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Ecological studies on bigeye tuna— YV

A critical review on distribution, size composition and stock structure
of bigeyve tuna in the North Pacific Ocean (north of 16°N)

Susumu KUME
(Far Seas Fisheries Research Laboratory,)

The bigeye tuna, Thunnus obesus(LLOWE),in the North Pacilic Ocean is a very profitable species
as well as the albacore, Thunnus alalunga (BONNATERRE), for the Japanese longliners, especially
those smaller than 100 gross tonnage. The longline fishery has exploited bigeye tuna since late
1940’s, and the fishing ground has expanded gradually to the east and covered almost over the entire
North Pacific extending between 130°E and 120°W in longitude and from 15°N to 45°N in latitude
in early 1960’s. To elucidate structure of the stock therein, the present study reviews the previous

works on distribution and size composition together with other biological information.

DISTRIBUTION

Geographical distribution of the bigeye tuna in the North Pacific Ocean ranges continuously
almost over the entire temperate and subtropical zones. The northernmost distribution appears to
reach as far north as the Subarctic boundary that is considered to be the southern houndary for the
distribution of salmon species. Main distribution of this species is located zonally from west to
east showing the most abundant area in the northeastern portion of the area under discussion
throughout the year (Fig. 1), Bigeye tuna accumulate themselves in two bands, along the North-
Pacific Current area (transition zone in the western longitudes) and so-called Subtropical Convergence
area. The main distribution areas vary seasonally in response to the north-south shift of the oceanic
structure, especially to that of ocean current system. In summer they occur in the northernmost area.

Relative abundance. in terms ol hook rate (catch in number per 100 hooks), changes remarkably
in time and space. Density increases from west to east with a sudden rise at 180°(Fig. 2), Index of
abundance, expressed by the total of average hook rates by area (Table 1), indicates the highest in
winter, which is approximately twice as much as that in summer. It is not likely that the decrease
in relative abundance in summer is ascribable to the emigration of all the amount of fish equivalent
to the decrease southward to the equatorial region, where relative abundance of bigeye tuna in summer
does not turn out as high as to compensate. Probably, the decrease in relative abundance is apparent
and main component of stock remains within the North Pacific Ocean during the summer. It is

supposed that in the North Pacific Ocean there develops a new seasonal thermocline from spring
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through early summer that might change the swimming layer to the shallower waters so that the
longline fishing method results in less efficiency. Fairly dense occurrence in the southern area in
spring suggests a temporary stay for the intermigration of individuals from North Pacific Ocean to

the equatorial region for spawning or vice versa.

BIOLOGICAL FEATURES—SIZE COMPOSITON, SEX RATIO AND SEXUAL MATURITY OF
FEMALES

During the winter, when enough data are available throughout the area,length frequency
distributions between areas contiguous to each other have a strong resemblance (Fig. 3). However,
there is a cline in the occurrence of modal lengths as seen in modal series a and b in Fig. 3.
The modal length for the same size group increases consistently from west to east (Fig. 4), The
difference of modal length in each modal series between eastern and western extremes is estimated
at 6-8em in length, about one third of annual growth for fish less than 120cm. This phenomenon
cannot be accounted for specifically, but various explanations may be operative : for example
(1) bigeye tuna in the North Pacific Ocean are recruited in a limited short period and then more
rapidly grown individuals begin earlier migration to the east or (2ifish groups by area are generated
from the different spawning groups that exhibit a time lag in spawning activity by area in the spa-
wning ground in the equatorial region and they do not intermigrate intensively after they are recruited
to the North Pacific Ocean. The author considers that i there exists an extensive intermigration,
the cline would not arise and therefore the cline may afford a negative data to an active intermigration
of fish in the west-east direction.

The relative abundance by size classes indicates that main concentration of any size group occurs
in the northeastern portion of the North Pacific Qcean throughout the year )Fig. 6). The seasonal
change in the size composition of catch (Figs. 5 and §) suggests that : (1) the remarkable increment
of abundance from autumn through winter in the area east of 180° is accounted for the appearance of
dominant amount of 100em and 120em size groups, (2) large-sized fish seem to converge in the southern
area, 16-28°N, during the colder seasons from autumn through spring, (3) in the western area north-
ward movement of smallest size group during autumn and winter suggests the recruitment {rom the
south, possibly from the spawning ground and (4] an abrupt change in size composition from spring
through summer may be related to the changeable thermocline structure at this time of the year. In
addition, distinct separation of modal groups in the size composition is ohserved, especially for the
size range smaller than 140cm, which is not true of the size composition in the equatorial waters.
Each modal group is regarded as a year class and each modal position shifts to the larger size with
the progress of time. This phenomenon has been utilized to estimate the relationship between age
and growth.

Judging from the gonad index of female (Table 2), relative weight of both ovaries in g to cube
of length in cm. bigeye tuna in the North Pacific Ocean are immature or sexually inactive. During
the second quarter of the year, however, individuals with highly advanced ovaries occur in the
southern area from 16°N to 28°N, which suggests intermigration between North Pacific Ocean and
equatorial area where the spawning ground of this species exists.

Sex ratios of bigeye tuna in the North Pacific Ocean north of 28°N (Table 3) are different from
those abserved in the equatorial area, where the predominance ol male in larger size is remarkable.
In the area between 140°E and 1B0°, sex ratios are almost the same without regard to size, and in the
area east of ]80° the predominance of male is ohserved in the size range smaller than 130cm. The

length frequency distribution by sexes (Fig. 8) reveals that modes of male and female in the same
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size group are approximately at the same position with each other up to 130cm in length, indicating

the same growth rate between sexes.
ANNUAL FLUCTUATION OF THE SIZE COMPOSITION

The appearance of a dominant year class brings about the remarkable year-to-year fluctuation in
the size composition, which is concurrently recognized in the whole North Pacific Ocean (Figs. 9 and
10),. It was in 1949, 1951, 1956 and 1962 when dominant year classes exposed themselves to the North
Pacific fishing ground for the first time. It is not periodical. The appearance in 1949 and 1951 induced
the “biennial occurrence of the dominant year class” described by KAMIMURA and HoMwma 1953
(Fig. 8), The appearance of the dominant year class is also suggested in size compositions of catches

by “nighttime longline” fishery and the Japanese pole-and-line fishery.
ON THE STOCK STRUCTURE

There are two significant features respecting the stock structure of bigeye tuna in the North
Pacific Ocean. For one thing, the concurrent appearance of a dominant year class throughout the
regions suggests that the higeye tuna in the North Pacific Ocean are closely related to each other
internally. On the other hand, intermingling of individuals in the east-west direction does not seem
to be extensive judging from the cline in the size composition, the increasing discrepancy of madal
length in the same size group as the areas falling apart. It appears that the stock structure of bigeye

tuna should be discussed from the scope of the whole Pacific Ocean.
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Table 1. Seasonal change in relative abundance of higeye tuna in the
North Pacific Ocean (north of 16°N), expressed by sum of hook

rates of every 10 latitudinal degree area,

- B0°E-140°W
Quarter-of-the-year North of 28°N South of 28°N | Total
I ‘ 13.79 7.27 | 21,06
I 7.07 7.54 14.61
I 7.07 5.39 | 12.46
v 11.38 6.56 ; 17,94
D . WBEe o
Quarter-of-the-year | North of 28°N South of 28°N | Total
I .53 2.91 4,44
I 0.98 1.56 2,54
I 2.29 1.07 3.36
v | 2.57 3.34 . 5.91
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Table 2. Seasonal change in gonad index of female bigeye tuna by length
class in the North Pacific Ocean through 1963,

16°-28°N North of 28°N
Period | Gonad 120°E-180° East of 180° 120°E-180° East of 180°
(month) index | e -
S10 RIS TS0 [ RIS TR0 [ RIS S0 RIS
(em) | (em) | (em) (cm) (cm) (em) (em) | (em)
J—3 il 4 1 1 0 86 % | 2 ‘ 8
0.6—1.0 3 0 3 2 43 80 6 15
1.1—-2.0 1 9 0 8 6 11 0 | 0
21-3.0 | 0 0 0 3 0 0 0 0
30— | 0 0 0 1 0 0 0 0
4—6 —0.5 6 1 2 1 = - s —
0.6—1.0 17 24 2 i - - =
U 12 13 0 16 - - - -
7.4—5.0 0 1 0 15 = = = =
31— 4 6 1 1 — — — ==
7—9 =hi 0 0 - = 0 4 = —
0.6—1.0 3 5 = - 16 16 o~ e
1.1—-2.0 2 6 — — 6 16 — —
2,1-3.0 0 2 e — 0 0 - -
Bid— 0 0 - - 0 0 - s
10—12 5 7 0 1 4 84 57 276 352
610 6 5 4 17 41 42 153 | 1065
o 0 3 2 7 9 23 20 57
Zil=3i0 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 0 0
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7. Mean percentage length {requency distribution
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North Pacific, with data through 1963 combined.
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Table 3. Sex ratios of bigeye tuna by length classes in the North Pacific
Ocean north of 28°N during winter seasons through 1963.

a) 140°E-180°,"Oct.-Dec.

Length class | Number of fish
(em)

1

| = Percent female Chi-square
| male | female |
[

100 | 120 125 51.0 ~ 0,102
101—-120 | 176 179 50.4 0,025
121—140 112 2.3 | 6343
141160 7l 82 53.6 0.791

161— 23 | 324 l 1,235

Total ‘ 543 . 48.4 1.099

b) 140°E-180°, Jan.-Mar.
Length class
(cm)

Number of fish Percent female Chi-square

male | female

-
\
‘ |

100 97 100 50.8 0.046
|

101—120 142 121 46.0 | 1.677
121—140 124 115 48.1 0.399
141—160 43 : 46 517 0,101
161— 14 ‘ 20 58.8 1.059

Total | 420 402 8.9 | 0.3

c¢) East of 180°, Oct.-Dec.

Length class Number of {ish i Percent female i Chi-square
(cm) = ;;h;]e Ll female | |

—100 606 288 0.2 113, 114%*
101—120 936 672 41.8 13,343+
121—140 1521 1423 48.3 3.262

]
141160 1080 1048 49,2 0,481 ‘
161— 157 . | 115 42,3 6,485% j

4300 3546 45.2 7 ] 72.459%* |

Total \

1955,Kume and Joseph 1966) 4%, ZAUZILAFHETHESNEREIRFLIALILOTES,

I #EMENOEFEREL

LA DR RMANOBFERLIZE L, —2OH & L TElRREY L £l ICANE LD S "R
ERIESR” BB o5, bR - AR (1953) i 1948~1952 4iRiA*, i 26°N Lk, 130°E—165°W
DOEFHC X 2 E MR G 8 R KT "RERBRR” £, RFIczOBMCEREML, RO 3
DOERUERT THRHEIT T B. © BEROFIZ L ZHE (Z4HAH) @ BREED FIT & 5k

* AR ED A N FEEOERABEATH - Ty & CITHDSIIWVIRD 1948 il & 13 1948 4 10 B~

1949 4F 3 HoMWES 4,
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Fig. 10. Yearly fluctuation in the length frequency distributions
of bigeye tuna in the areas north of 28°N, expressed in
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Appendix table 1.

Number of fish measured by quarter-of-the-year and 10°

latitudinal width for two areas, north and south of 28°N, during 1956-1963.

First quarter-of-the-year (Jan.-Mar.)

| | = |
ey | B e ’ o | e | o k ow | Teow | ow | How | Bow
North of 28°N -
1956 17,805 751 840 | 1,150 | 951 907 | 137| 29 | 356 -
1957 5,435 1,383 621 240 | 285 | 3,361 688 723 342 -
1958 15,994 | 3,689 | 812 858 359 | 441 | 613 | 1,154 o= -
1959 7.635 | 2,542 475 | 484 | 835 120 356 — - -
1960 6,009 | 2,345 1,020 339 | 967 108 | 2,287 1,388 706 =
1961 4,819 1,406 | 821 187 | 2,056 | 1,802 | 2,623 76| 378 o
1962 2,117 1,908 | 189 333 444 | 404 | 1,050 = s —
1963 14,027 781 463 141 816 561 815 | 254 il
South of 28°N
1956 1,058 | 4,447 | 3,055 — = 158 114 - - =
1957 m 1,490 | 809 | 590 190 - 117 = = —
1958 280 1,993 | 1,180 - = —| 386 - e —
1959 783 984 | 483 580 — | 1,370 = e — —
1960 1,062 437 788 - —| 1,256 | 2,002 ‘ - o —
1961 3,482 | 4,844 | 3,088 187 —| 89| 2am - - -
1962 1,610 182 588 59 - = — - — -
1963 | 351 | 1,390 | 804 113 - - - - - -
Second quarter-of-the-year (Apr.-Jun.)
| 140— o - J e -~ i o e
Year \ 1301405 | 355 | eox | V0w | Clao | Tow | Tow | Tow |
North of 28°N
1956 ‘ s8 | su| —| —| —| -—| er| —-| —| -
1957 84 239 — - s — - - s -
1958 1,774 - e . _ _ _ - B B
1959 350 — — = - o= 194 - s ‘ _
1960 1,432 } - — 57 326 — - =] 2209 -
1961 983 102 - 5 = = = = = -
1962 642 = = 70 = — 117 = s =
1963 2,571 156 — - — — — - —| 1,11
South of 28°N
1956 55 215 | 255 — —| 26| 24 = - =
1957 — 75 47 = == 94 105 s | — =
1958 — 90 60 = — | 1,651 150 = i =
1959 — — - — — | 477| 1,811 143 - —
1960 389 132 — — — | 1,799 | 4,119 1,674 - -
1961 128 () - — - 140 — - — —
1962 52 131 - 38 - 178 163 | 431 645 -
1963 | 48 82 - — -1 102 13 —| 24 -




Third quarter-of-the-year (Jul.-Sep.)

75

- e - Creo— | 170—  160— - _
vear | 130-140E | S oy | ok l " e Toow Tsow | Taow | 3w
North of 28°N
1956 — — —=| =] = =] 1w 3| —| -
1957 - — | 19| 643 —| 199 266| 424 - -
1958 -~ — 1 74 4% ! - —| 1,230 2,044 1M —
1959 — — | M6| 36 @ — - — | 581 | 305 —
1960 - —| 7w w8 - —| = —| am -
1961 —~ 91 1,542 2,003 632 - — —| 1,385 -
1962 — — | 909| 842 99 — — —| 382 -
1963 — 5| 26| 680 753 — - — | 200 —
South of 28°N
1956 | | s - — - — - - - -
1957 | - | 9 - — - — — 5 e —
1958 —~ 166 — - - - - - - -
1959 - - — — - - — - - =
190 | - -1 [ SR [ (I (R (I - -
1961 - 122 ] - - - - —| 1,512 -
192 - — S - — — —| 48| —
1963 | — - — - - - 34 — 430 -
Fourth quarter-of-the-year (Oct.-Dec.)
Year | 130-140E | on Mon | 199 | % Yow | Teow |‘ 5w | dow | Tiow
North of 28°N o
1956 6,473 61| 4,029 1,304 3,308 1,507 2,964 | 4,023 1,877 -
1957 9,449 243 | 3,471 363 | 1,934 2,29% 1,624 | 2,656 | 1,469 -
1958 3,140 614 | 7,206 1,433 | 5,633 1,250 1,217 | 3,633 1,168 =
1959 3,914 252 | 4,045 | 454 3,066 903 | 2,905 | 3,623 2,800 =
1960 6,691 35| 1,674 | 800 | 2,991 139 | 2,737 | 7,121 3,215 -
1961 1,267 — | 1,224 | 2,656 | 1,715 915 | 1,663 | 2,640 | 1,588 -
1962 373 — | 1,879 | 1,269 | 1,347 | 455| 735| 703 | 948 | 322
1963 | 347 55 1,840 | 2,168 | 1,190 — | 1,267 | 2,755 | 1,645 | 3,603
South of 28°N
1956 1,008 | LOTO[ 2387 IS4 a | 10 23 = -7 =
1957 a2 | 4136 | 84 321 el — - - =
1958 501 59 | 125 = - ‘ 234 = - — -
1959 181 566 - - — | 6% = — 1 338 _
1960 2,656 545|275 56 - | 423 = — = -
1961 1,005 35| 1,348 - - = ot = -
192 | 1,095 o1 12| —| —| 8| -—-| -—-| - =
1963 764 319 9| - —| & - - - -




