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Stock assessment of yellowfin tuna exploited by longline

fishery in the Indian Ocean, 1959-1969

Misao HONMA and Ziro SUZUKI

Japanese longline fishery began to exploit yellowfin tuna in the eastern Indian Ocean in
1952, The operation range expanded very rapidly and covered the whole equatorial waters by
1955, Their fishing effort on the species also grew up continuously until 1962 (KAMIMURA et al.
1966), In the latter 1960’s, many Japanese boats moved from the equatorial waters to the south
of higher latitude area pursuing mainly southern bluefin tuna (SHINGU 1970, SHINGU and HISADA
1971). Replacing the Japanese boats, however, Taiwanese joined to fish yellowfin tuna in 1954
(KAMIMURA et al. 1966), And, Korean also have sent longliners there since 1967 (Federation of
Japan Tuna Fishermen’s Co-operative Associations and Japan Tuna Fisheries Federation 1968,
1969, 1970).

There are alredy several papers on fluctuations in catch and abundance of yellowfin tuna in
the Indian Ocean (KAMIMURA et al. 1966, FAO 1967, 1968, 1969, KIKAWA ez al. 1969), In the
present paper, the basic data on fishing activities are described, and some calculations for these
data and a preliminary explanation for the wide fluctuations in catch which are seemed

independent of the fishing intensity is presented.
1, Materials and methods

1, 1, General.

The original data used here comprise :

(1) “annual reports of effort and catch statistics by area on Japanese tuna longline fishery,
1962 to 1969” published by the Fisheries Agency of Japan (1965-1971), and corresponding
unpublished data for 1959 to 1961 prepared by the Far Seas Fisheries Research Laboratory,

(2) body length composition and average body weight of yellowfin tuna caught by Japanese
longliners during 1959 through 1969, and,

(3) amount of catch in terms of weight (yield) of yellowfin tuna caught by Taiwanese (in 1962
to 1969) and Korean (in 1967 to 1969) longliners.

HoONMA ez al. (1971) showed procedures to calculate amount of effective effort, area of
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fishing ground, abundance of stock and age composition of catch on yellowfin tuna stocks in
the Pacific Ocean. Their procedures are adopted here for processing the data from the Indian
Ocean, with some modifications which will be described in the later sections.

Most definitions and symbols in population dynamics are cited from HOLT ez a/. (1959) and
KURITA (1964). For brevity, catch in terms of number is simply called “catch”, and another
word, “yield”, refers to catch in terms of weight.

In this paper, the “Indian Ocean” is defined to cover three regions inclusive of
(1) north of Lat. 50°S, between Long. 20°E and 100°E.

(2) between the Equator and Lat. 50°S, between Long. 100°E and 135°E, and,
(8) between Lat. 5°S and 50°S, between 135°E and 140°E.

For convenience to calculate abundance of, and fishing intensity on yellowfin tuna, the
Indian Ocean is divided into 15 sub-areas basing on geographical variations of hook rates. Five
areas, E,—E, and S;-; adjacent to the Equator comprise the “major fishing ground” of high
hook rate. The other ten areas are called “peripheral fishing ground” (Fig. 1).

1, 2, Assumptions.

The present study is based on three assumptions that
(1) a single biological unit supports the longline fishery in the whole Indian Ocean,

(2) catch and effort data from Japanese fleet provide unbiassed indices of abundance and fishing
intensity in the whole longline fishery, and,

(3) relation between body length and either body weight or age of the Indian Ocean stock does
not differ from that of the Pacific counterpart.

In regard of the first assumption, there is a study of distribution of hook rates suggesting
the existence of two groups in the eastern and western Indian Ocean. There is no indisputable
evidence for the suggestion that these two groups are genetically separated with each other,
however (MORITA and KoTo 1971).

Except the Japanese data, the catch and effort statistics required for estimating the
effective effort are made available only in and after 1967 for Taiwanese fishery (Taiwan
Fisheries Bureau 1968), Thus, the second assumption is indispensable unless the other data
would be published.

Recent Taiwanese investigations cover the growth and the length-weight relationship of
yellowfin tuna in the Indian Ocean. The third assumption will be replaced by their results in
the near future (Federation of Japan Tuna Fishermen’s Co-operative Associations and Japan
Tuna Fisheries Federation 1970),

1, 3, Compilation of catch, yield and effort data of Japanese longline fleet.

Catch and number of used hooks are based on the respective data compiled by 5° squre
and by three-month period. The yield by Japanese boats are estimated on the bases of catch
and average body weight by age group. In addition, the yield data are cited from unpublished
estimates by the ex-Nankai Regional Fisheries Research Laboratory, based on catch and average
body weight.

1, 4, Area of fishing ground, abuudance of stock and fishing intensity of Japanese longline
fleet.

All the statistics under this heading are estimated along the lines presented by HoNMA
et at. (1971),
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1, 5, Yields by Taiwanese and Korean fleets.

The Asian Tuna Fisheries Round Table Conference hase provided the yields of yellowfin
tuna taken by Taiwanese and Korean longliners (Federation of Japan Tuna Fishermen’s Co-
operative Associations and Japan Tuna Fisheries Federation, 1968-1970),

1, 6, Fishing intensity by the whole longling fleets.

It is required to calculate the indices of whole fishing intensity of fishery on the basis of
detailed statistics from all the countries participating in this fishery. Because of limited
information, however, the Japanese estimates are converted to those of the whole longline fleet
operated in the Indian Ocean during 1962 through 1969, in order to give a general idea on
status of yellowfin tuna stock exploited by this type of fishery.

1, 7, Catch by age of Japanese longline fleet.

HONMA et al.’s (1971) calculations are applied to estimate the catch by age of yellowfin
tuna in the Indian Ocean. Catches in the unit of area and three-month period, in which no
sample was obtained, are divided by age composition from neighbouring area of the same

latitude and in the same three-month period.

2, Result

2, 1, Expansionjof fishing ground of Japanese fleet.

The Japanese longline boats extended their fishing ground to the westward along the
Equator during early period of exploitation before 1958, and then to the southward (Fig. 2).
Taking into account the specific segregation of tunas (Fig 3), it is said that the Japanese
efforts were directed mainly to yellowfin tuna from 1952 to 1958, and then started to catch
albacore, bigeye tuna, southern bluefin tuna and other temperate fishes as well as yellowfin
tuna.

Such expansion of species has resulted in more rapid extension to the peripheral fishing
ground than in the major fishing ground. Extent of the major ground almost leveled off by
1963, while the peripheral ground has been widening its range exceeding the former in area
since 1966 (Fig. 4).

Area index of the major ground tends to shrink in the third quarter from July to September.
The decrease of area index in the third quarter appeared also in the peripheral ground till
1966, but in and after 1967 when yellowfin tuna has no longer been major catch for the
Japanese fleet.

2, 2, Fishing effort of Japanese fleet.

Japanese longliners change their fishing activity depending on season of the year. Number
of hooks tends to increase in the fourth to first quarters (a three-month period from October
to following March), either in the whole Ocean or in the major ground (Fig. 5).

Number of hooks used in the whole Indian Ocean increased from 34,800,000 in 1959 to
124,500,000 in 1967 and dropped to 97,730,000 in 1969. The increase is very remarkable in 1966
and 1967, probably owing to exploitation of southern bluefin tuna in the peripheral ground
(SHINGU and Hisapa 1971),

Japanese fishing intensity on yellowfin tuna in the major ground also shows a seasonal
fluctuation as found in number of hooks. The annual fishing intensity per 5° square increased
from 440,000 hooks in 1959 to 910,000 hooks in 1962, and then ranged between 580,000 and
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1,190,000 hooks. The highest fishing intensity was realized in 1968.
2, 3, Catch and yield of Japanese as well as Korean and Taiwanese fleets.

In 1952, the first year of commercial operation, the Japanese longliners captured 5,700 tons
of yellowfin tuna (Fig. 6), The yield increased very rapidly, reaching 53,000 tons in 1956, and
then fluctuated around 35,000 tons between 20,000 and 44,000 tons. The Taiwanese yield is also
noted on the tremendous increase in 1968 and exceeded 16,000 tons. The rapid growth of
yield is also noted in the Korean fishery, from only 270 tons in 1967 to over 3,000 tons in 1968
and 1969, Eventually, these two countries produced almost half of the total yellowfin yield in
the last year under discussion (Table |, Fig. 6),

It is interesting to note that both the catch and yield tended to increase in even years
except 1964, and to decrease in odd years, but that neither increasing nor decreasing trend was
found for the whole period (Figs. 6 and 7), Catch by Japanese fleet does not show any large
seasonal fluctuations but tends to increase in the fourth and first quarters from October to
March (Fig. 8), About 80 percent of the Japanese catch has been made in the major fishing
ground (Fig. 7).

2, 4, Index of abundance of stock for Japanese fleet.

The indices of stock size of yellowfin tuna in the Indian Ocean show a moderate seasonal
flutuation. The estimates lower in the third quarter, and reaches the highest in the first
quarter. The seasonal fluctuation was conspicuous in early years from 1959 to 1962, Sharp
increases in the second quarter and rapid decreases in the third quarter were found in 1968
(Fig. 9), The density index in the whole Ocean decreased from about 2,0 percent for 1959 to
1962 to about 0,7 percent for 1967 and 1969, although recovered to 1,2 percent in 1968 (Fig. 9).
Data for the major fishing ground indicate peaks of density index of 3,0 percent in 1959 and
1960 and following decrease to 1,2 percent in 1967 and 1969,

2, 5, Catch by age by Japanese fleet.

In yellowfin catch by the Japanese longliners, 3-year fish have continously dominated in
almost all the years except 1968 when 2-year fish were most abundant. In addition, 2- and 4-year
fish comprise appreciable portion of the commercial catch. During the 11 years, the portion of
2-year fish has increased while that of 4-year fish has decreased, and the former has exceeded
the latter since 1965 (Fig. 10),

Usually yellowfin tuna, except the 1966 year class, recruit into the longline fishery as 1- or
2-year fish, dominate in the catch as 3-year fish, and then decrease as the age goes on. Only
few fish reach 6-year as far as the commercial catch is concerned. Rise of yield seems to be
attributed to appearance of particular year classes, 1959 class in 1962, 1963 class in 1966, and
1966 class in 1968, DBut these strong year classes were not always abundant in the succeeding
years (Fig. 11).

The incoming age groups, 2- and 3-year olds, have fluctuated in catch. Catch of 2-year olds
tended to increase. In the density index, 3-year olds have been on a decreasing trend while
2-year olds have shown no significant change for 11 years under discussion (Fig. 12),

2, 6, Relation of yield with fishing intensity in the whole longline fleet.

Yield of yellowfin tuna did not increase on the average, in spite of remarkable rise of fishing

intensity after 1954, It may be possible to assume that the yield of yellowfin tuna averages

around 35,000 tons for the fishing intensity over 500,000 hooks per 5° square. Other phenomenon
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attracting our interest is the remarkable fluctuation in yield ranging between 20,000 tons in
1959 and 64,000 tons in 1968, The coefficient of variation of yield reached 37 percent for 16
years from 1954 to 1969 (Fig. 13),

3, Discussion

3, 1, Seasonal fluctuations in the fishing activity of Japanese longliners directed to yellowfin
tuna and it’s year-to-year change,

Fishing activities are represented by quarterly sums of five indices including extent of
operation range, number of hooks, fishing intensity, catch in number and density in average
hook rates. Usually these indices coincidentally lower in the third quarter, July to Szptembear
and increase in each of the other three quarters (Table 2), It is also noted that the peaks of
extent of operation range and number of hooks in the peripheral fishing ground appeared in
the fourth to first quarters in early years before 1967, but in the second to third quarters since
then. Such shift of peak quarters reflects the change of specific preference of Japanese longliners
from yellowfin tuna to other temperate tunas, especially southern bluefin tuna.

3. 2. Supplement note to assesment of yellowfin tuna stock.

The above examination of catch and effort data re-confirmed that the fishing effort
resulting in the intensity over 500,000 hooks per 5° square might have been an over-investment
and the yields have not inceased substantially. The additional length data make it possible to
promote a better understanding of the fluctuation in yield.

3. 2, 1, Change in age composition of catch.

Since 1965, 2-year fish have exceeded 4-year olds in catch, even 3-year olds in 1968. Here
it is noted that the shift of fishing ground also might have rised the portion of 2-year fish in
the catch. Namely the mean weights compiled by 10°x20° quadrangle exceeded 28kg (about
3.0 years) in the eastern Indian Ocean, while the low mean weights of 22 to 26 kg (about 2.7-
2.9 years) occurred in the western Indian Ocean, especially along Africa (Fig. 14). Fishing
activity has rised more rapidly in the western Indian Ocean than in the eastern part since 1965
(Fig. 15).

Stable abundance of 2-year fish seems to reflect that the recent increase of fishing intensity
has not affected destructively the reproduction of yellowfin tuna population in thel ndian Ocean
(Fig. 12). However, this inference must be confirmed through the estimation of fishing
intensities for respective age groups, in the light of expansion of fishing ground toward the
western Indian Ocean.

3. 2, 2, Variation of yield independent of fishing intensity.

Fluctuation in the yield has been explained reasonably by the changes of fishing intensity
in most of large-sized tuna stocks. On the other hand, yellowfin tuna in the Indian Ocean has
shown remarkable fluctuations in the yield, which seem not to be directly related to the fishing
intensity. Examination of age composition data indicates the yield increased apparently due to
appearance of strong year classes ; 1959 class (3-year olds) in 1962, 1963 class (3-year olds) in
1966 and 1966 class (2-year olds) in 1968. Besides, it is noted that the dominancy of strong
classes lasts only for one or two years. NAKAGOME (]1967) and NAKAGOME and HANAMOTO
(1967) also pointed that strong year classes of yellowfin tuna in the Indian Ocean appeared for
only a particular year or two. As the abiotic factors related to the catch of yellowfin tuna in
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the western Indian Ocean, NAKAGOME (1967) notes the occurrence of strong year classes in cold
years basing on the examination of catch and sea surface temperature data taken during
1955 through 1963. The mean surface temperature is really too rough and crude index of
environments. But the apparent correlation implies it useful to advance the biology of yellowfin
tuna in relation to such ecological aspects as time and place of recruitment and as oceanography
of distribution range.

3. 3. Conclusion on status of the yellowfin tuna stock.

It seems possible, for the time being, that the recent fishing intensity of longline fleet is
not destructive for reproduction of yellowfin tuna population in the Indian Ocean. In spite of
wide range of estimates of natural mortality and growth coefficients by various researchers, the
biomass of an unexploited stock is calculated to reach the maximum at 2 or 3 years after birth
(HENNEMUTH 1961, KAMIMURA et al. 1966, Havast and HoNMA 1969, 1971, Havas! and KIKAWA
1970 a, b, LENARZ 1971, ms, WISE 1972, HAYASI ez al. 1972). The longline fishery mainly
depends on yellowfin tuna of 2 years and older, and the average age of first capture in the
fishery may be around 2.73 years (Table 3). Thus average age of first capture approximates the
age of maximum biomass, and then the increase of fishing intensity may not significantly
change the yield insofar as the fishing does not deplete size of recruitment to the whole
population. Of corse, expansion of fishing activity may not result in substantial improve in the
yield, and lower the yield-per-effort as well as fecundity of stock. Amount of effort expanded for
strong year classes could be an impact to reproduction of weak classes. Attention must be always
paid to retain the level of recruitment for that rapid increase in fishing activity. It should
be noted that rise of fishing intensity beyond the present level might cause further over-investment

without any substantial increase of yield but the growing threat for reduction of recruitment.

L o &

HARDIL 2 bW L1924 TE A~ FEED ¥ 2B LI U o, 195541218, 0 eskifbEsicihic
o TEET DI\ D, FOBOE D0 X19624F ¥ CRIBICA T A IS NI A L8 1= (LRt 1966,
p. 7710 1960 4EAREBFITITND & f ¥ FETHZE 772 HAMO ik F 2 bk ir I~wonm
D DL fehs GE 1970, HiE - AH 1971), %@gﬁwm BB BB o~ XU L
(ATt 1966), 1967 4EGEHA~ b 8 EM & N> - 72T (HEEE 1968~1970), ABIL\WHA & L-CHREICRE]
AT\ 5be Zhb 3 7 EOHMBROIE I L b 78 D ¥ XOPEROE TR bIEE2E T (L
FHh 1966, FAO 1967~1969, ARJIIfh 1969)c ZDOHFZETIL, OO x /X ICHi+ 5 MEFRB OREL(LE
IOEMERDONS L & hIC, Bk L @R L OBRICE &3 W TEBIRIEO Fti 2 #6720

OB A HED BHITY 5 C, mEKENEREAR T HEETE, WE—EHEEER b CIKRZEDE £
CEADTCEMEY R\, ZZIEHOEERRT Do

1. B ® & A &
1.1. #% =
A cEE LTV ICERNE O ED 3EH CTH %,

(1) BAEZ bl s EE408 (UF5° 9w e \5), ARk fcixrEmhaE Rk, &
BERER B 1962—1969 4E 3K EEITFRANIZEE (1965—1971) 1T & »C [ & < Al z i b aZEiais Bk

[ AABSCERAEAEAS, BABMEEERS | ACE O [E ] & BT 3.




4V FPETRALDIED TR 75 5 te F £ DA, 1959—19694: 7

HFAEERERE | & LCHITIN T\ 5o 1959—1961 B4 PE K EENT T CE-E I LT\ 5, 2hbHD
FORL & LUT TG BIstEr | & FR9 %,
(2) BEEKEEFTZRFRAETE L 72 B AL X 7o iz X % 1959—1969 AEMMEMIDREEE 10 B, R 202 X B
(BITF10°%x20° K@ &\~ D), PERIBIEEAROESH R L OSEEAE Bk
(8) BAERIVEEOIZLSHLEMIC LS ¥ FREEE, BEBMCOWTIL1962—19694F, BEMIT O
THR1967—1969FED R 2 E b T\ 5 (HERE 1968—1970, AEEHEER1968),
BEOBIR\ L, BRivhAREM (1971) 2AKFED X A XOEEFMX WL THAVWELD LR LT
bbho LML, 4 FEREITAHAE DO EBELXHZELC, TOBRCEEIIL, 1.2—1.4 ficoR3 X5 7
BEIMZ BN TS, BFEFEMHAT HHEEOESE & 585 & Al & LT HoLT i (1959) XU ZE M
(1964) 12 X o720
COPETNDH A v FEE” LIRRO 3HEEE &L,
1) 50°S Bk, 20°E~100°E,
2) 0°~50°S, 100°E~135°E,
3) 5°~50°S, 135°E~140°E,
BHESEER X ORERE A HET 2 Z2MOEARAIL 5° £ CTh %o JIC SLRDER I, $¥ERDZER
SEEZEE LT, 15HO/NESARE Lico DD LHEEDFE\ Er, E2, Es, Ey BXV S- XA+
NEDOHRLIESE, TOMDIMEX A ¥~ XORLEE LTS (K1),

o

50N

d
400_@ Q qd]o
o Qe
30° A
9
20° -
. N N v
10° 2 -
° Y////7/,
0 i E] /E
ol Ll / i E N
10 E3
.y 51_2 52- /i
30° ///S] // 51-3 S3 (
1 4
4004 si S; s3 | siTg
50% T T T—T T T

T T T T
20 40 60" 80" 100" 120° 140° 16Q°
K 1. 4 Y FEDFNLEEFMO 120 Df5EX Y,
R TGRS A IR T,
Fig. 1. Division of fishing ground for assessment of yellowfin tuna
stock in the Indian Ocean.

Shade denotes the major fishing ground.
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Fig. 2. Expansion of fishing ground of Japanese longline fishery
in the Indian Ocean, 1952—1967.
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Fig. 4. Extension of area of fishing ground of Japanese longline
fishery for quarter in the Indian Ocean, 1959—1969.
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Fig. 5. Fishing effort of Japanese longline fishery in the®IndianYOcean, for
quarter and for year, 1959—1969.
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See footnote of Fig. 4 for definition of “quarter”.
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Fig. 6. Yield of yellowfin tuna by Japanese, Taiwanese and Korean longline fishery

in the Indian Ocean, 1952—1969.
See footnote of Table 1 for sources of data.
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F 1L AVIFECEITIEA, B8, BIROBAXNDOBECIZF FOllE
BLOKEE, 1952—19694F,
Table 1. Yield and landing of yellowfin tuna by Japanese, Taiwanese

and Korean longliners in the Indian Ocean, 1952—1969.

Yield in metric tons : Japanese
Year ‘ | landing in
Total \ Japan ‘ Taiwan ‘ Korea | metric tons
‘ \

1952 5,714 5714 | — —

1953 1,69 | 11,69 — —

1954 19,780 | 19,780 — —

1955 37,406 37,406 — —

1956 52,832 | 52,832 = —

1957 32,258 32,258 - -

1958 20,703 20,703 = -

1959 20,193 20,193 - =
1960 32,572 32,572 — — | a5
1961 29,206 29,206 e — 29,778
1962 45,304 41,83 3,468 — | 41,669
1963 26,947 23,545 3,402 - ‘ 26,669
1964 . 23,253 20,394 2,859 — 17,268
1965 | 25,30 | 23,150 2,180 | — | 20,860
1966 ‘ 39,822 | 35,454 4368 | - 27,181
1967 30,977 | 26,332 4,319 266 27,359
1968 ‘ 64,004 | 44,414 16,453 3,137 39,867

1969 44,232 22,704 ‘ 18,425 : 3,103 22,719

H K o it # 8  1952—195845 3 H s i XK BERT 52 DHEE it
1958—19694F. 13 Bl D H#EE fif.-
AW, HEOWIER 82~ 407 Y T BIGHES S 2 B (B ARSI RE RS AS « A ARIRE
Fi2 1968—1970) 2551 A,
A AR @K £ & 1962—19684E 132 bl st (1964, 1970), =@ M4 I3IRHS D Axe Lkl
Source of data.
Japanese yield : Estimates by ex-Nankai Regional Fisheries Research Laboratory for 1952—1958,
or by the present authors for 1959—1969.
Taiwanese and Korean yields : Data presented at the Second, Third and Fourth Asian Tuna
Fishermen’s Conference for 1962—1969 (Federation of Japan Tuna Fishermen’s Co-operative
Associations and Japan Tuna Fisheries Federation 1968—1970).
Japanese landing : Data compiled by the Statistics and Survey Division, Ministry of Agriculture
and Forestry (1964, 1970) for 1962—1968, and unpublished data by the Division for the
other years.
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Fig. 7. Catch of yellowfin tuna by Japanese longline fishery in the
Indian Ocean, 1959—1969.
o—o & i M J2 %t Total catch
oo hiaEofiERE  Catch from the major fishing ground

for yellowfin tuna
OO NI RR ¥  Catch from the peripheral fishing

ground for yellowfin tuna

600 -

1,000 FISH

400

- V] ;»JN

booy

IN

CATCH
8

100 -

1234 1234123412341 234123412341234123412341234
1959 60 61 62 63 64 65 66 67 68 69

QUARTER AND YEAR
X 8. 4 v FPEickT 5 HAKRIIAS DIEEOIEIRR -~ &R E, 1959—19694F,
Fig. 8. Catch of yellowfin tuna by Japanese longline fishery in the Indian
Ocean, for quarter and year, 1959—1969,
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See footnote of Fig. 4 for definition of “quarter”,
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Fig. 9. Indices of stock size, N, and density, d, of yellowfin tuna

by Japanese longline fishery in the Indian Ocean, for

quarter, 1959—1966.
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See footnote of Fig. 4 for definition of “quarter”
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Fig. 10, Age composition of yellowfin tuna caught by
Japanese longline fishery in the Indian Ocean,
1959—1969.

Numerals in right hand and dotted arrows denote
the catch and shift of strong year -classes,

respectively.
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Fig. 11, Catch by age of 1954 to 1967 year classes of

yellowfin tuna by Japanese longline fishery in
the Indian Ocean, 1959—1969.
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Fig. 12, Density index and catch of 2-year old and 3-year old
yellowfin tuna by Japanese longline fishery in the Indian
Ocean, 1959—1966.
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Fig. 13. Relation between fishing intensity and yield of yellowfin tuna
by Japanese, Taiwanese and Korean longline fishery in the
Indian Ocean, 1954—1969.
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DOFEFZEAL, 1959—19684F,
Table 2. Seasonal changes of indices of fishing activity and abundance
of yellowfin tuna in Japanese longline fishery in the Indian
Ocean, 1959—1969.

Quarters* of Quarters™ of Related

|
Sea area I maximum index minimum index figures
Major i
) fishing ground TorT L )
Area index Peripheral IV or T (1959—1966) | T (1959—1966) | Fig- 4
fishing ground | II (1967—1969) | T or IV (1967—1969)
Major
S IV or I I
Number of used fishing ground Fig. 5
hooks Peripheral IV or T (1959—1967) | I or M (1959—1967) g
fishing ground | 1I (1968—1969) | I (1968—1969)

.5 T ) ‘ N = ]
Fishing | . . ;
intensity | Whole ocean | IVor I | I ~ Fig. 5
Catch in number | Whole ocean ‘ v, T or I ‘ v ‘ Fig. 8
Indices of popu- | Major }
lation size and | fishing ground | T & oF L =
density Whole ocean IV, T or I m Fig. 9

o HERK A OMIETESR L R E RS,

Roman numerals denote the quarters defined in footnots of Fig. 4,
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Fig. 14, Mean body weight of yellowfin tuna (kg) for each 10°x20°
quadrangle taken by Japanese longline fishery in the Indian
Ocean, 1965—1969.
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IKBEFT AT ST (1965, 1967a, 1968, 1970) 1T X %,
Fig. 15, Distribution of yellowfin tuna catch by Japanese longline fishery in the
Indian Ocean, 1962, 1964, 1966 and 1968.
After Research Division, Fisheries Agency of Japan (1965, 19672, 1968, 1970).
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Table 3. Average age of first capture of yellowfin tuna in Japanese

longline fishery in the Indian Ocean, 1959—1969.
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