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Ecological studies on bigeye tuna- V[

A review on distribution and size composition of bigeye tuna

in the Equatorial and South Pacific Ocean

Susumu KUME
(Far Seas Fisheries Research Lahoratary)

information is obtained due to the scarceness of data.

DISTRIBUTION
Equatorial Pacific (16°N-16°S) :

effective longline fishing ground for bigeye tuna is located in the eastern area (Fig. 1),

upwelling develops most strongly.

7

The bigeye tuna, Thunnus obesus (LOWE), in the Equatorial Pacific Ocean are the most
attractive objects as well as the yellowfin tuna, Thunnus albacares (BONNATERRE), for the Japanese
longline fishery. On the other hand, the bigeye tuna in the South Pacific Ocean is not abundant to
be a main object of the fishery but captured as by-product only, as far as the present fishery is
concerned. In this report. previous studies and data on bigeye tuna are reviewed concerning biological
and ecological features in an attempt to elucidate the stock structure. Main emphasis of this study is

directed on the bigeye tuna in the equatorial waters. Resepecting the South Pacific Ocean, not much

In the western and central areas, zonally distributing area covers continuously in the northern
latitudes along 10°N from west to east, indicating gradual increase in hook rate (catch in number
per 100 hooks), In the eastern area, the area of effective longline catch is apparently separated into
two zonal bands in the north, along 5°N, and the south, from 5°S to 10°S, latiutdes. The re!ative

abundance in terms of hook rate increases eastward by degrees throughout the area, so that the most

Seasonal change in geographical distribution is obscure in the most part of the equatorial waters
but the eastern area. The remarkable seasonal change in the eastern area is related fairly well to that
in the strength of the upwelling that develops along the equator. It is noted that fairly dense occur-
rence hetween northern and southern bands is observed in the cooler water along the equator of

the eastern area east of 130°W, during the period from September through November when the

Relative abundance measured by hook rates changes in time and space. Generally speaking, in the

first semester of the year, hook rate becomes the highest. However, in the eastern area east of 100°W

seasonal change in relative abundance is complexed and a little different from the above, possibly

relating to the change in variable environment.

Zonal distribution of relatively high occurrence in the east-west direction does not necessrily
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correspond to the ocean current system under the same principle. It is suggested that there is a
relation between higeye catch and vertical thermal structure—existence of thermocline at the depth of
100-120m that is approximately an average hanging depth of hooks on the longline gear (Fig. 4).

The examination of annual change in hook rates represented by typical bigeye fishing grounds
shows that decreasing trend in relative abundance is prevailing in a greater or less degree over the
entire equatorial waters since 1959, showing remarkable decline in the eastern area (Fig. 5).

Information on the distribution of small bigeve tuna possibly inhabiting close to the surface has
been obtained through different types of fishing, surface fisheries : by the pole-and-line and purse
seine fisheries for tunas operating in the eastern equatorial Pacific and by the hand-lining in the
specific spot of the Coral Sea, 16°S and 146°E, during November in 1965 and 1966 (Fig. 3).

South Pacific Ocean (south of 16°S) :

High hook rate of bigeye tuna has not been encountered by the Japanese longline {ishery, though
the fishing ground extended as far south as 30-40°S in the area west of 180°. Only seasonal increase
in hook rates in the southern summer has been observed in the area north of New Zealand. In the
area east of 180°, the fishing has not been conducted except the experimental longline cruises in the

southern summer, which suggests sizable occurrence of bigeye tuna (Fig. 2).

BIOLOGICAL FEATURES—SIZE COMPOSITION, MATURITY OF FEMALES AND SEX RATIOS, AND
ANNUAL CHANGE IN THE SIZE COMPOSITION

Equatorial Pacific (16°N-16°S) :

Size composition

Small size group (less than 120cm) is distributed about evenly from west to east. The increase
in relative abundance of medium size group (120-150cm) and large size group (more than 150cm) is
observed to tho east throughout the year with the increasing average size at the same time (Fig. 8).

Seasonal change in the size composition in the western area is not pronounced, but modal positions
in the size range smaller than 120cm shift to the larger size with the progress of time suggesting
the growth of the same brood (Fig. 7).

In the central and eastern areas, relative abundance of medium and large size groups turns out
higher when hook rate becomes higher (Figs. 7 and 8), Thus, seasonal change in relative abundance
by area is closely related to the appearance of medium and large size groups.

The size composition of catch by hand-lining in the Coral Sea shows the exclusively single size
group, having the modal length at about 100em (Fig. 10), The pole-and-line and purse seine fisheries
in the equatorial eastern Pacific has been taking mainly small bigeye tuna less than 120cm.
Maturity of females

The previous studies on ovary weight proved that the entire equatorial region is a spawning
ground of bigeye tuna in the Pacific Ocean and that the sexual activities is very high on an average
with marked seasonal fluctuation in the eastern area and the spawning potential gets higher from west
to east. On the basis of the latest data, it is suggested that sexually inactive individuals occur in
the cooler waters of the eastern area, where the low sexual activity of female is obviously related to
the low surface water temperature (Table 2),

Sex ratios

Sex ratios by size show that the predominance of males over females is in existence all over the
size range and throughout areas and seasons. There is a tendency that the degree of the predominance
becomes more prominent as the size goes larger (Fig. 11), There recognized a relationship among sex

ratios, maturity of females and surface water temperature in the eastern area : maturity of females is
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notably low in the area of low surface temperature under ahout 25°C with sex ratio being nearly 1 : 1
that is not consistent with the general feature observed in the equatorial waters (Fig. 12, Tables 2
and 3),

Annual change in the size composition

The occurrence of dominant year class was obviously in evidence in the western and central areas
in 1957, This phenomenon is concurrent with that observed in the North Pacific Ocean in the same
year. In the eastern area where large size group is dominant, decrease in the relative abundance in that
size group is conspicuous (Fig. 13). It is suggested that this has been due to the decrement in number
of survivals influenced by the {ishery.

South Pacific Ocean (south of 16°S) :

The size composition in the South Pacific Ocean is constituted mainly of medium size group.
There is an increase in average size in the southern summer (Fig. 7). The paucity of data restricted
to draw any annual change in the size composition. ‘

Sexual maturity of females is supposed to be low, judging from Appendix Table I and Kikawa
1966 though the amount of data are few.

ON THE STOCK STRUCTURE

As aspects suggestive of the stock structure of bigeye tuna, the followings are pointed out :

(1' A gradient of an increasing average size from west to east in the equatorial waters suggests
the growth migration to the east, .

(2] More remarkable lowering of hook rate accompanied by the decline in relative abundance
of large size group in the eastern area is probably caused by the decrease in the amount of
recruit from the western and central equatorial waters,

(3) The simultaneous appearance of the dominant year class in the western half of the equatorial
Pacific including a part of southwestern Pacific indicates the positive internal association of
the stock, )

and (4) Separation of modal groups in the size composition of the equatorial waters is not as distinet
as those in both high latitudes is possibly ascribed to the spawning activity that takes place
throughout the year.
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Fig. 1—d
Fig. 1 Hook rates (catch per 100 hooks) of bigeye tuna in the Pacific Ocean by quarters-
of-the-year and 1 squares, calculated employing the data of Japanese commercial long-
line {ishing.
Remarks ; Designations for hook rates
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Fig. 2 Distribution of bigeye tuna catch in number per 800 hooks recorded at three
exploratory cruises by Shoyo Maru, a research vessel of Fisheries Agency,
during the poriods from November through February in 1962-1964,
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Fig. 3 Distribution of surface hand-line

catch of higeye tuna in the Coral Sea.
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Fig. 4 Distributing pattern of hook rate of bigeye tuna compared with that of areas of
the permanent thermociine at 10(-120m depth. (After Suda et. al. 1969)
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Fig. 5 Seasonal fluctuation in hook rate of bigeye tuna in four major fishing grounds in
the equatorial Pacific through 1963.
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Fig. 6 Designation of bigeye fishing ground.
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Fig. 8 Mean size composition of bigeye tuna in the equatorial Pacific,
expressed by index of abundance (percentage frequency multiplied
by mean hook rate during 1956-1963).
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Table 1. Index of mean abundance of bigeye tuna by three size groups
Size group; S : Small size group:-----below 120cm
M : Medium size group--- 120—152cm
L. : Large size group-...- over 152e¢m
Quarter ; I : Jan.—Mar.
I : Apr.—Jun.
Im : Jul.—Sep.
IV : Oct.—Dec.
Area Quarter S | M L 1 Total
E—1 I ; 36.60 ' 63.78 4,66 | 105.04
1 21.98 42.10 3.92 68.00
< i f 25.56 40.19 2.24 67.99
N | 34 | 4667 2,28 81,99
E—2 | I 43,28 114.76 33,9 192,00
4 1l 23.93 113.49 49,61 187,03
oo %.1 | 71154 27.20 141,01
V| 45.45 | 77.18 12.41 135,04
E—3 I 43.38 88.36 102.26 234.00
il 31.41 | 80.46 70.09 181.96
mm 21.46 ‘ 91,84 110,75 224,05
B v ~20.36 106,03 66.72 193.11
E~4 I 22,98 ; 19.11 ‘ 0.91 43.00
1 22,28 | 25.97 ; 1.7 49,98
i 20,51 22,57 0.92 44,00
e IV .12 L 20.06 0.83 42.01
E~5 I 16.69 31,31 10,01 58.01
1l 25,98 31,53 5,51 63.02
m 24,72 35.23 8,08 68,03
I\ 19.07 \ 32.41 9.54 61.02
Eeg I 21.62 95.24 ! 124,21 ﬁ 241,07
1 24.81 72,20 92,99 190,00
m 35.66 64,15 69.17 168.98
I\ 3,11 104,28 65,57 200, 9%
E—7 I — — — —
il 34,99 71.55 117.42 223.96
i} 24,67 145.05 111.25 280,97
v 43.26 21 | 120.44 440,91
E—8 I 13.38 156.89 183.76 i 354.03
it 2.77 105.75 147.53 | 256.05
m 38.77 126.14 100,09 | 265.00
I\ 34,34 191,04 68.56 \ 293.94
Bucol I 5.11 8.68 2.22 | 16.01
1l 4,81 12,77 1.43 a 19.01
i 6.60 16.69 1.76 | 25.05
1\ 4.58 8.45 2,97 ! 16,00
S~2 I 3,03 12.59 4,39 20,01
1 7.01 12,37 911 21.99
M 7.24 13.07 2,69 23,00
v 2.60 12465 7.74 2.9
S—3 I 1.95 11.14 8.92 22,01
il 19.03 22.31 13.66 55.00
m 10,94 14.76 9.31 35,01
I\ 2.42 16.09 12.49 31.00
g1 I — - _ : =
H — — — —
it 1.56 2.12 0.33 ‘ 4,01
v 3.29 8.35 1 3.37 15.01
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LREYIE 120em LI Fic 1~3 470 ®—F%
Lol (1 ~I¥) T#h 5. (BARRETT and
KUME 1965)
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Table 2. Frequency distribution of gonad index (G. I.) of bigeye female by 10cm size
class in the eastern equatorial Pacific. (G. 1.=10*-Wo/L3, where Wo is weight of
ovary in gram and L is fork length in ecm) *W.T. is the abbreviation for
temperature of sea surface water.

. a ]) - ! b’ o ! C ‘ _____ C 2
Ams e ol N T NN T s T NN
_ LO}_"W{IZ;W 1 95°W-100"W Iﬂi‘)BiW—lﬂgjl_ | 81°W-85 w o BSlV:ﬁS_'W__
Period ; Aug.26-Sep.26 I Jun.23-Jul.13 | Jul.15-Jul.20 Dec.27,1963 ‘ Dec.16-Dec.25
- 191 | i9%2 | 192 | -Jan:30,1964 | 1963
VT 20,4-24.7°C \ 21.6-25,1°C 25,2-26.6°C ‘ 23.1-24.8°C 26,3-27.0°C
Mean e | B R - =
o -omsce ‘ B2C | WIC | uIcC 26,7°C
- v 1 ] . e
| oinp, dad ina, daal ira sl ina fsal tial faa
GL | 2.1 | — 2.1 | | 2.1 | | 2,1 — [ § 24087
’ I | | i2.0: | | £2.0: | | 22 | 2.0 |
|10 77030 10 Ti30 1O O 00T 30 [no T a0
Length ‘ : '
class | ! :
11120 | 1| i : ¥ :
121-130 |32} 3 | ‘ 2 2183 1
131—140 | 41 7 i : 2: 3 : 3102 1 6 6: 1: 1
141—150‘38 10 1 3116 6 66 6 10 9.7 4
151—160 |42 27 : 1 23 49 1130 2 3:13: 51 5
161—170 |18 20 17 - 49 3354 3 2:8:3: 2
171#180‘ 3i 3 | 5120 2 | J3l11: 2 ‘ 2 4 1:
81— | 16 1 1 1 L
130- IS0'E , O'-12N 150 - I70E , O-12'N
(5] . ’ T T . o0 " ! ] 1
8t 8t :
6 6}
I-Q 41 4}
2 1 2t
6 6
I-Q 4t 4t
2 2t
6}
II-Q 4 at
2t 2
8f 8 { : :
- 6 : ;
§-a ;| - Y |
2t / 2t /
80 100 120 140 180 180 80 100 120 140 160 180 om
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Fig. 11 Mean percentage length frequency distributions of males

(connected line) and females (dotted line) shown separately

in the equatorial Pacific, data through 1963 combined.
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Tl Fa~cid, 130°E—130"W OAHIEIC 350 2 MERERNA KA 196345 F TIZIUE SR - Bk &
EAEE L TIREMAICE L2 bDTH 5, 9jic KuME and JOSEPH (1966) (% 130°W DL #dk i HERI
REMBIC DV THERT-TWE, sl rhid, &iHE - Fili42m 0 CTHEO s KIIZIZ L oK ERITE
NWTHEHBEHLI, 2, KENRAX LRI ONTHEOREERE L RS LHICEbN S,

FRBWEIRD A NFITDOWTIE, PhlbE FRAEDICR, & JioHBEBREDRENEINTVS K
N 1966) & 2 ATHEI2ME S I RIIEFNTNE 2 REM—OERBEE D 515 5N 2150 WEIHE QBT R EA
T OREHERA B E R ERIVE AR L2 DTH 2, choadBIgminoshse, F7H{Ld
COMHICET AR0, WS EMERIEE & oM BRERS S 5. YEMEEO VAR (X

b’y ¢’) ORMTIREEOEAIIRE {, LIEARMMTHEE S Lwat, HHIEEOBEUKIER (HXa, b,
c) TRIEKIZZZ 1: 1 TLA AWML THOHGOAS LESHbRBOENS (HXa), cokH72H
iz, BIERCEEICR~ /R KR (G5 27 & &aE L REKROSVREBTRENRS W EIT 5, $12
%ﬁ%ﬂﬁbtuﬂmb:cLﬁmtmmm(mzﬁmmm.a.b.c)@ﬂﬁ@ﬁ%iﬁﬁﬁﬂﬂf&é
CEMPLMTINTNG GRIN 1966), FL2ZH MRk EHEAE bAbEEZ 2L, HiAkBoREIic
SMVTEEIT T AEEIVBHIZPESN A48 2 2 & s Br OB GR IR, 1o & A ALIBACERE (AK 1969) i)
T AR —POMKIEHERET HEKRRE T2 citiffiT s b0EELON B,

Table 3. Sex ratios for bigeye tuna by
20cm size classes in the eastern

) )
I ;r:uela: equatorial Pacific. See Table 2
:r' Filres for the designation of area and
o period the data obtained.
& - ) ‘Number of o
! 2'?",;: Area | Length ‘ fish observed Percent
8 ' €IS | Male |Female female
i - — PR SRS L -
! o | B[ 21 B
o & . | 121140 AR RN
o . 141—160 431 | 645 59.9
2 16]— 261 266 50.5
Area: ¢ Total } 1,208 | 1,468 54.9
ef g = ! I
al St ~wo‘ 29 20| 40.8
2 101—120 | 31 36 53.7
b 121—140 16 281 63.6
14k Area: ¢ 141—160 | 296 331 53.2
12t 4 268 161~ [ 237 214 47.5
ol #: Total | 609 635 ‘ 51.0
* —100 1 2| 667
ol 101—120 21 14 40,0
b’ 121—140 28 25 47.2
i ) 141—160 42 33 44,0
80 100 120 140 160 180 cm lbll‘gtal l’ég | %% 263
Fig. 12 Length frequency disiributior} in N _100 17 16 48.5
percentage of males (connected line) 101—120 207 199 49,0
d femal dotted li h 121—140 222 243 52.3
s ine) o ¢ | 14—160 | 152| 154| 50.3
eparately In the eastern equatorl 161— 84 77 47.8
Pacific. Dotted area shows the pre- Total | 682 689 50.3
dominance of males. Numbers of fish R — - — e
by sex and area are shown in the 1 —100 0 0
101—120 1 0
left-hand corner of each panel. See @ 121—140 17 15 46,9
Table 2 for the designation of area 141—160 157 64 29.0
and the period the data talen. 16_11‘:“1 22% 153 %gg
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Appendix table 1. Gonad Index of bigeye tuna in the eastern south Pacific,
during Shoyo Maru cruises in 1962—1964,

Ovary weight (gr) 04
Body length (cm) X1

Gonad Index (G. 1.)=

| 3
; Body Length Ovary Weight ~

Year Date Locality (em) | (gr) G. 1
193 | Jan. 11 | 198 92w 163 | 80 | 0.877
| ; 157 310 0.801
13 168 | %W 150 500 1.291
| | 148 250 0.771
139 250 0.931
| | 172 450 0.884
, 159 260 0,647
. 148 240 0.740
, _ 153 350 0.977
; 155 260 0.698
15 138 100W 155 190 1.316
: 167 580 1.245
| 178 860 1.525
17 16S | 104W 162 550 1,294
- | 163 620 1.432
21 238 104w 155 330 0.886
22 4S8 104w 142 270 0.943
23| 08 101W 160 350 0.854
i 168 370 0.780
24 218 | 100W 137 200 0.778
138 220 0.837
, 159 450 1.119
177 330 0.595
26 3S 1 9%6W 151 350 1017
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