) investigated the detection indices of tuna populations, and
remarked that the presence of birds was the most important detection in-
dex of tuna schools. He also observed that schools associated with fish ag-
gregation devices were normally smaller than free-swimming schools.

Yamanaka (1976) evaluated the prediction of fisheries conditions as car-
ried out by several research institutions. He used oceanographic and cli-
matological data to look at predicting; fishing seasons, fishing grounds and
whether the fishing should be good or bad. His overall prediction results
showed that 59.1% of total predicted cases were successful. This increased
to an 81.1% success rate for climatologically positive cases. Yamanaka
(1976) adds that climatological prediction is mainly by common sense and
tends to have a high rate of success.

3 Food and Feeding Rhythm

3.1 Food composition
Investigators are in agreement on the general composition of the diet of
the bigeye tuna, which they recognise as an opportunistic feeder. Opin-
ions differ, however, on the extent they share the same niche with other
tunas and marlins, especially the yellowfin tuna. Feeding intensity has also
been investigated in relation to geographical area, availability of food
items in the ecosystem, and fish size and maturity (McPherson 1991).

Studies by Yabe et al. (1958) indicated that the bigeye preyed mainly on
cuttlefish and the young of other fish, which were invariably found in the
gut contents examined. de Jaeger (1963), who examined the gut contents
of bigeye tuna from South African waters, observed the composition to be
27% fish, 18% crustaceans and 53% cephalopods by number (26%, 18%
and 56%, respectively, by volume). Talbot and Penrith (1963) concluded
that bigeye fed exclusively on fish, squid and prawn (50.7, 38.8 and 10.1%
respectively by volume). In the Atlantic Pelczarski (1990) found that fish
constituted 70-80% of the food by weight, cephalopods constituted 9-27%
and crustaceans 0.5-1.0%. He suggested that the large quantities of fish
(Gonostromatidae, Alepisaurus sp., Brama dussumieri, Paralepis sp.) and
squid (Orwithoteuthis antillarum) in the stomach samples was an indica-
tor of the concentration of these species in the water column,

Koga (1958) reports that the food in the stomachs of western Indian
Ocean bigeye included alepisaurids, sphyraenids, sternoptychids and
young skipjack (the main food types) as well as decapods. Watanabe
{1960) reported that in the eastern waters around 10°S, the main food
items were squids and such fishes as alepisaurids, sternoptychids, palale-
peds, lepidotids and chiasmodontids, but south of 10°S, amphipods, chias-
modontids and sternoptychids were much less common, while pterachlid
fish (which were abundant in northern waters) amounted to 30% of the
food items. The bigeye were also eating ocean sunfish larvae.

McPherson (1991) reports that aggregating bigeye tuna in the Coral Sea
fed almost exclusively on myctophids (single species of Diaphus sp.).

Watanabe (1960) noted that the food items identified in the waters of high
latitudes (north of 30°N and south of 30°S) were simpler than those in
waters of lower latitudes, where more varied forms are found, The food of
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bigeye near islands differed from that of the oceanic fish sampled, prob-
ably influenced by the local fauna. The author concluded that a close rela-
tionship existed between the food of the tuna and the fauna of the region.

3.2 Diurnal rhythm in feeding

Mimura ef al. (1963) and Grudinin (1989b) studied the feeding rhythm of
the bigeye tuna and observed that feeding was more active at night. The
fish started feeding one hour after dawn and continued until around 10
PM. An index of fullness of 2.4-2.5 corresponded to the complete satiation
of the tunas. Bayliff (1980} reports that bigeye feed during both the day
and night, as they are caught at the surface during the day by pole and
line and purse seine, and during the day and night by longline. Kume and
Morita (1966) state that about 15% of the bigeye caught in the north-
western Pacific are taken by night-time longlining.

Theories of chemoreception, mechanoreception and electrodetection of
prey have been put forward by Sund et al. (1981). McPherson (1991) re-
ports that bigeye in the Coral sea fed on aggregations of Diaphus sp. as
they moved into shallow surface layers with the onset of darkness. His ob-
servations indicate that feeding activity peaks during the night, as Diapbus
sp. has decomposed in their stomachs by dawn,

3.3 Niche-sharing

Figure 6. Consumption of food 50
; organisms at different
depths by yellowfin and
bigeye tunas in the 80
Indian Ocean. 100
(1) yellowfin tuna 05
(2) bigeye tuna ’
A: fishes L
. B: cephalopods
C: crustaceans g 178
5 200
(from Korniliva 1980) g- ‘gég E
250 +
265 — ] —] ™1
A B P

King and Ikehara (1956, Juhl (1955) and Koga (1958) found no significant
preferences in the food spectra of bigeye, yellowfin, albacore and the mar-
lins. Grudinin (1989a) thought that the ecological niches of the bigeye and
yellowfin tunas overlapped significantly.

However, Watanabe (1958) and Talbot and Penrith (1963) held the view
that the composition of the bigeye's diet differed markedly from that of
the yellowfin. Kornilova (1980) recorded the diets of the bigeye and the
yellowfin tunas in different parts of the equatorial waters of the Indian
Ocean. According to him, the index of food similarity of the two tunas is
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small because they consume different species and different sizes of organ-
isms. The feeding interrelationships of the two species are complementary
due to their feeding at different depths (Fig. 6). Some other authors also
give information on the separation of ecological niches of the yellowfin
and bigeye tunas (Solov'yev 1970; Ivshin et al. 1971; Borodulina 1974 and
Osipov 1977). Solov'yev (1970) suggests that the most favoured depth
range for feeding bigeye tuna is 218-265 m, from where the largest bigeye
catches are recorded.

Hooked tunas are commonly attacked by sharks, false killer whales and
marlin. Although killer whale attacks are not as prevalent as shark attacks,
they can affect the catch. Tuna are said to aggregate when chased by killer
whales, and fishermen often experience a good catch before a killer whale
is sighted (author’s note). Talbot and Penrith (1963) noted that in South
African waters, potential predators were the Mako shark (Isurus glaucus)
and black marlin (Makaira indica). Collette and Nauen (1983) report that
generally the main predators of bigeye tuna are large billfish and toothed
whales.

In almost all relevant studies, there were proportionally more males than
females. Mimura ef al. (1963) stated that in the Indian Ocean as a whole,
this was the case, not only in all the size groups observed, but most mark-
edly in the larger individuals. Over 75% of the fish over 170 cm long were
males, as observed in the Pacific Ocean by Kume and Joseph (1966). Ka-
tacka (1957) and Stequert and Marsac (1989) also found a higher propor-
tion of males in their studies.

5 Maturity and Spawning

5.1 Distribution and seasonal availability of mature fish

The maturity and spawning of bigeye were investigated by Kikawa (1961,
1962, 1966), Kume and Joseph (1966 and 1969), Kume (1969a, 1969b,
1979), Sakamoto (1969), Shingu et al. (1974), Hisada (1979 and 1988), Miy-
abe and Bayliff (1987), Nikaido et al. (1991), McPherson (1992b) and Na-
kano and Bayliff (1992). Most of these workers identified the geographical
regions where the majority of mature fish are caught. In general, mature
fish are more common in the equatorial region between 10°N and 10°S.

Kikawa (1961) studied the seasonality of maturation in bigeye from 1951
through to 1960 at 130°E to 110°W, 12°N to 10°S. The main spawning sea-
son was from April to September throughout the entire equatorial Pacific
except for the eastern area south of the equator (150°-110° W, 0°-10° S)
where spawning took place most intensively from January to March. In
each size class, there was a marked increase from west to east in the per-
centage of the population that was spawning. This indicated a higher
spawning activity in the eastern Pacific than in the western or central Pa-
cific. Collette and Nauen (1983) report, that in the eastern Pacific, some
spawning is recorded between 10°N and 10°S throughout the year, with a
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peak from April through September in the northern hemisphere and from
January through March in the Southern hemisphere.

Nakamura and Yamanaka (1959), Suda (1959, 1962) and Kikawa (unpub-
lished; quoted by Mimura 1963) believed that the bigeye breeds in the i
equatorial counter-current area. Kume (1979b) noted that in the eastern g
Pacific Ocean, sexually immature fish occur in cooler waters. Shingu et al.
(1974) noticed that all areas with a high incidence of mature fish had a
sea temperature greater than 24° C. Yabe et al. (1958), based on the dis-
covery of bigeye larvae and young in the stomach of tuna and marlins
caught in the Pacific and Indian Oceans, concluded that the spawning of
bigeye extended from 10°N to 10°S. Hisada (1979) noticed mature fish
over a fairly wide range, but predominately at 4°-8°N, 110°~160°W and
°-10°S, 110°-160°W. There seems to be a close relationship between the
maturity of bigeye tuna and the water temperature of their habitat, with
the mature fish apparently increasing in proportion to the degree of verti-
cal coverage by warmer water (at least over 24°C).

Martinez and Bohm (1983) report from the eastern Pacific Ocean that the
bigeye spawn from January to March near the oceanic islands. Nakano
and Bayliff (1992), after studying over six thousand fishes from the eastern
Pacific Ocean, found that the incidence of mature fish was high in the re-
gion between 20°N and 10°S throughout the year. They found no mature
fish to the east of 100°W.

Hisada (1979) observed mature fish from a fairly wide area, but predomi-
nantly the area enclosed by 4°-8°N, 110°-160°W and 4°-8°S, 110°-160°W.
The fish east of 160°W and west of 110°W were mainly immature.

Observations by several authors indicate that the Indian Ocean bigeye
spawns in a wide area 6°N to 10°S from east to west, at least from January
to March. Hisada (1988) analysed the size-at-first-maturity of the fish
caught in the Coral Sea between October and December. He found that,
of the fish less than 100 cm in length caught by handline, 81% were in the
maturing stage, but only 3% were mature. Of the fish less than 100 ¢m
caught by longline in this area, about 88% were immature, with 2 gonad
index less than 1.0. Of the total handline catch, only 12% were mature; of
the total longline catch around 5% were mature.

L4

5.2 Size at maturity

Kikawa (1957 and 1961) studied the percentage of mature fish in the pop-
ulation of bigeye tuna. The minimum size for the ripe stage was estimated
at 101~-105 cm for the males and 91-95 c¢m for the females. Based on this,
he arrived at 100 c¢m as the length with potential to be sexually mature.
Yuen (1955) recorded the range of 14 to 20 kg weight as being able to at-
tain sexual maturity. Kume (1962) recorded the minimum size for spawn-
ing as 92 cm in fork length, while Kume and Joseph (1966) estimated that
bigeye in the eastern Pacific reached maturity at 100 to 130 cm. Solov’yev
(1970) suggested that the bigeye matured at three years old, which, he cal-
culated, corresponded to an average length of 67 cm. McPherson (1988b),
in the Coral Sea, noted mature fish as small as 100 cm long.

5.3 Spawning periodicity
Yuen (1955) found the residual eggs of Pacific bigeye in the early resorp-
tion stage mixed with developing eggs in the mature and late mature stag-
es. This was an indication of at least two spawning spurts in quick
succession. It was not clear whether the fish discharged the eggs at the
surface or in the midlayer.
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From December to February in tropical areas, Goldberg and Herring-Dyal
(1981) saw no typical increase in oocyte size with a concomitant appear-
ance of vacuoles (which usually appear 8-10 weeks before spawning).
This suggests spawning does not begin before April.

McPherson (1998a,b) indicates that, in the Coral Sea, spawning occurs be-
tween 02:00 and 05:00h.

Nikaido et af. (1991} studied the time of spawning in bigeye from two lo-
cations: 12°-14°S, 109°-115°E from January to March, and 11°-13°N, 163°-
176°W (offshore to the south-west of Hawaii) from May to june. The gon-
ad indices, mean diameter of the most advanced egg group as well as
post-ovulatory follicles and maturation stages of ovaries determined by
histological examination, indicated that spawning took place from around
14:00 to midnight in both areas and that the degeneration of post-
ovulatory follicles took about a day. Females with post-ovulatory follicles
accounted for more than 90% of the mature females. He ‘concluded that
the same fish spawned nearly every day, although the duration of the
spawning period could not be ascertained because the same fish could not
be sampled twice.

5.4 Maturity stages

Kume (1962) describes the stages of ovarian maturity of the bigeye tuna as
follows:

I Immature eggs not visible to the naked eye

o 11 Maturing  ovary rather enlarged and eggs visible to the naked
eye

HI Maturing ovary enlarged and filled with eggs, but (ripening)
transparent eggs not present

IV Ripe transparent eggs, each of which has an oil globule
A Spent ovary becomes shrunken and lumen of the ovary

empty; outer membrane of ovary thin; occasionally
remnant eggs in lumen.

Descriptions of Indian Ocean bigeye tuna eggs are given by Kikawa
(1953) and Yeun (1955) and of Pacific bigeye by Kume (1962). The mean
egg diameter of the most advanced eggs ranged from 0.81 to 1.08 mm.
McPherson (1992b) also provides a table of maturity stages with the egg
diameter of the final hydration stage ranging from 0.8-1.3 with a mean of
1.125 mm.

5.5 GSl and fecundity

Following Kikawa (1961 and 1966), generally fish with gonad indices of
3.1 and above (Gl= Wo/L3 X 103: Wo = weight of ovary, L = fork length in
cm) are considered to be mature. Sakamoto (1969) classified the bigeye
with a gonad index less than 1.0 as non-mature fish and the ones with a
gonad index of 1.1-3.0 as maturing fish. The smallest fish with gonad indi-
ces of 3.1 and above were in the 71-80 cm size class in Nakano and Bayl-
ifPs (1992) study. The highest gonad index they recorded was 19.27 for a
164 cm fish with gonads weighing 8500 g. The GSI of the mature ovaries
ranged from 2.5 to 10.5 for fish between 111 and 163 cm fork length.
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. The relationship between fork length (X cm) and the number of eggs
spawned per day (Y) was estimated by Nikaido er a/. (1991):

Y = 0.0058 X 394 (fishes from waters off Java) and
Y = 0.0018 X *175; (fishes from south-west offshore of Hawaii)

The number of eggs spawned per day varied from 0.4 x 105 (100 cm fork
length) to 5.9 x 10° (180 cm fork length). Yuen (1955) observed that the
number of eggs per spawning ranged from 2.9 to 6.3 million for fish
weighing between 39 and 109 kg, with wide variations between fish of the
same size. He also described that there was evidence of more than one
spawning per year. Martinez and Bohm (1983) also observed that the spe-
cies spawns more than once a year.

5.6 Atificial spawning and embryonic development

Kume (1962) conducted source spawning of longline caught bigeye tuna
in the Indian Ocean. Eggs and sperm were stripped from mature fish and
fertilised in glass bottles. The eggs were buoyant, transparent spheres with
a single oil globule. The diameter of the eggs ranged from 1.03 to 1.08mm
and those with oil globules from 0.23 to 0.24 mm. After fertilisation a blas-
todermal cap formed, and the first cleavage took place within 40 minutes
of fertilisation. At intervals of 15 minutes, first, second, third, fourth and
fifth cleavages occurred and attained morula stage within 150 minutes. In
six hours, an embryonic shield was formed and within eight hours of fer-
tilisation, the embryo was well differentiated. By that time most of the
eggs ceased to develop, tumed white and sank to the bottom. Hatching
began 21 h after fertilisation and was completed in 30 minutes (Fig. 7a).
The larvae were 1.5 mm long. Only two larvae hatched out of three exper-
iments. The larvae floated at the surface with the yolksac upwards. Water
temperature during the development ranged from 28.1 to 29.4°C.

Matsumoto (1961, Fig. 7b) and Nishikawa and Rimmer (1987) provide a

description of bigeye tuna larvae and list features to discriminate between
Thunnus species.

6 Length-Weight Relationship

Kume and Shiohama (1964) collected the data on length-weight relation-
ships from three areas of the Pacific. The equations they arrived at were:

Area
128-170° E, 28°-45° N: Log W = —4.9340 + 3.1056 * log L

170°E-150°W, 0°—45° N: Log W = —4.8273 + 3.0475 * log L
120°-170°E, 0°-28° N: Log W = —4.5425 + 2.9180 * log L
W = weight of fish with gills and viscera removed, L = length in cm

Iverson (1955) estimated the relationship for western pacific bigeye as:
Log W = —7.1167+2.9304 * log L: W = weight in lbs; L= total length (mm).

After investigating the bigeye from South African waters, de Jaeger (1963)
suggested the following formula for the species:

W = 1.8172 *104 * L272 (males) and W = 1.2812 *10~¢ * L27 (females)
L = length in cm; W = weight in Ib
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Tankevich (1982) is of the view that the sex does not substantially influ-
ence the correlation factor of length and weight. The weight of the fe-

males and males of the same length was practically the same. McPherson
(1988b) also provides length-weight parameters of Japanese handline-
caught fish.

Figure 7a Various stages of development of bigeye eggs.

(from Kume 1962) A: 30 minutes after fertilisation. B : 40 minutes after. C. 70 minutes after.
D: 25 hours after. E: 6 hours after, F:6 hours after. G: 14 hours after.
L J: Newly hatched larva, 1.5 mm in tota} length.

Figure 7b ~ Larva of the bigeye
(from Matsumoto 1961)
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7 Length-frequency Distribution

Data on the length frequencies of bigeye tuna caught by longline in the
eastern Pacific Ocean have been collected by Yukinawa (1958), Kikawa
(1962), Kume and Joseph (1966, 1969), Miyabe and Bayliff (1987) and Na-
kano and Bayliff (1992). The length-frequency distribution is also analysed
and presented in the IATTC annual reports. The IATTC report (1992)
shows that the length-frequency data for the years 1981-87 indicated most
of the catch was in the range of 90-170 cm. The length composition var-
ied considerably from year to year. The proportions of smaller fish were
greatest during 1982 and 1986, those of larger fish were greatest during
1983 and 1984.

Kume and Shichama (1965) studied the length-frequency distribution in
the equatorial Pacific. The distribution suggested a longitudinal gradient,
with small fish in the western Pacific and an increase in size to the east-
ward. The observations of Kume and Joseph (1966) showed an opposite
trend. Hisada (1988) observed some difference between the length-
frequency distributions in the Coral Sea bigeye caught by handline and
longline. Most of the handline-caught fish were between 80 and 120 cm,
with a single mode around 90-100 cm. The longline catch consisted of
larger fish: over 120 c¢m, with modes at 100 and 130 cm. In a study in the
Pacific region (IATTC 1992), about half of the surface catch were fish
smaller than 100 cm in size, and there was considerable overlap in the
lengths of bigeye caught by surface and longline fisheries. Studies by the
South Pacific Commission, Itano and Bailey (1991) and Gunn et. al. (1992)
provide some length~frequency results for the Coral Sea area where a tag-
ging program was being carried out.

Recent analysis by Nakano and Bayliff (1992) covering 311,064 fish (60-
180 cm) gives the length-frequency trend separately for the different FAO
areas in the eastern Pacific Ocean. Most of the fish measured were be-
tween 80 and 150 cm. The modal progression indicated that the appear-
ance of a mode and its subsequent disappearance were caused by either
recruitment or mortality, movement to other places or changes in the fish-
ing mortality. The appearance of modes of fish less than 100 cm in length
could be due to recruitment, and a decrease in the number of fish above
140 cm could be due to fishing monality. Since the fish of the first modal
group were prominent in FAO areas 1 and 9, the authors inferred that re-
cruitment to the longline fishery in the eastern Pacific Ocean occurred pri-
marily in those areas. The average weight of the fish in the catch
decreased in the area from 1973 to 1979 and thereafter fluctuated between
45 and 60 kg.

Some of the main studies on the length-frequency distribution of bigeye
tuna in the Indian Ocean are Kamimura and Honma (1953), Nakamura ef
al. (1953), Iverson (1955), Yukinawa (1958), Yabuta and Yukinawa (1959)
and Murphy and Shomura (1972). Mimura and Nakamura (1959) investi-
gated the length-frequency distribution of the species in Javanese waters
(Indian Ocean) and found that, in general, there are proportionally fewer
of the larger bigeye in the Indian Ocean than the Pacific.
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8 Age and Growth

8.1

Growth rate

tad

wr

Pacific Ocean Iverson (1955) used the weight frequency to estimate the
annual growth rate. He found the Hawaiian bigeye gains as much as 50
Ibs in a year. Kume and Joseph (1966) determined the length of bigeye
tuna from the eastern Pacific Ocean as 113 cm at the end of the fish’s 12th
quarter, 136 ¢cm at the 16th quarter, and 148 cm at the 19th quarter. Ac-
cording to them, males and females grew at the same rate up to 150 ¢m in
length, Nakano and Bayliff (1992) reported the prominent groups in their
quarterly length-frequency modal analysis of bigeye in the Pacific Ocean
as being between 80 and 100 cm, 100 and 130 cm and 130 and 150 cm.
The second and third groups indicated growth rates of about 25 and 20
cm respectively per year, these values are in agreement with those sug-
gested by Kume and Joseph (1966).

Indian Ocean Talbot and Penrith (1960) estimated the growth of bigeye
tuna from the Cape of Good Hope region in the Indian Ocean to be 30-35
cm per year, depending on modal values in the size frequency. Marcille
and Stequert (1976) reported that the growth rates of young bigeye north-
west of Madagascar were approximately 18 cm/year, as the bigeye meas-
ured at 51 cm in February reached 60 cm by September. Tankevich (1982)
estimated the growth rate by age from scale readings and analysis of bone
structure. The results are shown in Table 1.

Table 1 Length (total, cm) at age of bigeye tuna (from Tankevich
1982)

‘iength increase (cm) of bigeye“d tuna (observed data)

Vertsbrae Scales

Age, , ; '

yeas Hm, M Y fims. l M ‘"
4 59 590 | 5064 - 800 2
2 &5--95 882 a0 7185 843 2
3 85120 0n.s 43 88110 - 09,8 2
4 105--135 Hi1s v ] 104134 - 1184 13
5 120480 135,0 14 121188 1808 3
] {40155 1438 4 - - -
8 183 1830 | - - -

(lim= total length (cm), M = mean value, n = number of samples)
Tankevich (1982) gives the following growth equation for bigeye tuna
from the Indian Ocean based on the von Bertalanfffy growth equation:

Lt = 296.53 [1-e~0-094((-1.39)
Wt = 309.85 [1-e-0.117C(-1.12))] 3

where Lt and Wt are, respectively, length and weight of fish at age t.
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Sex-differentiated growth equations for bigeye tuna in three regions of the
Indian Ocean are given in table 2. The author concluded that the bigeye
originating in the north-east Indian Ocean grew faster than those from the
other regions.
Suda (1962) reports the growth increment of two recaptured tagged speci-
mens as 37 cm (81 to 119) in 20 months, and 33 cm (82 to 115) in 18
months.
Yukinawa and Yabuta (1963) examined fish growth in the Pacific Ocean
from modal progression and scale rings. They theorised that two rings
were formed in a year, one from March to April and the other from Sep-
tember to October. The results are tabulated below:
Age (years)
1 2 3 4 5
Scale readings 44* 77 102
von Bentalanffy growth equation 40 73 100 122 139
Length-frequency modal progrssion 72 100 121 142
* lengths are fork length and measured in cm.
Table 2  Length (cm) and weight (kg) at age in bigeye tuna from three
regions of the Indian Ocean (calculated by Bertalanffy's
equations; from Tankovich 1982).
Age, years
. M
Region Sex 1 2 3 ‘ 5 ] 7 s ::l!znm R
North- | Length
2 - -
WE e Lwos |md |doid | ] WSO 4 | B0 || 2|
South-e of - ki) -
R R I I - I - v O - I I B
Soutn~ ¢ - g ’ - -
el n R mm e e o
Woeight
North- m - TS -
el L W BB S B8 | & S
South-e: -3 - - -
il oo | e [ W1 M) OB O|ORW el |
S we - J J v g by -
ol n ol u il gl el a -l
8.2 Asymptotic length
Mimura (1963} reports that the largest bigeye recorded was 183 cm; it was
caught in the Indian Ocean by researchers from the Nankai Regional Fish
Research Laboratory. However, some laboratories have recorded fish up to
197 cm. The record for the species is 239 cm. The Australian Fishing Zone
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Observer Program reported a bigeye tuna of 187 cm in the south—east In-
dian Ocean during 1993 (author's note). Talbot and Penrith (1960) report
fish up to 188.5 cm in fork length from waters off South Africa. Yukinawa
and Yabuta (1963) estimated the asymptotic length from Walford plots as

214.9 cm.

8.3 Longevity

On the longevity of the bigeye tuna, Iverson (1955) wrote: “Judging from
the slope of growth curves and the maximum size attained by Hawaiian
bigeye, about six or seven years would seem to be a fair estimate of the
life span of the species in Hawaii”. Also refer to section 8.1.

9 Trends in Fisheries

Nakano and Bayliff (1992) and the IATTC (1992) give the most recent ac-
counts of the bigeye tuna fishery in the Pacific Ocean. The bigeye fishery
became significant when the Japanese longline fishery became involved in
the mid- 1950s. Thereafter, the fishing effort continued to rise to reach
about 190 million hooks by 1987 (Fig. 8). In spite of the substantial aug-
mentation of the fishing effort, the CPUE did not change significantly from
one fish per 100 hooks. Possibly the introduction of deep-set longlines in
the late 1970s kept the CPUE at the same level while the population de-

creased (Nakano and Bayliff 1992).
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Figure 8 Relationship between estimated longline catch-and-effort for
bigeye tuna in FAO areas 2-5 and 8-9 of the Pacific Ocean for

1985-1987 (From Nakano 1992)

Punsly and Nakano (1992) used generalised linear models to eliminate the
effects of area, season and depths of fishing on the hook rates of bigeye
so the annual effects could be better evaluated. The surface fishery in the
castern Pacific Ocean showed an upward trend during the 1950s and 60s
but declined after 1981. The data are reported to be limited in accuracy, as
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fishermen often report surface bigeye catches as yellowfin for want of
proper identification. Moreover, the surface-caught yellowfin and bigeye
tunas received the same price at the canneries (marked as “soft tuna
meat”) so the fishermen were not encouraged to distinguish between
them. The data have become more reliable since the introduction of catch
regulations for the yellowfin (IATTC 1992; ltano 1992). Suda and Schaefer
(1965), Kume and Schaefer (1966), Kume and Joseph (1966 and 1969),
Shingu et al. (1974) and Miyabe and Bayliff (1987) have also studied the
trend in bigeye fisheries of the region.

IATTC (1992) reports that it was difficult to estimate the coefficient of natu-
ral mortality with any degree of confidence, so trial values of 0.4, 0.6, 0.8
and 1.0 were used on an annual basis. The results with lengths-at—entry of
40 cm (2 kg), 60 cm (5 kg), 90 cm (17 kg), 120 ¢m (40 kg) and 150 cm (76
kg) for annual F values of 0.0 to 1.6 were estimated. In every case, the
yield-per-recruit value was least for 150 cm. It appeared that most of the
bigeye caught by purse seine and longline had a fishery recruitment size
of 60-90 cm and 90-120 cm respectively. The yield-per-recruit at different
F and M values for the sizes 40, 60, 90 and 120 cm were determined. In
general, at high values of M, the greatest yield-per-recruit was realised at
low to intermediate lengths at entry (40, 60 and 90 cm) and at high values
of M, the greatest yield-per-recruit was suggested at intermediate lengths
(90-120 cm). An M value of 0.4-0.8 for the surface fishery is suggested,
though not conclusively proved. The study implied that the average length
at entry to the surface fishery is less than the optimum size for highest
yield, while for the longline fishery, the average size at entry was greater
than the optimum length. Further studies are suggested for confirmation of
these results.

The preliminary results of tagging studies cdo not prove conclusively that
the bigeye in the eastern Pacific Ocean is a discrete population. From the
recovery of tagged specimens, it appears that the bigeye does not travel as
far as other principal market species of tuna. The validity of these observa-
tion is not totally reliable in view of the small number of returns. The un-
certainty about the amount of interchange of fish between the area in
question and the neighbouring area also might affect the interpretation of
| the results (Nakano and Bayliff 1992). Nevertheless, from the effort and
catch data, it has not been demonstrated that there is a2 need at present for
strict conservation measures for the bigeye in the eastern Pacific Ocean
(IATTC 1992).

Investigations by Japanese researchers suggest that, for the longline fishery
alone, the MSY is around 127 000 tonnes in the Pacific Ocean (IPTP 1984).
After a substantial increase in catch after longlines were introduced in the
late 1970s and ‘80s, the present level of exploitation is around this rate.

Virtual population analysis on the Indian Ocean bigeye population was
conducted by Miyabe (1988) based on Japanese (1952-85), Taiwanese
(1967-1985) and Korean (1975-1982) longline fisheries. He demonstrated
that the Indian bigeye stock was still in good condition, though close
monitoring was required because of the high level of exploitation.
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