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Table 1 ¢ 1. Catches by type of tuna lorgline fishery (From the Statistics Data by the Japanese
Fisheries Agency).

|
Year Self -navigating Fleet type Posed =t foreign ports -| Atlantic Ocean| Grand total
vessels Samoa Santo
1953 128,625 8,13 I 136,755
1954 148,658 14,20 : 162,778
1955 176,378 13,561 7,044 197,183
1956 213,229 11,13 7,094 231,503
1957 238,630 14,105 8,666 150 15,885 277,486
1958 258,830 14,384 11,540 4,309 30,983 320,046
1959 292,061 20,688 12,054 3,889 51,518 380,210
1960 322,798 | 24,002 [ 10,883 4,026 74,451 436,160

(Unit of catch : metric tons).
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Table 1 « 2. Species of the tuns and marlin referred in this paper.

Japannse name Common name Science name
Kuromaguro blueFm tuna Thunnus thynnus (LINNAEUS)
Minamimaguro couthern blusfin tuna | Thunnus maccoyii (CASTELNAU)
Bin/naga albacore T hunnus alalunga (BONNATERRE)
Mebachi bigeye tuna T hunnus obesus (LOWE)

Kihada yellowfin tuna Thunnus albacares (BONNATERRE)
Makajiki striped marlin Tetrapturus audax (PHILIPPI)
Shirokajiki black marlin Makaira indica (CUVIER)

Kurokajiki blue marlin Makaira nigricans LACEPEDE
Bashokajiki sailfish Istiophorus orientalis (TEMMINCK and SCHLEGEL)
Mekajiki swordFfish Xiphias gladius LINNE

Furaikajiki shortbill spearfish » Tetrapturus angustirostris TANAKA
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Table 1 = 3. Number and gross tornage by strata of vessels sngaged in the skipjack angling and the
tuna longline fisheries (From the Statistics Data by the Japanese Fisheries Agency).

20(40)~100 T 1coT -~ Number

Year

No. Gt No. Gt Aver. | 100~200T | 200T~|300 T ~|400T ~| 500 T -
1952 | 840 | 55,931.68 | 290 | 46,900.00 | 160 268 22 9 2
1953 | 830 | 54,663.36 | 324  58,281.60 | 180 270 54 32 8
1954 | 835 | 56,736.00 | 428 | 86,156.87 | 200 330 98 65 31 9
1955 | 805 | 57,904.94 | 567 | 118,121.22 | 200 422 145 99 37 14
1956 | 758 | 55,568.91 | 622 | 141,622.22 | 230 436 186 | 138 62 27
1957 | 622 | 50,358.89 | 621 | 149,868.93 | 240 415 206 | 152 67 34
1958 | 622 50,447.68 | 621 | 154,972.50 | 250 393 228 | 163 71 35
1959 | 566 | 47,183.89 | 621 | 163,748.13 | 260 363 268 | 185 83 39
1960 | 508 | 47,689.30 | 621 | 175,589.34 | 280 297 324 | 219 | 100 40
1961 | 409 | 35,646.30 | 622 | 184,102.27 | 300

“Gt” indicates the gross tonnage and “Aver.” the average tonnage per vessel.
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Table 1 » 4. Change of the fleet type tuna longline fishery (From the Statistics Data by the

Japanese Fisheries Agency).

Catcher boats
Year Numbsar of fleets ‘ Catch Average catch per fleet
! No. } Aver,
1950 3 44 ! 150 6,479 147
1951 4 88 | 137 11,162 126
1952 2 38 124 6,711 176
1953 2 37 1 8,130 219
1954 6 122 121 14,12C 115
1955 3 103 115 13,561 131
1956 3 94 118 11,180 118
1957 3 %6 120 14,105 146
1958 3 88 121 14,385 163
1959 4 162 113 20,688 127
1960 5 215 111 24,002 111
1961 5 209 118 28,933 138

“Aver.” indicates the average tonnage of catcher boats.

Unit of “Catch” and “Average catch per fleet” is metric tons.
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Fig. 2+ 1. Division of the I[ndian Ocean.

From the point of the tuna fishery, the Indian Ocean is divided into 11

areas as follows;

A: Arabian (northwestern) area, B: Midwestsrn area,

C: Southwestern srea, D: Bengsl (northern central) ares,

E: Certral area, F: Southern central area,

G: Andsman-Nicobar (northeastern) area, H: Sumatra area,

I Java area, Ji Lesser Sunda area, K. Southeastern area.
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Table 2 » 1. Number of operations and used hooks by the tuna longline fishery in the Indian Oceean

(Number of operations in Gothic and number of used hooks in small hand style).

Aea T Year 1955 1956 1957 1958 1959 1960
rea ~—
] _
A . 351 242 588 858 434
632,215 | 463,216 | 1,021,247 | 1,497,510 | 755,159
. ian Oce 1.016 3.010 747 £26 415 684
Western Indian Qcean | B || 5y 53¢ | 5 335 540 | 1,314,762 | 1,182,188 | 750,082 | 1,146,515
c 24 122 . 313 425 517
41,180 | 204,774 555,926 | 938,104 | 867,756
D — 344 410 1,005 1.016 540
588,891 | 750,866 | 2,594,949 | 1,901,156 | 1,144,117
- : 18 1.514 663 352 193 h38
Central Indien Ocean | E 30,250 | 2,608,922 | 1,140,843 | 586,005 | 319,414 | 897,712
- _ 18 _ 64 65 235
29,750 102,192 | 102,775 | 391,227
G _ 40 41 140 18 70
66,256 66,820 | 215,757 33,199 | 103,628
— 1.030 213 276 320 214
H
1,791,212 | 345,879 | 515,408 623,803 | 356,216
- . . o 346 177 190 26 318
Eastern Indian Ocean | | 583,478 | 292,778 | 335,312 40,477 | 529,872
J . 1.891 575 814 702 674
3.178.807 | 977,346 | 1,412,795 | 1,272,531 | 1,120,326
¢ _ _ _ | 3w 3,795
6,252,936 | 6,285,534

In this table, “A” indicates Arabian area, “B” Midwestern area, “C” Southwestern area, “D”

Bengal (northern central) area, “E” Cential area, “F” Southern central area, “G” Andaman-Nicobar
(northeastern) area, “H” Sumatra area, “I” Java area, “J” Lesser Sunda area and “K” Southeastern

area respectively.
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Table 2 » 2. Number of operations and used hooks of the self-navigating tuna longline vessels in
the South Pacific Ocean (Number of operations in Gothic and number of used hooks in
small hand type).
Aren Vear 1956 1957 1958 1959 1960
rea N
160° —170° E 2,313 3,392 4,156 4,799 3,050
4.315.625 | 6,325,270 | 7,625.974 | 8,921.510 | 56,699.780
£70° E ~ 180° 764 1,523 914 1,078 643
= 1,402,200 | 2,816.240 | 1,699,213 | 2,016.770 | 1,195,318
. . 497 955 3,654 2,126 1,449
180% ~160°W 924 510 | 1,775,420 | 6.887.167 | 4,008 646 | 2,692.817
10PN~ 0 60° —140°\W 305 627 400 527 388
g 568,217 | 1,166,330 744,216 981,860 721,82
450
o X — _ . .
140°  ~120°W 639 41
19
o oy . _ . .
120 100°W 55,750
160° —170° 1,279 1,860 2,824 782 1,338
2,371,877 | 3,461.292 | 5.276.425 | 1,452,860 | 2,482.536
. . 580 540 2,015 546 184
170 E~180 1,078,276 | 1,040,450 | 3,726.520 | 1,150,387 341,276
o o 204 102 570 407 374
180 160°W 380,071 189,540 | 1,612,876 757,318 696,186
Q o
07 TIOTS e ot 187 202 476 69 82
349,621 376,050 886,357 129,074 156,537
o iome _ 510 506 250 207
140 120°W 949,765 942,337 | 465,127 385,015
. . B 91 365 241 21
120° ~100°W 170,504 679,571 448,055 41,160
) . 276 461 625 756 824
west of 160°E 508,256 850,826 | 1,150,340 | 1,394,926 | 1,565 204
o e 144 223 413 290 252
160 ~170°E 264,690 410,848 760,467 | 534,264 | 468,886
2
o o o r iano 360 527 848 816 295
107 ~30°5 | 170°E~180 670,000 981,963 | 1,576,290 | 1,520,820 548,317
o o 192 99 174 206 48
180 160°W 357,090 184,120 324,010 394,650 89,737
. 338 516 653 270 287
\
cast of 160°W 629,537 961,244 | 1,215,877 505,240 536,090
o ao _ 307 366 311 97
¥70°E~180 572,674 681,590 | 578,920 180,524
507 ~407S 276 159 119 49
o o o 4 i
1807 ~165°W 518,450 296,310 | 220,080 91,624
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Table 2 - 3. MNumber of operations and used hooks of the flest type tuna lengline Fishery in the
South Pacific Ocean,
Area Period Name of fleet Nurnber of operations | Number of used hooks
0° ~ 7ON June~Sept., 1950 No. 1 Tenyd 1,296 2,441,130
140°  ~170° E Mar. ~June, 1951 No. 2 Santenyd 822 1,413,512
= July-~Qct., 1951 Ne. 3 Nitenyd 1,206 2,089,640
0° ~ 10°S June~-Aug., 1952 No. 4 Tenyd 1,064 1,957,552
155° E~180° June~Aug., 1953 No. 5 Tenyd 1,538 2,707,050
8O o~ 1808 M"* a5 N ~ T - o - - ~
160° ~170° L lay~Aug., 1954 o. 7 lenyb 1,532 2,656,027
10° ~ 25°S | Aug.~Nov., 19584 | No. 8 Tenyd (s 1,226,167
160° ~175°E | Aug.~Nov., 1954 | Ne. 9 Santenyo 552 802,652
] 720 e 1§§° S| May~Oct., 1955 | No. 10 Tenyd 2,278 3,906,403
o AL 95O
oo T Zeg | Aug.~Nov., 1955 | No.11 Koy 1,603 2,789,165
1780 E:égo@ April~Aug., 1956 | No. 12 Santenyd 1,799 3,391,134
500 AL 20°
e 2005 | Aug~Nov., 1956 | No.13 Tenys 1,572 2,824,826
00 7 3075 1 May~A 7 | No. 14 Santenyd 3
170° E ~170° W/ lay~~Aug., 1957 0. 14 Santenyd 1,777 3,323,536
L0e 511%0\% Aug. ~Nov., 1957 | No. 15 Tenyd 1,939 3,593,656
1780 E:Sgo.\)s(/ May~Aug., 1958 No. 16 Sartenyd 1,609 3,109,114
o e R 10T
lfzgo E~1§80§/ Aug. ~Nov., 1958 | No. 17 Kévd 1,000 1,869,500
o —~— 2N C
1780 = Nl;go S May~Aug., 1959 No. 18 Santenyd 1,581 3,111,539
0° ~ 40° -
1é,oo £ ~1750\§/ Aug. ~Nov., 1959 No. 19 K&y 1,790 3,161,580
5° ~ 40°S R i} . .
170° £ ~170°W May~Aug.,, 1960 | No.20 Santenyd 2,234 4,448,838
o o = O
1;802~1§80\§/ Aug. ~Nov., 1960 | No.21 Koyd 1,772 3,617,904
0° ~ 200 S NOV:, 1960~ | . = ]
170° £ ~180° Jan., 1961 No. 22 Santenyo 1,258 2,483,169
0° ~30°S | , . 4 N i
170° €~ 170° W pril~~Aug., 1961 o, 23 Santenyd 2,162 4,477,344
167 ~ 3575 | Aug.~Nov., 1961 | No.24 Koo 1,480 3,121,034

170° E~165°W
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ZRAFNEFNCHEL T, 0°0~10°S LU & 31T, P4JY OB 213 &8s
2e4~226),

Table 2« 4. Hooking rate™ and numbsr of operations of the tuna and marlin fishery in the Western
Indian Ccean (1960).

Hooking rate Number of
Division Area i o erationos
YE|BE | AB/| BM |[BKM SM | SW | SF P
0%~ 5°N 4.1 0.8 |0.04 .2 0.04 | 0.1 0.05 | 0.09 247
5°~10°N 3.0 1.4 — 4 0.04 | 0.2 0.05 | 0.1 160
Arabian waters
10°~15°N 2.0 0.4 — .7 0.09 | 0.4 0.04 | 0.1 27
Average 3.6 1.010.03 0.4 0.04 1 0.2 0.05 ] 0.1 434
i 0°~ 5°8§ 4.7 0.8 3 C.2 — 0.2 — — 431
Midwaszern o o
waters 5°~10°S 4.9 0.8 0.4 C.1 — 1 0.1 — — 263
Average 4.8 0.8]0.2 C.1 — | 0.1 — o 6384
10°~20°S 1.8 0.214.6 0.2 — 1 0.03 — — 186
Southwestery | 20°~30°S | 0.7 | 0.2 6.1 002 | —|o0.02z | —| — 293
waters 30°~35°S 0.2 0.7 17.1 0.001 — | 0.001 — — 38
Average 1.1 0.2 i 5.6 0.08 " — 1 0.02 — — | 517

* ln all the tables and figures of this report, the words “hooking rate” is used to indicate the
number of caught fishes by 100 baited hooks.
In this table, “YF” indicates yellowfin tuna, “BE” bigeye tuna, “AB” albacore, “BM” blue marlin,
“BKM” black marlin, “SM” striped marlin, “SW” swordfish and “SF” sailfish respectively.

Table 2 « 5. Hooking rate and number of operations of the tuna and marlin fishery in the Central
Indian Ocean (1960).

)

Hooking rate Number
Division Area — of
YEI{BE|AB| BM|BKM SM | SW| SF operations
0°~ 5°N 2.5 0.9 0.05]0.2 0.05 1 0.2 0.03 ] 0.07 3256
5°~10°N 2.4 1.210.01]0.3 0.09 | 0.2 0.07 1 0.2 187
Bengal waters 10°~15°N 2.0 0.7 — 0.3 |0.06 0,2 ;0.05|0.07 166
15°=~20° N C.8 0.1 — 1 0.3 0.02 0.2 0.1 0.5 2
Average z.3 0.9 10.02]0.3 0.0610.2 0.05 1 0.09 680
0°~ 5°S 3.0 0 0. 0.2 0.05 ] 0.1 0.03 | 0.03 408
Central waters 5%~10°S 2. 1.210.4 0. 0.04 | 0.1 0.02 1 0.05 130
VAverage 3.0 0.2 0.3 0.2 0.05 ] 0.1 0.03 | 0.04 538
N 10°~20°S 1.2 0.5} 4. 0.1 0.07 | 0.04 | 0.01 | 0.02 226
Southern
central 20°~30° S 0.3 0.213.9 0.01 | ©.01 | 0.1 0.07 | 0.01 9
waters Average {2 04]4.0 0.1 |0.07}0.05 0.01]0.02 235

In this table, “YE” indicates yellowfin tuna,“BE” bigeye tuna “AB” albacore, “BM” blue marlin,
“BKM” black marlin, “SM” striped marlin, “SW” swordfish and “SE” gailfish respectively.
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TNARS, RINIZIEEL TnA A0 &, XS s L L, BHICERTH -7 (Fig. 2+2), &5
I, 1960 fEIE > TN » LI AT T, 2056 OFBEE L A5 &, L 0°~5°S, 5°

Table 2 < 6. Number of operations and haoking rate of the tuna and marlin fishery in the Eastern
Indian Ocean (1960).

Hooking rate Number
Division Area e of
YE|BE | AB|SBE BM |BKM SM| SW | SE | operations
Aﬂc’aman- o 501‘; 100 |\l o o B o N V
Nicobar ool 123 |09 |0.004 — 0.2 |0.080.05 0.030.03 70
waters o R . e
0%~ BON 2.3 | 2 0.03
o0 —iooer |23 | 1.0 1004 — 0.3 |0.09 0.07 0.03]0.04 120
0°~ 5°S | .
Sumatta | oo —goge | 3-8 1.1 | 0.1 — 103 |0.09]0.1 |0.02]0.07 65
waters o o~
oo b2 117 L1z o3 — 0.1 |0.060.09]0.03]0.03 29
Average 25 | 1.1 0.2 — 0.3 |0.09]0.08|0.03]0.05| (214)
lose_ 192 2.2 | 1.8 |0.5 |0.001 0.1 |0.1 | 0.1 |0.02]0.04 80
J?va 10°~ 15°5 -
waters | MO 1805 o9 o7 |tz |14 |01 [0z | 0.0080.003 0.006 238
Aversge 1.2 1.0 | 1.1 1.2 [0.1 |0.1 |0.09 0.02]0.008 (318)
Lesser 0%~ 15°5 ‘
Sunda-Timor 197 1505 117 06 10,2 [ 1.6 0.04(0.2 |01 |0.02]0.01 674
waters :
e 802 11t loe 3.0 o6 |02 |01 |0.05]0.02|003 193
Weslfo?l%gog 0.6 03 1.9 |32 |0.1 |04 0.5 |0.05) 001 202
oo 92 los 02 o4 3.2 [006| 0.2 |03 |0.03]0.004 @574
15°~ 20°S .
Qﬁﬁﬁeﬁi el oF (2202 o5 | 0.2 |04 3.2 [0.06]0.2 |0.3 |0.03]0.004 574
A : o, o
”w“awéﬂngg 03 101 | 1.1 |47 loot|o1 |01 |00z — 591
o2 3002 ot v0.z (0.7 |55 | 0.007 0.01 | 0.0 0.02] — | 2,175
Wejtoo}]“;’gog 005 03 09 |46 | 0.005 0.004 0.001 0.005] — 58
o o
e o0 — 1 0.05|0.8 | 5.2 — —loo02| —| - 2

In this table, “YF” indicates yellowfin tuna, “BE” bigeye tuna, “AB” albacore, “SBF” southern
bluefin tuna, “BM” blue marlin, “BKM” black marlin, “SM” striped marlin, “SW” swordfish and
“SF” sailfish respectively.

In the column of “Numbsr of oparations”, numbers in the parentheses show the total numbers of

operations in each division.

~10°S OWMERE D 12 ith o s BRRLHL TN, 3 A5 LEBITETL, 2hllEo9
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-
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BELDHLT, SPERERNTE CEIICEN DS, COEME 5°~10°S LD 0°~5° S s THRETH

(Fig. 2+ 3),
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Fig. 2+ 2. Variation of monthly hooking rate of yellowfin tuna by ares.
——-—— Midwestern area (0°—~10°53),

——— % —— Arabian area, D ---December
) Central area (0°~10°3), J+-June
...... - Bengal area,

——/\—— Sumatra arez,

e X e Lesser Sunda area.

A VIR DIEIIIC OV T, BIZEDISE 1958 FE F T, A (1959) OIEREELH 2 O TEZNLEED 1959
B I90EED DR AL L, WHEEE PEELTHE(L2Z LD L TR, 77 Y EGOHE L
PUIfERZ LD L, ﬁmmﬁﬁ%vk&biw(j*t,zwm WAL B FREREIRE FED RERE ST D
N, FFIC L o TEEORITL T3 A0d - T, LS &0 3 RIS DHED B %0, 1956 [ELIEE 1960
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FEETOEED SHL T, BRBOFMZA L2 BT S  FREI S 2 WL O PERED 21 &3
WHEOIU S RCHEm 2 Ly LT s (Fig. 2+ 2),

BRI, 1960 FRITH51T % 90°E DIFE D 4 jt » S JﬁJzW’ODFﬁﬁﬁwrmm B L oh8, & 61, Wi
U UTCEDERER & 6 A THEIGEER L L Th 5, , PHERENEEPEICIS VT 5 $UMESE Y 5°~10° S
«W~W53¢@w~5N&51~2Hcmﬁ@,mb,fmuwﬁ%kTWuﬂbyaofm%®mﬁ
LT, 10°~5°N & 15°~10°N OMiER T 1 A5 5 Jins TR EFOEmE Lo L T s, H
WEERED b DI T HTEERO & 5 1B 5° & &0 T,  wiBeEs b & e TasmeE
BED b DL RBEREHNENZLD LT A EDEEL NS (Fig. 244), F12, LOBNICET 5978
iz, 0°~10°SHTE 7 Ak 6 12 Hich TLER LT, EORPEEICEY 5 L ENOEMELDHL TV S
DT, N HAME T IEVEETRSACAL 2L ERPLDTY, Zhid 12 AIRNIZAET
ERRE A2 T s (Fig.2-2), COX 372 10° S DULHEED * ~ L8V E O TN L» 5, S5,
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Fig. 2+ 3. Seasonal variation of hooking rate of yellowfin tuna.

A: Midwestern area, B: Java ares.

...4_@ OO"’ 505"
—0 — 5°~10°S,
...... Beees 10°~15°S.

S‘f*ffé*ﬂ“@f-, O DNT I ZECETHRNS,
DREROBEEMITH 22 2w M IRBTOFER I ZICE L, B, Thé
'L?*"P EHJ FEEDIRERIBHIC BT B EHLOEmAE LD L TN D DEFICY » VBB TOH
J BED FREEIEIT 51T B X 5 I 6 b s TR EIJH’JWL@w)zmm 7o LdL, 5°~
alﬂ/w% AETEEL, 20l b 9o HETERNY, 10 HUETR LR L, LIFEEERC
FHEDIUERZ LD L TN, Z2OKE, 10°~15°8 s &, SR eRmicETL,
%03§Eﬁﬂﬁ3‘4h B2 sty (Fig. 203), 3510, FIENOREEICAIT 2/NA L L « FT—LIRET
EEEREEC L > Tk Y OEEVFED 6 225, LIS 2 cBRELNOEImZ LY LT, &
L (Fig. 202), 202k, AESHECATL TS 10°5 LHOERIC DN TAS &, 195852\

<

F19605F 12 B £ COPREIEEDRETRE»H L ATERE2 U oot s, SR 10°0~20° STk 7~
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10 H, 20°S DIFEEETI3 1958« 1959 4E & § 8 ~12 FITEBEL T 425, 10~12 FITE <, 1960 FITH
A EHELOERmP LD LTINS (Table 2:7),

SIRETR D BEZAY, - PHEENE RED DI T OSER I IREME M TR EL 10% BERFL I, %
ML, 2~ 3EOMIABITET LT, 19584FIC 4 %EITE R Uin,  F7z, BEERE4ELREL
ToHRD 1958 £ED> B 1960 LEIT 1) T, b iFIc X AN & 505, A E U TERIREES £E 1T T
Zo OE, 7IEVEBBINTIE, HRIATH S 3~ 7 AOUIEOELIEER, 1956 FTIEEL, 7

Y B LD LT, FNDE, 2L THESRI1:ED, 198 F /LT 2% BV IREHER2 LD LT,
110, LR 1959 4FEI T, R ERUT4% BR L)L T 1960 FEES, DIHICHFRDOE I
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Fig. 2 ¢ 4. Seasonal variation of hooking rate of yellowfin tuna by latitudi-
nal band in the waters north of 10°S and west of 90°E in the Indian
Ocean (1960).

A: Western Indian Ocean, B: Central Indian Ocean.
ar 5°~10°5, b: 0°~5°S, o 0°~B°N, d: 5°~10°N,
e 10°~15°N, £ 0°~10°S, g north of 0°

DA HNT, Livl, S 5 LM, SR IREY D@ioﬁmwm%b%bfmﬁmoc
Dk 54, HEE. 77 ErTaE s bic, SERGEERRLY TEEE S MEELD L, Zarb 2~
SAEHBLAEETL THEUOERZL DL T3, Livl, COEEROETEE & KRGS T
LU AL

FREEIE R B0 T, Wﬂﬁﬂmﬁlv ’ﬁmﬁo&%ﬁ<,<MJMﬁ”KMTb 1958 fEiTi
BRIEDHZ LD LT, 3 biT, B FELTCAS, 1960 I o THF b Tt
TFLTnE, COLHIT, gmgwqﬂfm%%z%1%67#%1%7¢Mwnrcu&c&bemwﬁﬂ
1957 s B 1960 5 TOHIEI TS, —H &% DA L TENMED F IO RB2ET T s, 35
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i, BN B LVEEIS T, B2 LD U IEEOSEEORER(LE A B L, 1956 FITREDMH 2 L
DL, fﬂMﬁW%ﬁu@?t%be 1958 EEICI2 2% B 6 TOBEDMZ LY LTz, Zilh 5 19604
¥ COHER LTI OREEZFEIT T 5,

Table 2« 7. Monthly hooking rate and monthly number of operations of the tuna and marlin Fishery
in the Southwestern area of the Indian Ocean.

“ Hocoking rate
Area | Year Month - i —-w === | Number of operations
Y F BE AB BM SM

Jan. 1.0 0.03 4.0 0.4 0.04 31
Feb. 1.1 0.04 3.4 0.3 0.03 12
Mar. 113 0.1 3.2 | 0.2 | 0.06 3
July | 2.1 0.5 4.6 0.1 0.03 9
10°~20° S 1960 Aug. 3.7 0.2 5.2 0.04 0.03 47
Sept. 1.5 0.2 5.0 0.03 0.04 27
Oct. 1.7 0.1 4.0 0.1 0.03 18
Nov. 0.3 — 4.2 0.1 0.06 33
Dec. 2.4 0.8 3.5 0.04 0.05 6
Aug. 0.9 | 0.02 7 | 0.03 | 0.03 31
Sept. 0.9 0.04 6 0.01 0.03 54
1958 Oct. 1.2 0.1 2 0.1 — 35
Nov. 1.5 0.05 11.7 0.2 0.07 30
Dec. 1.3 0.1 8.2 0.3 0.05 163
Aug. 0.3 0.3 6.2 0.02 0.04 89
Sept. 1.0 0.3 7.1 0.01 0.04 59
1959 Oct. 1.7 0.3 5.7 0.04 0.02 65
20°~-30° S Nov. 1.2 0.04 7.4 0.1 0.06 64
Dec. 2.1 0.1 7.2 0.3 0.03 25
Jan. 0.9 0.1 3.6 0.1 0.1 27
June 0.7 0.2 4.6 0.02 0.02 39
Aug. 0.6 0.5 5.4 0.01 0.01 82
1960 Sept. 0.5 0.1 6.3 0.04 0.01 16
Oet. 1.6 0.01 6.8 0.01 0.01 21
Nowv. 0.7 0.2 7.2 0.1 0.01 6
Dec. 0.8 0.3 6.5 0.02 0.02 102
Aug. 0.1 0.5 8.0 0.02 0.03 14

30°~35°S 1960 .
Sept. 0.4 0.8 6.7 — - 24

In this table, “YF” indicates yellowfin tuna, “BE” bigeye tuna, “AB” albacore, “BM” blue
marlin and “SM” striped marlin respectively.

WA RN 5 2w b5 iEE T8I ERIE 1956 IR RENI 2 LD L, ZNLIRE 1959 T T
DEPICEFTLTINAY, 1960FICASE, DLERL TS, DEIL, ZOMEEENCAT S/h7 2 .
F T — VBT OERIY, 1956 G5 b 1957 X h T THEPIEF LT A%, ZNEHR 2 hFEIFRIE
EUE 25T, 1959 4EITe 3 & 2 B, 1960 F s TihEgoEErsE» shb, Url, COmE
%”dﬁﬂié@%$®%%M@9f,uﬁ@ﬁmﬁbMtgo@%%@ﬁﬁﬁ%%b@bfw@m(Eg
2°2),

_‘25 f—
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2. HAF
AN F I AEEAFLIC & Tid, FRCEVEBEREEE TR F AL DL I REVEEES L L Qi

LB, #A}momnﬁ YD S B h BEUSHIMI 2 LT B (1956, HED, 2T T, FNE
WiksiT B &[RRI, 1960 53; 0)}/\7 E> 5 51 OB 2 B35 o
SR O HMIBRIZAL - PERENE BRI 0 2 A ORTEEE, BbcET 5 L7 S v RS TIZ 1.0,

WEIE T 0.7, FEMIEIETIZ 0.2 LB L, BETARERNATHS L EMbroi, TOLIE, FH
m1osum®@wfu¢ﬂ*fa<%@mbwb,@%W$waaﬁiuﬁ {, BEAEILUTOH
FEpitgL, & IT, ZOEAHHREBRELINEICER SN T, —7, 10°S LEOBRRE TaxE
BENE o ¥ F HIDOTIHEE LD TH, $VEEIOL LS (&L, {xuﬁ@'ﬁ& LT 58 <,
ZHUE FESHIN 2 L Ts, UL, 30°S DIEEMEEICA S &, ISR O REIMEMDEE D 51,
ORI e b O Ly T X i st (Table 244 ),

FESEIE PEIC I, BEI L ééﬁ'ﬂﬁ’?ﬁ@ﬂ\%zi PHESENEE BRI a1 A S ELIOEm 2 LD L, N i g
o HEE - EESEEOIBICE L Eo T b, B Th, NvHb e 75yl s b 5°~10°N H THR
L LUIZENEETH S (Table 2¢85),

BB AS &, BRI A7 1T oD x T e T AL e 2T o NAVE « FE— VIS LOE
NI IS OECEE 2 L Uiz, 3510, THLZREDHED LHET 5 &, 5°~10°8 Hrt >Lb&
T2 L, DNT0~5°S » 09~5°N o 5°~10°N » 10°~15°N = 15°S DIEHEROIAICEL 5 ->T,
T & B EEER OZE R TEED o« PEEIE RICET A B TR NRRELDO LTS, Thbbh, 10°5
2Hm@ﬁﬁmﬁW&$iﬂfr~$ﬁmma ﬁi%qﬂ%94ﬂii%bWﬂj LbL i (Table 2¢6),

CDEAIT, 90°E LIFOPLIRICIT 5 AR ORE 5 0B S RELIEHRIOER SN 5. &£ L5,
HEEIE e COARE DR o) ‘%ii RO L DR L b0 15°5 fiEF THRAINTE D, i, &
T4 2 OOTEEBA CIRERT 3138 K mER2 LT 2 2B 6N,

WSROV ) AYFEE L 5 &, BEEEE 2L T0v5 10°8 PHbBEITs T, #iE
DAL T REI L AEEIE EAERD NS o 12hs, 0°~10°8 TRFNFDOBEE L
HEEEL, HMMERETY 2 & b RSN EXBDLNT. Lith-T, KEDE - & b

ML T LA T L e TN e D U e INA L A FIE I FITHEEL 720°~10°5 » 90°~115°FE
DL P IBICEIET 5o

PR DTN © C O TId 1960 FEICH 1) 2 8V ROBEE(LRHIBINC LT, PEER & ORI
SRERBCE NS MU SEIEE A~9H%%m%%2Wbam@ot<u,wﬁaﬂ“~5ﬁ&8~9H
BETIEI~6 A LU AILEETH S, FELILOT 7 C¥ B TIL 3~ 6 HIT, XU VIBRET
BWSﬂKﬁﬂ%ﬂﬂﬁ%%%&b,@f@@)@@%ﬁ%%b@bﬁobmb,ﬁKmW@CA@&,¢
ALE e F - NIEETIZ6~8 AT, ZOWEFEHOY v VIRETIZ 8~10 It A< M ZIEE TiX 10~
Jzﬂm%ﬂéﬂ%ﬁ%f%& Do DI, BHIPHIEFETHEIREEY vV « v FIBZWITLL
FTOENTHEDLN, BELEEEETEz -IEHIE L2z LTS

IETh, bol b EHERERERL TV A b 7RG CONEEOEHNOEIELL, 19564 T
1 Aot 5 Bl TR T8 ECRER Lo L, RRLNG 12 Bt TERL, &
QIT, =12 HEEE2LDH L Tind, 1957 « 1958 4R35, BILL - ThyhicEZR28D 555, 1960
ELRIFELOERZ2LSL, 3ARBE 11 2 HTERELDLI, 1998F 22, | Ao 7 A%

TEZIRIB R FET 7008, 7 AU 11 Bl TR EF LU TEWEEZ LY LI, 0L, ATk
FIRBETEIT & » THEEDRHNZELTH 72 ) OERDH 555, SMICECEBIZZ DR L VEERS

LT, 11 ARIBICK S RERLSTED SN, FAFIK, SEROREELE A D E, 1956 Fh
bo& BIFIRTH -0, ZNLIE 1960 FITHT THDEIC L - THFBED SN 505, 1956 F L H 0P

- 20 —
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IZEUSODICITOIRBE 25810 T a (Fig. 2 5~296),
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Fig. 2+ 5. Seasonal vatiation of hooking rate of bigeye tuna by arez in the
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2« 6. Variation of monthly hooking rate of bigeye tuna by area in the Indian
Ocean,
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3. Evri

FEERMOIEC L S &, KEDHE FPHER NS PEOD FRER RS TR IR L, BHICE . £72, 2D
P e TR R A F DA E B D 10°S LIEIEIICHEET 5 (HR, 1956). O T, 1960 DR
FERE D B AT 31T AT D TR 2 7R 5,

FEROMIGZEL - <7 ., ﬁ/«m@mﬁ?wmmb@kiékﬂ$ﬁééy*WJQTDBWTT
ST e NUHVBOTRB T E - & KL LUTFOEERZ LD L, FICREINARETH-1
igr%&ﬁ%f@o&ﬁ»603%%ﬂm%iﬁﬁb&m/( FNAL « ANRFICDNTEHN, & AP, THHRIR
PICABE, 4~7% CEBIZLERL, w70 « A OFFDEHTE - & bENMEZLD LI,

S 51T, Wb T A &, SR 0°~10° S HO PRI T o3 M EL DL, 5°~10°5 T4 0%~
58 BT AL ODbTENIRENMERZ LD LTt, © OSSR, {')L] MENEFETE 10°S & D[( b DY
B 513 EBAMER LD LS LT, HEEERE TR Sicdb X b Offikic b1z 5 10°~20° S D571
20°~30°S X h b FhIENIZ LD LT D,

BITHIC & AZEEI DN T AL &, COMRFRENINER CRENIIEBINITE TH 206, TIUTD
NTIE L, B 0°~10S R THETNIC X A35HANT & A L BY 51U, TABRE TIEIE L D D

TR RED T HNE B o IKEO 2 L L 7o (Table 20 4~225),

TEREIE BEIT 41T B ¥ L o OEEESEE PEOTR D # 41 S HRLIL T2 L H L T 0%, c@%ﬁﬁmt
», AR 2RO E L TEHEDS S MBRED b sk o, 3561, RENCIET 5 7
Y RS ./\“M'!iliif IFRE LRI T B 70w, RO T 7 € o N VBRIGI ST 5 L ﬁ‘ﬂ VR

TEIICEER & ST AT a0l L/0>L/, AT OFIHRE AUL B IIC A S &, BENPEITIL
WEE T3 %nu”" & RIFRP LY L, DT : ST L %R R L)L, D
A H e FE—N e A2 MIRGOTIFRTH 5, & 15, BRERR L TN A 10°~20°5
M 31T 2 EEREE 2, 10°~15°S OHFAICH 5 105°F LIPHOBMIE T LRSS & 100°~115°E D~
Uﬁ%ﬁJ@naEum@mzyae?%~wm%&15~m¢;w@n °R DIFH & 115°E LIIEOEMN
TGIFHE % 2 112 PRI s 2 &, TRE 3L D OISV B U AL AR TH o7, LA

T, I\,rsrr&zr T B RO RE . ﬁ/(h‘/ﬁ:sz 10°~20° 8 [MICHERG 3 71, WX b OFfE & % OTRELD
ENC EWED Bt (Table 2-6),

ZOi3hs, FEEIEEEORBEIEIE T, 1958 « 1959 F O & b 8 ~12 FOUIREETEZ L T3
25, % ORI 1960 FEOHEIIC & ﬁ)m_,.:éxdbﬁm%ﬁb 51, AEE<r 0 AOFEOENTH o&
PEREL DL, LEEO S0 - 20X EOENELEL TS (Table 2:7), O & 51T, FIEFEC

ST 2 i R E DAL TR B IR S A B s, FRRERRIC A &, THY B ORI
A6, 0°~10°8 TR - E’Eﬂf;iﬁ{iz%b&) X 51T, 10°S lkx TrREMEE T, g

MEL TR LEDTE/SWEBERTCH D O EREADI,

R APESLOEN (AR BN umu/)afb SN L o7 PUAEEIE RT3 5 20°~380° SHD @ ~ K
Y B A EEEEEE T AR AR A DBRIICA - 1201 1958 4E 8 ALIRED C & Th b, DR TIEE
g U 7o D AR E O BRRICIEZE L T 3 B3R R, 2 ORPREOB R s { TIEM/2FRNZ LA o1
revn, UL, HIROESIREEIITH 5 8 ~12 ARIalle /59 &, ZOHMTIE 10 A» 5 120K
Tl Th b, 2T, BEICZAFNEER LD L IZRHZEICHET 2 &, 0°~10°S Tid4~6
A, 10°~20°S TiE7~9f, 20°~35°5 Tk 10~12 mr 2N E TR 2 TERL Tvs (Table 2«

DENR

7). COOX 3T, THEFAERED aﬁﬁbllrj/fjb,ﬁf WBEF L D RSB TH LN T ADYRED b1,
0°~15°S [AABINC S 5 &, SRS 4~ 9 BOENITE DS, ‘«E%EL/JML/%@ &, PEERH]
PERTRIAIE Tid 4 ~ 6 J, FVEREIE “"ODIIJHB(éJl/ TiX 4~7 f, EREAEREDY v VRS TIE5~8 H,

ALK s F = VBT ~ 9 AR ZNEFNENMER LD L TinE (Fig. 22 7~2+8),
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UTzhso> T, REDFEEIT 0°~15°S O hic o TEHICER IN TN A DT, LK Z2n W,
LIzdng Emblid s B THh 2,
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Fig. 2 7. Seasonal variation of hooking rate of albacore in the Indian
Ocean (1960).
——&@—— Midwestern area,
——C—— Central area,
—— X~ Java area,
------ Cre+oor Lesser Sunda area,
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Fig. 2+ 8. Fluctuation of monthly hooking rate of bigeye tuna in the Java-lesser Sunda area.

D -+-December, J «+-Jdanuary

PIRER DOREZEAL « PR U U RSO IR OFRUTEIN e £ 5 &, VEREEIREPE 7 3R D 20°~
30° SITH T BB IIFZEMHID 1988 EIC - & LigE L2 Ly L, ZHMMBEZEESLERTOREmE L » L
Ting (Table 2¢7), U x T o NAL L o 7 — LIS TIF 1957 4E & 1958 FEDBEA 72 ¢, 13 EAE

— 29 —
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HIETL T2 0T, SYEEROREZE IS i S 72o L L, 1960 SEF OSHET)I 1956 2 & 1959 4F D
ZINTHEL T BB 5 L {6 o T2 DL
L3F T % (Fig.28), 72, P9 & ARELAIREPED
Y } 0°~10°S TORMOFEFZ LS EUOHE
£ 1.0} : FELDLUT, THDb, 1955J*:F;iv>6 1957 ££
ap - T TEFL 1957 B > 2 B2 L
2 - _ Lrods, 2L 1960 FECH T TR F‘ u—vr
fé - @/ L, 1960FEICBEP LD L. (Fig.2°9),
0.5k 4. TFERIO (BEAvEwS Bl
- NTNIZEO)
M IRFRATEER - EFEIE A TIIE S A KRS
B TGS, BEEREE B T SRS
S AR FEE REBE R0 195248 10 T L -
1955 1958 1960 T S nTos, WEOBEY b BrKZE L,
Year TEMEEZEOHE E L TIELA DAL o 77,
Fig. 2- 9.. Annual v‘ariation of hooking rate of bigaye Uin L, FEIS 1956 ARG OHNT £ s
tuna in the Indian Ocean. .
——@& —— Midwestern area (0°~10°S), OPITIE - TESE, BREEGE L THYS2ZE
(- Central area (0°~10°S). F, A ZOEEMMERIBL, Ch®RED

EBAEE U THIRT AIRMNE L s oir, #0770, 1960FEFOEIERD S 1 F I v 7 o i O 2 8-
Ao

PIEE O HIEINEAL B IEEDCS LT, Ty 2aNVE LN AT N FEBTIRE L
hﬁ@%ﬁ@moﬁoLmbﬁﬁvflosy%@/vvomz/& cFE—NEBETIR I %ERLDL,

3BT, BNPEIESETIE3.0~6.02 L)L, BETARELEFRL TN, &L, KEECOBEMET
BETIRY S0« DURFEORENTL - bBEVEEZE» LD LT, YERCB T 3=/ 0 OB e2%E
AL TN D, 22T h, ZOHGEED 20°~-30°S R TEERE L > & 3 BRCH -7z (Table 2-6),
BHPERE 2 HET A &, SUBERE 10°-15°S fITCREL L D OIS IR EE L, TORBMICHITE
INA L E . )-%-)I/{,E\Li/%f‘ﬂ<§ I EN A LN, ZAUTHL T, 15°8 DETREERGER T A3 E
ERELDL, AIEICE! g o EmpEED Sz (Table 206),
C@¢5&%%$®m@m£mm4yFv&n@ﬁoﬂmmﬁucggmmuébo Wh, FIah b,
A3 100°E PTHOHIEEE MA L E - %{~AHHKW*5K$M®NV&7DVZE°“573@T
BRI bN TN B b b b TRENA S NIZ» o120 En b, ZOFRBIATEHIZY + 7 <
ALK e FE— ViR AREE & LT, BNAERICE Sl T H B L E BRIRL T s,

B DEMIKZEIY - 1960 EEE OSITEROBH AL 2 BB IEKT 5, £7, 10°~15°8 HOU »
T e INA LA o = LIRIET Jﬁ@i1~3ﬂ°8~4zﬂkﬁ@4nﬁ< &, 9~11 FiCkEiail %
TRLL, 2T 9 Qb oL dIFRT >ot09$w, 5°~20° S FIOE T H1Lads T3 8EEE IS 1

5

~3AEo~12 BITEL, £, I0AT & @S, K@@C@H@¢Mtbfgwﬂﬂﬂ%@%@
L Tind, 3 51T, igdmﬂ%W°ﬁ®ﬁMﬂTﬁ%@%?dl~4H&m~uﬂﬂﬁ%%%%&
L, &g, 12~3 BlekBicEEani Fig. 2+ 10), T O & I, REOBEEZERICL > TRZD,

BL D OEERICETTAEE 1~ 2 HBNTHON TV S, i, 1956415 1960 FETDY ¥ 7 « I
ALK e~ LIRETOEGINESILTEEE & D IZIZEUOERE LS LT, 2IhiTE L, B,
RDH S, FNZRED LN L S RBEEETOEME S (Fig. 2« 1),




FIE R T L O BIASEREIT IS B v 77 0 « 1 o 2SO mEE Y (0Trge 79

7. 0§
2 -
£ 5.0 :
o g
5
g n
S OF
T :
i o
1 Of
1 ]
J FMAMI T A S ONGD
Month
Fig. 2 10. Sszasonal varistion of hooking rate of southern bluefin tuna.
= (O—— Jave-Lesser Sunds area (10°~15°S),
—— @ —— Northern part of Southesstern area (15°~20°S),
——-x —— Southern part of Southeastern area (20°~-30°5).
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Fig. 2s11. Fluctuation of monthly hooking ratz of southern bluefin tuna in the
Java-Lesser Sunda aren.
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L TE L OUEDES 5720T, 0°~6°N & 5°~10°N HEf D & DIe2 T, R OFEIZALE [

Flhs
“b7&tévﬁ i BREER A L. TEb b, SIEE 0°~5°N THBE, SELHUTEL, bk
T TIEL 7o T ADIEL T, 5°~10°N T 211 & < RO MBI 2 BHINZ/LE LD L T 5o
ZDiEts, 75 EVIRBOWEEORELLE RS &, 1957 EEENER LY L IoH, 2 Offiid 1958 1T
LHITIEF L, 2N 1960 L TERL, 19604031 1957 L iz Lo LT (Table 2
12~-2 « 13),
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Fig. 2+ 12. Seasonal variation of hooking rate of blue marlin by area in
the Indian Ocean (1960).

O Bengal area (0°~-5°N),

i) e Bengal area (5°~10°N),

e\ —— Midwestern area (0°~-10°S),

------ % weeeer Central area (0°~10°S).
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Fig. 2+ 13. Seasonal variation of hooking rate of blue marlin in the Arabian
area.
——&@— 1957, s (@ mm i 1959,
—— X — 1958, e Srreeee 1960.
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SOIHTH D, HEHEERITH T 58088, 7o 87 e 20N e AT b T o U v D o NAK o F
T VIR TIE O 1 T O{ENME CRESEINT T2 5720, UL, T OOl 15°~20° S OB N7
BT AB E, 03HTH2 L oL, ENEORZPTE-EERT, S RANIEEER LD LTIz (Table
2°4~2¢6),

. »ohv+

T RS PERE OV SR Ol BRI S A3 Ts <, 100°E DIBRO Y v 9B « N2 v F Y B I OV B A
PREN T B DENEERICE CAMTHL Tind, 212, ORIz A8V 4~ 9 FiTHd, ZDEHo
ZCE L (Fig, 29 14, Table 246),
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Fig. 2+ 14. Seasonal variation of hooking rate of black marlin by area in

the Indian Ocean (1960).

——& -—— Lesser Sunda area,
——(O —— Northern pari of Scutheastern area (Morth of 20°S),
X = Java area.

ZDEM, ARTEBIOENY a0 o REERS DO TEL, RELERE B0 TER
B DNTIESESRRETL LICICEEY S (Table 2-4~-2-6),
Fig., 2. 15 3FIERECB I 2= 7 0 « o X OB IREHRERER2 LD LI DTh 5,

BWIE BMAFE

BRI 1 9B 2 RURC B SE & ML 7203 @, BATERPUTE » FIERE & 7 5 AT, DWSEAREY » thBln v F .
v 7 oo s UTERSHIZ LY Tind, b &b &, CORRFRHSIEEE « PRRIE o By ol
WCHERB LT ST D

\/ -

& BH, RIEHERIC R U AR ST U D O 195245 T, COEIItg v a

A ORI R EE MRS I L, SRS s> T2 0%, FIAYEE~Hmd 2

b>vﬂﬂnL/7bo

AR S RS R S 33 2 U L U, 1954~ 1955 4R DI i U oS & - TRHZS 2, &
DI € DS BT {r TEL T B CEMbhh b, R —&C 30° 8 U g TR STz, D
ekl & (IGRESE I, & RIRRIC R Iw%gliofmﬁzbyréﬂﬁobw%h T DRI VIR EIRE PEDS I &
NTiED b T, KB EIERERIBOEIIC LT S , BBAREBEANHET Az ENTH -7,

R T, ?Mﬁ%ﬁwiﬁ&mﬁﬁﬂﬁﬁﬁﬁﬂ#vbUL%@ﬂ%ﬁ%%?@of,mssy
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1957 FE 8 HTh B, MM boEHy 0BBECHMICH 52, ZCETHE L THRET AR IEFII
izt ot

B OVREESI 2 40°S AR & U T, EERZ 90°W RO CH# L, 2OEmE S E Sk
DA PLHLT % @i:jvir:é@tf;cﬂwé UL, RSB NTAD &, BEHIRED
FOEERDYE , BRI Ao, BATEES 1) OWERER ORI E b T, AT,
B DB & R < D A LTV BT, Bl EE O E R 2 EE5R O,

DX RIEHT, FEANEELSASNTBEEIZZ L, 0L, #EMITHEEL TS, LIMST,
BHETH ok, BE BUﬁ?thW‘LZE% GERHT o EMINEREBIOMIE T EWHL»ICEN2DH LEE T, C
N5 DBRBITH U CTHor 2@ 21770 D BRI L T sy,

307 40°  50°  60° 7IO° 8I0° 9‘0" '1(?0" 1%0" 1%0"
s | 1 |

Q,\‘
9‘_3.

ﬁ

llgeve tuna ||
T B

Yel

[,

%
772

thern bluefin tuna 30°
v L
40°
50t |

307 400 500 607 70° E 80°  90°  100° 110" 120°
Fig. 2+ 15. Distribution pattern of the tuna and marlin in ths Indian Ocean.
£ TSI OV 2 X - HBTEBE ORI § 2 S0 TREED B, <0 - 7Y AN
ORERERAL TH Do
BH1E ABNNER

1. Fn A
(1) FREAERETE b & 7 7o ByHESR
SR DI HP  JRSE DAIHAITIE 1950 FE)> 5 1951 FEICh 17 2 JLREBIEE O 140° E~180°,  19524E):5
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1953 FE DM FETREIEI D 155°~165°E DOHIRRIB TH 072, 1954 45 & 1956 £ % T OIEENEREIT
RRILRINT, FREEED 165°E~175°W OFIFITE AT S, 1957 8ELI& 1961 EITh 1o 2183
%@bﬁli 165°E~165"W B THPHDGFIC PR - 1R TH 505, BRI IEEE b b BiEEmEE i
T, KIEIERE 21z,
C@JGCEI%,@ﬁiMK?%ﬁ%®éﬁm6&5&,ﬁ mﬁjﬁw;méﬁ
WHEIPZ LD LT B, RBEHICIE 180° BHD & Lm0 SIEIICER & 4T
UIehio T, REHREEOBBIOA CII AT ERICE L&, w5 « b U3 HO #I

BRI 1z AT

ICBR T

SRNEVARAEAV DS, ZIULH D T <, TR T 20°8 MESD 150°W DIENEIC AL &,

BET IR ESLDTOnL, BEFTOEL A, 20°8 UEOEEREICE T 5 BESTE 20T I3 R
A=V AT A A

FAnsN

Table 2+ 8. Number of operations and hooking rate by fishing flest of the tuna and marlin Fishery
in the South Pacific Ocean.

| Number |
Area " Peried of YF|BE| AB | BM |BKM SM|SW| SE |sBS
operations
June~Sept., - . . .
(950 1,296 | 2.4 t.0 0.5 | 0.01|0.001 0.01 | 0.02
0° ~ 7°N | Mar. ~June, o -
140° £ —180° lon 1 822 | 2.2 0.8 0.02/0.4 |o0.01 0.01 | 0.07
J”""{;é\lug" 1,206 1.9 0.910.2 [ 0.5 |0.01|0.001 0.01 { 0.03 | 0.01
J“”’“’”f‘”g" 1,064 | 5.0 0.4]0.2 10.5 | 0.1 |0.0010.01]0.1 |0.1
0° ~ 10°S 1952
FRC © —
185 1657 J“”igéug'f 1,638 | 3.8| 0.5/0.4 |04 | 0.1 |0.0010.01]0.2 |0.001
Aug'lggiov" 552 0.8 0425 10.2 {0.06/0.5 |0.5 |0.01|0.04
10° ~ 30°S | Aug. ~Nov., . - - )
165° E —175°W Lo55 1,603 | 0.51 0,21 2.7 0.2 10.02]0.3 |0.3 |0.006 0.1
AUQ'JQOV" 1,138 | 0.4 | 0.23.4 |0.04 0.01 0.3 | 0.3 |0.001 0.1
20° ~ 30°S | Aug. ~Nov., . .
150° £ —180° Jore 434 1.3] 0.216.2 0.1 10.01]0.3 |0.3 |0.001 0.1

In this table, “YF” indicate yellowfin tuna, “BE” bigeye tuna, “AB” albacore, “BM” blue marlin,
“BKM” black marlin, “SM” swtiiped marlin, “SW” swordfish, “S=” sailfish and “SBS” shortbill
spearfish respetively.

\

UEOEREZZEICANT, MEICEKR, <70 « o3 EOMENTIEEER LN T, 1950~ 19614
D12 5 BHER DTS L OO BEISIEROE LR U 5,
ﬁ‘l@&é?@@iﬁﬂﬁ?ﬁj”‘% 0°~10°N OB EE, T 195080 5 1951 55D 2818 bhic» T, 3 RS
7°3  140°E~180° DI TERIEL Th, Z0#H, 1960 FiREHUEOEEICE N9 2:%mh, p§F
iv>5@5ﬁ5ﬁﬁ’ﬂ'lﬁ3££':%f I T Fip, T O IFREGEEY S AT, LU cﬁj K 1.0 EEL S
Ui+ g, 0.9~030HZPLY LRI ATFEr7 om0 > 2 ¥, EfE 0.1 01
FTTEhDTIEETH S,
INE=wso e BUOREDIIHTY o & ¢
BEUIMBITIE 2.4, 195D 3~ 6 BIR%T
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i
/

ORFTIE L3 r 2 En LY LI (Table 208)

LirdioT, %4, 28535 L0 0 %0 3 FRdbaREmE c RO fgie LT C BB AL
LD TN D, & IT, FAZISEEOENEMEE U A OMI e i 5l BEENEZLDL TN S,
Frr, AETCREHPBICLIN T, DT TED 50, Z OWER D OBEAEDTED 6 N,

XLuﬁ@mcmwé,ﬁ%+@v&mmMMKmm¢ég,Ahc;w~escuﬂ5~6zf§o¢
R, DINTEo~10°S Tid 1.3~2.9, 10°~20°5 Tik0.6~1.8 20°~25°S Tid 0.4~1.5, 25°
w%5f@02~053m%y@@m G130 TR LY Uiz, COX 5, KEOHERIF LD Ol

T S EEIC IR T olmEZ Ly L, 2, 678 1075 - 2008 - 25°S d5 k0N 30 S fiEEEE LT

FALENOLIG & PR O L g §Y Sk nside bAviz (Fig. 20 16),

i

1957
4.0r

T

T 10

Hooking rate

-
P n

a b a

1 P i ) o J
0F<6°8 6°~10°S 10°~20°S 20°~25°S 25° ~30°S 20° ~30°S 30°~35°S
Fig. 2« 16. Annual variation of hooking rate of vellowfin tuna by area in the
South Pacific Ocean (from the materials of fleet fishings).
a: 170°=~180°, b: 180°~170°W.
T April ko July,

s August to November.

i - bASETR O, RO L > TN S D NG AN A L R T AN AN
SN & T S o&@Lml%%1tmm¢.dﬁpmmc®W%JM@ EHAT, T s,
RO bdbfwf uJHJ: i 1“'15’5 Lo (Table 2-8),

: LT, 0°~6°8 Th ol bIFfELD LIS

/'Ai/ij': R TETL, E LI, 0°~6° 5T

HE DR
BN ORI SN Pl
Utrpio T, KEZAGERLIT
HOREM AL 72 5 L
ZOE NS TH - 10,
L L A T AR T 451 B & [ i TS E L O DI
Wmoﬁc, Z DIBEEIC L BZERII/E <u%ﬂmﬁw®6ﬂuﬁﬂ;E%E@ﬁf@ﬁ@@%*$@%b

A R g
b R RETRE

IFHILE D

1

HTIEL, % DORBEWZEAL KE’”6@&9%%ﬁmﬁof®TCCTM%<(ﬁmEZ%,EgZWMO
@%ﬁ@;mmam HERT 1960 FF % Tlid 4 ~ 1L A OHARNICIRZEL 72 DT c DR pA D12~ 3 B DM
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[z 12 5 $IEROBEREII R TH 2, A T, 4~11 DMK T Iwm@ﬁﬁbcﬁ%?%}é v
T2, TTWTWEET (4~7 ) &I (e~1173) OmENC L THE % OMEIREL T b, %
LLTE4~7HEB~11ADZNZFNORIB TEEL 12 MO ID8EE L HL# L Ta s C L1095

}'ﬂ"gj,,@ééﬁ[jl{lC) 170°E~170°W Tid, #EREBMACTNDL U5 LINERSOD, SBREICEHCE
BTH5b, &IT, COEMMZEEE THL»IED S (Fig. 2+ 16 ),

PPEREORIER  C CTEHIFRINCH 125 4~ 7 ADIRICEBIRIBE CEBE UM% & b HIFT, &
% U U i ONEIC SR OFREL L2 s L Ta s T LiTd 5,

FAPREE B 3017 5 GUIEsR S, BREEM)D 1952 T3 5.0, 1953 4ET33.8% UL, WEL AL LT
LTund, Lisl, 19544EL1%% 1956 2% T3 MLTLV&L\@T‘, Z ORRELS AT H B, 1957 4

PRELRIGL T D OT, FHEYHEEE 0°~6°5 & 6°~10°8 /T T, ZNLIE 1961 4F

BEOBAELEA L% U B3tz

F97, 0°~6°S TIX 19570 4.4 % Lo L 7oh3, 1958 4E & 1959 4FIC 4.0 TRRETL, 196045C 6.2
LD UTREICER U, LaL, 1961801, HURELT3.9 T & b RTH -7, DEK
6°—10°5 IHIVTIE, 1957 TiE 2.8 Th o & bIFIATH 7205, ZNLIE 1959 gl TRRETFL,
1969 HITIZ 1.8 DA LD LT, UL, 1960
Ficnsr e, BUERLT2820LHLIZE0DD,
1961ERIT IS B & 2.4 WWIETFL 72,

CD& 3T, REORE LSRR ZIERL T b
FEARENBH T, SV OB i —E ORI 2.0
W %ﬂ?’&fpoto

Do

3.0

10°~20° S 1T TIE, 1959 4B ORI B 1. 0F

RIS T2 0.8, PURERLG T 0.7RI& 2 LY LT ©

bol AR THE, Ll T o , , i , ,
1 %% L LTI Jammf ap o e

D LNIEh o7, ;j 40 g\\io >
20°~-30°S TOHEHEIL 1956 L 1957 FEDRK = AEN&TA

B 1% B2 LDL, FRTH -7, ZhilE 3.0

1961 T 0.6 FIER T,  fRIT X A ZEEnsF

D HNIEh o1, 2.0F
LizhioT, RATREORBESGEEA T, 4

JERDRE j’\’fh ~EOHEEMVEED b i1, 1.0k

igds, 30°S LDIEOEBREMEEICOLTIL, KEHS
FCRBEINIBEETH 2 h 5, BEROFELL : : r
COWTEH L T TRERAEMT 5 (Fig. 2+ 16), ’ b : ‘ ’

Area
(2) HRESRROREE X D A 7280E=

Fig. 2+ 17. Variation of hooking rate of yellow-

CNFTHBNTEIL 5, BAREEERETED fin tuna by area in the equatorial Pacific
. 5 . . QOcean.
b ETIRA SN ICEEDHIE T b, FEHITL,
e A SHIIE o i O 1956, X —— 1957,
Ftz, LTI AE—Th T2, 20T, EH — A\ 1958, — @ 1959,
EEARTEEDRIUCONT, JEDRES sk ol O 1?;60. . a .
N, - SN a 150°~170°E, : 170°E~180°,
ARSI, 1956 FELIE 1960 FEE TIZA & ¢ 180°~160°W,  di 160°~150°W,

NIHREAR OBEBER 2T A THH U iz, e 150°~120°W.
C OFEIFEEEEPI TR, 1960 i FA S REA S
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Wbtz oT, dod d IS EBEUIEMC -, EIFBEEBEEasnl, Lo T, T Tid 1960 4
BREIC LT, 1936 s 5 1960 4L TOEBIT DN TR~ 5,
FE i@ibl&ﬁjiﬂfi BB B IT 81 D+ X OYERORBRENEL, SEE2ECBIEENUD

HfzL» LoD T, 19604 OBEEITL D (Fig. 2+ 17),

%ﬁﬁ@ﬁﬂﬁﬁf,R@@ﬁ%%dﬁﬁwﬁc@15~22%b®bfp BEACREICLAERZT
Wi o tohd, 180° &b 150°W T TR & D ICHTHRMEE b, 160°~150°W "Tid 2.6~-3.3 DHEE T

SE bR LD LT, UL, 160°W ZHAT, IHELDWErd s, SRR EBICETLT
1.4 T8 - & B D o7, FEFREEHICISNT, SEREEL DO 150°~170°E XTI 2520010 T
bodsdbE<, 2N WEHOEEA~BITTHIIERECET L, Fo 120°~100°W X Tit 1.0 %
LHLThodd{Ehols (Fig. 2017 ),

PRI 1) 5 S9ME R ORE MZ LSRR
Y TH -1z (Table 2+ 9),

\

BT B SFUOBENE LD L, BEEEEROEM X

Table 2« 9. Hooking rate and number of operations of the tuna and marlin fishery in the middle
latitude waters of the South Pacific Ocear (1960) {(From the rmatsrials of the self-navigating

tuna longline vessels).

Aren Number of | Yellowfin | Bigeye Albacore | Blus marlin Black Striped
s operations tuna tuna ) marlin marlin
140° ~170°E 288 2.2 .3 .5 .2 0.3 0.1
10°~15° $|170° E ~150°W 210 1.7 4 2.2 ) 0.03 0.08
150° ~120°W 118 1.4 4 .7 Jd 0.01 0.06
140° ~170°E 240 1.9 0.1 . 0.2 0.6 0.2
15%~-20° $[170° E ~150°W 113 1.1 0.1 2.4 0.4 — 0.1
1150°  ~120°W 3 0.6 0.5 2 1.1 0.03 0.05
wast of 170°E 333 2.1 0.3 2.1 0.1 0.1 0.5
20°~25° 51170° E ~150°W 46 0.6 .1 8 0.1 — .2
150° ~120°W 2 0.3 3 2 0.3 0.02 0.1
west of 170°E 366 1.8 2 3.4 0.03 0.01 0.4
25°~-30° S [170° E ~150°W/ 29 0.4 0.04 3.7 0.01 - 0.4
150°  ~120°W 14 0.2 0.2 3.2 0.01 0.01 0.08

EEES TI13 170° E~170°W £ COHEMF TICRE L 20T, 2 ORI 30°S Db & b B
EEL. 2NTH BOPEE b iEEIERE LD LI (Table 2+ 10),

2 ¥, Mi‘@f:ﬁaé;‘ LEARIC L TA 5 C 21ICT %,

170°E DIFSO¥EcIs T, SR, JREEE T 1.6, FEREEE T 2.5, H@EER TR 1.9
~2.2%Z2NFNLYIL 7z (Table 2.9, Fig. 2+ 17),

170° E~150°W OMEEICINT, SR ILFEEE T 1.9~2.7, TIiEiEsl T 2.3 §itk
L, HBEE TCIZ0.4~1.7 T{FEL (Table 210, Fig. 2+ 17 )o

BT OWEERD 170° E~170°W H W TR AT RIVERZFERE & 8 0.1 TR TEL,  ShkBEah
AIRETHo7chs, 1960 FIT/e 5 &, B TIXEFET, ﬁng@::}: 30.2%2 L LT (Tabel 2010),

DL, AFZFEEE T & L HRTH Y, L OEE DA 213 Y, BEELE A EN
BHb,

o)
C‘w

ok
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3 54T, AREDOIATEE T D 5 IR

813 180° LITH DR B T bk
LUULKIFERTH o7z,

180°~160°W [EiCis i Ty, JLREIEEH T 2.2~3.2, MEREEET2.4~3.2T, ®MiLicks

HEIR TR 1956 6 1960 T oo THE L Ta % &, 898
G T 1.6~2.3 2 L LIzt L T, FREREHR TE 2.4~3.87T

FEEBIEA LD NI, Lipl, 160°—150°W 1T/n 53 &, C@%ﬁﬂ%@ﬁ126~uw [E3}
MR T 2.1~2.8 T, BIEDHWE» 212, £, 150°~120°W & TD 1960 HE DEE e
1.4 %, EEENT22%2ZNFh LD LT, 150°W LIBEDREEASE ii’f:ﬁﬁfﬁiﬂﬂi?’b\@i, 2°N~3°5
MTiZ2n L bdbF o3 FEOEEIILL THEEN S LD T s TETHRETH 5,

Table 2+ 10. Number of operations and hooking rate of the tuna and marlin fishery in the high
latitude waters of the South Pacific Ocean (From the materials of self-navigating tuna
longline vessels).

Area Period Mumber of | 'y o | gz \ A |SBE| BM | SM|BKM
operations
S@Ptlzggecv 307 |0.02|0.05| 0.8| 8.6 0.003 0.02|0.001
Jan., July~Dec.
e 366 10.0410.1 | 0.7] 7.2 —|o0.1 —
~Sa N :
170° E~180° MUl j;@g'”ov" 311 |0.01 0.1 | 09| 81| —|o01| —
Sept. ~Nov., - _
1960 97 0.2 |01 | 1.1 7.0 0.0t
May~~Sept., — .
oo 788 | 0.07]0.02| 1.2 7.2 0.1
Oct. ~Dec., . —_ —
onr 276 | 0.1 1.2 6.7 0.01
307 ~40° S Jan,, Sepi. ~N
poePt. oV., = . — . _
o 159 | 0.06 1.2 7.0
180° ~170°W J”'ny?eC” 119 |o0.07| —| 14| 64| —|o001]| —
1959
Sept. ~QOct., o . o _
1060 49 | 0.04 1.1 6.8
May~Ssapt. . o o
el 419 —lo0.02| 1.2 6.0 0.1
150° ~160°E Sﬁmgg%Q' 86 0.2 |0.03] 1.0| 80| —|0.03| —
Aug., Sept. and
60° ~170° ’ — | 0. .2 | 5. — oot | —
160 1720°E L, os s 320 0.03| 1.2 5.5 0.0

In this table, “YF” indicates yellowfin tuna, “BE” bigeye tuna. “AB” albacore, “SBF” southern
bluefin tuna, “BM” blue marlin, “SM” striped marlin and “BKM” black marlin respectively.
’ ¥ P P Y

L

kS, AEOSIERIERZAS TEIEEE L L EREER TENEZ LD LI, U LEREIT
ABE, BEIRT X3 FEERERDVED S o2, PRl k Y ILEOW PR Y i,

P bEDF N F i OHIENZE LY, S XOMBEER» LATTEA LT L LI T, FKED S o &
LEESOMBEFREGHICER SN TNAC ERBELLTH B, 2, DHOFRLD 5133 T0 % i
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Fig. 2+ 18. Seasonal variation of hooking rate of yellowfin tuna by area in
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Fig. 2 21. Seasonal variation of hooking rate of bigeye tuna by area in the
equatorial waters of the South Pacific Ocean (1960).
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Fig. 2+ 29. Seasonal variation of hooking rate of blue marlin by area in the
South Pacific Ocean (1958).
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Fig. 2+ 30. Annual variation of hooking rate of blue marlin by area in the South

Pacific Ocean.
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Table 2+ 11. Significance test of linear regression coefficients of the hooking rate of albacore on
the surface water temperature.

Area Factor v d. f. U Fo
18° ~ 20°S linear regression 0.168 1 0.168
170° E~175°W residuals 0.013 5 0.0026 65.5
20° ~ 25°S linear regression 0.504 1 | 0.504
170° E~175°W residuals 0.099 i1 0.0091 55.6
25° ~ 30°%S linear regression 0.148 1 0.148
170° E ~175°W residuals 0.00é 3 0.0023 64.9

From the equation : y=B4at, where y=log(hooking rate), t=log (surfece water temperature),
and B and a are coefficients.
In this table, “V” indicates variation, “d.f.” degree of freedom and “U” unbiased estimate of
population variance respectively.

Table 2+ 12. Cosfficients of curvilinear regression of hooking rate of albacore on the surface water

temperature.
Area a b
18°~20° S 170° E ~175°W — 9.39 4.8x 1013
20°~~25° S 170° E ~175°W — 5.27 4.0% 107
25°~30° S 170° E ~175°W — 11.95 2.4x 1010

From the equation : Y=»4T2, where “Y” indicates hooking rate, “T" surface water temperature,
w0 AL e .
and “a” and are coefficients.
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A: Equatorial Counter Current, C: South Equatorial Current,

D: Area of undafined current.

RS A BEANEOEICITE R L Lt O EHEE s S FIRGE, A 5°IN~40° 3 M 22
e EEEREL T A 1o9ic, 20BN ETdb e, SETHEREEICIERIN S,

RB PIGIEE T 324 ‘ﬁiw PIALL TV A 7 v h X RBEHINC C O EILCEEL T3 i, #
VRY 2 X SR OBERD & 2 OREFEMRTIEEL b, KETRILL YiwERan s,

P DBER» S, FAFTERERE, -y CEaERER, 7o o % TRIRERAROEE
FNEHESEFEEZERL, CNLERRABROEHNENOPEEC L -T, BEHEIEEE21T2 - T
EWVS T E,

{‘(
A
AL

N

BAEDEHEE LIz, 5k, T8 « b BEORIENEERARVICERCECTERIN T

X



0 o 1 7 AR 16 (2)
SRS BRI b 5, BT & CBR S NTU B H 5 ITEh2 5780

1m%§g$®%rmﬁﬁ ERENE P B D WHEEL T, RS IEMET, %ﬁiﬁ@%%m%&ﬁ
TN A IISEAS ZHETIE 115°E L TR 24 ﬂfﬁmttoQM% —75, Bz s &, RHRCOER S
NTUz L ORI LOMIES NI L THIEESFRE—RLT

Z DpEdbT X B &Vﬁwﬁ@@MC®ﬁﬂH%ﬁ@c,$Aﬁciﬂh®ﬁ@,EV%ﬁ?i%@H
M, t93ivroEeaoETRCOMBRIOILTENEFNEEZBEL T b, 445, COHEEON
LUTEIIC S v U « AL « FE—vifilg, BN TR S TR A A v A R E LT
HTHHB,

SEIL, ErF HONORE R TV A 10°~20°S 1B Ti, Al Uik T, i 3EI

30° 40°  50° 60°  70°  80° 90 190°1;0° 1zp°

T T T T T T

o

Ne—O—r 2, E

o

[y
o
o

40°

50° — 50°
307 407 507 607 707 807 907 1007 110° 1207

Fig. 2 ¢43—c. Surface currents in the Indian Ocean (July to September).
A: Equatorial Counter Current, C: South Equatorial Current,

D: Area of undefined current.
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A: EqUa:orlal Counter Current, B: Nerth Equatorial Current,
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South Equatorial Current, D: Area of undefined current.
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FL 720 TTHR (1958) 1& 19501966 4EiCH 25T, mtmmi THUT B N T OFREME.  EHLIRC X
BUREOIETIIELCH A5, bk hIickTD DE L hIE }JDT/S EWELIT, DF U?Firfilwéﬂbziﬁ%%
BTz, 170°E & 150°W (T DB CHiE % a,BVDf:o

DUNVT,  EF - AR (1958) i 1956 4 1 ~ 3 DA H Iz B RIRHIAEEED,  © b o ONETERED
A B AR L, AESEILAATEE T2 N2 IR L s B 2R L T s SHEEL 12, ful, ZHH
(1962) 1€ 7+ # OREBEORZE Y 5, LR EERENO 2 v+ ¥ 32 nFNWREEPRIER» 2
BIoH, WEMICIIEE R EEHEROMEEBENED BN C EREREL I

B & REDBEIT DN TOBIEO RS RIHEUILOKERED § DT DN TR EN TN D, THD D,
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AL - INEE (1988) WEZREMiE T v K =~ TR S MR AL « E0F I OREKIEDNT, BHEEIC
5 BN BEALD 5 BEFICHT 23R ES L OB ESHORERMZ LY LT, DI, Ui (1959) |
FNE o ANF o TF T 0XONT, FEOERC LICHERRRLT, 35T, SCHAEFER (1948)
A2 ) IEE, BBE (1954, 1963) WEKSPRERATRIE &N T 2 iniEds L OF AL - AR (1959) (4
R« HE 57\T/~5r—0)#f\§7 KT, 2NENEE— BN ORER ek, v F HICoNT, HEH - B
Fl (1961) (ZAEHEE b B 2o bR A SERE I D G EE & IS R B O s 223 1o, i, S0k - IR
(1964) (3VEER « FEEASEEED A NFITDNT,  (RE—FEOWBEOMEICLIZI T, AR FH — D))
BOIRAIC X D, ZRHET gl X OVEREG T 70 & OREBERICRE 3 2 EEHIOBRE 234 4 T 5o

Pk, RE—GHEERICONT, FEUILOEEO L O T2 h OWE % AT 5%, LEOIHED b
DTEHIFBIT Dm0, Fi0, MAEERREREEIZ S 70 « w2 05 ORERDTRE 2L T 2 03,
COMREOHE—FRECHL TOMERGIEETH 5,

L3, =70« hoXrEMOEKEEMEICEL Tid» /s 02 OWMBSREL H 505, 5 3HEET -
FH L ORAICA B, SDOTURIT, BREC TREL T FRAROME 1T LA 753
NTWse T, EFEEVERE & FAEPE T OO R 5B TOMAZ A 12D THRET 2,

_\

Vi

W18 EREFE

RENE QAR 1955 5> 6 1960 SR b T2 - T, HIERE & FAEEED SR L THESE L 123 D> 5 IR
U120, & OREMEEEE - s L OB L > T, birh OEENS 5.

2T, EER LI TR0 o R M - GRS L OFEHAICHT T, 2NFNIEAEE
£k RE AL THRL T (Table 3. 1~3+6), Linl, COWENHE - B - iz £k, i
BEL TONBOBERD L e LIznioT, CNERERERICUDTHE, Uk a2 h2h
EEITL TN S,

mWW?C@ﬁ-’ B w7 o BT RO 5 RXHE T, » o+ FCIRIERHED bR

BEMEHRES LT, Cheem TLDLI, COX 3L THRELLERILONT, EvFaeTv3
fﬁ/*?iSmrEm ZOEHDT T B o H U FETE 0em KECE - T, FRMECA S FROMEE
HrERERTLD L, 215 OKERKZERDTHR TS 5L, DEIT, PFANFIERREEEHO X
RS T, (REMROED KRR XD 1205, B - PN REL B ORKOES & 1 B
RICKL> T EORREHHDUI 6 0TH 5. ULDKRAERND b, RAMIE - Bk L0

BREAZERZRI LI, ZOUDT, & CHAEED Y L T A ORMKICDNTE, 2 DERMAROIE
PTEMRTE % (T2 572,

ZOEMC, T, BIROVENZ LR & 2 72902, TEBEIEEREPERES D F N5« 2 NF B L0 F AT
(8 1955 4F 10 {h> 5 1956 ££. 3 A& T, 170°E~180" DFEAFFEIMERHED % N5 e X ¥F » 22 3405 &
K0 H P FICDONTE 1957 4ES~8 4« 9~11 H& 19604E5~ 8 f], 170°E~180° O AN LEFRHRE
YHRDENL « 28T« L FH o 2ADEBLET T 54 520 FICOUNTI 1957 « 1960 FED 5~ 8 H,
1958 « 1959 4E D 8 ~11 AWM, & 61T, 170°E~170°W DFAEESEE GO 2 + 1 v 2w (ko
Sy avvse) TEI99ESs~11 AOHIIChIco T, FNENELINICEREAEL 12

F 77, (RE AT E OGR4 12D, ASEREREIEED % 4 & X NFIDNTIE 1959 £ 5 ~ 8 [,
HHEPIRT 4 O JEIBOFNE o A NF o ELTH, BIOwHUFITNTIE 195848 ~11 F & 19594
5~8 AOMicH e T, ZNENKELRERZAEL 12, COBREIEICH Y, FEIG R R TOR
RO EozRIT iOT*“ﬁ‘*“%UW@&ﬂﬂ,t/%ﬁ?il@,?ﬁ&#?iﬁﬂ?bwb
1o TZIZL, C@l;jé}@{/f\" e FHT 2P - AR 2 AT TH AN, AL e ANT
TACFTIEZNG PIRELICER T
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— T, BOEEBCEY ARE—FEERZIZO X0 allometry OFFFIC L - TEHIDON TS
W=b-L2 W:(kE, L={E, a, b: parameter

EHOWLOWH%Z &3 &, log W=log b+alog L OEDEMICIES, LT, FRKOEE LK
EORTEEONEE 2 & - THEDEARZRZEICEZNTAIZECS, WY log W=log b+alog L /55
BfRicdh 3 & HMLE?%ML@T Zn b6 OEGICEIL THREIOYIER2 AU THRERTTS o1, £ DR,
FE—AECEET 2 RRFEROEENEY SN0 T, JiEHcs % 0RE EO)%M’% Kbt 5B, 77
= ﬁ?‘/,f?ai;ﬁ@ﬂw\ﬁ,iéwﬁ LT, MEEMBE SN 1955 LB O LR E O METE 2 A L 12,

Table 3« 1. Average body length and number of measured fishes of the tuna in the Western and
Central Indian Ocean.

. 1955 | 1956 1957 | 1958 1959 1960
Division Species (1:46;:]2:) i 7 : ) ) 7 7
Nofemy! Nofem | N iem) N lem | N Temy] N em)
OC’Z'gar —  —t,293132.3] —| —| 420/124.9/2.500(123.9] — —
Avabi Yellowfin Apr 7
rabian pr. —| —| 8371135.4] —! — 311]1231.03,827/128.4 — —
waters Sept.,
Bigeye 2% “r’,lay —|  —| 263[129.9) 105/133.2 218/140.9| 240/132.8 — —
OCt'g;r 848136,21,030105 71 1030133.2 297131.2] 430129.0| 360(126.6
Yellowfin Aor o
P's —  —| 702182.6/ —| — — @ — 287|126.4 — —
o ept, ) )
Jam';gr —|  — 829/132.5 176/138.6] 229/139.9] 184/140.0f — —
Midwestern Apr. ~ — _asolizao o ]
waters Bi June ? )
9E uly~ 398/142.1] — — — - — = —
Sept. B : o
Oct, ~
| Y 423131.00  — —  — I = =
. Albacore Oct- > | 159108.5 —| — — — — — — -—
Southwestern | vy g Q0= 1 | ] o | seoisz| — —
waters €C. |
YellowFin AP“S:pt —  —1,960(135.0/3,203132.23] 612/130.0/1,751|125.9] — —
Bengal waters - o — -
Bigeye Mar. —  —| 142/133.0 236|136.3 275/144.0| 196[134.0] —| -
May|
Yellowfin Ja“'gar —|  —|2,716135.5(2,864|132.9/1,5001129.9 480126.5] — @—
Bigeye Jan, Mar.| — — 108|130.0] 93|133.8 108132.2 111/131.7 — —
Central Jan- Mer.| | 1,090 97.5 786/100.8] 294| 98.0| 342 99.3] —| —
waters Apr, ~ . — -
Albacore May I T e T e A
o Pune~ — | 2600104.3 —| | — — - - - -
Sept. -0
Oct., ~
Dec.| — — 634974 — — — — — — - -

“N” and “f” indicate number of measured fishes and average body length respectively.

Pl FIEFFEE OB RN, 2 ORI ID HAIKEE « RS L O et o2t Lz d D
ThBH, ZOIIHIT 19854 10 A7 5 1956 4F 4 F & CTGREIE PR Hif U 12 AEBIALIC & % 4858 O TR
A OER} & FEFCGENIFL RSO OTEE R 2 L 3. S ATV B,

FAACTEED ZRHA KRR « MEKEMRASHEINC LS 8O TH 303, Z0LHTH 19584FE 8~11
D7 4 o~@ETOERITEEORMARCLI Y, ZNLKEI19604EE TO b DLRIGREIKESESHFEEE

— 93 —
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Table 3+ 2. Average body length and number of measured fishes of the tuna in the Eastern Indian

Ocesn.
) 1955 1956 1957 1958 1959 1960
Arsa Spacies (F{\’/]erloﬁ) — 7 7 7
e e lont Y ) )
) N e N em N eml Nolem) | N jem| N em)
May~ —|  —2,795|:24 .6|1,204|123.9/2,813]123.8/1,037|121.4| 687/121.3
Yellowfin Oct A/ig 438
oo | | | *Y182.2) 7631130.7 734j129.5 744/125.9| 839/125.5
Jan Var —| i 4e8126.6] 279\127.7] 241|128.4{ 1071128.7] — —
Apr. ~ — =] 121}126.5, —| — — - - - - -
Bigeye June
e July—~ o - o o -
Java-the Sept. — —i  195/136.2 e — — —_—
Lesser Sunda- Oct, —~
Timor waters Dec. — —| 278126.9, — — — e e B
Ja”'ga — =] 298 91.3 76| 91.4] 125 90.8 239 9t.7 — —
Alhacore Ma o .
Y —  — 95 93.2 128 92.8 143 92.3 145 92.21 — —
ug. R .
. Jan. ~ —| | 835/153.7| 646|154.5| 710154.8| 59€/155.8 ~— —
Southern Mar.
blusfin Se"tg\fo"v —|  —| 468/158.3| 443/157.0 4C4!155.5 187156.0] —| —
w Yellowfin [O°6 7" | a0aliza.5 23001337 26913100 289129.0 200128.0 —| —
Waters west - Dec. B
of Australia | Ajore 1o o | | | 7870 96.11 263 94.3] 81 93.4 124 92.6) —| —
Waters N ‘ A
southwest of Somhﬁm Oct. ~ — — — — — - — —| 53€¢|151.7 — —
: bluefin Dec.
Australia i

“N” and ¢ 7 indicate average body length and number of measured fishes respectively.

Table 3 ¢ 3 Average body length and number of measured fishes of the marlin dusing the pericd
from April to August in the Indian Ocean (Average body length in Gothic and number of
measured fishes in small hand type).

|
Aren Species } 1956 1957 1958 1959
) . o 7 e . | 369 - - -
Midwestern waters Striped marlin | 170.0
o o - T 195 . o .
Central waters triped marlin BRUEY
. . | 348
tripe 1 — — —
Striped marlin | 173 9
Arabian waters .
Blus marlin 171 133 190 113
1783 | 179.6 177.8 | 180.4
T 289 163 176 147%
Striped marlin 176.2 175.7 173.3 172.1
Bengal waters y
Blue marlin 2’? — — —
77777 184.7
: . 310 - -~ -
v Striped marlin 1628
Java-the Lesser Sunda-Timor waters
Blue marlin 87 — — _
184.6
| 55, ons o i 710 842 -~ _
North of 20°S, east of 115°E Black marlin 153.9 170 4

< ”

#” indicates the Fishes caught during the period from February to May and “@” the fishes
during the period from October, 1956 to March, 1957.
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Table 3 » 4. Average body length and number of measured fishes of the tuna in the equatorial
Pacific Ocean.

| Periog| 1955 1956 1957 1958 1959 1960

Area Spacies (Month) N 7 N 7 N 7 N 7 " i N 7
(em)| N Jem| N e | N eemy| N cem) | N (em)
dnsl ol = ] —l4zzuszzdcoizo ] — — — —
15001”7an AZ;p:277118.2 504|115.4/1,864'117.6/1,600(121.9] 372|112.3) — —
D | —1,500116.6/1,398(117.9] — — —| ~—
10° N - Ja?;q;: ] solhed emizial — — | —
o° 1700‘5;; o Ag;jp:BQémA 2791121.012,0411120. 1]1,417/122.6]  444i116.8(280/118.6
Boe| | = | 295188 9581199 — —|—f —
180({?2;;\%/ A§P§2;58138 2 214l132.41,080127.7 251l121.6] 250118.9 —| —
1600;0“30 Vellowfin Agpw —! —| 208[135.3) 179/131.1] 161{130.8 125/130.4| —| —
‘Ja}‘id:: — —2.08120.1] 692119.1)2,044]116.0 903115.6| — —
IéOOE;; 0 Ag;jp: —| = 257]130.22,921/125.8/1,535/123.0 694/116.0| —| —
OCD*;: —| 4,868129.1 969/122.7|2,828(122.32,219115.4) —  —
O [ oy Aol — —l7seiasg — —le 00213153, 9281221 — —
1600500\»’ Agrep’t’ —| | 748[139.5 568142.12,135143.4 938l142.7 — —
1400;500\)(/ Agr; — — = — 865143.21,979)144.4] 486/143.2 — —
lzoozgoow f\g;;pj — = = = = —[1,108140.4| 277/142.4 — —
1500; A%;p”ﬂ -— 601263 3171129.1] 387128, 13,641l128.1] — —
170" E ‘ch,;" — 1, 295125.6]1,059126.3]1,090/125.5{1 ,060125.8) —| —
107 N 1777007”, sAgZp?E — — a95131.0 412131.62,5120138.3 oeE128.8 — —
o 1eo” | Cr»i1: —  —| 501/128.3|1,487/131.0 852131.8| 765128.5 —| —
IBOCEODW Agipf—ij 327133.1| 445/133.5 206/136.5/ 324/130.1] — —
160";0‘3\%/ Bigsye Ag;:p;’ —  — 33¢138.3 636/137.1) 165138.8 522137.7) — —
TR Ag;p”; — o = — ezilisig zoies | —
BT Ag;jp: — = = o o o ezl —  —
0 e 0 Ty Aggp’; — = o o o siess nidsre — —
O™ Ag;jp: — o~ = ] 7e2is0.5 670)150.0] —  —
0T Ag;jp:; — | 4 o | ese57.4 223158.5 — —
O s ZZETO Albacors :\:ﬁoz T A B M M B IS M e o Bl
170°W New =™ T T T | mgses — | —

N7 and ¢ 7 indicate number of measured fishes and average body length respectively.
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L ->TE2NEFNANIZSDTh A, 1235, ZOEICERENESEHSTERO 02 s PH L. (Table 3-

1~36),

Table 3 » 5. Average body length and number of measured Ffishes of the tuna caught in the middle
and high latitudes waters of the South Pacific Ocean.

A  Perieg| 1955 1956 1957 1958 1959 1960
rea Species (Month) N 7 N 7 N j . 7 ,,.N J . J
e i (cm) (cm) (cm) (cm) [ (em) (cm)
10°~ [145°~ Sept. o N B
005 | 1700k o |1, 146/182.52,530/132.24,462/131.25,689130.9/1,506/121.9
T Apr. _ _ - . . _ . .
18%~— |170° E ~ ~Aug. 2,6261125.9/1,325120.5
o Tald [s]
307S | 170°W %%ZC 443/140.6] 336]139.1 406/136.6/3,785/132.84,402(122.4| 213]119.0
e Yellowfin St . - — ~
(5o~ | 1a0°W Pl | 98l146.1) e8gi44.7 871144.0] 434142.9 — —
25°5 |140°~ Sept. [ R N R . o
120\ el 1T - 868/147.8| 467/148.1
30°~ |170°E ~ Aug. N e T
S L Rov. ) 1001308 240/122.0 —
10°~ [160°~ I e e N
2005 | 140°W 267148.7) 303146.9
170°E ~ i - N
10° 180° Aug. 1,085/140.5| 448131.1] 984/141.9 552134.7
(=] O~ P
2575 18?6o°w Bigeye Nov. | f 0 | —| qo0l42.71,098145.8 —| —
10°~ |140°~ e |
20°5 | 120°W 7 529(150.3 285147.4 -
30°~ [170°E ~ Aug. e N
150 5 180° B 303[129.0| 192131.6
170°E ~ T T T
100 180° Avg. 753(100.6
20°S |180°~ ~Nov. | | | & . I R
170°W 217 98'0,
May . . . o "
170° £ ~ hug. 157 96.4, 376| 95.7| 316 94.0| 400 93.4
.- 10 Aus | 280 97.7 170 9.0 931 94.5 458 94.3 501 93.0
30°S Albacore May . ‘,,,, o B o oynoas 334l 928
180°~ ~Aug. : :
170°W Aug. —  — — — —| | 935 95.2] 392 94.8 283| 94.3
—~MNov. - B
170°E ~ e I
300~ 180 Aug. 245 79.2
40°S [180°~ ~Nov. o - . . - . .
170°W o T 12800 = T T
30°~ [170°E ~- | _ N
350 S 180° s 2,055/131.6| 244|136.8] 147]135.3
170° E ~| Southern |Aug. N
350~ 150° blusfim |~Bec| ™ T —  —|L,868]124.03,685/125.9|1,535130.3
40°S |180°~ o
170°W | —  —  —| —1,276137.2] 336|137.8 591]137.6

“N” and “ 4" indicate average body length and number of measured Fishes respectively.

— 96 —
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Table 3 « 6. Average body length and number of measured fishes of the marlin caught in the South

Pacific Ocean.

Period 1956 1957 1958 1959 1960
Area Species (Month ) N i g 7 N 7 N 7 N T;
(em) (cm) (cm) (cm) (cm)
150° ~170°E 458/163.1) 89|158.8| 485|157.9| 833|156.9 — —
JION°~ 0° |170° E ~180° Sept. ~Nov. 467164 .5689/168.8| 808]158.2/1,345/159.2 — —
180" ~160°W/ 83]182.5/249|178. 71,167172.2 232)169.3 — —
170° E ~180° Blue 252176.0848174 6| 657164.8 445/163.3 — —
180° ~160°V| marlin — = = —| 472174.3 373/170.6) — —
0° ~10°S Jan., ~Mar.
160° ~140°W — — —  — o275l183.2 360/180.1] —| —
140°  ~120°\W —|  — —| —| b553)195.5 431/194.3 — —
10° ~20°sl160° ~130°W Sept. ~Mar. 1818|186.2/584(189.1) 679(185.71 122]183.2 ~ —
- O S—
00 Nw 5 150° ~170°E Sept. ~Nov. [570/119.8[954/129.2| 511[137.6| 812127.5 —  —
170° E ~180° Jan. ~Mar. 1316/1120.1|175126.9]  73|136.9| 27|125.6] — —
170° E ~180° 117/165.6/105170.0] 384|166.0, —| ~— — —
0° ~18°S Sept. ~Mar.
140° ~120°W — = = —| 32jie2.8/ — — — —
Striped co T — B —
15° ~20°S[150° ~140°W marlin 173|166.6252/168.8 148166.3] 189163.0, — —
15° ~29°S|150° ~170°E oot Jan, |125(200.3153(198.3 269)199.1 189197.5 ~—| —
= . ~Jan.
18° ~30°S1170° E ~170°W P 179/202.4/895(202.5 563/203.5 236(202.1 — —
17° ~25°51140° ~120°W —  ——| — 215/165.7 223j159.4 — —
30° —~40°S|170°E~180° Sept. ~Nov. | —| —| 35203.6| 68200.3] —| — — @—
10° ~20°S|140° ~160° L 2';‘,,’; Sept. ~Dec. | — —! —| —| 140[196.0 148/203.1/117]195.6
o o ° oy Shortnose o o 77: o
20° ~30°S|170°E ~170°W| 0 ey Aug. ~Nov. ——  —] 166{136.9] — —

“N” and “ ¢ 7 indicate average body length and number of measured fishes respectively.

P2E FEX
w70 e U FHOKENRIZIEE « BET - BB LT E T, R YDOEEHZ LD L TIA, LIFA
TN C i 2 TERRR T %,

1. &y

BB A O MU ZE L« PUSRSEIE FERRIC D T o T, 1959 S5 OREIE 0 & U8 L 17 2D+ &4 DI
Pk 2 BHL OB BN T 5 &, 75 © YA T 123.9em, PENEE TIZ 129.0cm, ?%J"-“’-Téz"f?ﬂiz%
D 10°~20°8S Tit 130.5¢cm, [ 20°~30°S Ti3 133.9cm 2L L, gL H OEEICED 913 &M
KB A HEELED 54172 (Table 3+1),

AEEOEEERE 2IER L T D 7 5 & Yis L OGRS b OREICD0WT, 1956 4546 1959 4EF T
DO b1z 2 EERER B LT 2 2 4, &1 (10~3 B) TIZBEE & § EEE» 5 0 6 Ok

B, BH (4~9 H) TR7IEYEREL LD L DOHFFARE,

Z LT, HIEPEDREHT, b o& 3 RETEEER HIT T AR LOHHHEEOFHIEE2 & 9 &
T, FORIZENZHTIA 19558 10 BB 1956 4E 3 BithicoT, U ARICIER L THEL
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2°~8°§ %@&W~W§5®@hmbiuﬂﬁ mxbﬁﬁi,lﬂ%hﬂ‘nﬁﬁﬁmﬁ@
b 121~150 cm OFEERD § DIk - TS LD 2 L LTohd, 20F — Fik

HiEE T3 135 em, HETId 145 cm fBFICH - T, Aumﬁﬁ@@@®uAb%% Ve F72, PBRED
A D 136.2cm L, #EIL 137em T, 2RCHBPRENEBED 5T (Fig. 3« 1),

1956 FED B 1959 FE F TOREDRBENZEILICEL T, KO FE s & FrhEEHIE FED 0°~10° S DifFR

B AREEELHRPICHEL 72 A, DEDICEIEDOITBERED > 12, R, FKREUILO7 7y
WG &N A VEBOTTRE D S EUNCEE L n AR L Th ., BIENO 0°~10°3 s bdur & [F L E
DA MASPITI, DX Y, WHHEBICHTZ AT 5 iy 5 OBENERPR A I o1,

X 5T, RHEIIC AR & S b R FICRL TS 3P~ 15°S oo U e hARLA o F
T~ VD b AT S ODKEMR R BT 5 &, REEE D, BEENE XD 20TEI/N SV ERER
JriclE s, 7, MEHEHEL /I (Tabled -1, Rc3=7~3ewo«@%,1W“ UHWIMth>T6ﬁ

T2 T, 1959 4R O PESIEIFE REFETRIEIE D b O b D & BMNTE b 6 0 L 0 & SEBRE 2 iR
?5&,W%fuo2um,&%0g1%omn@b@bf,%6mt VU b OUVEH I FER IR S &

SIHELIZ 8 DDAk o,

/0
40. 0}
30. 0}
20.0F /
i
10. 0
Ly

o | J

81 921 101 1%1 1%1 1:2%1 13;1 1?1 1@1 i~
! !

90 100 110 120 130 140 150' 160 170

Body length
Fig. 3¢ 1. Composition of body length of yeliowfin tuna in the Indian Ocean
(Oct., 1955 to Mar., 1956).

Area Number of fishes
2°~8°S,
e p-— West of 100°E 433,
8°~12°5,
(O Weast of 100°E 869.

Lo T, FAFO/EEIEL D OWEBEICETT 512 & REULCHERLGEED 511,
EEROBHE 9, 79 CVEEITENT, 10~3 A& 4~ 9 FiItir b OOVIKE K
LIoE A, BIEDEE L It/ S, D EIC, PRI R T, 10~3 A& 4~ 9 JIKATZE O
DB %\%«nc,m%®ﬁmk &, THEYEBOLOEXNOEREE LD LI (Table 3+ 1),
@54,/«v-mz s FE—VEBIBNT, ZPEEIICAT S OORERLELIZE TS, BIE
BEERRITAT BC)CDTJ?JVké(/\ (Table 3¢ 2),

77L%&«/uw{m%mmﬂ%ﬁ@%®*% A s, ENFNORBORMITICAT S PERE
TOFEIIC S 5 2T AT b ODOFEEHMELE L IEE, BLA S, Ml 2aEErE 2 LN
itz (Table 3+ 1),

(R D RBEEZEAL © 1955 550> 5 1960 FEOHAENITH T2 T, wwmﬁhm“«% P bT B AT D HR
WAT: S OREDHIFT, ZOEEMEROEELRILE L LHNI2E LA, BIEYOREHRIABTEE L § 60~
1mcmf,ﬁwam5w,T@Iﬂw&mbtm/%ﬂﬂmﬁﬂjWSQMh, Fris-T, /phaunik
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B OFARBITL T 5 OASIEEICED iz,

DE D, I95ETIEE~ Fid 135cem il dh -T, ZOFRHS 121~150 cm DEEFIFHATH - 7205,
ZLRE, e 130 em DL EOKRBEREEDEADL T, 1960423 E, F— FiZ125em i dHh b, #
DFEIT 111~140cm DIFEERO L DL > THBR SN T, 72, EEKRERTET S &, 195547
14 136.2em Th =& dREL, 20l ELANPNELRE-TI9ETIT 126.6cm T, H-o&d/E0

(Fig. 3+ 2),

1956 4, 1958 4F3s L 08 1959 4FITIT 5 7 5 £
BT ARSI (10~ 3 ) DYOLE (4 ol
~9H) Ot DIty T, ZORMEE/MTONTL 20,01
Bttc A, RERBICET B & ARG, AR 10,0}
BN GT AIERDEED 6T,

FTHbL, ZICEBLT, 19564 T, E— Fi 30.0p
135em BRI H Y, ZOFEHT 121~150cm Dk 20.0-

WD b DI Lo TR S TV T3, 1958 EE Tl 10-0F

130 cm Pl POKRBEEF ORI/ & 100~130em D 0.0k
PFEIGEROWE LA LWEINZAT, £ — Fi ook
125 e PCICHEEL &4, 1956 D D L hi3iF 10
em/PNINERERCT~BITL 12, 2233, 1959 D a0l
LW s L, BHEEEOLO LD, 130cm D EO 200}
FHUREMRD b OOWDDED bice iz, T 0.0
FERIEIT 2 & 1956 5D 8 DT 132.3cm %
LBLTE & b RE L, 2RLBERIETCEE .08
INHAG L, 1959 4RI/ B & 123.9¢cm E5 D, b o 20.01
&,%/J\éfb\o 10.0F

LTzdso> T, 1958 FELIBORINCE T 2778 % 0.0k
BETIHREYOFEFHO AL ZHEFRRO § O 20,0}
JoTHRINTINS 10,0

o ’«C,iliﬁ@{a:%nﬁﬁk%ﬁé &E— Fi& 1956 4F 61 71 81 Or 101 111 121 131 141 191 Tel T~
MEHDE 1958ED DT 135 cm I H -1 70 8)0 920 160 11?0 150 1io 1420 15%0 160 170

N 5 s . Beady length
»5, 1959 M3 OTIE 10cm (I W EFL, 125 ody fenat

i o ariati f y - -
em REFICIER S T, £ O L E — 2T Fig. 3+ 2. Annual variation of body length com

position of yellowfin tuna by area and by

U72 1956 FED & D & 1958 4EFED & D & 2L 5 season in the Western Indian Ocean.
&, HIFE Tk 121~160 cm, % Tid 111~150cm o {oct,. ~Dec. )

L ! e - Jan, ~Mar. p 0°~10°S,
DEERD b DI L > TERBLD BN T, & ... O Apr. ~Sapt. |
1z, SEEEEIL 1986 L, ERNBYLL TG @ [Oct.~Dec.)

. Van, ~Mar. } north of 0°S.
(Fig. 3.2, Table3.1), .. oo Apr. ~Sept.

1956 FED> 5 1959 42 F TD BHICHIT A X w5
BRSO LOOKEMEM2A 5 &, T— FIZ 19564 19570 4 O Tid 135em, 195845 & 1959 4ED %
DT 125em fIKH Y, 2, Z2OFEOEEGHIL 1956 LD § O TiE 121~150 cm, 1957 £ & 1958

FEDDDTIE 111~150cm, 1959 f:r:u) BODTZ 111~140cm E72-T, HEL/NED L QOOEEHE L is >
T b, 72, VBRI 1956 4FE 0§ OTIE 135.0em Th-o& 3 K2, ZRREERB - T/HEILL,
1959 4FIC A% &, 125.9em #L»HL, & -& d/h&ty (Fig. 33, Table 3-1),
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1956 SE> & 1959 B E TO | ~ 3 H % TOPREEEFTIRED b OOHREMK 2458 &, F— FId 135
em (SR Y, FOEEHE 121~160cm OREHRD b DI L > TR S ﬂfw:yf» Z LI, HE RN
TUKERD & OORSHA TG, £io, VBRI 19564ED L DT 185.5ecm T, boL b RS <,
2L NE LM 2 7 8 b, 1959 AR A & 126.5cm B LD L, bol d/EITHS  (Fig. 3.3,
Table 3+ 1),

ST e NA LA e FE VRIS B IFFRITE AT & I, 10~12 AT H A 129, Ol
Ba e b s T, RESRORELLE LS, ZOREE, B~ FiX 1956 4FLIEE 1969 FF 5 Tid 135 cm
MTIC B - 7o, 1960 £EIT/s A &, 125 emfBECBT L. 12, CORMIO b D, s 4/pa
L, 100cm DUFO/NEIER SR OEEOEGHIE A

TN A, [, &R 1956 £ T 132.2cm o
BZLHLTE-E B KRS, ZILFRHIE 0.0l
JNBUAL L T, 1960 I A D &, 125.5ecmZ2 LY L, 30. 0}
b o & bNEL, DEIC, B0 DOEERMEE 20. 01
% 10.0F
30.0f 1556
20. 0} =\ 30.0F
100 \Q\V—M 20. 0
T 10. 0
30,0 1957

209 30.0f
10. O 20.0F
10.0f

30.0}-

20, 0f
30. 01

10. 0F
200
10.0f

40.0f

30.0F

20, 0f s0.00 1990 / .
10. 0F \ 20,0 X i
. % 10.0} /7

1 b i o 1 )
=60 o 7T el o 1021.121 1%1 BT o1 T 71 %
% 80 % 100 110 120 130 140 150 160 170 ~7 a8 Tor 1}1 It 1?1 i 161 "
Body length . 80 90 100 110 120 130 140 150 160 170

Fig. 3+ 3. Annual variation of body length com- Body length

position of vellowfin tuna in the Central

Indian Ocean. Fig. 3+ 4. Annual variation of body length com-
—— @ —— Bangal area (north of 0°), position of yellowfin tuna in the Java-Lesser
Apr. ~Sept., Sunda area.
(O —— Central area (0°~10°S), & May ~Aug.,
Jan. ~Mar. ——(— Oct. ~Dec.

BB L, WEZBED DO EPPRE T DFEHID/2-oTns (Fig.3+4)e PEY, 2O~
125 cm AFURICE — ROSEED 641, COE— FeAub e LIz 111~150cm D b DOBEEEES Y, {Bo—2iF
95 cm AHTICE — Fdsd b, el LTz 8l~110cm CHEMRD & OB ZHNL T b, Lirl,
KT, BAEEE D REHOAMES b TREY 25T, CORIHAL TEFRAETAHLNIZLDLH
TILTuvs,

C OFEL 1956 LRI 1958 HE % T 111~150 em, Z1L# 1960 4E 5 Tl 111~140 em DR ERD
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PO L > THEINTNT, bP¥hTiRrd 5, FEL *%§M®%®®%%ﬁm9bfwéobmb
MR REE L BELOKER LD L, itk b 4\ DIEFZITZEAERDLNIE» o1, 2d, FEf
BDONFIGHEIL 1956 b 5 1958 % Tl 124 cm Ji7& T, iC/b&:ﬂ;II:ZE,\ D SN0 TIhS, 1959
HiE 1960 4T 121 em FITET L, BEO/NELED 5172,

X 5T, BN IEREc T A 2 (10~128) $EORKICDWT, ZOEEREDORFEElZ L
LNRIZET A, 19554E1C 135.4cm 2 UL Th o2& 3 RETH -7, ZRLFEIDTHTiEdH 505,
B NBALOMEED A 51, 1959 4Tk 128.0cm &7 b, bk /3ot (Table 3¢2),

COD X BT, BEEREELED & OB WT & FGEE » REfEE Lo EE U L, Ak ERE N Lo EmE %2
HEDLUTH, ZOEEZNBUILAIEELoT,

LD, &L, 7IEVREICHT 2 2N ZMMBERER L 5, FIC X A/ EE 2 5RE U T, i

cm %
1501 /
140 a/’j;/, 30,0
—~ /9‘/“’
™
+ 9
125} 20.0
Iy /
115;},,/”’/’/ 10.0
105 [ ot M < L 1 ) t 1 l % cm
e 780 8L 9L 101 TIT 121 131 41 157161 171>
105 115 125 140150 A A L T e B
90 100 110 120 130 140 150 160 170
7(z) Body length
Fig. 3¢5, Finite differerences diagram show- Fig. 3+ 6. Composition of body length of vellowfin
ing the reduction in average body length tuna by sex in the Midwestern area of the Indian
of vyellowfin tuna caused by fishing Ocean (Oct., 1955~Mar., 1956).
operations in the Arabian area. Sex Number of Fishes
¢ (7)) ;average body length of vellwfin 0 Male 786
tuna at the vear of 7 after the ) !
. - . — Female 510.
beginning of fishing operations.
a; straight line showing the equa-
tion _
G(r)y=4(Tm+1).
b line of finite differsnces (Apr. FEDBHIE A7 19554 (FFIA, 1959) 76 1959 4F
~Sept.). TR (Y 24 e L 3 T, =i X
c; line finite differences (Oct.~ B @é}(,\ng@#/\ﬁ/%‘(,?Lﬂb ¢ O & O
Mar.). BEPRNIZE D EREL T, REYDOTEGED

b EIEC LRI 2 KD THI,

9, YRR (4~9 H) &2 (10~3 ) @b DwT T, 2RFhOFEEREDY HIILE - Jk
Fuck aEER, (T +1)=f(0)(1—e - WD )47 (7)e” ME) b b BNTERERR LI (
Fig.3+5),

CORY S THEARRIZHED v =co 1) BFBFEE (Loo) WEHIOL DT 129¢em, XD §
DT 128cm THAH, AL (¢ — WO NIHHPFAD L ODNTHE 0.4 2L DL, BEAIELTNT &
Bbipoll, LIzhi-T, TR (M+F) 120.82 (year ) 2EFEINI,

Z LT, L OMEYIONEEEORNERED 53R T 2T T R L SPEROBER L bR T2 E R
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L‘"?ﬁ‘iﬁb“%% J:, % e ooz@@@%*mawtz 57500 ums‘of, * S DAFFAHIE

0)&@719231@0

BB DI RIZSE, - 1955 £ 12 A > 6 1956 42 3 HOHIRIC DTz - T, ng| FIVE REcha i i hs & 895 L
7o d DOEEMR P EIICHRE U,  ®— R $I 185 em fHEICH A5, ZOEEHIETR
1m~mMm,MTmlwqwmm@%%&@b@m;oT%&§Mthoit,ﬁﬁ%ggﬁmﬁg
b, BT 188.0cm, BT 132.7cm BLYB LT, LD, FAXREICELREREIRAD 25
WELD BT, BEEME L b RS KE V.

SEI, FOMLELD L, EERORPTHEO LD 28413606 % THIHWLEL AL {2 (Fig.
3°6)

2. AT

B SR O HITE AL - (B BENELIT T, £, 1956EFIC 7 7 € v T 3~5 H ORI
mﬁﬁb@&ﬂ FIREPEFRE @%T%&H@%%mﬂtb®®%§ﬁ& A5 ,Mugﬁziblwcm
EJ\T@M'KE%&@E@@%J%#PJQES &, o, Wh xS oTHRERL s:b, Bz ot~ REEMEL T
Wize Fto, FHEERDTLICHEESED L 00V ARER oz (Fig ~ 38, Tml»awoog
1T, N VRIS & AR EIE RN D & @ & Tz ENRER Iw>ﬂﬂ<>am/w)f HE»E
WA 5N EITEIEV, UL LAEEDL S 3~5 AT mﬁgmgﬁéw‘1~3ﬂ mummkb@@T
AR % 1956~1959 A T - THET % &, PHEREIEPETHIT 5 T, dbk b o~ 2w B ED
bOWBEE S KE»olz (Table 3¢ 1),

PREMRORENEIZoNT, £F, 0°~10°S FIOE & REEERREDS 072N 6 LI HRE
PUHCRI T B & % U o INR L F « 7 — VIS0 3 MEEIC I 24 (1~3 A) OREROEEEEZHEL
PR EERIETE SO A3 8 RBULLT, b o & dPEX h OFEBEIEREREREE o BN L 1oAY
ot bk &t (Table3e1~3¢2), DT, N A VEREET T CYRBO L DOEREMEE <
%&tacg,”§jwam IO PE — RERTERL TN A0, Rl —aT— K2ERL, i

BIEEIL ST LY L, 10, PEEEE AL A ABIRED L OO T I EVIREBO LD LD RS
W

e EERL D RN ¢ 1956 LEE TIRPEMAIEEOFRBIEGE v v 7 c NAL S « FE -V BTN

B b - THENS L OBED A 6N -0OT, MRk 5 2 N FOHERAROZEMHZEL2HR
HLTHLC 10T s (Fig.3¢7, Table 3+ 1~3°2),

TEERFIEE PEFRERIEIEH 6 A 70 b OOKEMRKIZ, | A5 9 FETO L@ TH 130em 2HUTL T=2D
RERNCOME 2T T228, 10~12F00 b Oit/s s &, 135 cm SIEDEEROEIEGHMAIIID, HIEY
BB B AT A L EIZEhDTAREY xH &b, FERM—mE - FEREHEL, D, 150cm
uLw*UWEﬁM%U%b<ﬁmbkoit,cm1~9ﬂ@@ﬁmmit oThH, #FID1~3 4D
b DT DO DERERO AN DTN BN IBETH o1, Lk b Z2NLIEE HIZhU TS
O EbDHTHEY &5 k- >ORBERICOE &, bo1wmnuL®AcmL£@®o DEIEDIRE T
AT A, AT, FEEEREE, 1 ~323080DTiE 132.5cm 2L D LT3, %/{LMIKPQH T T
Mg kBbL, 7-~9 BEDb DTk 142, 1cm (T LT, 10~12HIC A% EffFd » & /N EYEL,
fkE 131.0em &t 3,

T s NAUH o FE VBB ENTE, FEOEEHME 1 ~3H & 4~6 0O L DTIX 101~
150 cm TdhoTcds, 7~ 9 BT 11~160cm & 72-ThkBEERD L DOEEBEI Tinb, LTANW,
10~1280 % DI TIHID & D X b g EEDS 10cm 1F5 H/NXL 101~150cm DEFEERD & DKk > TE
BB X T, ABIREROD & OB L T s,
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O] i;bm%ﬁﬂz%@MDaiL’é—f*iLbeé%ﬁFrﬁ‘\Jf;T:&), {Zkﬁ{ﬂ@ DERHIZEAL 25 /J@I“Zs T EWT %fd o1l
REMBROREZL  EMITR T, AE3IEE 1008 DAL BHEEE 2 ML T3 0T
T DR THE s o A @@{Mc«gmf 1956 fﬁu]ﬁi{ 1959 ST 72 LR BET L T B T &iITd 4,
VEESEIEE T L o L AR LD LT 2 € XL T 3~ 5 JOMMICA T L DOEE i&momfbg
NIEEE 1956 HEE 1957 4ETIE 116em & 4S5 em AT ENEFN T~ KR b -0 b 250 ZOo0EFE
BHCOHE shureds, BE CEETEL D 141~150 com FROD b ﬁm@uap<%MbTmf,,wm@MQ#
CHRIEL TN %, 1958 FETH 111~130ecm & DDFA &,  131~160 cm D DO & CICHTIB,
HEBONMEI XD TARWEYL X585, UL, 195%EICAS E, b &5 Tidianys, FHO 105em
& 4Sem FFICE~ FOBER N T/NIO L OOREPHEAITind, 272, YEEERLE 75 &, 195
DO DOTIZ129.9cm Tho& /&<, ENLENIATYLL T 1958 FTid, 140.9cm TH ok d k%

%
50,0 Jan.-Mar. %
20.0f //\ 30,0 1056
%’/\”"o\ A
10.0 o \&\n w.0
o 2 10.0F
30.0F Apr.-June :
10. 0f ’f/ “\&% -0
M«—aAﬁ 1 L ot . ; 10. Of
30,0 July-Sept.
2.0} 3008
0.0k 20.0f
- 10, O~
]
20,0+ Oct.-Dec.
0.0k 30.0F 1959
10. O 20. 0F .
. ""”‘y/ s }\\ I _.cim 10.0r W
~& 81 91 1?1 ]%1 121 131 141 151 ]61 131 181~ o

U 1 =50 61 91 101 TIT 12T 757 1 1650 61 1/1 18
90 100 110 120 130 140 150 160 190 180 o e ;L 1dl BT i~

Body length 90 ].OC 110 120 130 140 150 1(2)0 170 180
Fig. 3+ 7. Seasonal wvariation of body length Body length
composition of bigeve tuna in the Indian Fig. 3= 8. Annual variation of body length com-
Ocean (1956). position of bigeye tuna in the Indian Ocean
() —— Midwastern area (0°~10°S), (Mar. ~May).
——@®—— Java—Lesser Sunda area. —— () —— Arabian area,
~—— —— Bengal area.

W, L, 1959 ﬁzeU;a ERGEHT/NELE L, 132.8cm &7,

FREREN R S & BIFRE LD LTS HVEBIRIBICET 5 3~5 AOBEORERE» A 5 &, 1956
@@fﬁ@1mwmnm@@§@®%®miofﬁmém D30, F— FiZ 135 cm [T H o Tond, Fh
LIRS 1958 FI T THELZ RE N DDEIEMHEA Tind, UL, I19B948CA % &, 10i~110cm /P X
WEBHROL OB L LA ULBEAT, WoHREEINIWEEROT~E T 5, 27, FEEER
Hgd % &, 1956 0 § D TIE 133.0cm Th - 70hd, ZNLUEARELOMEAE %2128 b, 1958 £I1Ti 144.0
cm RLODLTho& b REN, Lnl, 19594FICAR &, 134.0cm 2L O L TEHI/NYLL TV D, &
DL I, BEREOBTERLIMEEDIE 7 I e RED L O LBEUCEmME LY LT (Fig. 3-8,
Table 3+ 1),
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Y

VIERENERE DT IEE P D AT 8 OO 1 ~ 3 ADEKEMER L b iz & T A, FEOKEHAIZ 195655!5
T H1~160cm Thotohs, 1957 FETiE 121~170cm 2L H L, KBOD L DOEEMNE U B L {2
Tsde UL, 1957 FELIEE 1959 &F 3 CRREELIOMR 2 LY L, u&‘@%ﬁﬁ&@%iuiéhg%w
Bz otz, iz, MEREIL, 1956 FE0 O TIR 132.5ecm LU THE-& bhawn, 2l
1989 AT T CHaE XN T A DTIX 139em iR LD LT, AEOKEIICLA2ERIELALEDS
Nizhotz (Fig. 3.9, Table3« 1),

FRERENE B O FRERIEEHIC ISV T L~ 3 Hit Az h
DODEEMN 2 A A E, T~ FIZFEREE $135em

%
30.0f 1956 RS > T, FATI BB U5 LWERNED S
X, .
20. 0} ,x/ N Nz otz (Fig. 3+ 9),
10.0F 2 N FHEETS > & bIFR2ZLDLIZV » T « hA Y
e ~ W) N .
et S & FE—VBETIE, 2 TRET AROI,
80.0 ZENCEIEHI R TER L T A YL F B L0 F 3
.0 < Zu (JEfE, A v FesuiliEnicio) B
10. Ok
%
30. 0F 20, 0}
20. 0
10. Op
10. OF
30, O ,
0.0 TR0y N R PSR T R
10. O ! ! ! l )
’ ‘ % 110 130 150 170
=80 8L 9T 101 1121 T2T 1§1 1%1 1&?1 Tt 771 8" Body length
90 100 110 120 130 140 150 160 170 180
B 7 ! Fig. 3+ 10. Composition of body length
ody length.
] of bigeye tuna by sex in the Mid-
Fig. 3 9. Annual variation of body length com- western area of the Indian QOcean
position of bigeye tuna in the Indian Ocean
(Jan. ~Mar. ). (Oct., 1955~Mar., 1956). .

O Midwestern area (0°~10°S), Sex Number of Ffishes
——@—— Central area (0°~10°S), ——0O—— Male 165,
— X —— Java-Lesser Sunda area. ——@—— Female 36.

BOLHGIC LTV BB L, AT OIFELNC & 17 5 B TIREMDSIER T b/, 2 O 1D IKiFf
B A5 REOREMRCRFEE (L2 AL E3TELE» -1,
%CT%U%K7,1~SH®E% AT D &Y HUTHRERBOBER PR L IR, TH

1956 4E & 1957 £ TF 101~150 cm, 1958 FETid 111~160 cm, _959£ﬁf- 3 111~150cm® KEHRD D
Wk o THERESN TN, $72, FHEEL, 1956 E Tk 126.6cm 2L L Th o & bhad, 2nlk
1950 T T, DFHTIAdD 5%, BEKRBCOERZ LD LI, UL, 1956 FEEORNDEFEE
B & 1959 BOMADZINEDFEG 2em 25T, FEASFCLZERPAD SNEh o7 (Fig. 349,
Table 3« 1),

BB OMERZEL © 1955012 A 5 1956 4E 3 AOBRIC b1z - T, PHREIE FEERas Tl s n ok
BEDHEMA 2 PEANT B L ToAEE, M S 3 B ELOMEE LY LT A 08, HETIE 100 em EUF O/
FURES, T 140cem L EOATAEROD b OOEIEHE2NFNE WV, Fiz, TIREEHETI 135.5
cm, BETIE 130.5em Th o7,
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a

15

FIRERES L O EAEREC T B2 & o » o o 2 OFEEAYFINIEE 3
DX HIC, ANFEIHCL5BEENEDY 2 5@ LNT, HORKFEIMOZN LY RBETH S, D
?K,%@H&@ﬁ &, HEOE|EIZ829% T, INMEEYOINERL»Tic (Fig. 3+10),
3. evrd
(REMAL OHIRRIZY IR PICE T 2 Z D flE,  DF b 1956 FEIC A TSI R Bl iR
@'%Q>&]956£Eﬁ>%1959£ﬁi“(z:i rER R e FR R, NP TR S A L F e FE— L
BB L DORHE LT (Fig. 3«11, 3+13, Table 32 1~3+2), ¥7, oA TEE SNIZE0O

%
40. 0k 1956
30, 0
20. O
10. Of
L L
40, O
30. O
20. O
10. Of
40, O} 1958
30. O
20, O
10. 0 ’ \
{ 1 T\\Qx ~3 i !
40. 0 X 1959
30. 0
20. OF
10. OF- \
/ x\\
821 36 9?1 926 1(?1 1(2)() 111 116 1221
{ !
85 90 95 100 105 110 115 1LO 125
Body length
Fig. 3+ 11. Annual variation of body length composi-
tion of bigeye tuna by area in the Indian Ocean.
() ~—— Central area (6°~12°S); Jan. ~Mar.,
——& ———— Northern part of the waters west of
Australia (north of 20°S); Jan. ~Mar.,
——x —— Java-Lesser Sunda area; Jan. ~Mar.,
------ X «-e-o Java-Lesser Sunda area; May~Aug.

Tshsds b 100cm LI TOEEHRD b DF EL AT,
CNDSIEEYIC LY B EIA S KOOSR R
WTCEHRL T A 72,

1956 FRICEEL 728 DD H b, 100cm LIHOD

H

EEHO & O, VHERENEREREIEE D & O T
24 9%, TRESEIELPEARERIEIS D § D TIL 49 %, &

NI EE O L DT 59 %, /NPNAVE « F

EVIRBOL DT % 2 LOL, RIHOD
%

30.0

20.0

10.0

Jan,-Mar.

T

30.0
20.0
10.0

30. 0
20.0
10.0

30.0 Oct, -Dec.
20.0

10,0

i 1
91 196
U

! !l {
9 95 100 105 110 115 120 12
Body length -

i ] 1 1 i
101 106 111 1%6 121

=

]
81 86
R
5 5

!
85

Fig. 3+ 12. Seasonal variation of body length
composition of albacore in the Central area

of the Indian Ocean (1956).

HFEMSVEERO L OO L Y BH]
5 . PR HET S &,

- 2

¢}

EQN

FEREIE D § D TIE 103.5¢cm
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SEBAREL, CNEVEFORERICEAEEREINILRY, BEERONA LY « FE—VEBITAS
L, 91.3cm &8 h, dokdhat,

X7, 1957 SELIRE 1959 4% T 70°E DIEEMEE OSSN 5 A7 § OOEEMBORE NELE 5 5
b, BAEEE b, 1956E0 DR ASIIER ST -HL T, EAFOEERCE A3 /NS WEFEERD LD
DU HEEDE L, »OEEEELHS LT D,

UTehioT, ABOAMEICIZE L Y OEICf» 513 &L B s iz (Fig. 3+ 1),

EMBDEGNZEL b o & bIFR% AT PEAIEREDPRIIESICKST % 1956 FEO BEIL DT
HE DT o THREEED A BNIDT, #OEHEILE L 6 NTaHT, ZO/KBE, FHOERERIL, 1
~3HDdDTiE21~110cm, 4~5FDHDTIE 9%6~110cm, 6~9 HD DT 96~120 cm, 10~
12HADHDTiE 91~110em EZ-Tivd, 2% 0, | A b 9 AL TidEHi% b - TABAD BN K
5, BRI A SV EEROBABITUI0b, 10~12HIRAS S ARBEEEREZNL U3 L <EDL
FDE—~FiZ1~3A030ICET A LIIIRLGEERDOEIATHEDNTL S %L,%ﬁ%ﬁ%m“
TAHE, 1~3HADIDIF 7. 5em Thokb/ha{, ZNLRKEDE DILKEI Kﬂ%b,7~9ﬁ®m
Bl d i 104.3em Thod k&, UL, 10~12 AicAB &, falfid 97.4cm Hizh, HU/pE
1wz »72 (Fig. 3+ 12, Table 3+ 1),

DX, ErFHIc@RANCEbNA/NEERE L, FINCEDN A AMBERBE LN D 5,

Do T e NAL K o FE—VIEBIZAIEREOREGEICML, KPEEELTVA, 20TIDIC, 7 0
VORI B AT LT, EIEREERERED b OV L T A s ah b, % T, #HIL 1956 £ 5
1959 FEIch Iz - T, BB T 1 ~3F& 5~8 FiKgyEL icfaffic o0 THEL L, Z20OKRE, FEMEE
VAR - B ISITHELIL, 20T~ Fid 66~100cm I D AHD5, 5~8 AOWEO A DI 1 ~3 HDd
OICHL T, 100cm PLEDARSWNEEBRD  ODFE»HEA T 5, Fiz, FEHERERIET 5, 5~
s QiU g i ~3 ittt ol b kBEEU» LIz (Fig. 3«11, Table 3+2),

r kBT, FHBBITKT A Uy FIREEE TR0, BREICEHELE [/E?)bto

R ESRR OD AT, 1 1956 s & 1959 FRITh 25T, 6°~12°S MDFFEFIE e,  BINPE AL
iR L ONA v 8 e FE — VRIS & DEIE L L RURICT DN, 1~3H® D% EERE L TH B
(Fig. 3+ 11, Table 3¢ 1),

RSN RE P ELREE ) B A T2 6 D DEE S A5 &, 1957 FEQ DIF 1956 HEO L0 L k&L, 0D
Ee FEBETST AL em KED 106~110cm EREOMITIKA NI, L L, 19584 & 1959
EDLOTiE, HAEYLL, 20T~ FiZi01~105cm OFEEH~AE o7, 51, COMEED DR L5
B E %9¢®J®&w%$®é®&bjﬁw Cldd AR 2 NERERD L ODBIEZ L, T2, Y
R BT 2 L, 1957ED 0L 1959 FED § DR ZNEFNDORIEED L DL KEL, BET— Figa
bﬂ?ﬁmc~ﬁb Clinh, ZOX 3T, FEOEER 1IESSE IO PALTNSE, DD, &K
DR E ICEEBBEERAD SN, UL, RSO L OEEFERV 1 ESICARESL L 572050
BUWRERE LR LD LTk,

EMTE SRR S 5 AT b ODEKEMEE U 5T 8 05, BEED L OIZIZENL, 20®— Fik
96~100 cm RTIC A AL ADS, 1936 FLBD & O 3bh 3 h Tid & 53, £k mOCmJJijDkEﬁﬁﬁw/
®%®@ﬂ”ﬁﬂbbfmooih,$ SAE R ST A &, 1956 ED DT 9%.1em Tho& k&
<, FNLIFREE &£ AR 3 ik 1959 4D A DIz A & 92.6cm PLOLTHE-E /I, T¢DLD

ﬂﬁ%M5Ué$@@%%~LE,mﬂm®ﬁﬁ%b@bfweo

INAE e FE— VR T1~3 BB X5~ 8 BIREEL 72§ OOREME $IZIFHEEL 4’%5F AR
DOERL 86~100em DEEFDO S DITL > THEEI N TS, i, FHERRREERE L 1~3H
@b@fw%mnmﬁ,5NSH@%®TdWmn€&%b®b,i&A&EA&é%E M@%n@w

e
[
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72,

Lk L%@%,,w%#fﬁﬁdhéwaﬁzm%&@qmmﬂﬁmbf¢§bwﬁfL@T%éo
HEMBEOMERZ L © 1965542 10 Ao 5 1956 4E 3 HOWRc bz > T, PUREIEERSIRE ClRE s 1
LAEBOEREMR 2 ERICHEEL - (Fig. 313 )6 %

Z OREE, MHOFERMERTIZIZPTH 223, EHF
JFHETIE 96~120cm, HETiL 91~120cm®D § DT 50.0r-
Lo THEER S 41, HEBIEE b 106 cm DL BT 40.0F
EROHTHE &M E, F 1o, SEEEEEHTE 30. O
104.9cm, METix 102.4cm ThHh-oT2, 20. 0
2%, Ml TR S AR OB AR kT, 10. OF
B/MERREC A BN, FORKEIEZENFN 123
cm & 82’cm TH-oTe 40,0k 1957
COE DI, AR TEBEHIIE L DR, N
. , L OF
ozwc EOMIE SRS L, Wi 45.4% T, I 3.0
Y b IR b o 120 20.0¢
10. OF
1 ] 1 J ]
) 40,0
(74
30,0
20. 0t
30. 0} | .ok
20.0r 40.0}-
\\ 30.0F
10. 0}
/ 20.0F
£ | 10. 0}
=85 86 9 9 1t 107 106 111 116721 o A = S
121 131 141 15 7 ~
90 95 100 l() 110 110 l)U ]75 1 ! Zl 1‘2)1 1((51 1(1 lé?l 1l
Body length 130 140 150 160 170 180 190
Fig. 3= 13. Composition of body length of alba- Body length
corf—) by sex in the Central arsa of the Fig. 3 14. Annual variation of body length
Indian Ocean (Oct., 1955~Mar., 1956). composition of southern bluefin tuna in
Sex Number of fishes the Eastern Indian Ocean.
*‘—O— Maie 72y -—————O—-—'— Jan. ’“’*I‘Aar. I N J 1
B Female a7. —— & —— Sept. ~Noy, | @ WIVAT-EsSEr

Sunda area,
------ A Oct. ~Dec. ; Southern part
of the waters West of Aus-

wralia(south of 20°S).

4. EFEwIo (b, AVFERInEdEn TNz D)

ﬁﬁTﬁNti5Cﬁ@iﬁqﬂﬁﬁ®ﬂf8D%%Mﬂﬂﬁﬁﬂﬁﬁﬁﬁ&bfwéa e DD
T, ok IR LD LI EINE T FEERIEE T3 1959 SEOPEIIRE AR s N TV A 2, &
26 DR EEI DT ,c@¢®m~ﬁﬂug)b@ﬁ%f%&ﬂom)cﬂ?,¢@@@%iom

944
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156 =

Iz
et

T, EE3 1950 EOEMNHREIRMED O &, 1956 Fnb 1959 FEETDD » T « INAVR « FE—

NEEO L ORFEE LT sy (Fig. 3+ 14, Table 3+ 2),

P, Ua T IhAL L e F BV LML AR DN T, RO 9~11HE 1 ~3 HOW
Moy DeehdITT, REORESLE L 5~, ZO8E, BHEEL S, £~ FiE 185em {EIKDHD,
ZDEEEHT 141~170cm DD EIC L > THEESNTVA T &b ol, T FEHEEL 155cm TS
T, FREZERIFEALFED NI T

S50, FEETHE 9~11FE 1 ~3 AREs N QOB PRS2 &, BEEELL, 9~
HAD DI 1L ~3HDLD LD 161em L FOABEERD s DDOUD AEENEZ L, iz, MHloNEE
HERZHETRE, 9~11 HO DR 1 ~3 AD3D LD DTt REN,

DEIT, 1959 4 10~12 B EMPE S EEEIEE» 5 A 72 b DOKEMRE A A &, E—FEY YT «/h2
VE e FE~VEEOLDOERL L 155em [ A, ZOFRHT 131~170cm DOERHFO L DI L
STHERINT, BEEBIT3 0L NI VEEROTICENTN S, F1z, FHKRER 151.7cm TY
T o JNALE o FE~VIED DL DB L AL N EF,

O A e <
«wfam@mwm%m R PG 45 S o B E e TR LUL, JEEREIE BE Tk 15° S BULOHE T
TR LHL, &1, 7IETEETIIEEEN L - & b8, 1956 4~ 8 e A effkiconT, 7

S P NP UBREBB LS 2T s hRr

5o FEVEGO L ORTREL . (Fig. 3+ 15, %

Table 3¢ 3), 0., 0}

7O, 75 E VIO b O TRHAEER D T i?
— Fid 165em [HTIEd 5, FI2ZOEME 161~

20,0

% 70,08

30. 0}
20. 0

20, 1958
20.0k / 10. 0k ‘ )
10,0} \ 20. 0 /\\Kg\wji/

- 10. 0 (,T/ﬂ"/
i%\b’@ om T30 1;L UL 6T I7T 81 1(2)1 2(2)1 711 >%1 231 251 PRI

=g m Tt 101 1&;1 TS 1921 z<21 2%1 BT T g g g
9 20 230 2
140 150 180 170 130 190 200 210 230 250 240 140 150 160 170 150 10 200 210 220 10 250

Body lengih Boady length

\\

Fig. 3¢ 15 Composition of body length of blue Fig. 3. 16, Annual variation of bedy length composi-

marlin by area in the Indian Ocean (Apr. to tion of blue marlin in *he Arabian area (Apr. to
Aug., 1956). Aug. J.
(O—— Arabian area,
~——@ —— Bengal area,
—— A\ —— Java-Lesser Sunda area.
190cm OEDITE->TULHBENT VA, Linl, DU o /NALE o« T~ LRG0 LD & v LB

HBOLoETR, T~ K33 Ng 185em AFTIEHH, ZOTFEL 038 161~200cm D § DIT
To TR IN TN, 70, VWEER, 738 YREBOLOTIE 178.3cm ThHhoToDITL, N4
SR L o U e INA VA T —VIEEBOD L DTIE 18dem Thoil, ZODX ST, Ny VIR
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FIfE R ds L OB ASEREIC 51T B = &7 o 1 & RO WL AR YRR NTIgE 157

Vr T e pALT e FE-VRGEOLORT TEYRBEO LD LY, E-FICENTII20em k&L, P
BRE S WL it dis i,

ERABBORFELIL : 75 ¥ PRI T 1956 > 5 1959 SFOHIRNIC DT b, HAHITH 5 4 ~ 8 AICifl
L2t OOERMAOBEZL2RE L 12 (Fig. 3+ 16, Table 3+3), ZDHE, BEHOIEE 130~
250 cm DFEFICH D, »2, E— FEFEEE 13T 165cm HECH o1, F12, FHEEBRBEARLZL
WL T2 1959 4ED b DT 180.4 cm, BAVE LD LI 1968 4ED 4 DT 177.8cm T, 2 MDEEDTH 2em F2
BT, X AEENETEAETD N 012,

6. wHT%

RS OMIRIZAL « AR EMANIC10° S LULOMFEIC ST, 4~ 8 AOEMIREENGZ . ZC
T, FRACOFRIE & O DT, 1956 FEICEEL 72 b O ORRMEAE I HERE L T2 (Fig,
3«17, Table 3-2),

%
40.0p 0°~10°S

30.0f
20.00-

X/
10.0f o

10.0 0°~10°N
30,0
20.0F _
10.0}- /ﬁ N
A/A/ &A

] L | L & 1 1 1 1 | i Lecrm
1(2)1 111 1?1 1.’231 14%1 1.?1 1(2)‘1 l?l 181 191 201 211 221~
110 120 130 140 150 160 170 180 190 200 210 220

" Body length

Fig. 3¢ 17. Composition of body length of striped marlin

by area in the Indian QOcean (Apr. to Aug., 1956).
O Midwestern area (0°~10°S),
—— & —— Central area (0°~10°S),

—_x Java-Lesser Sunda ares,
——/\—-~ Arabian ares,
—— 4 —— Bengal area.
T, FEMRORENZE 0T, TEREERRGRE L 7 5 @m0 b 0 R LT 5 &, WA &

b, T~ Kl 175cm A dH b, o, FOFEEHT 151~200cm OEEHR DL DI L > THEEEINTH
B, #OEEINTREROHFL, BB T 111~210cm, HBEFTIX 141~220em T, HIFEDTIC/NE
WERERD L ODOEEDS L, ET, EHRERLET 2 &, BT I CYEEO DT 173.9cm, 7
TRENE LA O FIRRD £ O TiE 170.0cm B ULH LT, HELICHTIER K S,

N VIBIEIBD B O & FEREIEREENRE D L OOEEMA R T 5 &, WE L L, E~ Fik 175cm
RFEdH b, »o, 2OTEHOKRERFNL 161~200cm 10dH 253, MHEFBECHBIT 51D 160em LITF
OINAEEGO  COHBRIANB UL L RE W, £, FHRERRE TS, XUHVBIRED LD
Tt 176 .2cm, FIEREIREREER IS D & DTk 173.7cm T, FIE DI 2 ITKED,

Ok HiT, AEEFERECLT, 20OLIE0 30 EUFED b O & THREMFICN LU 5 L3R
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DENT, & T, FEMIESED b ORUEEEO L 0L b, REBEOAEHESC T, o, UL
T2 100~150 cm O/NEURERRD § OB EA SRBESN I h 210 e WO RTRETDH 5,

S ¥, BEMEROBERNEILT VT, TIEYRED LD ENYHVERBO L DRHEL I, £0
R, ROEEHEE LD 151~170cm D/ m{i\ SO L DO LD BEIENE L, o, EEOEREMRI
B & T/ NS DA T RTINS,

PEIR4S & O RS RE D AR IE D b D E D x T s NA LK e FE~NVEBO L ORIET 5 &, Wk
JOCFREREIEE L O SRS O b DIISIT LI EEME R LS, b, MEERREO SO L h /N
DL DDEISHEN, DEC, DU /AL e FE~NVFEBOLOTE T~ Fid 175em fEICH 5

30.0p 1997
20. Of-
10. 0

40. Of-

[

30.0
20.0
10. 0

i

40, 0r
30. 0
20.0
10.9

i

1

S amam, ! cm

1%[ 1L€1 l%l 1?1 l?l ]?1 !_‘251 1?1 Z?l
130 140 150 160 170 180 190 200 210
Body length

Fig. 3+ 18. Annual variation of body length composition of striped marlin in
the Bengal area (Apr. to Aug. ).

P35, ZOFEEHL 131~10cm hH-T, MEREDOLO LY, BN WERBOGMEE, 272,
SIgEE§ 162.8cm LU, NEHTHE,
DX AT, FEITIE I00°E fEREICLT, ZRLHHEOLDEEO IO LOCEREMK - T~ F -
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FUEERE S 1 O R ASERE T 51T A 159

SEIEE R SICERDEYD 10T,

HRMBDEEZL © N W VERBO A 1200 Tid 1956 FEOREID @piT, 1957 b 5 1959 F
FTCOEBLFAEL TOEDT, ZORED» S AT BEOFESIL I DWW THE U TAaIZ (Fig. 3+ 18,
Table 3+ 3),

RAEEBFERO S DY 176cm MTICE ~ Fhid T, 161~200cm O DHFERE D, REOIE
LY, FEEBLEZENL T3, UL, BEYRCEO TERNUD 2EI41, 1956 FLEE L
WAL, NEWERERD L OBBEATE TS, %7, A?if—g{z{sr?«»j 1956 4ED & D TCIE 176.2cm Th o7z
2, Z AR 1959 R l) Tl BAEINEL L, 1959 4ETIE 172.1cm T, b o & BINE D 0T,

T A, HEBBITET A2 o2 MECID TN TIEL éﬂ‘d\ﬁ”ﬂﬂ’{t FIDSERM Bl 5,

q_‘

7. vohasf

AEE IR TED © v 7 e DAL £80ES b5 & VNP il F 072 20° S DAL B0 S0 BB
LGB 2L, D, 4~38 H@HWC S EBIFfE LD LT,

FOT, IR AT 1956 B4~ 8 [ T
T L 72 6 OOERE &R TH - 72 1956 4F 10 A

P BI9STIES HET ORMT L 1 0D |

B2 B E L : (Fig. 319, Table 3« 3), 0.0

ZOREE, T FEMEE L 4Scm fJIRIKH 40
295, ZOFEIBEMTIZ 131~170cm, &MU
TiE131~210 cm DEFEERO & DI L - T #k 20.0F
INTWiz, /

DEIW, 200cm P ORBUAERD & OHA o /
MY U AR A B E,  TFHEL

TAG AT TAT 15T 1AL TUT 16T 10T 0T 21 221 U31 241 251 Bl

g, 2] g, { { l l ! l { { ! l i !

o> 7\(“% ClE el % Thoi, 140 150 160 170 180 19C 200 210 220 230 240 250 260
BT, LR, HFRED § O T 153.9 Body length

cm T“J’Dof:@&li(?j‘b TRifafti o :é OTiE 170.4  Fig. 3¢ 19. Variation of body length composition of

em TIREDTFALL 5L A S black marlin in the waters north of 20°S and east

of 115°E in the Indian Ocean,
() = Apr. ko Aug., 1956,
e Oct, 1956 to Mar., 1957.

COEDT, HEBTHWT ALY on DR
A & 5 B AR b,
b OWIEREERD & O/ IE L TREE O IR
EUSL @

%3% Fﬁ/\.‘\"ﬂ’;“‘iﬂ

FIASPREC RN T G, S a v o o b o FEORRMLE, il - F - TS LFERCL 2T, 2
Vé_f b %\Ejjﬂ‘n/uz\b ;‘ JL [ @T JJ\_F/\\J“E” gHI]ﬂ_T % o

1. 04

FARSERRIC I TR, N F IRl B L,
g iz S iER ST s EHEMA BB,
ﬁ\ﬁq’ﬂfx@iﬂﬂﬁ’ L F 2 L Lok O BT, 1955 MEm 5 1959 b 1z - THRE jﬂ}jjg(j\)‘;/‘\_xy RIED
Leidat U Tato, 2R, REMSZFItRFEEES JohRgEscr, 88E & 5L b oXlk
tmwo+&kﬂmxﬁ@ DOHGWEAAERZ LD LI, £ T, (REHE, mé@mobwfm
1959 £F 4~ 9 F, HIRAIEED § D Tix 1959 £ 9 ~12 HOWRICEG L 1otk e & b HUT, a3

itk b
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BT EWTT B,
BREEE» 5 2126 DOKREMIEZA 5 &, T— FI3 160°E~180° D 4 O TH 115em, 180°~160"W
DHDOTIE 125¢cm, 160°WELHE 100°W $ COWHD & O Tid 145em [FTICd bH, EHOMEEICE» 53
ERZOEERD L OORERISDIEA TN, UL, O 160°W LIEOHFEZ, & 5ICRE 20° X
RO FECEY - T, ZNZNOWEED b OOERMEEE LKL 125, #FE e VALOEREL DL,
B EAE T L AERDRY 5NIE o1, ETI, SFEREIL, 160°E~180° OFHO § O T 116 em,
180°~160W % DTiE 122.1cm, 160°~140°W @4 DT 142.7cm T, fafidBICiiy 53 & RBLL
T wm/, 160°W BT LT, ok b BRI A S &, FiEkERR 143cm BIRT, #IE
e 20, 3+ 21, Table 3+¢4),
f\ SHIE R A B, E— FIZITOPERIGD § D & 170° E~180°F TD § D13 115
em KPEITH BHS, E HICH L H D 180°~160°W D
L DTIT 125cm, 160°~140°W (D % D Tid135cm

%
e HZEs Y, WoLRITED 513 &R NFRY
30.0F 1956
o Db OVBATL By COEHIT, PHEEBTEIR
.ol o BRBITHL TAS VERRD b OOHERE S

N Ua LT, 21, FikER, 170°EUTGHEE
DHOTE 112.3em T, $-&b/hEL, FN L
) Ei’\lfﬂi?@ 13 EKBEYLL, & IT 160°W FR7e ik
ZTLIHEDMHIC AL & 130.4cm 2L O L, Mk
B AL L ASL (Fig. 322, Table 3-4),

30.0
20,0
10,0

30,0 e s
2.0 RIS TE 2L b VLHI:%-IS VB2 B 10°~20
10.0 S, 170°E LIPHD#EE bR < zie;/ugzi;‘@w
I BRI RHINZE LY S s o . Ho
s.0p 1999 : Wy<$iot9~wﬂ®m&ﬁﬂmécdwc%
20,04 © - — - o =
EAE2HEL 72
10,0+ . . o o o o
Cen ZDFEER, T~ Fid 10°~207S - 145°~170°
=50 R 911 1c?1 1%1 1%1 1)1 %1 BLILT~ 4 voig 1250m,  15°~28°S + 170° E~170°W
60 70 80 90 100 110 120 130 140 150 160 170 B
Body length D DTt 135cm, 15°~28° 8 » 160°~140°W O
Fig. 3+ 20. Annual variation of body length com- L DT 145¢cm, 15°~28°S » 140°~125°W D if)
position of yellowfin tuna by season in the DT 155¢cm RHTIed b, BHLhOEED L O
Solomon area (0°~10%5, 160"E~180%)- £ K B R SIS “o¢k,W@%&

—— O Jan. ~Mar.,
———@—— April~Sept.,
s N\ v Ot ~Dec.

145°~170°E D 4 (DT 121.9cm, 170° E~170°W
MH DT 122.4cm,  160°~140°WD L DT 142.9
cm, 140°~120°W D% DT 148.1em T, filiFle

~ ke ECEmD A BTz, (Fig. 323, Table 3+5),

UichioT, FERERCATES 5 % IZEITIEEID 513 & RUAYAREUL T 5 BHADRD b1z |
B, FAASEREIC T, AL, 160°W AHEREICL T, 2h & b 2IPH & LED & OOEEHSICEY
& H 2B ERY 61T,

1956 4Fds B 1959 £ TICA KB O REMRORE Z 20T, 9, JRERED & O &Rl
YA b DR ML 128 A, JREECHBL TRED SN AR, HE - HROMIRE L b, MIEREE
O3 OOFHIEHRBBEHD d D L H A S NEEROHREN K E L, 02, EEEER LRI, T
COBEAEIEEESTOL LS LU,  HRAETRERE> TAR) £ 5i8s->Tns  (Fig.3-22
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EEE R ST 161

FNE B L ONREAERE s Do m o o 2 D]

3021, 3+20, Table 3-4),
DEC, MAREREO O & PHIEHO & O & AEMICE LT 5 &, REGHE L O REL L b EH
BRSOEEROTICEE, o, PHEEL AR, F72, CORILILA SN A REEDERE, LY

%
40,0
30.0}-
% 20. 0}
10.0f-
30.0
20. 0F 0.0k
10. 0 20. O
10.0f
40, 0k
30. 0 30.0r
0.0F
20.0}- 2
10.0F
10. 0
40,0
SU- 0‘ 30.0_
20,0 20. 0}
10. 0F 10.0r
30.0f
20.0fF
20,0}
10.0F
10.0F
- cm x’ NN
~80 821 921 1081 1%1 1%1 1§1 Jﬁzll 1?1 1'231 171 51 ‘61 TS S 107 111 121 131 141 150 1?1 T
Gl T !
90 100 110 120 130 140 150 160 170 6 70 80 90 100 110 120 150 140 180 160 170

Body length Body length

Fig. 3+ 2l. Annual variation of body length composi- Fig. 3+ 22. Annual variation of body length composi-

tion of yellowfin tuna in the equatorial waters of tion of vellowfin tuna in the equatorial waters
the South Pacific Ocean (Apr. to Sept. ). of the North Pacific Ocean (Apr. to Sept.).
—— A\ 180°~16C°W, ——(O——— 150°~170°E,

...... W oerenes 1.500,..,14_(:0\;% —— 17O°E~1800,

—@ — 140°~12C°WV, —A— 180°~160°W,

() 120°~100°W. Koseeene 160°~140°W.

DOEFITH» HEENB LA LWV, Livl, CONIL L3 BREDZER L, 1956 EURFE 25 - ThE
i ALY btz (Fig. 320, 321, 3+23, Table 3+4, 3+5), 72717, COWMEHEN, 5 A B

TROEEZRZICONTE, ZRZNHHE SN SIC L T 2 FUCIEE T 5 BEW H 5o 3700 LI
(WAL 2 LU TRRZ LU T 3 &, & URHIC & 2 SR OERE BT X 2  0ZMTILL THRNT/

IV B D THIUSEIEIT /S 572005, %oﬁmfn»iﬁ;ﬁb@%ﬁ%m@%ﬁﬁw
&AW, BT 4~ 9 ARES N ARKEEEEL L, BrOFHO DL DRIV, —77, PR
U T 9 ~ 12 A IT I XL B fafRlT 1959 SR & 1960 4RI A 6L A L 9, 4~8HD DX h/phEl, DF

R
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h, FROEEZERZED SNAEME, BETE, PREBEOLDTE & 3 /NEE LD ITIEHOR
(£%, HREEEOLDTL- L b A2 LD TREOZNIDREVENICERZLDL TS (Table
3e5), L7chioT, TOREOHENICLZERIFEMELEL ThuL BBIE "JJ&) LA B
EEHLNB, .
DX ST, AL NT, REEERE T
" ENABERGFERETEN 2 O L D AET,
8L Y O Z‘-F:Jb> SR E COBEMPEEETD 5,
3-0r ST, ERIEEEITALE, FAFEENE
2-0r ﬁ?ﬁzéﬂabﬁfax,m 30°~35°3, 170°E
10.0F ~170°W O 3 OOFERIT T, 1958 4 ¢
) 1959 FED 8 ~11 HOWMc B s o d D% R
o TLice ZORE KEMEOE —~ i 1958 4
ool i 135cm, 1959 4ETCIE 125 cm VLT dH b,
Z DTEHI 1958 £ Tl 101~160cm, 1959 4T
0.0k it 9i~150cm DEERD L DL > THE SN
20. ok Tz, —F, RERERO & O T, HREHEE
10,01 OE— FEMFE L b 135em {TICH 5D, <
DOFENE 1958 FFD & D TiE 111~150cm, 1989
30. 0} FEDLOTIE 101~150cm OEFEERIT L->TH
20. 0 manTiui, COL o, EREREDD DI
10.0-
30. 0} %%
20.0F 30,0}
10.0F
20. 0}
0.0k 1960
20.0F 10.0 //
10.0f \\0 /
TR T e S TS S T TR e CO
~60 6L 7L BL SL 101 11121 131 141 191 16 17~ 81 91 101 111 121 131 141 151 161 171 181~
70 80 90 100 110 120 130 140 150 160 170 90 100 110 170 100 140 12)0 1(8)0 12”0 180
Body length Body length
Fig. 3+ 23. Annual veriation of body length composi- Fig. 2 24. Variation of body length composition
tion of yellowfin tuna in the middle latitude waters cf yvellowfin tuna in the high latituds waters of
in the South Pacific Ocean (Sspt. to Dec. ) the South Pacific Ocean (30°~35°S, 170°E
e (O 10°~20°S, 145°~—170E, ~170°W).
——@—— 18°~30°5, 170°E~170°W, O —— Aug. to Nov., 1958,
...... R e 15%25°5, 160%--140°W, ——— Aug. to Nov., 1959.
— A 15%25°S, 140°~-125°W.
PRSI D b O X /NS NEERD § OOHBIER K E V., £, EEEEN, EREEE 5 Ok
DI I 0, L, CZOBEREEES» L OBREIIFEEED I DL D RE (Fig. 323, 324,
Table 3¢ 5),
HEMEROZHNEL  REEROEHZELIT- D TIE, 1957 4F & 1958 e bk sk o 170°F 2L
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Zf/ﬂstﬁE@e@c 170°E~180° YER T b D RFE L T2, £ 0T, 9, 19570 OOEEMEK» % 2
170°E DIHTIE 1 ~3 - 4~09 His ko8 10~12 i@ shr i o, c\@“m EF— RNk 115¢cm ﬁw}?
Wh b, ZDEEHE 101~130cm CHEEREO L DI Lo THESH, M I 2EBMIEACED LN
Blpotze 1217, HEFMIT1~3 AD b Dicid ibwﬂi}]ﬁ DFDITHLT, 121~140cm DK XNEELD
Db ODHEDAIN, Fi, FEER, 1~3 DL 0TI 113.7cm, 4~9 503 OTHE 117, 6cm,
0~I2HDL DT t6.6cm 2UDL, 4~9 HORENP -8 kS, 1~3HDD0WE o3
INE N,

170°E~180° D DTk, E— FiZ1~3 ATid 1i5cm fHRICHBHS, 20 M@Hﬁ%ﬁﬂi{@ 10 cm
KEVEERD 125 cm LA BT, 7535, 4~9 FED 3D E10~12 HD b OOHEMBICIZIZE AL
FRLFED O Nsd o1z, FEHE, EBEER, 1 ~3 B0mEdss & /s, 4~9 H@ﬁﬂzﬁ‘b;% >
ERREDoT,

DEINC, 1958 4FEM L OOREHES 1T

WTHBE, 170°E PO b OTRE~ 4@3%MVMQ, |
Fidl~2He4~98%} 125cm AT '
W - 1203, 10~12D b O T, 10em 30U
EN H5em /RIS D, BED L DR 20.0
FITIED & 0 & b 1S e/ 3 EEGD 10.0p
POOEEBEA TN A, T, LHEE
i, WEEO LD E HL, 10~121Kd 40. 0k
2&E BN, 4~ IR EdkEN 30. 0}
(Fig. 3-25, Table 3:4), Lihi->7, Ik 20. 0L
FREEEL D BRI T /éﬂa;u N5 H DD 100k
EHROZEHNE(0E, FLoThinh
E7s o TV B DS, 4-~9F0\ (X1 ES 0D
BEIO L OIIL TREWEAT—ET % 40-0
FNEER T2 MR 2L LIz 30.0F
Voo E LRSS TOREYOEEEMZon 20.0F
T, 1956 4Eh 6 1959 b iz THEL 10. 0k

720 T DGR, REMEOEEIZESE
T > Tois b Bz T 358, SEEIT
@Iy SN AEmE LT, 130cm D

™

FORBAERD & 0)@/5'3?2% T L B

? _— ) t )
~70 71 8L 91 101 1121 1%1 131 141 151 1?1
80 90 100 110 120 130 140 150 160 170
Body length

Fig. 3+ 25. Ssasonal variation of body length composition

a4~ ATEE 220D, 1~3 oF yollowtin tune in the equatorial waters of the
FAOHERETIZ: o & 80 & ENdHh North pacific Ocean (1957~1958).
L e ‘ ‘
5 %‘héo iz, FHREL4~9H0E T 8 ...... iggg} 150°~170°E,
DN 2LdREL, | ~3HDIOMDE - 1on

: 170°E~180°.
ok BNE o, EIT, 198D T LA 1958}

BRI Y bitteds, #N P, =
CHEFNER 3 > TREIEFEY £ 5 & ->T1n 3 (Fig. 320, Table 3¢ 3),
BRI TH 3 7 1 o — BT T, 95945 E 19600 4~8 HE 9~12 AITIEEL 2%
DI DWTHAE L 72e 97, 1959 4} L2y OOKEMEEAS L, TWHOLD (4~8H& 92~12
Y DE—Fike 31T 135em [(HTITdh - T R T B, Z20FERZ4~8 HDL DT 111~
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150 cm, 9~12 A® b O Tid 101~150cm DEEFED & O & - TRERS N TS BT, ek,
4~8 ADE DT 125.9cm, 9~12 H@* DT 122.4cm T, FIZOTDBDTHICKEN, 2L,
1960 AEICIE L 77 b O DREMEF 75 &, T § DOE ~ 1Kk & $1T 125 cm AR & - THREIL T
A3, 4~8 HDLDE9~12 AD D& 0 130 cm BLFO/PN S NEERO & 0DEEBE 0, L, F
G 4~8 D OTiE 120.6em, 9~12 DO T 119.0em T, 13 &ALEEIC & AIEESE
OB iLie o1z (Fig. 326, Table 3¢<5),

{ LRI OORAT AN © 19554E > 6 195941

RO b DT 4~ 9 H

Tl T, A4t

um% 1959 Vo, RIS RO b O Tk 9~ 12 T

50, Uk Al 1

20. 0k ’“N $, JLAREEEIC SN T, e Y

0.0k ///;/6/ N M (150°~170°E #7243 170°E LIPH)
P . = ; S — ¥\»“’Dﬂ DL ODOEEMNESD &, T RIZEE

400k 1960 FEL % 115em [5TICH %, UL, 2D

30.0f \ A 1955 4ED b (D Tid 111~140 cm,

20. 0} 1956 £E Tl 91~140cm, 1957 4ED § DT

10,0} P it 101~130 cm, 1958 ~1959 =D 4 DT

il . e I X 101—~—140cm DBEEFR O D L » T

]
~60 61 71 8)1 921 101 111 121 1?1 1/}1 121 1?1 171~

o B E D X LT LA e AR
70 80 90 100 110 120 130 140 150 160 170 NN s N Tz, ki, ki
Body length (1955 AED DTl 118.2 cm, 1956 4ED

Fig. 3« 26. Variation of body length composition of LOTIL 115.4em T, BETEHT T
yellowfin tuna in the Fiji area. ANEULL T B S, 2 REE 1958 4 £ T

O—— Apr. to Aug.,
e — Sept. to Dec.

AR S o TREBYEL, 19885ED & DIT/R
e 121.9em Tho& b K&, £TA
B3, 1959 4EIT s A &, fafki/ ML 112.3em 2ino T B, (Fig. 322, Table 3-4),

By ooy i (170°E~180°) TiafE itz b DDEE &~ Fid 1955 FELIE 1957 £E &
TCiL 125 cm RSEICH o 10h3, 1958 40 6 1959 T T 10 em /J\c\l,\ 115cem [ Eix -1, R,
2 EEHZ 19584 & TIZIEIE 101~140 cm DEERD $ DITk > TSN TN DY, 195923 L,
100 em IR /NEHAERRD b OOEEHHA TN A, F1z, FHRREIE 1955 b 5 1958 F£F T 121cm
BT, 1A CIRIT X ASEENED bl o 7285, 1959 TR 116.8em L/ h b ok b/hstn (Fig.

3+ 22, Table 3-4),

N A4 EEPEREE (180°~1609W) 7 L s LTz b DOREHIE S & 5 &, T~ Fid 1955 40 5 1957 4
12 90) T 135 e (FITIE b fohs, 1958 Mips & 1959 AETIARY 125 cm &75 b, D, & OEROMLL I
13 1955 AETld 121~150 em, 1956 4ECid 111~150 cm, 1957 £ECld 101~150 cm, 1958 4 & 1959 4ECH
101~140em T, 42NN ODEEHE x> T b, SHIT, CD 19584 L 1959 4ED § D% T
BE, BEENETILL T 110 cm BFOEERO § O OHEEREV, Ry, SPERERE, 19558 Tl
133.2cm T & bkXx, 2L 1959 R TiEE K o T/NE s h, 1959 45Tid 118.9em &R
b, b & dhau (Fig.3-22, Table 3-4),

AT AFIERE (160°~140°W) TIREINIZ L OOREMNEAS &, FFEE b T— N 135em fif
e b, FEHEIEIT 111~150 cm OERER®D b Dic ko TR S LT 505, 1956 FELUE 1959 FEI 47
THFPTIEDH B, 120cm UTOHERD L DOREGHELEA TG, £, FHERE, 195 F0O
LTIk 135.3¢cm Th = & BIREVDS, 1957 FELIEE 1959 EE T b D TIE 13l em JIET, FICX 2%
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B3t AERBD L7 (Fig. 3-22, Table 3-4),

DEIC, MAEERO Y o€ Y (160°E~180°) T4~ 9 FICKEL 12 b DOREMKEA S &, €
— Fd 1956 £4F & 1957 LED & O Tid 126 em, 1958 4F & 1989 4D & D Tid 115 em Jiricdh - T, UE\%MZ
s o TIPS WEESD b OOZIEHIEL T 5, TO 1956 4E 1957 D & OO FEEOEEEEEIE, &
FETW 120~150em Tdh oo, HBETIE 11I~180cm T, HEH/MNIOERERD L OOEEIEA T
Wh, i, JFIEREIL 1956 0L DT 130.2em Th ok d k<, FNLIKE, 19594 TO DI
Lim/Na {0, 1939 4E@ A DE 116.0cm TY o & /phawy (Fig. 3-20, Table 3+4),

TE TY (180°~160°W) THHEL 72 4 ODKREMRZ S 5 &, &— FI3 1956 ED 4 D Tid 135 cm,
1958 E L1959 4R D & DT 125 con {JiTie dh b, F 702 DFERS 1956 FED § D TIE 121~150 em, 1958 ﬂ—;-
DB DT 111150 cm, 1957 4ED 3 00T 101~140 em DFEIC & - TR a4, HrophanEE

DEIEDIEA TN D, $72, SEEREZ 1956 0 5 O T 135.2em T o & k&L, 20D, 1959
I TO %)(Do;tfﬁ/zlj\s‘: iz, 19594FCis A 122.1ecm T, b & B/NEL,

160°~140°W OS> B L2 b OOEBERZA 2 &, T~ FEREEE S 4bem {FHITH 595,
ZFOTEO B 1956 FE 6 1958 EETDE DT 121~160 cm, 1959 FD § D Tk 121~170 cm
PLOUT, £, R 1956 FED L OTIE 139.5ecm TH - & /&, 1957 FLIE (959 4% TD
LOTIE 142cem BT, Tk AEEMNITEATED btk -1 (Fig. 3+ 21, Table 3-4),

140°~120°W ODHBRIZ I T, BRSNS I NI DX 1957 FE b Th b, #C T, 1957 44h
51959 FEF Tieifi s iz b @@{/\Jﬁ,ﬂ;jzfp L HNTRER, 20T~ FREFEEDOLOEE I 145em
FEW  BH3, 2 DFEHT 1957 4E & 1958 4EMD § O Tl 121~160 cm, 195 oﬁ DY OTIE 121~170em D
BERO s DIk > T2ZNEBRIN T, £, PERBREFED 0L LI 44 em HitE T,
FE L AEREBITEAEED N0t (Fig. 3+ 21, Table 3+4),

120°~100°W O¥FIL 1958 SR S NIRIBTH A b, 19584 & 1959 FEWIfUE L 12 § DO HEH
A L Toe ZDFER, € — FIZHEEOWTIUCEIN TS 145 cm {IC b o 1243, Z OTREIL 19584F
Db OTiE 111~160 cm, 1959 4D O TiZ 111~170 cm OEERDO L O k- THR s Tz, 72,
NI EE 1958 D 3 O T 140.4cm Tho1ohs, 19594FED $ D TiE 142.4cm THEDITHHTHIT
FEd iz (Fig. 3+ 21, Table 3-4),

O &5, JLREREEO N~ v 4 S JORRIS, BIREEED Y v s B RV ETRBO DT

i, fafR e NS B E AR 6T

X 60T, REEEHICENT, 10°~20°8 < 145°~170°E O b ODEREMEEHRE Uit b, EF—F
1% 1955 4FEp 5 1958 Tig 135 em [ d b, ZOFEIL (11~180cm CH-T, FEiCk 2 EEME
OHERIFHONIT 0T UL, 1959IKAS L, E— Mg 125em filicd Y, 2OERRIAIFEET
DHDE YNNI 101~140 cm F I Pri%m NTWNTz, F72, MIGHREIR 1956 55 19584 TD 4 D
g 13l em BT, 13 & A EIRIC L AZERDSFED 5 NI o 1D, 1959 HATe A &, 121.9em WKL
72 (Fig. 323, Table 3 5),

2

T4 oS TIRE I NI ODEREMENIT T AR E, T~ FI2 19550 § DTk 145em, 19564F
D5 1959 4FED & DT 135cm, 1960 4ED § DTt 125 em [T H b, iE/z INBECD & D DEISHIEE E T
Bo Fir, FHEEIL 19554EM 4 O T 140. 6em T, b ok bokX <, ZNLEGTIZEE & /By,
U, 190D Dtz A &, 119.0cm &b, & & d/hawy (Fig. 323, Table 3-5),

~25°S ¢ 160°~140°W OWRE» 6 A 726 DOEEMEEZ L 5728 25, B~ FIEFFH L § 145 em
RVTIT & o 7ohs, 1956 FELIFE 1959 BT T § O Tid, FE4 > TABIRDEEWEHL L T s, F12,
SEBEEIZ 1956 FED B O TIE 6. 1ecm TH =& 3 REL, Z2NLBEDTHTIEH A5, Ex/NBUEL,
1959 FEIT/2 B & 142.9em &/2h, b -o& d/h& (Fig.3-23, Table 3°5),
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5°~25°8 « 140°W LIE O Tl 1958 IR 2 BHIA L 12, £ CC, 140°~125°W Oyl 6 i

LIz b DOEEMBICOWNT, 1988FED D E 1959 FD DL RHELIZECA, £~ FIFFIETI 145
cm, BETIE 155em LI d Y, ZOFEFIIFIE TIE 141~170 cm, #E T 131~170 cm DEHEERD
DI L o TR SN TWVA, $£72, LHEHEEIT 195840 4 DTl 147.8cm Tho iDL T, 1959
EDOHDOTH 144.4em U ULPIBEL T A (Fig. 323, Table 3-5),

UTzhs-T, WEEEE TR L b OEEcmy» 51, EEMEEROFIC LI 2ETPL LB LN &HF
W BT,

HEBEROEERZE  GEABRCHENZ TN T, v a s Wi TORBEYTIX 19574 & 1960 D 5
~8 HOfE, 74 0—RETOREY T3 19584 9~11 & 1960F 5~ 8 J] OO fafkic >0 T 2
NZNFHEL 72 (Fig. 3 27),

0()

40.0}
30. 0}
20. 0
10,04

40. 0
30.0F
20. 0

10.04- \
{ i 1 I Q/’,

40. 0

30,0} /\
20.0F \
10.0F \:\
{ | 1 | cm

~70 '721 821 91 101 111 121 1.)1 141 131 161 171~
80 90 100 110 120 130 14-0 150 160 170
Body length

Fig. 3+ 27. Variation of body length composition of vellowfin tuna by sex

P4

and by arsa in the South Pacific Ocean.

—O—} Male A: 0°~10°S, 170°E~180°  May to Aug., 1960,
RNORS I May to Aug., 1957,
~—@~} Female B 25°~30°S, 170°E~175°W; Sspt. to Now., 1958,
LI T G 20~-30°S,  170°E~170°W; May to Aug., 1960.

ZORER, vos RIEOLDIEINT, 1957 T, B~ KIS & 125 em (TS H - THEEILT
VAD, DT, HEDESICKEGEERD S DDEIEWE N, Tz, PEEER, HTI3 128.9cm, M
Tid 124.9em TH-oil, 1960 I, F— FEMEHEE & 115 cm e d %03, HEIMEL D 111~130 em
OHRBGEEROHELE N, $77, YkEE, BT 115.8cm, MTIE 113 1ecm 2L D LI,

DER, oL Q%UE/‘, 1957 fE T2 65.4 % Tdh - ToDITIF LT 1960 T ERIT 37.1 % WP L
7.
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FIEEPES OB AR IS B B v & o o & o 2 EDIRELYEENTIGE 167

T4 TSN T, 1958 EOEEYOEEMSE L b2 E LA, FRHOKEEMIE, HTI 21~
160 cm TH -5, MTWHEN L bH/SL, 1201~150cm [ Th-tz, Fiz, FEEESHETIE139.9
, WETix 135.7em T, BIEDOITHRE V. I HIT, 1960 FEORBYOREMLE A S &, — NI
Tid 115 em, HETIE 105 em AEICH - T, FIETIEARSOERRO § OOHEIGWE . i, FHEE
(EHETIE 119.9 cm, ﬂi’g{ T 117.8¢cm Th o712,

Table 3 « 7. Coafficients of linsar regression of the body weight of the tuna on its body length.

Area Period Shecies a b

5°N~ 0° Yellowfin tuna 3.153 — 5.105
170° E~180° Bigeve tuna 2.975 — 4.680
O: o~ ZS May~Aug., 1959 Yellowfin tuna 3.507 — 5.873
170° E S Bigeye tuna 3.033 - 4.751
95° ~ 30°G Yellowfin tuna 3.069 — 4.973
170° E ~170°W Bigaye tuna 3.132 — 5.045
Yellowfin tuna 3.071 - 5.571

20° ~ 30°S _ . o , e
170° E m 170°\W Aug. ~Nov., 1958 Bigeye tuna 3.110 5.580
Albacora 2.257 — 3.198

(From the equation: log W=a log L+b. where W and L are body weight and body length,

and @ and & are cosfficients respectively).

2.0
~5°N, 170°~180°E
1.8}
1.7+ 0°~5°S, 170°E~170°W
N 1.6t
1.5 /* >~ 1.5
- © ‘: L3 o
s 7t
L.of < i .
//: e 1'0_ /
0.5 0.5
0.1F 0.1r
. . L . | ) . .
1.80 1.90 2.0 - 2.1 2.2 1.8 1.9 2.0 fal
log L
Fig. 3+ 28. Relation betwesn body length and body Fig. 3. 29. Relation between body length and body
waight of yellowfin tuna in the squatorial waters waight of yellowfin tuna in the equatorial waters
of the North Pacific Ocean (May to Aug., 1959). of the North Pacific Ocean (May to Aug., 1959).
log L and log W denote the logarithms of log L and log W denote the logarithms of body
body length and body weight respectively. length and body weight respectively.
DEW, TOWEEL LS E, HMOUDLEEIL 1958 FE T 43.8%, 1960 ETIL £7.6 % T, HTh»
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WML Y ADinis o1z,
COLSIC, RETEC I AEHEENHED 2 5 1K@l b, HIZHE DA EL,
%ﬁi%ﬁ&@%%rW§(L>cmﬂ(W)®m %% Fig. 3+ 28~Fig. 3«31 ICAN X, 35K, Z1

1.9} .
- /

0. 1}

1.9 2.0 2.1 2.5
log L

Fig. 3¢ 30. Relation between body length and hody weight of

vellowfin tuna in the Fiji area (May to Aug., 1959).
logL and log W dencte the logarithms of body

length and body weight respectively.

0.1¢

5T 5TTTTTTR ) 7. 55

log L

o
@]

" Fig. 3. 31, Relation between body length and body weight of yellowfin tuna
in the Fiji area (Aug. to Nov., 1958).
log . and log W denote the logarithms of body length and body

weight respectively.

ORI 5 hE— Mghmagmwo @& Table 3+ 71 U»L1e D log W=a log L+b
w@%ﬂbé,rfﬁﬁﬂuw¢%#mwf iahﬁﬁwwm R 2 b DORESE R L T, &
DFER, FEEHROREIL RO 21 E DI L T3 2 &4 5 b iz
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2. AT

FEASEREIZ SN T, # N FRFEERICE (, L, ZOHEEERICE - & Do

HRE A O HFR Y« B ORENZE LI AR b OB L T, FFEEE b ARESHEmE
LU, #0T, 1959 BB L 726 ODOGER L D ST, ZOREMZELEHIL TA %,

140°W DIP§odbREmific s 0T, 95, B (4~ 9 ) WL 12 b DOERERMKE L 672 s &
Z. E— FiF 135cem AT H DS, FOEFOFREEHIIITRNEESO b O T 101~150cm, 180~
160°W D & DTlE 111~150 cm, 160°~140°W D% DTt 111~170cm 2 L L, PR 545 E
GBI R E {2 h,. £17, THRBEIZHBIEND § DT 128 cm 1B THED 2 6 NV o 103, VI
T, BL D OEEATT» I3 ERE LY, 180%—160°W FELD & D Tid 130. 1 em,  160°~140"W
YKo 3 O Tk 137.7em 2 L L7z (Fig. 3-32, Table 3<4),

100°W LIFEDFEFRENRICK T, 4~ 9 AL 72 b OOREEK 2 A 5 &, RO 170°E
~180° WD & O Tl 91~140 em, 180°~160°W WEED & O Tit 101~150 cm, 160°~140°W kD
DT 111~160 cm, 140°~120°W ¥l & O Tid 121~180 em, 120°~100°W EELD DTl 141~190
em T, D OWEHEATDD) 513 &R S OEERO L O THR SN TS, [RRS, K
180° (D4 DL 118.9cm T, b o& b/NE <, i hIFOMEHE~I 53X R Ls <ah, &H
#0D 120°~100°W D & DT 158.5cm &/2h, WHEL AL L AkEhot (Fig. 3+ 34, Table 3-4).

AT, TR TR AT A08, TUBRC 7o 5 208 Ll 160°W pn:—'ﬁoﬁi&mz“cu:%»
s h DIfEE AT, @;bn““’v»;ﬁf“c:k?i*ﬁﬁﬁ E T 8~ 1A RRII R TR L T b, & LT, MRS
THREL T2 8 ~LLHORBIER £ ) ST, ZOMEIZEERELIIELS, £~ FE170°E~180° D%
DT 135¢cm, 180°~160°W O & (D Tid 145 cm, 160°~140°W & 140°~120°W @ b O TiE 155 em Al
dh T, BIL D OWEICHD 313 8RS OWEREROFABITL TS, 51T, L DO 160°~ 140" Wi
BEOTUR & 140°~120°W YElED Z#  % HEE 9 2 &, EHOEEBEIIZEIHO 131~170 c L, BT
e E LIS S, 131~180cm Th 5. 77, FEEFEL 170°E~180° Difgkod & O Tid 134¢.7cm T,
bokdhxd, TRk b LD DiFECED R HE LT, 140°~120°W OFED & DT
I3 147.4cm T, L& k&0 (Fig. 3935, 3

Wi“f’ﬁ’)? PRSI ATES 5 2 N T B THEERT FUe 5 43 & FUARDS *wa"fz){w FHED BT, Tl

, AEOREMENE, 160°W 250U T, 2RXbLUBO S D EUED DN E L5 LWEEDT

1) 5,) NTe

BB OB Lo DT, S, 1958 h b 1959 M TOLFREEERD b © LFFRENEED § O
RILHGL T2 & C 5, THEICIEE L TR N AEME, SR, MEPEEL D RSVERRO L OD
HEHE L, o, SEEEELNTOTYAE . Lrl, T OMEAIE 160°W LIEONRNG b O TR EEE T
AN, FNMHOEEO § O TECRIEY & 5T, 135 A FERMNED LN oz (Fig. 3032, 3034,

e e

« 36, Table 3¢5),

T RO 170 E ~180° OHGERD 3 D5 L O 160°~~140°W OGO & O TRFRERED L DL H WD
Do LREWL, Ly, TNEEHD L @czﬁwﬂikczfvd'l;fﬁﬁﬁ%li)ﬁf%éézbﬂwo@ T, EWEI L

BB TR B B,

{/{ EHAL OB 0 1956 s b 1959 b1z -, JLRERED 150°~170°E OfFhis 170°E~
180° MYkl B 2 otk %, BN (4~98) DD e, & (1~3H - 10~12F) DLDIaIT,
ZOEMEL I L T,

=g 1986 FFIT A 1T L DODEEMR A 5 &, 150°~170°E D& O TIEHEE 3, £~ ik 1385cm i
T H Y, o, EEHE 111~150 cm OEEROD § DIT & - THERL S, SURIRELIL Twiz, 70, ¥

=

FEREHO L O T 126.3¢cm, XD L DOTIE 125.6cm T, &AL EEMZEENE D LN 00

— 121 —



170 El i = (&) IKKBTER 15 (2)

170°E~180° @ & DT, E— FKIRMEAE 6 125cm fFicdh b, ZOFHOEESIIL, 111~160 cm T
HoTHLUOMEZ LD U, £, YHEBREMOLO TR 131.0em T, ZHPHOI DL 2em i3
ERsholl

DX, 1957 IRIT AT ODREMAR R 45 &, 150°~17C°E D D TIE, ®— FIZRTIZ 125 cm T
Ch->TEHE YN 0em /NI WEEROA~EHE, 7, PHERERZXOLIOTHE 126.3ecm T, BED{
DIb#y3em FENIDoT2, 170°E~180° DD DT MEIE 4, =—FiX 1385em fITicdhbh, »
2, FHEFEER Blem BILdH-T, WINIIEEASERDPRED LNEh o1,

1958 FRIZ AT b DDEEMER 2 L 512 L5, 150°%—170°E O b O CREHE &, T— Fid 125 em i
FITH AHIZD § DT 130 em P EDOABEERCHRFEWHAL, 2o, FHEFEEN 126em T, H
DD IO 3em ZENIV, 170°E~180° DIFRTA T8 O THEHE — FIZZWD § DTHL 125 cm L
WH-TEEHOLD L 10ecm /PINEEFRDHF~EE, »o, YHEEZ 131.8cem ’C/J\é’(ﬂ

[7)

%
30,0k 1956 30. 0k
D
20. 0} o = 20. O
e ;/’ N l\\*‘X .
10.0} N BN 10.0F
i wﬁ;} L L i | L el
30. 0L 1957 30. 0}
3 20. 0k

20,0} Pras :
SN
Y. N
10.0F ;:'_%{ SR 10,04

@
=)

T
—_
(el
<
5]

[

=1

<
T

20.0f ﬂ\ 20. 0
N
10.0 / \ e 10. 0

>

30. 0} 1559 30.0F

20.0}- / NS 20.0}-
10.0}- x/" Q\\x\x\ 10. 0

K

L ) 1 L l T ! 7 i 1 1 ] 1 1 !, . ) cm

T80 81 91 101 111 121 191 141 151 161 171 181 =R STIOT T T T M LT 16 17T 1T
90 160 110 120 130 11210 150 1%0 170 180 90 100 110 1220 130 MZU ]\?'_JO 1(?50 1%0 180
Body length Body length
Fig. 3+ 32. Annual variation of body length composi- Fig. 3 33. Annual variation of body length composi-
tion of bigeye tuna in the equatorial waters of tion of bigeye tuna in the equatorial waters of
the North Pacific Ocean (Apr. to Sept. ). the North Pacific Ocean (Oct. to Dec., Jan. to
O—— 150°~170E°, Mar. ).
@ —— 170°E~180°, O 150~ 170°E,
A 180°~160°W, @ 170°E~180°,
X 1607140V,

1959 FEIZ A 72 4 ODERERKRE A5 &, (50°~170°E O DT, T— MiTﬂﬁ& é 135 cm fITIC
STHLOEREZ LD LT E0, 200 DWREO b 0L T 40em LTOEKRERD & OOEIEHS
2, o, EHEED 125.8ecm ALHLTH 2em 13 E /P30, 170°E~180° D d 0Tk, Wi &%

- Fid 135 cm RHITIC & » TELIL, »2, FHEED 128can Bl H o T, ;t/mc#;%ﬁm?dxb SR A RASE
=7z (Fig. 332, 333, Table 3-4),
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FVERE s L O BIATEREIC AT B < 77 0« 4 v SO AR 171

ok 3, JLREEERIT ST 3 2 o8 F DA EE S BB DD %ME/‘DO/W Uinl, B
DHDEEPD D LD bFitkahoTs

EEMEFOREZRL - LREBHROERRED 6 OBETC OV TR FARBNTO 2O TEH, DEIT,
4~9 BlelERiaEn 0L, ODEE»A S &, 180°~160°E IBRO DTk, T— FIIBFEEL b
135 cm fA3EIed b, o, Z2OFEEHT 110~160 cm DFEERD & O X - THE S 11TV 28, 195651
[k 1958 Tl T 150 em DL DB EHD § O FIiciBA TN A, & 61T, 19594E A B &, 130cm
UTDNSNEERD L DOEIESIEL, 2, PHEEZ L& 032l 160°~140°W RO &
OTIIBEREE S, T~ FIX 135em 3T d b, o, EEEER 138 cm FIIKH > T, NI
L AEEMIIEATAD NI o1 (Fig. 332, Table 3.4),

Tk A, JLFREBECET S AN TFREIEF I 30 E 05 LWEEPED S NEh o7,

BonEwE» 6 477 3 OOEE, 195845 LN 1959 D 4~ 9 HOREE L b3z, ZOFE, 170°
E~180° D& OTIE, &~ FIZFEFEEE D 126 cm ASEC & 295, 2 OERBEHIFIFH T 111~160 cm, FH

Tt 91~140 cra OERERO & DI L - TR AN TN, F1z, FBIREIR 19584ED § O TIL 131.0cm
Tdh-oiohd, 1959 4EiC A% EMEMSNB L 5L L /NELL, 118.9cm 2L

180°~160°W QHFHH» b AT b DT, E— FRIMMEEE § 125em [JILCH 555, 2 OLEHL 1958 47
DL OTIE 111~160 cm, 1959 4ED 3 C@lewOmﬂD%@KiofﬁW§mq,@%Mmgwmﬁw
OG- TV A, F1z, EEEHEIT 1958 FD 3 DT 132. 1cm ThHo oDIEH L, 195940 § DTH
124.6cm TWWHE L3 L /NELL T2,

140°~120°W DD & 012z 3 &, THEE
FEIIIEAEERBED LT -1,

X 51T, 120°~100°W OHEELTA T2 5 O T E — Fig 1958 Siid 165 cm [T & - 7203, 1959 4K
165 cm 5T dh - T, 10em ETFL T3, ZDNHE, 1959 FICATRAKRETEEDLD LD 140em L
TOBRERD 3 ODOFEGHENE L AL ADEN, 20D, SFEHEEER, WEED S OORICERENED S
Nighotz (Fig. 334, Table3+4), LUizdi-T, MEAEERCSOTE, RERIE LD OEHRCE 5
BEEIC LA EEFEEPNLB UL LNEED NI,

PR R I T, 29, 170°E~180° MUl 6 A1 L ODEER L 670 & 05, 1956 4ED B

D1t 145 em RTIC

5

FEHE 121~180 e DEERD § DI X - THWR 31,

H.{,
o

Rad 7o BB e, 95em AEICRIAY & 5isE— R b o i fiE» 5/t -
TUNTIh, 1%7$Dé@@1mcmg1%mn“mmfﬂfn%_hm;ﬂtJ@ii&:o@%ﬁmmﬁ
Hexh, 2, 150 cm PLEOKEEERO 3 QOB EIT 2T b, & TAD, 195840 DITins &,
LS VEER TR SN TOIEOE— FEMELIZ, 28h, 45cm [TICHDE b - ItH—T ~
REERTERLL, 150 cm ML FOK S WEARRD & DOESIBEA TN, & b5iT, 19594ED L DT, £ —
L‘Li?ﬁ]ﬁj—&z‘ﬂs COEOE D 10em NS 135 cm AHTICE D, Y 150 cm PO REEEHRD b D50
5 CHAD U T, Bz, TR, 1957 F0 6 DL 1959 FE0 L0 TEZNENOHEED DX Y
WHE DU /NEEL, COEANINEDE — SOBERRBI A LN {Lﬁwc —3(L7- (Fig. 335, Table
3+5),

TD &5, HufE
T REOR s S
DE, FEREED b ATCREIDINT, 1958 D § D & 1959 D @wﬂmbf@%ob@b sy
13 1959 FEIC 2 12 ERIC D T TR 12D C, £ Tl 1958 4EIC A 72 5 O 2 e LTS Lo, #
DFEHE, 15°~25°5 » 180°~160°W Q%VWM%LR%@®W§MW%£5L 1958 4D & Dk 1959 4

DLDERE < 145 em FFZ2FNE DRI L - THRE SN T AD,  2013H»I1T, 105em R

OnEUTARIAD & 208D s Nc, UL, TR 195950 O 19580 0 L 193

UAAEOKRES 1 ESRILRKEPRLODPAL TS, 2EH, ¥
7\‘)51,@ %) f"}lt_o

5
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FBENIpoTo, DT, 10°~20°8 » 160°~140°W D¥EEN L 27 8 ODEEEN 2 A5 &, 19584 L
1959 FED & DWEELIL, 27z, FHEEIZEACEEPRDLNIh o1, I 5T, 15°~25°S - 140°~
120°W ¥l 6 2728 ODEEMS R A A &, T~ SETHERE S b 155em TICEHR SN T A2, 1958
DL DI 1959 FD B D LY 160 cm B EDEERD b QORI ES©PE L, 0, FEER LY Sem 3
EKkExdp otz (Fig. 336, Table 3-5),
G 2RO CEREORBRE THrE Y IFiRINTE, 22T, 8~11ARZTAKE LY DT,

1958 FE & 1959 FEM & DR L 12 & £ A, E— FIZZEBEOHTMIE LY 10cm KEWEEROTB~ 5D
b, 135em fPRITH o1z, $7z, TFEHEEI 1959 4D 3 DT 131.6em™T, MMEED§ DL H#93em i3

Fohkxiy (Fig. 3+35, Table 3-5),
%

30.0J- /\ A

20.0F

¥
10.0 / /*/ /ﬂ\\\ :
20, 0f 100k
30,0 1956
10.0p / 20. 0F
20. 0 S
e S S —— 10.0

20. 0 D

10.0r Mﬁﬁ\ 20. 0
e . 1 L

et 10. O

30.0F /’\ E

T

T

t

20.0f P 20. 0f
10. 0F ‘&\g 10. Ok
L S S L Lol L ! L cin £ i L 1 L ! . . NP
~80 811 9)1 1((),[, 1211 1%1 1'251 14211 l?l lf;l 1'271 181~ ~80 821 921 1?1 111 1221 ]f?l 1%1 lfe)l 1?1 1{1 181~
80 100 110 120 130 140 150 160 170 180 90 100 110 120 130 140 150 160 170 180
Body length Body length

Fig. 3 34. Annual variation of body length composi- Fig. 3« 35. Annual variation of body length composi-
tion of bigeye tuna in the equatorial waters of tion of bigeye tuna in the middle and high lati-
the Scuth Pacific Ocean (Apr. to Sept. ). tude waters of the South Pacific Ocean (Aug.
—&—— 1958, —QO—— 1959. to Nowv. ).
A: 170°E~-180°, B: 180°~160W, —§—— 10°~25°S, 170°E~180°,
C: 160°~140°W, D: 140°~120°W, o e oo e 300 ~-35°5,  170°E~-180°.

E: 120°~100°W.

PEEEIIERD K & & 1 1957 4E 5~ 8 JHIT 0°~10°S « 170°E~180° G T, 19584F8~11/41Ti% 25°
~-30°8 = 170° E~180° OYFEL T, 19604F 5 ~ 8 1211 0°~10°S » 10°~15°8 » 20°~25°§ « 25°~-30° §
D 170° B ~180° HEls, TEYEL 72 %@%C“D”’r’l: A 2 o DGR ERRE L 12, 2 OFREE, By bk
&<, & TARENEG A D C OEYVBEETH b,

DER, FNHIEDNT IjLL b%f\‘”f:’c T A, 1957 ARSI A TIAREEERD § O & 1958 AT A forpfE
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Table 3 « 8. Numbers and average body lengths by sex, and sex ratios of bigeye tuna and albacore

caught in the South Pacific Ocean (M, Male; F, Female).

Bigeye tuna Albacere
Area Period Sex Average Ager;’age
Number [Sex ratio Ilej:gdgh Number Sex ratio ler?gz/h
em) (em)
M A . M 35 66.0 127.1 7 35.0 99.6
0~ 10°% ey Auge 1957 F 18 | 34.0 | 122.3| 13 | 65.0 | 90.5
1707 & ~1807 oA 1ogo | M| B2 | 866 | 12731 107 | 382 | 949
e £ | 90 | s34 | 1209 173 | 61.8 | 92.5
107 ~ 15°S | o Al o M 18 | 50.0 | 126.1| 8 | 53.7 | 91.9
170° E~180° TGy = 18 50.0 | 124.6 | 4 46.3 | 91.5
20° ~ 25°§ M A 1960 M 83 41.5 118.8 | 114 47.5 92.7
170° E~180° I F | 17 58.5 | 117.3 | 12 52.5 | 91.4
M — — - 52 49.0 90.86
May~Aug., 195
By 1907 F — — — | 54 51.0 | 88.6
25° ~ 30°§ A N M 62 55.2 146 .4 52 49.0 90.8
° o e ., 1958
1707 E ~180 He e F 50 4.8 | 141.8| 54 51.0 | 88.6
M A 1960 M 86 48.6 119.7 196 46.7 90.9
12 )Viasd B
d 1o F 91 51.4 119.2 242 53.3 90.0
I
%
2.0}
30.0 A 0°~5°N,i 170°E~180°
20.0 %
10.0 \\g 15}
20.0 B
1.0}
10.0 &
20.0
0.5
10.0
oL 10T TIT 72T 13T TAT 8T TeT 171 s~ L
l ) : ; , :
100 110 120 130 140 150 160 170 180 L9 2.0 o1 2.2
Body length log L
Fig. 3¢ 36. Annual variation of body length composi- Fig. 3¢ 37. Relation between body length and body
tion of bigeye tuna in the middle latitude waters weight of bigeye tuna in the equatorial waters
of the South Pacific Ocean (Aug. to Now. ). of the North Pacific Qcean (May to Aug.,
@ 1958, O 1959. 1959).
A: 15°~-25°S, 180°~160°W,
B: 10°~20°S, 160°~140°W, log L and log W are the logarithms of body
C: 10°~20°S, 140°~120°W. length and body weight respectively.
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D § DTIE, DU D B G
WD Lo 5 ElEbE% o7z (Table 3+8),

2.0 . .
L 0°~5°S, 170°E~170°W .,
/
1.5F
or 1.0
‘-9 -
0.5
0.1}
1.3 2.0 71 2.2
log L
Fig. 3+ 38. Relation between body length and body

weight of bigeye tura in the equatorial waters
of the South Pacific Ocean(May to Aug., 1959).

log L and log W are the logarithms of body
length and body weight respactively.

1.5

AT d o Toh3,

KRB 15 (2)

1960 £ THEFRE IR D & D & IREIBERD b D b

2.0f
1.5-
P
oo 1. 0F
2
0.5
0.1}
7.9 2.0 21 73
log L

Fig. 3+ 39. Relation bstween body length and body
weight of bigeys tuna in the Fiji area (May
to Aug., 1959).

log Z and log W are the logarithms of bedy
length and body weight respectively.

; L i ! :

Fig.

Fiji area (Aug. to Nov., 1958).
log L. and log W are
pectively.

2.1 2.2 2.26
log L

3+ 40. Relation between body length and body weight of bigeye tuna in ths

the logarithms of body length and bedy weight res-
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FIEPES JOFEAT BT v oo « 7o 55

RECRELOMEG  RE (L) SEE (W) OBE2L 55100, BATEED S A AR DN,
BB KT 5 2 AN oERGER R 12 (Table 3 - 7),

F7z, BE 1260m BHULLT, 20BEOEER log W=a log L+ 2 k> TR 17, & OFEE,
TR X 1959 45 5 ~ 8 AOJLFEISRD ¢ O T 37.5kg,  FEREEED L DTIX 35.6ke, 74 ¥ —
WD L DT 3. 1kg igh, 1958IE8~11 HDO7 1 O—EEO 3 DTIE 33.5ke &7 B,

URdioT, x Nﬂiﬁ&«)ﬁi@ B b OO RO & 0 & Y EVIEREL T C LR SN
= ZOHAE cm, WEBEREZHLELU CBEOKET, 20H

3. By

£ PR TEIE & A
FRE L 170°E~170°W MoigEs» 5 A7
o TEELIZ L R IEL Iz, /ii:."o‘, 7
19561960 4E F T, i LoD

NIt 12D T, &G L,E B 3 AEOEEMRIC OV TOR

BTN TIE, 1958 F 8 ~11 F O FEIASERE S i b

Ty /"‘/’E‘JJ/J/?”@'“\%L CeTE
FRRDIT & 5 B OEE PR L 12,

{FEAHRL D HIBRIY 2L - 1958 4F 8 ~11 ﬂ@ 17O°E~17O°W HDWgE» 6 A 728 ORI DNT, £,

2RI LT L 5,

%
40. ok 0°~10°S
) OO
30. 0} 170°E~170°W
20. 0 40. 0F
10. 0f / \ 30, 0
. AT 20. 0k
30.0f 1020°S 10. 0
20.0- / Bl
10,0k 40, 0k 170°E~180°
1 30, OF
30. 0F 20. 0
20. 0f 10. 0
10. 0 o] ¢ ! . ) L
. 40 0l 180°~170°W
30.0F S040°S ,@\\ 30. 0
20. 0 \,\ 20. 0k
10.0p 10. O
It
g o . N om L ! - L 1. cm
61]_ 610 721 726 21 §>z6 921 96 l()l l(l)b lll 116 66 721 7((? 821 8?6 021 96 1(1)]. 106 lll 1}0 121~
. ! ! i vl
65 70 75 8 8 90 95 100 1(5 110 J.lr 120 70 75 8C 85 90 95 100 105 110 115 120
Body length Body length
Fig. 3+ 41. Latitudinal variation of body length com- Fig. 3-42. Longitudinal variation of body length com-
position of albacore in the South Pacific Ocesn position of albacore in the Fiji area (Aug. to
(Aug. to Nov., 1958). Nov., 1958).
= ()—— 170°E~180°, Q) —— 20°~25°5,
@@ —— 180°~170°V/. @ 9% 30°S,

0°~10°5 & 10°~20°S Ofafpe s &, TELIETEE TlE 81~105¢
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BT, #%ETIE, 8l~110cm P LD b DI k> THEES, BEOITMHHELH»IC 100cm
PL DR DEIEHIE 0, 20°0~30°S BD7 ¢+ ¥ —RB T, AKRED T~ Rid 96~100 cm i dH b,
ZDORBOEEIT 66~105 cm OHEFICH - T, IJFFEEEHD L O L HLOMEE LD LTz, LhL, B
WD H D L H 91~95 cm OHFIERERD & DDEIENZ U,
XHiT, 25°8 RHUCL THEEL L AILED
DfEEREIED D gomftté*&:bf: LA,

% F o~ i 20°~25°S OIFEHD & O T id 9%6~100
s0.0 1956 cm, 25°~30°S DYFEHD & D Tk 91~95cm fif
20. 0F e b, o, ZOEEHIFIE T 91~105
10. 0 em, HBHTIT 86~105cm DIFERRD & Oz X

THEL I TV Tz, TR, SEESERE 2 sy

30. Ok % &, BiIZETE 96 cm, HBETIE 92cm 2L
U7z (Table 3-9, Fig.3+42),

el 30°S UMoEBEEE» LA LOTE, T

10-0r Nk DIEDEETA T b O X b FER KT 3

HEHD & ODEEVHIEL, FEAYETE oL

30. 0F BNESD 71~80 cm DERERR Db DL Lo TE

20.0F OEFGHR I N T,

10. OF rE5, BEAEEEAETHIc > T, 170°E~180°

DR S A1 B D E 180°~170°W DEgEL 5

30.0F A b ODORERILEL T E B, IBEELIOM

20. 0 WRLDL, BECIIHEEENSILALEAD

10. 0k LNz otn (Fig 3e41~343),
LD & 3T, MATEHED Y FFiKid 10°8,
ol 1960 20°8 BB LT30°S HEEEITL T, £2hZENo
j90°0_ b DIEHEERD L3 ko k & 3 e ess
o ~ BSED 5T,

100 EEHROEFLL : 7 1 o—imickl) 5 ¢

e e T TR TIT 16" 7 # OB MR OREE e A5 &, 8~114

720 7% 820 825 920 9%'160 165 1310 1215 OHBIT AT DT, E— Fid 1956 b5 19

Body length 59 4EF Tid 96~100 cm fTIC - 12h3, 1960

Fig. 3 +43. Annual variation of body length composi- fEiIC/8% &, 10cm PI W FERD 9i~95cm

tion of albacore in the Fiji area. MR - 120 COE 34, 100cm B0k

p o N, IR SO EBO L A HIADEHS LTS,

May to Aug. —@——, @ oo @& - DEK, 5~8 HOWM ATz DTid 1957 »

1958 FECld, & — Kid 96~100 cm T H - 72
3, FALIE 1960 FEE T 10 em BOERER D 91~95 cm iTicE b, D, HERIB-oT 95cm LDk
ERO & OOHGEA L Tivs,
tds, B~8 AT O E 8~ HDOMMIT AT b OOREMKE, EEELL, | L 5%
BEDEED b s -7 (Fig. 3+ 43),
GEEROTRATIRE  BAEETS - & 3RS UDLI27 4 U— T 1956~1960 £ & TOHH
BlichlicoT, Z2DEHD6°~10°S « 10°~20°8 « 45 KO 30°~40° S OHg Tid 1958 4 8 ~11 Hiciak
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4
@
@
73 93 123
2
10p -}
@
1p K
gk 5 . 6 7 8
90k o i ; !
@ 1 1
sl 03,083, 118 73 907,183 73 934 128 13, YAl
[
100
ifr =
99k 9 10 11 12 L
90p ! ; : °
ol 4 1 73 % 12 73 e 193 73 93 iz

b / /oo

gok 13 14
90p

7393 123 73

50
®
10p
°
1p oo
)

Fig. 3+ 44. Normality test of body length composition of albacore

123

caught in the South Pacific Ocean.

1 6°—12°S, 170°E—170°W; Aug. to Nowv., 1958,
2 10°—20°S, 170°E—170°W ; Aug. to Nov., 1958,
3 20°—25°S, 170°E—170°W; Aug. to Nowv., 1958,
4 20°—30°S, 170°E—170°W : Aug. to Nov., 1958,
5: 20°-—30°S, 170°E—170°W ; Aug. to Nov., 1959,
6: 20°—30°S, 170°E—180° ; May io Aug., 1957,
7: 20°—30°S, 17C°E—180° ; May to Aug., 1958,
8 20°—30°S, 17C°E—180° ; May to Aug., 1959,
9: 20°—30°S, 170°E—180° ; May to Aug., 1960,
10: 20°—30°S, 170°E—180° ; Aug. to Nov., 1956,
11: 20°—30°S, 170°E—180° ; Aug. to Nov., 1957,
120 25°-—30°S, 170°E—180° ; Aug. to Nov., 1958,
13: 30°—40°S, 170°E—180° ; Aug. to Nov., 1958,
14: 20°—30°S, 170°E—180° ; Aug. to Nov., 1960.
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178 ) =1 H T KA

INTELF AN
DTz, AChBC E2EELT, 1E
LiIshThHA, %@ﬁ%,ﬁ~mﬂ&1w~msswiwm%4wsL%15L/aﬁ@V<,ﬂﬂm
B S C EMAATIR LD LTV AB ENABDT, 2NENOFEEE & EIEFEZE Rz (Table 3¢ 9),
Ldl, 74 U—#ET, 1958 1%%4m~4uwwo~@55@ ik T A 72 b DOERAL S 1958
g ~11FM 25°~30°S & 30°~40°S OWETAT 4 OOEKEHRESMP A% L, EHETRIZNESTD
Do OFh, NS OOEEMEEESESSTL TS O, &AW, LA SHOHEET, MNEEE
OV 72 L -2 0 IR B 5D EEZ N B, 20T, ChbDEHITE T 5 ¥y ¥ OEES SN
DRHRE R I DEEDEE L 5T éa,VWig EHRIEGOGRNSE 2 L LT (Fig. 3« 44),
COX SRS LR ELT i ‘ 7 T, FHEROIAZR
DA U IR LB S L 5 L d &
N, BIRERED E L F A0S FOEEOERE L DT O L ELAE, FNLOLDTHE
TR OIBREEEEIIEIZE —TH 3 L AT ONEED LI THE, LizdioT, 6°~30°S HMOFEERTAL

SHEC ADNTH B &, Fig 3. 441D
|

—

i

>

Table 3¢9, Average body length and its standard deviation of albacore caught in the South Pacific

Ocean.
Area Period Average body length Standard deviation
6°~10° S 94.5 cm 5.6 em
10°~20° S 170° E~170°%/ | Aug. ~Nov., 1958 98.0 5.7
20°=~-25° 5 96.0 5.0
May~Aug., 1957 $5.0 5.5
May~Aug., 1958 4.5 5.0
May~Aug., 1959 82.0 5.5
20°~-30° S 170° E~-180° May~Aug., 1960 S1.5 5.7
Aug. ~Nov., 1956 7.0 5.3
Aug. ~Nov., 1957 S4.3 5.3
Aug. ~Nov., 1960 2.2 5.1

; (Table 329), Afk, F{EEAHLEIDT, TNEDR

F 7z, T4 U~ 5 AT ODOEEREDZLE, AIRNODE — Mios s N tge SERnc—E L,
1956 FELIIE 1960 F ho 1) CRRIZ BE/NEULOEm 2 28 > T 5 B 65 (Fig. 343),
%mzm & R D 19565 me 5 1960MEE TD 7 ¢ U — D v o #EFICHL T, —E®
BEOEENFENICE D EIREL T, MEYOEEEED b 2T HREERD TAHL LT 5, 8~11[
CEERCHENC & - T s o e I w OREFEDT S 6 KD I FREBFELFEIL TV s, 2CT,
ZNFNOFTEEEP OIE - WEIC L aEER, £(r+1)=0(c)(1 —e” W+H )4 ] () e~ M+
™) BRNTEEL, Fig.3-45 %A1, CZOM»SIEENBB SN TH L HAERAERIED m=00 (T
AEEEE (7 (c0))=91.0cm, AE (e= W+F) )=0.47 L7275, ZIWAI, DIECHEE (M F)

2074 Ll h, F7I, COMEATE TR REEOREE WD 5RO e RIE R L —F L 1, Lot
=T, Eyfﬁi_VﬂbT@Ammm Nrzl#Eo CPUE. QivNER LR O EE Ofi/NERE
LEFALITUTHRRT S A0 b5,

PELRRfE kDK % & 1 1957 4FE 5 ~ 8 A TIH 0°~10°S & 25°~30°S, 1958 FE8~11 /Ti325°~30°5,
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1960 FE 5~ 8 JHTl3 0°~10°8 &£10°~15°5, 20°~25°5 36 L0F 25°~30°S i CiRE I iy 70
D2 NFINCONTHERNCEEEE R w1z (Table 328), Z20fEE, il b hkx, &z, KRiE
HECROEED 0 E COEMMPNE DALV,

DEW, F DRI, 196045 ~ 8 AT 10°~15°S OYHRT AT 3 DTRHED L » 3 HE&WBEHETH -

cn
1001 1.4}
3
.} 1.3
L]
+
w96 b L.z
i P
94} - BOLL
’ =0 1.0
92 /,,,,é
/ 0.9
1. '[ 1 I 1 1 ) 1, m
92 94 96 96 100
(7)) TE e T 05 2.0 2.05 2.1
Fig. 345, Finite differences diagram show- log L
ing the reduction in average body length Fig. 346, Relation between body length and body
of albacore caused by Fishings in the Fiji weight of albacore in the Fiji area (Aug. to
area. Nov., 1958).

4 (7); average body length of albacere log L and log W are the logarithms of
at the year of 7 after the be- body length and body weight respectively.
ginning of fishing operations.

a; straight line showing the equa- Fs. 3 OIEEO § OTRFENCIED L B EE
tion
— — i
T(r)=TF(r+1) Th o7,

b; line of finite dif ferences. HEEREE DG 1958 F 8~11 HOHAEIT

74 U TIEE SN L DOREITDNT, &

FE (L) LB (W) EOEREFAL « xnFOe s LRAUGETHEL 2 (Fig. 3246, Table 3:7),
FDEE, FBOFE—GEDOERETNE log W=2.267log L—3.198 Th 5,

¥,
&

4. EFEwsn (I aywSo s i FNTHIED)
P udREE, b0 uosnEERD, B mm“M@‘%ﬁ@mﬂ@f,§Mﬁ@
VL= 2= T FEBEITEL LEREOERICOAER SN T

HRE AR D HIFEIZEE, © 30°~40°5 « 170° E~170°W O » b :l'f%%bfz SR o T, 1957 EE-/S»E

g
1950 HEMD &6 ~12 HD } D& PE L 72 (Fi,@.8947)0 O

H

,1’_(_{'14—[ AT EINTT, 35°% O/H.J/,Q;'V) ﬁu;\_ R %

DFED LD EILD L ODEREME P L2 & C = RIZSEEE S, 30°~35°S <w5135mn,35°
~40°S Tl 125 cm [T b NI, CDLD 35°S Dibduglds» b A icd ok A0 & b LB O
PhATADLD 135em LEDOKBEERD S ODOUD ZEENE {, o, FHEEL, FIEDOHFHN

HEUBL KRS,
35°~40°S DUEEM B A 728 DI T, 180° WL T2NLVEDC SO ETED { ODOERERRK %%
SLtzE A, TEREEOLORFERAEOLOLY, E— FBIU0EHEEZ A LU AL LR EL,

LithioT, AR 2—0 5 0 PR LR L D OIFR L bE I 2138, Ay BT 3 EE
DD BN 5,

— 131



180 E i
R OREEZL

R X b 135 cm AHTICH A 05,

T 121~150cm OFEFO L OIT L > TR TN 5,

s EBINIDE, 1958 M DTS A &,
DT, MEED O LD bghichad, 135.3
ZOLENT 1957 FE & 1958 £ED b

ST ENFNIEE S 1,
1957 2D § DTt 124.0 cm,
A LA,

Pt

[ & B0,
FHEFD b D k-

72, YR,
T, BEXRBULT S B

30°~35°8 « 170° E~180° OiFHb» 5 AT L OOREMK 2~ 5 &,
ZOEENT 1957 £ TR

(=3

B 17 IKREFH 15 (2)
T — N

111~150 cm, 1958 8 TI3 121~160 cm, 1959 4F
SR 1957 FEO & DT 18L.6em Th

4, 136.8cm Tholi, UL, 1959 sED 4

WHELALLRE
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Fig. 30 47. Annual variation of body length composi-
tion of southern bluefin tuna in the high latitude
waters of the South Pacific Ocean (Aug. to
Dec. ).
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Fig. 3 +48. Body length composition of southern

bluefin tuna by sex in the waters of 35°~
40°S and 170°E~180° of the South Pacific
QOcean (Aug. to Nov., 1959).

Sex  Number of Ffishes
—_—— Male 199,
— Female 280.
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Speh, HEO L AEIEIE 41.5 %, ik b Dish o1z (Fig. 3 -48),
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ZRNENLOHL, BLHDEDIEEKRE N (Fig. 349, Table 306),

%

. X 1956
o ﬁ;&ﬁ§§:&
! N
! * .

10. 0F ,x

s R TV
x| L é\ L L i =
20.0} A 1957
- AY
10. 0+ /af P2 2 X
’( = = il Cro,
34; L A == |

30.0F 1958
20,0

W%"X
1959

/ >
X
10.0F /{f‘
RS
] 1 1 L]
A
20. 0 /K
/)(
10.0F @// e >
X - X“(

B _é::é___ﬁh__ S e . S

~130 lol 141 101 1()1 171 18] 191 2?1 2}1 2%1 231 243:1 251~
IS ! Ul
140 150 160 170 180 190 200 210 220 230 ?40 250
Body length

Fig. 3 » 49, Annual variation of body length compositon of blue marlin in

the equatorial waters of the North Pacific Ocean (Sept. to Nowv., Jan,

to Mar. ).
——(O—— 150°~170°E, g — 170°E~180°,
...... K oeeene 180%~160°W.

BRI AL T2 A DD EBEMR R A B &, £ — Fid 170°E~180° D 4 T 155 cm, 180°~~160°
W D3 OT 165cm, 160°~140°W O L OT 175cm, 140°~120°W D $ DT 185em I HH, D
WD b DT HESTEEHICEY 513 R IOEEROI BT b, iz, FEEERE 170°E~180° Db
DT 163.3cm, 180°~160°W D4 DT 170.6 cm, 160°~140°W (D DT 180.1 cm, 140°~120°W D %
DT 19%4.3cm 2 LD, BIXHhOdOIEFEL Mk (Fig. 3¢50, Table 3+6), ,

¥, FEHLIEAREEEY DAL 10 b DDRE R L 1r & 25, JEREEED $ DOTBNT . &
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f blue marlin in

the equatorial waters of the South Pacific Ocean (Sept. to Now., Jan.

to Mar. ).
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Fig. 3¢ 51. Annual variation of bedy length cmposition of blus marlin in the

waters of 10°~20°S and 160°~130°W of the South Pacific Ocean

(Sept. to Dec., Jan. to Mar. ).
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1957 FED & DT 165 cm LI H o 72hs, ZR LI 1959 4% Tk 155 cm I dH b, >, 170cm Ll
LFOERERD 3 OOEEMELREDL T d, $i2, ViSERIZ, 1996 FE0 30T 176 .0cm T, § -
bRsL, 2N HED S DTIEDTH TS 208/ NEEL T b, 2 EI, 1807 LIFHDVEREEED 5
Blaid siws ¥, COREEATIRBERY
HE LT A, £— i 180°—~160°W DHEED & O TlX 165cm, 160°~140°W OO § O TiE 175
cm, 140°~120°W DO¥EEC A O Tt 185 em AT dh b, BHTEMH IR EREOVEEEDO OO L v %%
DL TWVWD,, Fz, 1959 FEFEICATIL DIZ 198 EFIRATLDL N NINEERDIODL & 284S
L, o, WEHFEE /I (Fig. 3-50, Table 3-6), E{:,‘{iﬁ?@ 10°~20°5 = 160°~130W O ¥EiH,
P EATYODERERERAS L, E~ FiX 1956 LI 1959 FEF TOH DT, WM 175cm {HED
BT & 2 %3, Oj_ﬁ%{%ﬁ LT A EEROEHEIZFR L > Tz b BiroTini, 2%h, BAhE
O 1956 45 & 1957 D § D Tld 161~200
em 1, 1958 FED & DTl 161~190 em 1T, 1959 4F %

DHDOTH 151~190cm ITH - T, FLR/PNINEE
BOIT~E - TN A, DEI, SEIGERER, 1956 4 20. 0k

%’/"’i
DLDTIE 189, 1em Th =& K E L, 1959 D -4
T3 183.2e¢m Th - & /03w (Fig. 3+ 51, 10. 0k ////ﬂ\k
Table 3e6), /"/ -
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REAAROVEBIZEE © 1957 9 ~11 g Vo

ATBEEEDEO L OB D, 19584 & 1959 FEDTEE

¢ ey L 2 cm
VU TIT L - IR b, HRRALAL & L
BE LT, Z0FE, £~ FIRIETIE 155cm, M 130 160 190 220
Tt 185 cm [T H b, ZOEFEIE T 131~ Body length
170 cm, HETIX 161~220 con O{FEHD & DIT L Fig. 3+ 52. Composition of body length of blue

marlin by sex in the Solomen area (Sept. to

ST I TN, 72, SEEEREITHETIZ158. Nov., 1957).

7cm, WTIX188.6cm Tholz, DL HIT, Sex Number of fishes
Z o h R & 3 REEICH S nERENE —QO— Male 519,
BB, HEHEL DN LS L LKk E b, & Fomale 348,

DEW, ZOWHEAL L, HOUD AEE359.89% T, HOZN X hbh Tt k& (Fig. 3« 52),
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Fig. 3 53. Annual variation of body length composition of striped marlin in
the equatorial waters of the North Pacific Ocean (Sept. to Nov., Jan.
to Mar. ).

O—— 150°~170°E, °E-~-180°.

®

REMEOMIENZ « 39, BREEROFENZLT OV THRE L Ta %, JkBiERicisnT, 150°
~170°E DOEE L 170°E~180° g S IE L 12 L OOFEER KT A &, MEEROLOEL, =— Fik
1956 TE Tl 105 em Th »12ps, ZHILIFR 1959 5 F Tk 115 em [T dH - THEUD ks Lo LT, &
RHT, 2N ENHNGEEORGRER T2 &, ZOEREODTH 3 cm 769 T, MEMCLLHL AL
WEBENEY bNsh otz (Fig. 353, Table 3+¢6),
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0°~18°§ @?@iﬁjﬁi 1958 AEIRED BRI DN T D&, 170°E~180° & 140°~120°W D b DR HHAE L 72
T EIDANDT, AR ERRORERZ L EEBRT o1, L L, IOMEHD b DOEEE
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o 54 Table3-6),

15° S LIFE OO Fhie vl > b«ﬁlﬁ%bﬁe@@ﬁk
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ody length Fig. 3+ 55. Composition of body length of striped
Fig. 3« 54. Composition of bedy length of striped marlin in the middle latitude waters of the South
marlin in the waters of 0°~15°S of the South Pacific Ocean (Sept. to Jan.; 1956 to 1959).
Pacific Ocean (Sept., 1958 to Mar., 1959). O—— 15°~29°S, 150°~170°E,
—® 170°E~180°, @ 18°~30°S, 170°E~170°W,
"O 14-00“’120(‘\)(/» ""*A‘_‘_‘ 15‘3"‘*’2003, 1500~14OOW,
...... T 170~,25<35, 140°~120°W.

T 165 em fIEICE~ FRHL, 20OFEHI/NIOEERO HITHR SN TV, & AN, 1958 I
Ish &, T— NI 150°~170°E O 4 O TIL 195 em, 170°E~170"W D § 0O Tld 205 cm AT H 5 7205,
ZILOERHINTILY 181~220 cm DIEEHO & DICAH 5T, 20T, 150°~140°W & 140°~120°W D
EOTIZNTILE T — FiE 165em (I H - T, FHEOMEP LD LT, 3510, 1959 FICAL &, %iE
WDLO0E— FORBMBRIFEEOEAS LRALTH A, 2N 5 0LEEEHX, 150°~170°E O DT
13 181~220 em, 170°E~180° @ & O Tt 171~210cm, 150°~140°W D 4 OTif 151~180cm,  140°
~120°W D F DT 141~180em DEFEERIC L s T2 N AN s Ty (Fig. 3+ 83),

O X, FEEROBENZEC AT, 150°~170°E [MTEMEL 12 b OOERE 2 HENTHEL 12,
ZOETR, FERIREERO L O TREFEE L, BERUEERD 101~130cm O3 DL &> TR
INTNIZDIIL, 15°S LIFED rfﬂf\ FEEIHD b DTl 1956 {E & 1957 FE T 191~220 cm, 1958 4T
1% 181~220cm, 1956 FETIE 171~210 cmD K XIWVEERD L DI L > T UL 6N T, D& DT
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FEEOFEREBEL/NTHLLIZSE SN, »o, EEEELBREREROLOIFNHLL LS
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D 4 TS THEE U fe 2 OSSR, FEHI 18°~30°S D3 D & 30°~40°S D § DT 200 cm FifHD
KENEERO RO L ->TLH SN TN, 10°N~0° D% D T3 110 cm IO X0 (KB, 0°~
18°8 @ % O T 160 cm BIEOHEIGEEHD & DIT X - THEmRaNn T (Fig. 3°53~3-56),
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ErE% 50035 T EMTEIZNT,
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Fig. 3+ 56. Composition of body length of striped.  Fig. 3 57. Composition of body length of striped
marlin in the waters of 30°~40° S and 170°E martin by sex in the Fiji area (Sept. to Now.,
~180° of the South Pacific Ocean, 1958).
—0O— 1957, —— B -— 1958. Sex Number of Ffishes
— ) Male 54,
— Female 156.
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3« 58, Voriation of body length composition of
striped marlin in the Fiji area (1958).

Body weight
(Unit :Ken equals to 3.759 Kilograms) .

Fig.
Fiii area (1958).

3« 59, Variation of body weight composition of stripad marlin

Month Numbar of fishes
() —— Saptember 128,
——@ —— October 181,
e A\ November 254.
,d(;‘ ‘;123- i Kan
40 a4 48
in the

Month Number of fishes
(O —— September 1,085,
#—— October 3,232,
------ /oo November 2,996,

DAL IADLOT
Db OOEER % T 5
TRE SN T,

1349 10 em /NS W ERERD 205 cm Hj&qz}ﬁéofi VB, 36T,
b, EEGIEIETIL 181~230cm, BET

7)) 10}%@%@&11
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CD X o, BB avan oAz AT, bdFrTiddsdl, B@PB-T220cm P
DORBEEFD S ODOHEEEG» DL Tnd, Lal, SEEEEBIIIADLOT204.1cm, 10 B3O
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1.7} O“C/J\mﬂ_’,bflﬂ (Fig. 3.58),
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log L 559

Fig. 3. »60. Relation betwesn body length and body CD LI, HRGICHT 5 v h o R, b
weight of striped marlin in the Fiji area (Sept. TITHH LS, IALBTRA?E- LT’VYM\

to Nov., 1958). Wy OoEIEE A, RERNELL T
log L and log W are the logarithms of body ik, {iﬁ%&{?{xﬁ@(ﬁjibTiﬁiﬁx%t/){,\“(’ {;jQ
length and body weight respectively. E (L) LS (W) &DUMER L 5ed 125
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4
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WEIC AR &, FIEPED § DI mu b@b<im @DTNEOC®;5K,mA$HKmU
"D b DDLU DT HREMT DIFEY BT,
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T, 160°W [ %8t T2 L bl

R ORIEE LT 20T, 7&1@03@ ATEHRTH B Fﬂitrﬂj?‘HﬂTﬂ@ﬁ>?>Q>ﬁi@rfﬁ: BT s, B
BHEEO L OMRE L EHE, 1959), <K, COBEMERELHYOERIETHLL ALY, OFKE, 2

N

CFRIREIGED & A 724 O L BEEE, L A3 O RHEdT A &, BEOFM-AE < G5HE, 1961), &
i, COBEMIEEIEED L O L BRIIIEL D OEBICEMA S IE S 0D L, X 51T, SN
BOBEE D & Ok & BRIy 0 DEEORARZ Ly Ui,

ijﬁK#U%*A”OMFMW®/ﬁ5MmomT@,LMKTONSQM BATITT EN,
ToiE (1957) 4L 1954 FE 1 Fl~19554E3 H & T PR N
T—ﬁﬁibi’ic*f MEIRARDNTAGT U TR, JLRERD & @ &R S E O TN
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ISAIE AR D X 5 Th 5 EFRTU B,
20T, 37, JbREESOEREE,» SO ES D L, FR Lo T BEL T AL, 4~9H

OREIZIE»OEHO L OIEL TREWET, 3 3OMKROTEERE—FL 15

DE, EREERTL- & BIFRE L LIV 0 E VEED B DRIRIKDNT A S &, HEMRDIH
LRI & > TE DB > TN A5, SEEICILEIED o 8L, 130 cm RLEOKRBIHEERD b
ODEEYFFICL D AEEN 4~ Bith o & 3% <, 1~3FOHEIE »& 52780 T EVDHIT 65,
F75, PHEEL 4~9ADLOVERAT, 1 ~3ADLDONE & b/hSn T &b ol &XIT,
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&, MIZBRBETSIT 213505 U A UWAKEEEED SN2 212, FRHC, OREOZEIZELEL
TRESC LT, HIBETE LY T/HE L, BETEIOLEUALRENT EWDd o7, TR

o bAT e ZRRT (1959) 1% 1954 4F 10 B~19554F 3 HiT, 10°~20°S = 180° DAPH & 150°~~140°W [Eh> 5 4
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OFHRZIZE S 5B T A,
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Th B, 1956 FELIBD MR DN THE L Ta L 5, 20T, &L, REOFEE ZIERL T
WA NT A BETIEEE (0°~10°N » 180°~160°W), VD%yﬁ%(wwm%cmwwmmm)ﬁ;@ﬁ%
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3L DTHNE, KEOEAMHOEHIH 12 - TRABGMYEDFERL T IOTREESA S0 UL,
SR i2 C OIS ST 2 T—FCHBL L 5o o, L0 310, RHED NI REREDIAI
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B Y BT 71 %, N A FERIRE TR 76 %, N ABRBB TR 95 % ThHbd, 20T, BFE
YEEIC 8NV T, Ve LTI 67 %, $=THEB TR 79%, 160°~140°W DL, Tid 97 %, 140°~
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UOiﬂkﬁDbch
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D 150° E~140°W [ OHEED & 898 U T2 EE O RS
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WA, DFED, REOKRS IBEBBENEY LT,

DX BT, BATRECHENT S, HERCE 5 R, AN Le U3 s RYNT25 8-
2o LICHoT, ANFICETARD, B, FNFEaRHBEOBRICK JITTE % BB 5 R
N> TN EELEN S,

ANTF DEEFRREIET 2T S DD TLa0, ULk L, BEwe2>0T, R (1983) (3 A EED
B/MEKIZHEE S 4 1 m B, BT~ v VO 4 O T 101~105 cm TEEFICELL Tk H, 140 em
B CABKRBFIEC ETE L TV A T ER2IBNTW 5, KUME (1962) 1 FRERENEREDEVE KELD &
O TRED KBS DEMAIL 92cm TH 2 C & 2L T3,

TDEHI, ANFOEYRNS/INEEZFANZCEITHLDPPNINEERDOTTHH EDODLEITH
ZDS, FUNBEIN T, h T, COEWENRNENFAZICEBITEEFADL 110em &AL,
ZFNE D ARSOVHEREEABE L UT, ESTFHICE T 1959 FEIEE LI OOEEMA 5 A 10K
HEOEE R L TAB L LT 5,

W OB S db A R REEFRICI T B 150°~170°E D% DTIL 82%, 170°E~160°W Db DT
1% 85 %, 180°~160°W DD TIX 0% 2L T5E, DI, BEDL» THRALRDLD HHIEIE
FEANZWE B ERE RS EHEED b OWEESA SN, BEHBECH» 23S, Z0EENE
F B, COT LA (1961) OWERERE—FL, »2, HROCREDKAE 3 OREZTA S NIEHRA
LIEDRRICH B,

FIRAROBE, HENETEATRZERLI 758y FIBO LD E X HBREOD L O T 78
%, Drx Do JNALE e FE—VEBEDIDTIL84% ThHhH,

PIEOJEASEEEREEE & FIERRIGORAREE 2 T 5 &, FiEREREL DRIV UL, EH%k
Bl BRI FIERO RO Tk S ot LTchioT, EUEEED b D ERFEED § O T A /5 F DT H
EEPREZ-TVE 3D ERDN S,

Al KAWASAKI (1958) 1ok A &, HILIX T 1 £ T 55em, 28 T75cm, 34T 100cm
HEDHILENFNHEET S5 LI Bol, 178 « B (1963) LA EED x XFEAEICDNT, BITtaS
AR & REMD & REHIR 2R DT, ZHICL A & B5em LLFD S OH 04EH, 55~75cm DD
P UEEM, 75~100cm D3 DOH 28EMA, 100~120cm D b DY 3FEMA, 120~140cm D b DS 44EHA,
140~160cm D & O SERITHEY T 5, COMREMIZITFRREDZN & —FL T 5, BT, JEiER
SELETIE A RFOEMEERIX 20cm HFHTH 5,

NS &, RaBROATERER D O R U IEY N R/ NS T A RE2 G SR D &, A TSR,
W3FEEPSHALIZTAD EEbN S, F72, NG EBROMMINIIT 4 FEULOBENT I > TH
B Tund &EnE b,

IOICEEREDS &, HEECEN TR T IEYENU VBRI IREIY Y o /h2 & - FE
~VHEO S DX Y Re {, BRAKEEOEIG SR OBIRE LD L IO LT, KRR TRATREL 240D
WIEDREGDEED 61Tz,

LD &5, RABHEOESEAKDAES EOMICEFOBENRD LN VS T Eid, KEEDR
B SEIDITUIEERRPHEROBKIC O TED T2 TC, COBERIHEENIS, Lrl, WIFnitl
Th, ANEDOFLSEEH TIHEERHO R EINCEEL 5 28K I s THIKSN TV A 2 &b o1z,
LichioT, HIEREEREED ANTFOREDOKREFRICZINELALVENDD S LD CHEE SN S,

ML, TEEREIEERAED D ATc R DUWTH ., B (1953) , NI AEEED L DIz T OTSU (1954)
& IVERSEN  (1655), FHIEIEEED & DI DN THE (1958) B2 hz nliZL T 308, wihid, #
TUS— RN T2 &, KO 60 % HIBEHK L - TLHON TN A L E 2 /KL TV 5,

—75, EAMETERVREL T4 0~ b ATREEREL 2L 24, 20O EHK L OVEE,
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WWEoTELELT, FINFOZNEEBCRRATHS  EBDP oI,

VMO KRS 33, EECRH &3 mEERT, m@mﬁdm hREWNWC EMDH -T2,
B S FEOMFZIC DL TIE IVERSEN (1955) , MA (1959) , I3 (1959, 1961) I kor/Aack « i
(1964) OREHIH 255, IVERSEN 2ROTiZ0d4 8 Wi - @2HRELIZRKRIC OV TZENTINAS
Lﬂ%%l@me%KJHK%JZXA%ﬁM@Wk_W?J{%Jﬁ@ﬂ%#m&ﬁm§%fﬁ%o

, {KE 100 e B IEYPERIRE/ANE E A5 L, 80~100 em % RARHE, 100~150 cm % MK E LT,
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D5 ATRELRRRERE,» S 22N L VIEHL T3, —7F, JLiﬂ’{‘i TV, IVERSEN Oxh b
KO THEBIL N L Y TESIERIC T ALK IR - A« HEORD I A D LD b EOHE LD TS
b@b,WMHMJ@ﬁﬁ@ﬂhﬁ#%yﬁﬁb$<Umﬁkiofib%ﬂk%i HBOT, THLIE
E@%ﬁﬁ& MOERPESEDN EWA L S, DE D, dEAERETHT B 4 /8 F D 80~150 cm [HDERE—

HERRZIZIE R %mT%C&%m STV B, LIZio T, FREUILD x N F ORI 20T, BE
{ﬁ®&Q#E*G%M@ MAbJOXﬁﬁi%%b@<f%;mr%5 -Bbhs
Voo y s ARG O A KT 5 13 S OEERETH I /bz%v,mMMEan$

NG R NF D /hL_Lblzuﬁ-f?%QE(l”it BOTHE, ZIUIEEPRLOMEE R HE

¥ FEH B ICEEEEEARA SN, FIE OB SN AR X TEL, LIt > THREZHES 58
SRS TidTH B

v g A EEROHIERE /{[{, 1953 42 12 H~19554F 2 H & T 150°~170° E ¥k & 89 s s g
@ﬂﬁbﬁﬁﬁvkﬂ(mW) CHEWH B, Fiuc kb &, FEEEG 150°~170°E B Tl, 10°SH
EDEDENS L, TNLVILETIEEOADIIEREICKE LS, L, 15°~20°S fhRORER
bok dREVLD, FHIT, 20°5 LYE T AEOEOUNS LA EAEEY TV D, L —EHOMRK
KOKRE SDEL S, WHRFERIEECT L P35S Tk 0cm BLEOKRE Y+ A REOE RS
Lo TNAC EREHL TV D, 20T, FEEIMKOMERRL VELD O 170°E~170°W B0k
5 ATTREKITDNT, FEHERELZFEILOESID L Db THELIZEC A, 10°~20°5 DO T
100ecm BT h o & b RE L, DINT, 6°~10°S D4 D5 LI 20°~25° S D b DTk 96 cm JiER, 25°~
30°S D HOTIE 9 em T, HigHD DT Byﬂ DD B DI D SNt & 5 WRRENT & AR s
WLy LI, COMERRHEOFHERE 2T 87T 5,

&c%w,m%su%®ﬁm&ﬁmuAét,cm&@u%@ﬁﬁfiﬁ%%&ufmkﬁﬁﬁdﬁéh
EWMEL T, TR EDLY TNIL 7I~80 cm OEREHRD S DI L o TR SN TV HIRTHATH 5,
DX ST, KEDOEEMD 30° SEOEE LB~ L TWA T &I, CNI IR D ELED &
O THRBINCET - 10 AEEBE 2L TN A L ERRBL T B, 17, BBOMEN 5, MR BT
B AT DAY ENEAIRIT 00 em RIS 5 E AR LT, BEOSNEHERZEET S L, 30°S Lo
¢ﬁ& EEROAT L S A ERIEIE T H Y VO EREREO/NI Y s HERAR EBEALN D, C

ELERE FR - AR (1959) OMMER 5 5055 T B, /245, S (1958) 1%, AREOLED L 20° @%
7z )ip%%\?reﬂlt EHRNTWV AR, ZOMBOEESTREETICST 2BPENETHL LS50
—DOBELRPE 2 EAT D E L TEHRTNETHS 5,

C OFECEEIT & 3 BEROREMOEL E & SORILERE & OED S, EIIICE&EER, 5 30°
S ML@@ﬁ«mtﬁ A EEIEEE THRE Ut EYENRNEEITH b, ), TREEE,LE

/ﬂﬂ/\ﬁiﬂﬂ«lmF?‘éﬁ HETERETH A EEL LN A,

c@iom FIAEED € o 7 HIid 10° « 20° 35 L8 30°S 2B E LT, Afkoks SiENR
D BRI SR ERREE,

BUIRDBELEL2 25 &, BATERETE » ¢ §IARZ LD LIt 7 1 v —RBO 3 DT 1956 LK 100
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EREOTCE TN D T N

em LI EOATBIEBS IO U 5 EA 02 b LT,
Do,

FCLT, CO7 40— 4
7y)]'|ﬁ—’P7L[El’C/;L/JJS‘C\T ZDSTEIRATET B 2 Dol s s 2

SN L I ORI T DI
GEIR . 6°—10°5 ¢ 10°~20° 8 5 &

T8 20°~30° 3 WWislT % BEEESTEE M & o b ENADBDT, 210 ONEEE
SRR R D T,

UL, 1958« 1959 HEFKHAD 20°~30° 3 OGO & O & 1958 FRIHD 25°~30° 5 45 LN 30°—40° S
EOHFED L ODFEEMEZA 2 &, EHPLD L TWREP 0TI, LiZh->T, Zhid—=> FHHAAE D
E%Ki%m,%émmﬁhém@ﬁ@?,C@%@Kmém%— SIL S N T AN ATl o Gl L - 0D
EELOND, FLT, L6 EEICEY B EBHENDSTET J&'&m%)mﬂwd)74lg< BB L, cvﬁﬁlé
EMENTIHINE AN D, C@ii@ﬁ?L c L U Tc i & LT, BB BRI LD R R 5 1) 12,
BEROMABPRE U R LWL 32 5TH S

wi,ﬁk“m 6~4Tum@@ @Eyfﬁwﬁw‘ ‘%@ﬁ£f2b~”é® Faiud, 21
WA BN 5 HESD B LIEEE—TH 5 L AT ’W@JDT&% LithSoT, 6%~
EC#si) 545 E&@@@wmmm»h%tﬂm,iﬁmm HISHBDT, TNHEFH-EETH B LEET

e
4 &

[N
(@]
o

N
o
AL
—

[€2BNEN

1V 74 y—(éﬂi/gfw%/d_ﬂom@\l/iﬁl’i\ﬁﬁ% A&, FNPEL/NLL THACHIBEICED 5
2o COREEDNEMLIZ & & ORI ‘?‘—i,/uno &, /,razfi’“@ 2% Ciéﬂjud 753% gyt
%ﬁaﬂ%o LD &5, REIDET ]
KBbLnoIoE SITHRIAT 5 b
5 EIFHEECET 5,

FAJL, (1949) 1d 8 Y B = —EHEO ¥ 2 A 1012 }3@@
DT, B (1957) WPEERASEEECIRIE L 12 A DD RER
FOEYERRNENEE 97 cm, T 2002 DD % OHIAE
5EWEHELTING, 351, =f « f (1959) (338 » BIEEIE R & 50 a1 3 AR O KEE DS 90 cm
ELEDRBIAT, 210303 S EINMCBHER S B LT b, BIF, EUME (1962) WfiBEIE RED
AT TR S WED i@fMT%KE%mnT%%C' P L T Ao

LD XHie, {f)]:fﬁiééliofy ey EIZRHST & A, 20D 3'@&{7‘\5 % 90 cm & I
TU, 2N RED Y

195 QTSN & %ibfmao*o
S, HETIE 150 g BL D & DH3EEMEA T
WRAT,  # OEYRENRINEE 87 cm Céib

‘%’ﬂbﬂZ‘/b B Y L HEEASTEENC E1T Z

LIS 0T, | ummekfmm@%mwémmmm
Fi.wM%@%®T99,”Mﬁbm%ﬁ%®%@f%%,9» S INARLH o FE—VIFIED { D
TI8% 2L iz, DX IIT, mm@@mT&A@DVM5JA”W EE

ﬁ“@ﬂ%@‘ 5&%cﬁ6ﬂ;ﬁﬂc¢ DBRIC S 5o &z, FIEERHC

AT Lo T, B DA R S

N

‘w%mmmél BE o TNT,

HE L 5 A4

§f)a;cmca‘m‘ L T, # VA 2 s 94 o
=DCM%ZWWET; :

weLHLIz U

%T%606®¢5m,& B & IR fafk D JﬁT%ﬂwJ@ﬁbdfé gﬂﬁm
OB o Ei, ZOF m@’* DA, % BIEEDN

!
g
!
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RIS U 5 5 BAMIAIC X - TRBS LT Ic DI L T, FREIHAD b D122 ORADIA R
THERINTNAE &b oT,

RO BRI - b (1938) w3 &, BEMRTH A EAHZL, VERT25-~35cem, 248/7T 35
~45¢cm , 3LEMA T 45~55¢cm, 7EMT 90~100cm Th B, DT, PARTRO (1955) L kLA &
AMPRTEIT A F A LET 15.2cm, 28T 26.4cm, 3HET39.7¢cm, 6HT71.2cm THb,
BT, HEM (3B (1963) @AM b EMR R 1o, ZAUT L B SR | FEE T s0em Fifg, 6%
HTocm, S4EFHET00cm &4, FMEAERIHEIEL I, F7z, 1HFREL2ERPELALY
BEINZODT, RES AR EFES & OBEICIE» 2 ) DIEMH B L EBEHL TS, COXIIT,
WeEIC 2 - T, w%b5b<%w®m®6n b, 3 & OREEREOB/NEREE (0cm) HFERHD
EDITH LN A ETIEIF—EL T 5,

UIzhia T, E/fbgaaﬁM&A$mmun@ibf,%%ﬁéﬁ@@mém%bwuwéa@L
e s, MR, EIERICKI 2 BOMEOILEERO b @ ERIANED 30°8 LULHHED & O Tl BEt
DRERAH 6 L FOEKRERD  DITE > TSN TS, UL, FASEEED 30°8 LI O EREL
Bitdsll 2FEL 71~80cm D DDE D, 4 FRACKRARIC L > TREIN TS T E8hhoT,

POt is £ O PR ASERED 5 A 7o DTk, ZEE (1956) B L EM (1957) HiT kA &, PRHE—TTHYIT
Toie s, MEMFFEIRICE D, & T AN, THESEIE H&ﬁkﬁﬁ@/m%/@¢o74y—m%@bcwum
WENE s X XFOBE L WI\ CRHENT, EfiLOERIC Lo TR O EHEEIN S

PERRO KR s 1, TEEHEHIERE /RN ?h DVBEVEIP7AT—EGEO LD TEF NG « XNFIT
BWITAHLITOBUABL LEEo12hs, ML D PRI 0T, LIt 2T, ErF 73 Ry
AR L, F wwm¢)xcm

FEOR ST PG 8 et & A 1 S IR ﬁ&mﬁéﬁﬂPWum@éﬁwéfwfﬁM%@%ﬁ~%ﬁ®
BAGR % i #hds L O ELRE DT & 16 Jb 5 %o

PR AR BRI IE O v v A DRE
D2\HDHFETLDLIZH, WE

5

1

ﬂu

’“WH(P&)J o=ql27 & W=AL%2
, U b L& W O 75 PR

B snABArEEEEANg «@c%éa%:bfwfo@C? C T TRBEOMBNE L b HIF 1,
¥ & RACSPREBE b & ORERE MDD 5, 90 em REWREIIBE & 575

L, D 80 em o 85 cm & READ 95 cm - 100 cm DEEMITHT T, ZHEFNOERBICHT 5
W‘ftmﬂmB*@k<aT79%>o DER, FEDED S %mk#%aavvvl—«@xﬁﬁ%
ﬁKﬁW@@@@®MiWVMH~ﬁ“(w%>@M»coc,5~7Tﬁ@ WS 431 € Z AL Dk

BLAREEOEFEFRDI (HHE, 1966) , D& I, FELEKEOHGRES BB h b L
m%,mf$@@PWB@@M TAEPEERACERE S 6 2N L Y DT L T b &A%, L,
PG ASE PR DB TR H 725 2 Y R D = —IaH m,faa{if TEEREO DL YN B L AL ERL T
e R THE (5 kg fhEZRBICL T, ThUTFEREE 2l

A7

HL EWbolle 72, L.?ﬂfp‘/,(;f
R E Bl A,
FIASERED 170°W LIPHOHgEIC T, 18°~30°5 & msuthm“v@mg I HETIE 91~110
cm ORBEER, #E TR 71~%0cm @/J\@Hiﬁi%&%?let ST2NENFEDE B EDI o
- (5, 1959), C OO ER S RERTRT &, PREEETIE 16.7~25.6 kg, ERRERET
tW6~m3kg¢a%wE,m¥01ﬁmm%ﬁ, BEOEFIREAEFC Lo TR s T3 DL
BALND, CAUCETHEL TIRRIRD & F HERC DN T, M « [RE - =8 (1959) ik 5 &, JEASERE
Wi (28°~40°N) Tk 15kg ITO 8 OBTHTH H, i & b LEOIRERET & RERRIRE T
15kg LLED S DTEBHBLDLNTOAC EREHL TV A, LI ->T, MILMAFRORERE TS
B E R AR E—RED BB WBICERL TW A ATRETD 4,

VT A T DA
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PP ORI Y v a v v s e L XEN TN D) P KER = 2 — 05 v FIEGERED b BN
s TIRE 2R L T A (Fig. 20 33) LU, (RERHIE U 72 iR#EY13170° E~170°W [EOHEED §
DICIRE L 72, kO e T, %%u9ﬂ~wmﬁﬁfﬂm~m”1NOE~UOWR@@M
TN T 8~12 ADIFEIICHEE XN b OORERHRET LIz, £ OREE, 30°~40° SO & DTIEXFEL D
DOYFED & D EINSNERADSA BT, DNT, me~mwwa@c1%&4mwv@5@mmmmh
WLzl O n, BEEE L, lIFRBELVOL LB L NEh ot CORMBRORENZLCDNT, 1957
F9~12 AIT 170° E~160°W D HiHE» 5 A 72 3 DOEBMA AL - Bf (1958) 1wk b &, 178°W
PPHD & 0Tk 6 HEiR, 178°W LHED$ D *iuﬁ%ﬁ@@%@%ﬁﬁ%woOib,ﬁ6ﬂza—9
S RITEBLIECADE OTINEE, 175°W (2D § O TR, 25150 160°W [0
DOTISE S L 2 2NLLORIE TR E /2T A L E2EHL T, 85 &R RR 2RI T
%

D&, AEOKEOHIEZEZSEREOHIEZE 2 FOSOER 2 LY LTS L esbh -1,

UIchioT, 3737 niddo b BB L T Az~ Ty Rk & o kB B b X
DR, T D OIS 3R ERESKELL T A 2 Eddbhb o1,

30°~40° S ¢ 170° E~170°W [ 580 L nfifkicon T, HREHROBEL L ERE Lizs T
2, B Y o THRAIT—FEOBER 2 U 320Ds, BENEE W S BGEERED b Nsh o712, T
&, FAOPERDBEE(LEZIGI®TAS &, DTN IEFEOIEIEZRIET 2 & 5 ilEia
WD LNILINDT, L4 Re s o EEENFN T Ic s D EMERIE, ZORBIZETEREICHA LD
EEALLND,

PELRIC DN T OO NI HETH 2, 2T, Wﬁ78~9ﬂwfﬂ®m%®ﬁ»%u%7%“°
40° 8 « 170° E~180°, [ iigkh> %Mﬂ L2y ODRRRHEI LI & 0 A, REYOILHTHEO LY 254
13 41.5% Tl h 2Dz otz, 2, VENMAEDOAS 3255 &, 130D 7 o iTisy 5 & R
Bk b RE» ot

LTehioT, w7 oy, HiEML CREBENDY, Tl DEFEEE L, LI THERS
L bRENEDEMHEINS

HELERE OB RIC DT, r[wg (1958) 1& W=0.725%10-0L319 72 2 CHIL T3, #C T,
ZOEH 5, 30°~40°S ¢ 170°E~170°W ODOHEBEIC 2 F8HT 110~160cm DEERDE DT, h*
HETHEETNIL20.3~66.4 kg DERBEFDO L O TLDHENTNB L LT 5, £, BTty 5 i
FOSEEEEIC T 137 cm DA 40 ke TIBORBEICHAST 2 & Lhib -1,

7a gk s ZMNCHE S s BRI oW T, REO ST T d 5 LR & RO 10°~20°
S ¢ 160°~130°W D % D%, 1956~1959 FEDRANC T2 THE U T2, Z OFEE, SRmicsaiicizZy 6
VEEEME L T, HEMEGE 200 cm DITFOMRIRCERDER 341, 200cm PLED § 0>-b>/J\f~vwb>, K
SWABROITICEL 7220 0T 300 RETH 3, Fiz, K~ 7ok 5 &gk, Ll
@ﬁﬂ@%@;gﬁ§ﬁmﬂfb®@5 C OFEERE B e AL %W*HM(WW)#WW~W%ﬁ%ﬁ
2o 1ZAERR & 2IE—HT 5,

UItioT, 2uhvd i g« N7 LR L {REHEREE 160°W R 2 EIC LT, ZNXHIEDE
D EFED 3 O & OENCEREIFED ST,

D EW, ANBYEED S8V L TR R T AREEE O b O o THI T 5 &, RERG
FATRIEYFIR D FARS R PR 0,

A 5T, 160°W LI OHBASERE T L 728 D% 0°~10°S D b D & 10°~20"S D & DIThIT THIEE
T5 &, MEREENRCENT 3 EEREICBOTAIZEAEERNZH -T2,

fROREEZ LT 20T, JLREHHE D 150° E~160°W, EEREHHD 170° E~120°W 35 K 08 10°~20°

LU Tuy 598,
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S 160°~130°W Q& ¥ 5 A 72 8 OOEEMKRZRE LIz A, EHEEHO b D371 1956 L1
[ 1959 SRt 1 TRBVNBME OB 2 128 D, SR S iR BN e, FHEETOERZLD LT
Wh, UL, COREROET &N 321 %8 U TR T/ L Wil L - Tn 5 JKUTHSE
Th b,

COX5ic, AEOEMMRTHNT, FRRHCRET 5 Lo b s AL & SEROETIES -
TNBENS T EERERTRECLETH S,

NEDEL A, COMBESSEECHEC L A0 ENIZEREINTL S s OPETE L0, 2NEN
DYFFITINA B AT S RES—E TR DIREESTHTICh > T, ¢k 5 BHEEVRCHEEREL, &
to, ZNS DRFEDIEN TH AT L 2EET s &, BEOHE IS L, LA, BRED
BRIC L A 6D ETATEEES A S NI SICELLNS, UL, WFNZLTE, ChoDBHEBE IR
UDFRBFEOWRFPERL T2 0 EFELOLN A,

VERIRER G DT, B (1963) 136 20° DL IR PRE T S 5 Sk 2 FITRE L T
200em LIEDE DT RTIETLD 5NTLND T &ERBNTWND, 7o, W « A « 21 (1953) i
Fe & BEDR & ORI EE 2B b, ESVHIOEINSIC 50 TIRIEOEI SN B L2 LA REN T &2 W
LTWa, S5, R, AR (1959) it 10°~20°S - 150° E~140°W [HOWHT 11~ 3 B ah 5
TR DAEEHEIT EBOFER2WG S 8T, FEPHEKL T 0 200cm PTFOMETHH, ZOHEIE
200em HEDHEEHNBUEBLLARENEALT U, £, COHEERED S, 10°~20°S ¥l Tk
MTHs 11~3 A3 7 9o xOEMICH 2o TNBE §DEHFEEL T 5,

C kBT, JEAEREO/INEETY Tl Sz ) OO RIFRO b QBT 5§ @ & 9iud, 1
SRU fr 2RO R LM ARE S L OF 10°~20°S » 160°~130°W ¥iikns & 272 % D397 T 200em LI D
TREFD & DIT X > TEBPHR SN, 2, 20EE200cm B EDOE DI hinb 3L ks, HE
DEEHERENERTH B, Lo T, 10°N~20°S OWFHHICHT 3 WD § OEEIIO & O &
EEN b,

ECADS, B - T (1959) IXIREEE TEN (4~ 9 A) W s iz b OOEEHKIEEIED <
NEEEAEEEDIDANT ERIERHL T b, $12, BROL 0L 5T, R biizRE i T
b DOHFEMBZELIL T, 20T, N6 OFRZIBOHMAICH T DHTH S &, 25°N~10°SH
OHFEIT T 2 FEOEINIZENL D TR B T2 bN TN ELHB T ENTE Do

UTchS> T, 25°N~20°S [Bomific 7y 4 AESENETH Y, MEItfREEE (10°N~10°3)
CATET 5 3 OOENRHEAECbZ Y, cnd h UILoIbRTFED $ @ THEH, LEEO b O TERIHIC
FNFNEINT S EHE IND, FFNC, JERER & EREERO RREEEO § O OEIIZSIFPFETNS C
EWhisoTr, CHUCEIHEL T, FER - B o AT (1953) , EET (1958, 1959) #3 Lo LN (1963) S

ERIEHL TS, COHER, IXOHELTHTLILDOEELS,

0T, BEEEDTH D, GREMRC BT, B - Bits X RELTER L L 5T, 200 em AR
BEWCLT, ZRUTD DI EAEDHE, UREOLDRIBEASHTE -~ THEEINTHAEDETN
1, 25°N~20°S OEEICHIz-T, 200cm LITFOE DORTEPEHL T E0 5, HOLD3EEE
MOZNIIL TWHBEL AU RENT &IT %,

LAY, veE EETHE SN L ODORERKEA S &, LB AA, EEEZ 200 cm DT OEERD
LWL o T ENT VDY, ZOWEHZ2AS E, ERDTHCENEETH I, F17, P (1944) 11
TS TR 7z L DO RREL T, O LD 2#& 2 A2 60%, 3 Bit50% 55, 5 H
ICE1~80 %, 6 H» 5 9 A TCOEIPTIIRSICIDO L » 28EWL N LB HEL T A,

DX A, PEHOEEE « MR & o The 2 DIERT A E DN B DT, FEIHIICISY AFEIE O L DT
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, HECEIEDEEBPNTE D S0V A 0,

DEFIT, Ve T R THE & NIZH ODOMMAREHELA S L, ®— FRETE 155cm {famicd -7z
DI LT, T 185 em (fHHICH - T, BEOHVABEERD L OOEIEHZ L, CDL T, A
BT T A MOBRITEOZ 1L T B L AL LR &, COEEIZRERE - /DNEFRES X R
B ORE 2 U 512 B (1952), Wk - B « BT JONEHE (1958) 5 OMERER &~ %,

T HYx  REOEEMEIL DT, 1954~1956F TOMMBIT DT, DFnluo0Essd 21K
g, T, H|EIGI956MEN b 1959 LT H 1o T, %’%F“Frjm TR D > T s
TeRE OG22 HEL -, 2 ORE, FEMEIZIRELFEIEED b «oﬂiwt" B otoOwR L, dbRE
o BOTES =02 RiTHT 5 e;h:—dif:&c, Kﬁb\{?i%‘:niz@73/\d§z<“@‘%%mw CHTHBITS 5,

FLIC, M HRHLTAED E, AEHRTH 5 18°8 UUFOFRBEEET L Qe LD LI
170°W LPED % Tk 205 cm w-eC%— RHsdh b, FEhL 181~220cm DOFEERO b DWW L > TS
Tt _0),.\14?’&2&!?1 I 4\~J (19‘ 8) ho‘w H:’” (1959) DS LT REE & —BL, 2D, 170°Wh b
ST T DY (J)éid‘;»b{/‘qiﬁiw’vﬁfy;@}" AHSERD LAl 512 [EIIRFIC
CHREMEEE LD L, H”Wib*ﬁ“

BHBPLENST, ATL R

Sxs, A e A (1959) 43, E&g;’(ﬂlfqafwi 180 cin L,L?@r%n . /J\zF,gaqEODa—;fﬁ?ﬁi'ﬂMi“aE?‘:‘%éﬁ I TS

WERE L TINAD, ZOBOTFEETCABOESEED TS, FUNEEHT L » TR IN T 5REN
FELTOAC Ehbiolie TEDE, 18°S UBOIREEH T 150°W LIORIATIECAS &,

CNE Y UFEOEE TR 2 AL T KGRI & AEHEL T, ERHE 141~180 cm DOFFITIRE
oo c-}%%anf(w:o CAVIZEEE L T, 1956 4 IOH IR e FHEE, (158°~19°8 = 155°~139°W) T,
AL EEE 2 SR INUVAQIEZ ¢l S FEDEEIRERE (1957) WRIER SN T B, D
UnLaDm"-XJ TAROOFE S L TRY O D EFEALN S,

tmu

—Eh, B
i, D (1957 1% 19o4£] I H~1956 423 HIT 5° S ~5°N [HOighid: & il i':f‘lf:ré;@@{z‘:ﬁi-iﬁ
oL b, 100 em BRIl & b A8E S 200 em BIEORBIEO ~DOKERASHB Lo C & 21

:;-

BLTwA, #0TC, LOWEKREE, SEEINIIOOEKEMAPEO § O LIt b@c’t—bﬁfjbéﬂ
RS, FEHE I0°N~0° 0O DTt 101~130cm, 0°~I18°8 @ L DT 151~19cm, 18°~40°5
D} OTIE 18]1~220cm CEEROLDITE-T, r?cz‘m%‘nﬂé@“@é:n“c Wiz, T X HIT, 1956 Eﬁﬁj'ﬁ)’*@

bOOHBEREEAD &, B RAOH AN 3 200 cm FHEDKBIFED % 702
o TC PR TD 5,

P2l 5 &, BRSO IR S5 K OMBERITE 00 MBI L D & 18°S IO &
OEEELT, ZOMEIEAADL @@FFEHJ)”D SRWELED NI, DL, EOTEE 10°N~0" D
VBRI T NEUEE, 0°~18°S Ol TR EIEE, 18°S DIFFOEE T ABIBNC L o TENETNEAINT

WA EMDh T,

X500, PIECARO RS L 160°W LIPHD18°~30° S B IR DI AT, 0°~-20°5 » 140°W LIBEDH
IASEREIERT BT S LT B © & BT, 105, BIRASEEED b O OAEHIEE B ED
DT, ORI T e L L, CONMBDMEEICH 12 B 07187 5 « 140°~120"W DHFIFIT

=

Ty (YN T, 1958~1959 {EMD 9~ 3 FITiTiz oI X % &,  LERIBRIEEO & O L FRD
Hﬂlﬁ\ﬂ}q LWL o TR SN TN, COT ED, COEBANEREDE
L L > THRIN TS b O EEDLN S,
ffvﬁim}i@l BETH A —~JEkE (18°~30°5 ¢ 170° E~170°W) it T, R hiz b 9~11
AOHEI ::fu':@@@bk S5 & FREREAE AINCHEL T 20EE, BEE AP SILAIEMTT
B L T D3, &R, COMEMmEe A e 10 ATl TnB LS LV, COWE (9~11F) 13
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BT L 50T, ALY 18°~30° 5 OB A AT A IS b, b, BRI EBEAT
L b,

T LT, ERE O EB B A & BEEOIIINC & B EIBIEIR & %G S @58 b A AR
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Table 4 o 1. Number of fishes stomach content of which was examined, and the percentage of those

fishes o all caught fishes.

Western Indian Opeﬂn Solomon area Fiji area
Shecies T E%10°S N 0° ~ 10°S 20° —~ 30°S
—pee 40°~60° E 170° E ~175°W/ 170° E ~180°
Number % Number i %, Number %
Yeliowfin tuna 216 3.1 142 8.2 124 68.5
Bigeye tuna 67 4.2 53 6.6 73 57.5
Albacore 53 3.6 20 0.8 — —
Blue marlin — — 33 6.2 — —

74

H2H HBEBmIPAER

PHERENEERE & ASEFED Y = € s &
EOYTE L, TR2RIL TRIE - B8 B A
B s 1) % ERRLAE )  EAEH0E 55 'Lflﬂlo UL,
e ko THL 20T, UTHAERD Ccﬂﬁﬁ?5o

D BRI AE Y O TR
LTI, ZOREER, 28
B R R OEENE

1. &nr#
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Table 4 « 2. Rates of appearance (A) and prey (P) of the food organisms in the tuna and marlin

caught in the Solomon area.

Species of food organisms

Pisces

Chiasmodontidae
Alepisauridas
Chirocentridae
Polvipnus
Sternoptychidae
Brotulidae
Acinaceidae
Triacanthidae
Ostraciontidae
Paralepididae
Dussumieridae
Holocentridae
Berycidae
Labridae
Menidae
Lepidotidae
Myctophidae
Tetraodontidae
Pteraclidae
Echenseidae
Molidae

Pomacentridae

Katsuwonus pelamis

Balistidae
Lophotidae
Aluteridae
Syngnathidae
Acanthuridae
Chaetodontidae
Carargidae
Antigoniidae
Exocostidae
. Grammicolepidas
Thunninae

Unidentified fishes

Yellowfin tuna Bigeye tuna Albacore Blue marlin

Ao P M)l P Ay P Ay P
26.1 1.13 28.0 0.94 - — 24.0 0.61
26.0 1.12 26.4 0.91 15.0 | 0.40 | 24.2 .67
5.6 0.14 5.6 0.15 4 70 — _
2.8 0.09 1.9 0.02 - "" — —
1.4 | 0.01 5.6 | 0.13 — - 3.0 | 0.03
0.7 0.03 - — — - 3.0 0.03
45.2 1.41 3z2.1 0.77 15.0 60 36.2 .70
10.5 0.3 1.3 0.25 10.0 0.45 — —
23.9 | 0.84 56 1 0.13 10.0 5 6.1 0.12
10.0 0.35 13.2 0.41 — — 3.0 0.03
1.4 0.03 1.9 0.02 — — e ——
m — 0.7 0.02 — [ — —
4.2 | 0.06 .5 | 0.13 5.0 | 0.05 — —
7 | 0.01 — — — — — —
.5 0.11 — — 10.0 | 0.30 12.1 0.15
10.5 0.23 13.2 | 0.34 — — 3.0 | 0.15
2.8 | 0.06 11.2 | 0.21 5.0 | 0.10 — —
2.8 | 0.09 1.9 | 0.02 5.0 | 0.05 3.0 0.03
2.1 0.04 1.9 | 0.02 5.0 | 0.10 — —
2.1 0.04 5.6 | 0.13 — — — —
3.5 0.04 — — — — 3.0 .15
5.6 0.14 3.8 | 0.06 — — 3.0 0.15
13.3 0.49 11.3 | 0.53 — — 1 33.3 | 0.70
10.5 0.21 3.8 | 0.08 5.0 0.10 — —
2.8 0.08 1.9 | 0.04 — — — —
1.4 0.02 — — — — — —
1.4 0.02 — — — — 3.0 0.03
4.2 | 0.06 .08 — — — -
2.1 0.02 9 | 0.02 — — - —
2.1 0.02 1.9 0.04 — — 3.0 0.12
- - — — 5.0 | 0.10 — —
3.5 0.04 — — — — 9.1 0.15
9.9 Q.23 1.9 | 0.06 — — — —
— — — — — — 12. 0.45
26.0 c.84 %5 0.60 25.0 | 0.85 | 27. 0.82
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Crustacea
Macrura 13.3 0.59 26.4 0.87 15.0 0.35 12.1 0.30
Palinuridae (Phyllosoma) 2.1 0.03 5.6 0.1t 5.0 0.10 — —
Portunidae (Megalopa) 14.8 1.00 7.5 0.30 5.0 0.10 12.1 0.45
Squillidae (Alima) 12.7 0.80 5.6 0.1t 5.0 0.30 9.1 0.18
Isopoda 4.9 0.18 3.8 0.06 5.0 0.10 3.0 0.03
Cephalopoda
Decapoda 50.7 1.86 56.6 1.60 50.0 3.95 39.3 1.70
Octopoda 11.2 0.57 16.9 0.47 10.0 2.25 9.3 0.91

Rate of appearance is the percentage of fishes which preyed on esach species of food organisms
Pp P g prey p

to all specimens of the tuna and marlin, and rate of prey is the rate of the number of food

organisms found in the specimens to the number of all spacimens.

1.86 2 LWL, BIEEROLLTE -3 LFEaN, EREHELTE - ;
T4 —EEORAF A ERES JOEEE A FESE LTV Y, LLTE,
HICZFERERPRENTNETEETHD BRI 24T B LT S, AIEOHTER

17THEHTHD, ZOIHT vﬁwéo&éﬂ f,%@ﬁﬁ%&s&w%w%u TRy AN T

Lo NATFHEHETET L HT H XL ERICHEAL, DOHIRZEIZ 10~13% Th b, L, ZNH0O
WERLAL L, 7UOHII1.390DEERT, ZENHEEINTINAEDS, ZOEPR0LTRIEL L, #
OED, AV v YA nEHo ﬁaa@u@ﬁ SRR im& to TN b, DI, BTl
255 M EREEENESICECHBE L, o, HAFKIZ 05U ET, @&, 20130, JHEM
BHTMICHIBL, FAEEL LU LRy, HREE TR TEEO TR 30 %I d, #HEIZ 1.49
% TUWVTN R EL, COER7TOEEE ITEELTEE 2o T 5, AEOHIEEIZ 13% T, /s
DELHBL TV A, FWEFIEL, 0.17TH 5 (Table 4« 3),

‘@fﬂ'ﬂ@Eﬂ RIS T ::%»gw CEREYORERIR D, 20 B TH Y, MO @ T G & SR
FREL CIZBEREHE? L > TD, BETEIXYAE - A~ 2B LAY 20 VL Ed530 % LL
J:;@%“%‘"’TH:‘;L%L/ Cinhe DNT, AVAOMER 1A FH - AXAXAE « Fohil e FvB L
FHTNFEREMNE L, INLOHREL10~20% THD, UL, ZTNLOEETL, F2 - 12
DA e A e H YA BB LR A2 VIEREL EOSUTOEECES, BLEDIFMIT, N5
CHFUAXAFEBLEF o v F a0 UL WAV VEB I TR OBEIE Db ThTIED B3R
ENTE, HREOERFBEISHECEREN IO THEL, Z2NFN40%FIHICGELTED, v v 3
IO+ HETEELEL, 10~14% 2L UL TWn5, FAEET +FWE®&E &b TEL, 75
YL TiNA, CDIED, ANA A A% 304 H#i gac W A B AICES ORI AR L LY
LT3 (Table 4.4),

2. AT

N %”f%m#wﬁ®%%AD@ﬁ@ﬁm&& EEEPBUTLHEETH S, LD UEIZF A Y
C%T%&@D<ﬁa' RS JOHEENET, EN60) L THEEHIREN L oL 1 E L, Hi

NBREEDIE AR5 5,

/n%,ﬂl’mwﬁiﬁﬁu/%ﬁvxﬁeEiﬁﬁﬁﬁﬁwﬁuﬁﬁfﬁzﬁﬁzﬂ@uhf,g@
BTEL, WEEL 0.7 TEV, DT, FvE - NFh V- v T YA NF AT LB L0
VAL HEL, 11~13% 2LDL, ZN50OWEEIZ0.5~0.2 B THEDEN, 25T, HEIRE)
5~10%%ZLDTHE, FFATE A3V NI T 3R AEB LI N F Y
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T, WREES 0L BT, BEAEEDLIN, ZOEh, IR UBEEEO/NED 5 BEO Z VHBELT

: % EHLCHBRL, T, WARIE D, 72 ¥ vy TR LOE
2w SHEETEABEIIHREN S OO THL, 56 % ITEL, $T, ZOWHEELE
T T1eDRERPLDL, COFIF /R Y X2 i XA MBI o0 a2 F heABE L L iCE
VAR & 7s o Tund (Table 40 2),

7 4 O —RIBIT 5 B AEOEEE Y 21 FRET, AR R RS L ORI 2 U

TN %o ZDIEM, BIEEICA SN0 2 578 & SBEVHIL T b, SR TIHHEBEEND 2 <, 15
B TH 5, 20T, RAVIEN G & bEUAL, BATH0.51T, »EHE. DNT, 7
VBN AT VIRB XY e H YA ENS LT, CAOHERIZ10% B L LTI G, 2150
BEE, TOBHENS DI VENOIER LD L TEHESREND, vy Y 4Eiz0.1 DEETHE, 2F
iz, mf&“iumcti%i‘ae; 775 VBRI L, YA S BEL RICE D, T3, BRI B

TR, FREEE . PR TR IR R 45.2, AR 2.83 T, [ERENOL»TE & ¢
§<mﬁb,af{oc@i(ﬁ&ﬁNLMQoA%ﬁi%@ghwmmbfmgm ¢ OB 0.17
THEDEIBV COEY, 73 FHDHACHN IR S HAE L UD L, ZEEDDIICHELT
15 (Table 4 - 3),

TGN 50 5 SRDIHUERIL S A5 D% B LB LIS, ISTEITH 2
B, AR L ONHR RS E R LT L\é,'r\{MHUIT{Iﬂ@ ﬁJmm&mbTEb bo AT
Rp3isd, BIZOFEETH B, ZONMHT, 3 <(L4Lﬁub O{,/\a bo1.27 1B
Th DUT, LR AL U 27 H AE

WAL, 2105 OREEHZFAED 14 9 ’/f'“g@&/w SN
%:fﬁ@ﬁyba 1,15 % TE <, B»i3 0.4 % Bl Th AT ABBIOF
BE L THEBAEYE L TEhby TEETH S, 20D, 12 44 ,ﬁ/\iﬁa LORARAZ AT %
FIBOHEEE LD LTV EY, 20U TSNS - & bHL, ZOHBEE0.43% 2LDL, %
m;bmm*@HMﬁjxmwng&%»w@%m@wan,am@omﬁxc fMﬂcﬁVﬁmBﬁ
VEBICHIAL, 15, 2NLOWERL L& b, § BLERT . BRAT f%ﬁ®&ﬁ#m*
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3. evrH

ATEEOEREYNL Lk LN A TS
a5 % 8 UC 25 BT 7 ¥ s,

Yo\ e BIGICIST A AR O RAE Y 19 TR L% <, FREES O s EE O
S, BEMCEF AT EANFIRBIT A EFEBETH 5, FHETHI XA 208 Fh < 28 o ¥ 2
NI TTREBITE L BT T 10~15% ERLHLTINE, 20OLMHTAITIETL &35,
TOWRED 1I5% T oL BB, DT, T4 TV FL AL AHEBIONE D1 DRI
BT 5 7HEESDTIHEEL TV g, & ‘ v VRBIHTIR C Z 6 % TIEWDS, N3 T I
DOTEVHEARZ LD L, HEEYE L TER | ESEASHIBIE 20 %, WA 0.45 T,
ERIB, TE2UH = v e aBB L LA, UL, v 28D
WETIZ0.30 T, »zbEo, AEET , FOMIRITT B0 % T, /\EED 10%
IO EBICE G, T, 2R LUAZULLA@EL, fIELThoE v E
TTHAH(Table 4 - 2)O
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Table 4 + 3. Rates of appearance (A) and prey (P) of food organisms in the tuna caught in the

Fiji area.
Yellowfin tuna Bigeye tuna
Species of food organisms i
Ao P NC)
Pisces
Alepisauridae 24 .4 0.25 28.7 0.514
Lepidotidae 5.5 0.06 10.9 0.11
Carangidae 33.0 1.39 10.9 0.33
Chiasmodontidae — — 5.4 0.05
Balistidae 13.4 0.20 — —
Ostraciontidas 4.1 0.22 2.7 0.11
Molidae 4.7 0.21 — —
Paralepididae 5.5 0.09 12.3 0.37
Menidae 3.1 0.03 — —
Berycidae 0.7 0.01 4.1 0.10
Polymixiidae 3.1 0.03 4.1 0.04
Chirccentridae 1.6 0.03 2.6 0.03
Clupeidse 7.0 0.07 4.1 0.05
Sternoptychidase — — 4.1 0.04
Kyphosidae — - 1.3 0.01
Scombridae 3.1 0.05 . 0.05
Lampridae 3.1 0.06 L1 0.07
Coryphaenidae 2.3 0.05 — —
L atsuwonus pelamis 1.6 0.02 — —
teraclidae 8.6 0.09 4.1 0.08
Unidentified Ffishes 22.0 0.22 28.7 0.63
Crustacea
Macrura 9.4 0.60 10.1 1.18
Brachyura 3.1 0.05 4.1 0.40
Phronimidae 13.4 0.70 10.9 0.86
Cephalopoda ‘t
Decapoda 28.3 1.49 45.2 2.83
Octosoda 13.4 0.17 | 8.2 0.19
Ctenophora 11.0 0.42 16.4 i 0.74
Annelida (Polycheeta) | 3.1 0.03 4.1 0.19

Rate of appearance is the percentage of fishes which preyed on each spscies of fcod organisms
to all specimens of the tuna, and rate of prey is the rate of the number of food organisms found

in the specimens to the number of all specimens.
E, OWT, vy IEMI9%TH DA, AN L OWEKGHIE L ey » 78 b o L b E L, RE
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Table 4 o 4. Rates of appsarance (A) and prey (P) of food organisms in the tune caught in the

Midwestarn area of the Indian Qcean.

Yellowfin tuna Bigeye tuna Albacore
Species of food organisms
Ao P Ao P Ay B
Pisces
Alepisauridae 35.7 0.97 35.2 1.27 19.0 0.53
Sphyraenidae 32.1 1.39 — — - —
Labridae 7.1 0.19 7.0 0.43 4.7 0.25
Triacanthidae 10.7 1.10 28.5 0.84 — —
Aluteridae 10.6 0.10 - — — —
Lampridae 3.6 0.06 — — 4.7 0.25
Berycidae 7.1 0.06 7.0 0.19 4.7 08
Coryphaenidae 17.9 0.19 — — — —
Caranx 5.6 0.04 — — — -
Polyipnus 30.7 0.58 — — 12.7 0.45
Katsuwonus pelamis 20.9 0.71 21.2 0.3t 4.7 0.08
Menidae 35.7 1.24 14.3 0.52 23.8 1.02
Chastodontidae 13.6 0.16 1 — - 4.7 0.36
Lophiidas 3.6 0.06 — — — —
Pormacentridae 3 3.6 0.03 — — — —
Carangidas 17.1 0.11 7.1 0.C7 — —
Holocentridae - — 14.3 0.40 14.2 1.36
Acinaceidae - — i 14.1 0.39 - -
Antigoniidse — — 143 1,15 1.7 0.94
Gonorhynchidae — — — — 9.5 0.21
Unidentified Ffishes — — —_ — 4.7 0.08
Crustacea
Isopoda 39.3 2.50 57.1 4.55 33.3 96
Macrura 42.9 3.27 35.7 2.39 33.2 2.11
Squillidae 14.3 1.74 — — 2.0 2.34
Anomura 10.7 0.23 — — — —
Cephalopoda
Qmmatostrephidae 14.3 1.17 — — - —
Sepiidas 10.7 0.87 7.14 0.5 4.2 0.68
Decapoda 75.0 8.68 2.81 1.72 66.6 13.28
Octopoda . 0.14 4.3 0.52 9.5 0.32

Rate of appearance is the percentage of Fishes which preyed on each soecies of food organisms
to all spscimens of the tuna, and rate of prey is the ratz of the number of food organisms found
in the specimsns to the number of all specimens.

SR MBS & W ASEDEI BT E L, Err A0 Y EERE Lo TS (Table 4+4),
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Table 4 « 5. Fezding condition of the tura and marlin.

O r rr rrr R
Species Area N
N % N Z N % N % N %
Western Indian Ocean | — — 78 1 36.1 | 107 | 49.6 311 14.3 — —
Yellowfin tunz | Solomon area 71 4.9 85 1 59.9 | 41 | 28.9 9| 6.3 — —
Fiji area 30 | 23.6 51 140.2 | 42| 33.1 4 3.1 — —
Western Indian Ocean 5 7.5 52 | 77.5 71 10.5 21 3.0 1 1.5
Bigeye tuna Solomon arsa 131 24.5 ] 271 50.9 111]20.8 2] 3.8 — —
Fiji area 21 1 28.7 311 42.5 19 | 26.0 1 1.4 1 1.4
\Western Indian Ocean 8] 15.1 22 | 41.5 181 34.0 5 9.4 — —
Albacaore
Solomon area 31 15.0 9 | 45.0 6130.0 2110.0 — —
Blue marlin Solemen area I 21 6.0 19 | 57.8 8| 24.2 41 12.0 — —

In this tsble, feeding condition is classified as Ffollows: R—stomach being full to the utmost:
rrr—stomach containing large quantity of food; rr—stomach containing moderate quantity of food;

r—stomach containing small quantity of food; O—stomach being empty.

3. abs)
T%WEHIEC/:t/#%K%H%ﬁ@®@ﬂi%@”m&mwwawm%bwbho#got,E
B &R0 FORALBEE RGOS LY, DINTEHBORIED § OHF 30 % FEEHEIL 7.

BB RO T, ARSI & R RED b OOl B TRINEARD 10 % BT, #Hai
<, BOMic e EOf kLM\ﬁ> 50 9% Ll L LTz,

HAE SEREYORES

LCNETIEEALEEN T, UL LR

v a5 FHOE RN
& Hhh 20T, R 2DNTHEER FEEL -

ORE SRBUTEL LD 41@VUHﬁ<jhé@
(Table 4 -6),

BRI IDOA S SEEICHETNETH 52, BEHEAR->ZEREVDZOOT, L CESEECFEES
fRo 12RO & R BN BT T3 2 LR BIEL T2, 22T, BHEIICEEAEYOKR S S 255
E, B HEFEALRANRFLIONSOERZEAL, 7 e avFE s oL b REOEREFD ST S
Nhe 5o ey HOENICHBUIEEEY 2 REITHT A2 E, I X4 vﬁmﬁ@wﬁ-ﬁ
A s u s F A RBEBLE VA FEET oL RkE L, ENLOWIEWWem U EDLOMNED LN
(Table 4-6), DT, 20cm DAz é’@bm?cc&#/xh v v HVTH o NEHhT U W
VA DB LA DS ERD B, AW, TN AR I AF AV hUANFH - 7 OB
12 10cm L EDDWHDOENT, FvEHe a7 78 sz Ve NI HhAD
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igey ’\/T/fBAfF"’rC

4§

D e AT A AV A VHEB I VO E XZ 0em PTTH %,
fEADRK 3 ¥ XA X AL A T T 7 UK

— 172 —



RS L OEAYRICKT B2 e o 0 R FEORIEEYEIUIYY 221
BIOFHETHA, MEINTWA I Ao FHIE7 4 /—/Eﬂi;g DHLOPE oL EREL, DT, WL
FERE s v o E LIEBOIRC/NS D, Ve B LBEOF L A S 4 E TS f o4 oSO DL DRI

Table 4 = 6. Body length of food organisms by area.
Body length of food organisms (cm)
Species of food organisms ‘
Western Indian Ocean Solomon area Fiji area
Alepisauridae 15~45 10~30 25~90
Triacanthidae 410 4~38 —
Chiasmodentidae — 10~15 10~16
Ostraciontidae — 0.8~4 5~7
l.epidotidae — 8 ~20 8~25
Chirocentridae — 5~10 5~15
Berycidas - 12~25 5~10
Menidae — 3.5—~5 3~5
Acinaceidas 10~20 10~40 -
Sphyraenidae 15~45 -— -
Coryphaenidzae 10-~40 — 20~45
Myctophidae — 5~ .
Paralepididae — 20~27 10~25
Sternoptychidae - 10~18 4~8
Clupeidae — — & ~10
Kyphosidae — — 20
Polymixiidas — — 7 ~10
Scombridae — — 14~18
Labridae 0.5~3 — —
Polyipnus 4~6 4 ~7 —
Aluteridae 4 ~10 8 ~15 —
Katsuwonus pelamis — —— 17~-25
Pteraclidae — — 8§ ~14
Carangidae — 15~~20 7~ 15
Thunninae — — 30~55
Molidae - 2~ 4 2~5
Macrura ' 0.5~3 0.5~5 0.5~7
Anomura ! 1 ~2.5 — -
lsopoda 2 5 2~5 -
Decapoda 1~5 1.5~10 1.5~25
Crenophora — — 0.8~1.2
Annelida (Polychaets) — — 2 ~31
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Studies on the Fishery Biology of the Tuna and Martin in
the Indian Ocean and the South Pacific Ocean

By

shigeyuki Koca

Summary

The tuna and marlin are the typical cceanic migratory [ishes. These species
hold the most excellent swimming power and they migrate high sea very wide. They
scarcely form shoal and even if they form group the density is by no means large.
From such biological characteristics, therefore, the world-wide technique which is
most fitting for catching these fishes is the longline fishing.

From the aforementioned biolgical aspects of the tuna and marlin and the
pecuriality of non-intensive longline fishing, studies on the resources of these fishes
confront various restrictions and many difficulties as compared with those of other
categories of fishes. Such being the case the results obtained are very insufficient.
And, after the last world war many investigations and studies were carried out on
the physical and chemical factors of marine environment which controls the distri-
bution and migration, and on the physiological characteristics of those fishes by
many laboratories and agencies concerned, but the relevant information and knowl-
edge could not elucidate sufficiently the aspects of the tuna and marlin resources.

Therefore, from the aforementioned reasons and the present status in which
the tuna fishery is shifting to large capitalistic enterprises, the author recognized
the importance of gathering and analysing the fishing data particularly from the
large enterprises, and endeavored to collect extensive fishing data extending over
a long period from many fishing vessels and to analyse from the standpeint of the
resources and fishing conditions of these fishes.

The majority of data used in investigating the composition of body length and
the hooking rate of the tuna and marlin caught in the Indian Ocean were offered
by the Nihon Suisan Co. Ltd., the Taivo Co. Lid., the Hokoku Suisan Co. Ltd., the
Tokushima Suisan Co. Ltd. and the Nanpd Gyogye Co. Ltd., and besides the data
obtained by the author himself on board the Ikoma Maru operated in the western
Indian Ocean from October 1955 to April 1956 and the monthly reports of fishings
given in the magazine “Tuna Iishing” were utilized (Tables 2.1 and 3-1~3- 3).
Materials from the tuna fleets in the South Pacific Ocean were offered mainly by
the Taiyo Gyogyo Co. Ltd. and the Hokoku Suisan Co. Ltd., including the author’s
own data collected from August to November in 1958.

In addition, materials of self-navigating longline vessels were obtained from the
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Taiyo Gyogyo Co. Ltd. and the Nihon Suisan Co. Ltd., and the reports given in
the above-mentioned “Tuna Fishing” (Tables 22, 2.3 and 3+ 4—3.6).

The author investigated the stomach contents of caught fishes on board the
fishing vessels which were operated in the western Indian Ocean from December
1955 to February 1956, in the Solomon waters from August to October 1957 and in
the Fiji waters in October 1958, for the purpose of studying the relation between
the kind and quantitative variation of the prey animals and the fluctuation of the
tuna and marlin resources (Table 4-1).

From the standpoints of fishery biology such as hooking rate, the composition
of body length and food habit the author examined, the relation between the fish-
ing conditions of the tuna and marlin as the object of the longline fishery and
several factors affecting the catch patterns.  Consequently, the author could clarify
the characteristics of these problems, and find mainly some fundamental solutions
important in the scientific regulation and management of the tuna and marlin
fishery.

The outline of the results obtained in this study is as follows:

Distribution patterns of the tuna and marlin and those seasonal fiuctuations

Yellowfin tuna : The vyellowfin tuna in the Indian Ocean distributes very
thickly as compared with other species of the tuna and marlin in the waters north
of 10°S and has a decisive influence on the fishing conditions of these species in
the waters aforementioned. The body length composition shows different seasonal
fluctuations according to the area, and in each area fish bodies in a period of good
catch are consistently larger than those in other periods. These two features height-
en the value of each fishing area in the Indian Ocean.

In the main regions of distribution there is no indication showing any local
differences in the distribution patterns, the compositions of body length and the
coefficients of natural mortality. From this fact it can be considered that the yel-
lowfin tuna in the Indian Ccean belongs to the same population.

At the present time, it is probable that such good catches as those in the earlier
days of fishings and any promising increment of appearance of shoals having large
bodies as those caught in those years can not be expected in whole of the Indian
Ocean. In considering from many viewpoints, it is presumed that the reduction in
body length and the decline of hooking rate of the yellowfin tuna in the Indian
Ocean were due to the excessive fishings.

The regions of thick distribution of the yellowfin tuna in the South Pacific
Ocean are formed in the area covering 5°N-—6°S and around the equator. In this
equatorial waters, the center of distribution shifts gradually from southwest to north-
east. But in the waters east of 130°W yellowfin and bigeye tunas show remarkably
poor catches between 2°N and 3°S unlike the waters west of the same meridian.
From this fact it can be presumed that these two species live separately in the north
and south regions with the boundary at the equatorial waters. And, the southmost
border of the main distribution region of yellowfin tunas does not run parallel to
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the equator, but in the waters west of the International Date Line the border line
generally advances progressively southward and reaches about 30°S in the waters
west of 170°E.

From the fact that in the equatorial waters the area showing the period of
good catches shifts from the west to the east and the body length compositions are
different among the fishing grounds, it can be presumed that yellowfin tunas mi-
grate from the western part to the eastern part to achieve that growth.

After the year of 1956, in the main fishing areas such as Solomon, Hawaii and
Samoa waters a slight reduction in the body of yellowfin tunas and a slight decline
of the hooking rate are perceived. But in those waters any tendency of diminution
of resources as remarkable as that in the Indian Ocean is not observed.

Bigeye tuna : The main regions of distribution of this species are formed in
the Arabian and Bengal areas of the Western and Middle Indian Ocean, but in the
Eastern Indian Ocean the region extends to about 15°5.

It is presumed that in the Eastern Indian Ocean the shoals densely distribute
along the Sunda Archipelago from June to August, then Dbegin to move westward
and appear in the waters adjacent to Java in the period from August to October,
and thereafter migrate northward along the west coast of Sumatra.

In the equatorial waters of the South Pacific Ocean, this species shows the best
catches of all other species of the tuna and marlin except yellowfin tunas and holds
a considerable importance as the object of the longline fishery. In the waters west
of 160°W, the fishing conditions show a slight difference among the regions along
the latitudinal line. But, the amount of catches scmewhat rises in the waters o
160°—150°W, and in the waters east of 150°W it sharply increases and amounts to
the largest quantity among the tuna and marlin.

Albacore : In the waters south of 10°S of the Indian Ocean, this species
distfributes more densely than other species of the tuna and marlin and has a domi-
nant influence upon the fishing conditions of those species. The southernmost
border of the main distribution region of albacores does not run parallel to the
equator, but expands southwards in the west to reach about 40°S in the Western
Indian Ocean. It was perceived that the body of this species had a tendency to
become larger as it goes westward, as in the case of yellowfin tunas.

It is presurmed that the northernmost border of the main distribution region of
this species extends north to the neighboring waters of the equator in summer but
in winter it retreats to about 8°~10°S.

In the northern border the body of the albacore in the period of good catch is
larger than that in the period of poor catches as in the case of yellowfin tunas.
But these periods of good and poor catches have a phase perfectly contrary to those
of yellowfin tunas.

In the Eastern Indian Ocean, the main fishing area of this species exiends
eastwards to the waters adjacent to the Lesser Sunda Archipelago-Timor in summer
but retreats to the neighboring waters of Java and the waters northwest of Australia
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in winter. Thus, the Lesser Sunda Archipelago-Timor waters as the albacore fishing
area in the Fastern Indian Ocean shows seasonal changes in which good and poor
phases alternate according to the seasons.

It is very noticeable that in the South Pacific Ocean, albacore and yellowfin
tunas change their places as the most important species among the tuna and marlin
and have the waters of 6°—10° S as the boundary, the former being dominant in
the fishing pattern of the middle latitude waters and the latter in the equatorial
waters.

It may be considered that, from the comparisons of the morphology and behav-
ior of albacores in both hemispheres, there 1s an extremely little possibility of inter-
mingling between albacores originated in the South Pacific Ocean and those in the
North Pacific Ocean across the equator.

In other words, it is presumable that albacores in both hemispheres forming
separate and independent respective population.

The northern border of the main distribution region of the albacores in the
South Pacific Ocean does not run parallel to the equator but expands northwards
to the lower latitude waters in the middle part than in the waters of the eastern
and western parts to shape a convex to the north.

The center of distribution of albacores in the South Pacific Ocean lies in the
waters of 20°—30°S.  But, it is considered that the fishing conditions in this waters
show a complicated seasonal fluctuations owing to the recruitment or escapement of
two fish groups from the waters north of 20°S and from south of 30°S. In other
words, it may be presumed that the hooking rate in summer in the waters north of
20°S increases owing to the recruitment of [ishes from the waters of 20°—30°S and
that in winter decreases as the results of dispersion of those fishes originated in the
same waters. Similarily, it is considered that the rise in winter and the fall in
summer of the hooking rate in the waters south of 30°S are caused by the recruit-
ment or dispersion of some portion of fishes originated in the waters of 20°—30°S.

It may be considered that albacores from the South Pacific Ocean and from
the Indian Ocean intermingle in the higher latitude waters.  If this presumption is
true, it will be deduced that this species performs not only the longitudinal but
latitudinal migrations in large scale.  Consequently, from the consideration on the
basis of fishing conditions, it appears that the magnitude of albacore resources in
the South Pacific Ocean is extremely encrmous.

The frequency distribution of body length of albacores caught from the South
Pacific Ocean can be considered as a normal distribution. From the results of cal-
culation the average body length of albacores in the ¥Fiji area becomes smaller from
vear to year. These Iiji waters show the greatest density of distribution of albacores
and much fishing effort has been made by many [ishing fleets every year since 1956,
therefore in the three years after the opening of fleet fishings the hooking rate de-
clined remarkably and a low hooking rate has been shown since. There is a power-
ful possibility that this phenomenon may be the results of heavy fishings. And, from
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the fact that each area lying between 6°S and 30°S shows almost the same values
as those of standard deviation of body length, it can be presumed that albacores
habiting in these waters originate in a same population.

Southern bluefin tuna (hitherto called Indian tuna) : The main distribution
region of this species is formed in narrowly restricted waters off the west coast of
the Australia Continent unlike those of other species of the tuna and marlin.

It is presumed that shoals with larger bodies found in the waters adjacent to
Java, the Lesser Sunda Archipelago and Timor are the spawning groups and those
having smaller bodies in the waters southwest of Australia are the feeding groups,
both groups showing those good catches in winter. Therefore, it can not be consid-
ered that two groups having different behavior intermingled in the same period,
that is, the aforementioned groups are originated in the same population but form
separate domains of living according to different marine environments.

Southern bluefin tuna (once called Austraiian tuna) : This species forms the
region of dense distribution in the area from 30° to 40°S, namely from the waters
near New Zealand to the coast of the Australia Continent, and dominates in the
fishing pattern of the tuna and marlin in these waters.

Blue marlin :  This species is caught in the largest quantity in the same rank
with striped marlin among the whole marlin in the whole Indian Ocean but is not
so important as the object of fishings.

In the South Pacific Ocean this species forms the main region of distribution
in the equatorial waters, and inhabits abundantly in the waters of 10°—20°5 and
especially in those of 160°—130°W.

It appears that the fish shoals in these waters migrate northwards from the
middle latitude waters to the equatorial waters during the reason from the winter to
the spring in the waters west of the International Date Line, and in the waters of
west latitude they migrate southwards from the equatorial waters to the middle
latitude waters during the season from autumn to winter.

Examining the tendency of fishing conditions, the fact that the decline of hook-
ing rate and the reduction of the amount of catch throughout the South Pacific
Ocean became gradually remarkable, suggests the gradual decline of resources of
this species.

Striped marlin :  The main region of the distribution of this species is the
waters west of Australia, and good catch occurs in winter.  The main fishing area
in the South Pacific Ocean lies in the middle latitude waters west of 150°W cover-
ing 15°—30°S and the eastern Pacific Ocean east of 120°W covering 0°—20°S from
August to December. But there is a remarkable feature that those fishing areas
show very poor catch during the season from January to July.

It is presumed that the fish shoals in the waters west of 150°W covering 15°—
30°S migrate from the high latitude waters to the northern waters from August to
November and show a major fishing season in the waters of about 18°—19°5 about
in November. And, after November those shoals appear to migrate to the south,
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At present it is difficult to conclude whether striped marlin in both the South
and North Pacific Oceans differentiate to the degree of either species or population.

Black marlin :  This species in the Indian Ocean forms the fishing area in the
island waters east of 100°E surrounded by Java, the Lesser Sunda Archipelago and
the Australia Continent, and shows good catch from April to September. In this
period, groups of smaller hbody appear more dominantly than those in the winter
season.

In the South Pacific Ocean this species forms the fishing arcas in the Arafura
and Coral Seas, and the good catch occurs period from September to December in
the former water and from October to March in the latter water. Both of these
fishing waters show very poor catch except in each period of good catch and the
values of those areas as fishing grounds count for nothing.

It is characteristic that extending over the whole area of the Indian Ocean and
the South Pacific Ocean, the good fishing grounds of this species are formed con-
tinuously in the waters which are northeast, north and northwest of Australia.

Shortbill spearfish : It is presumed that this species forms its main region of
distribution in the middle latitude waters in the South Pacific Ocean. In this region
this species showed the best catch among all the species of the marlins except for
striped marlin.

The fish bodies of yellowfin and bigeye tunas become larger in the west than in
the east, and those of yellowfin tunas, bigeye tunas and blue marlins in the Pacific
Ocean become larger toward the east.

From the standpoint of fishing conditions, there was no indication suggesting
that excessive fishings exerted any influence to the resources of bigeye tunas, south-
ern bluefin tunas and striped and black marlins caugth in the South Pacific and
Indian Oceans and those of blue marlins caught in the Indian Ocean.

Maturity, spawning and sex ratio

Sex ratio of the tuna and marlin shows irregular values according to the season
and the fishing ground.

In the fished tunas the male is always larger than female regardless of the
season or the area. Meanwhile, in the marlins, the fish bodies of female marlins are
always larger than those of male ones unlike the tunas.  This fact shows that the
growth rate by sex of the tunas has a phase contrary to that of the marlins.

It is presumed that groups of yellowfin tunas caught in the main regions of dis-
tribution in the Indian Ocean and South Pacific Ocean are composed mostly of
the matured fishes, aged three and older. But it is considered that those of bigeye
tunas are composed of the matured fishes aged four and older.

Though the greater part of albacores caught in the waters of lower and middle
latitudes of the South Pacific Ocean are composed of the matured fishes aged six
and older, albacores caught in the waters of high latitude south of 30°S are com-
posed of the immatured groups aged four. From this fact, it can be presumed that
groups having larger bodies in the lower and middle latitude waters are spawning
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groups and those of smaller bodies in the high latitude waters are feeding groups.

It appears that the spawning period of blue marlins inhabiting the waters north
of 15°S in the Indian Ocean corresponds to summer. The shoals of blue marlins
distributing in the waters between 10°N and 20°S in the South Pacific Ocean are
spawning groups. The spawning takes place probably all the year round in the
equatorial waters of both hemispheres and in winter in the middle latitude waters
south of the aforementiond waters.

The main fishing areas of striped marlins, namely the waters from 18° to 30°5
are the breeding regions of this species. And the waters of 30°—40°S are considered
to be the regions of growth of this species. Moreover, it is presumed that the main
period of spawning of this species corresponds not to the period of south-bound
migration but to the period of migrating to the north (September to November). It
is likely that the growth rate of this species shows different values between the
Indian Ocean and Pacific Ocean and the groups in the Indian Ocean attain matu-
rity earlier than those in the Pacific Ocean.

The main group of black marlins inhabiting the northwestern part of the Coral
Sea is a spawning group. But the main group of this species in the areas adjacent
to Jave, the Lesser Sunda Archipelage and Timor is considered to be feeding group.
Relation between body length and body weight

Yellowfin and bigeye tunas caught in the equatorial waters are fatter than those
from the middle latitude waters of the southern hemisphere. In the northern
hemisphere, the bodies of the yellowfin tunas caught in the Eastern Pacific Ocean
are fatter than those in the Western Pacific Ocean, but in the case of bigeye tunas
the relation between body length and body weight shows a continuous change in
both parts of the Pacific Ocean.

The albacores caught in the Fiji area are slightly fatter than those in the north-
western Pacific Ocean, but in the waters near the Midway Islands which lie in the
cast of the north-western Pacific Ocean the albacores show much fatter bodies.

The distribution patterns of the albacores in the waters west of the Interna-
tional Date Line of both the South and North Pacific Oceans show a pecuriality
that fishes having almost the same relation between body lenght and body weight
from the geographical standpoint in habit symmetrically in both the hemispheres.
Coefficient of total mortality

The author calculated the coefficients of total mortality from the tendencies
of hooking rate and body length composition of yellowfin tunas from the Arabian
area, albacores from the Fiji area and blue marlins from the waters of 10°—20°S
and 150°—120°W in the South Pacific Ocean. From the results obtained, it can be
deduced that blue marlins have the stronger resistance against hurtful enemies than
albacore and vyellowfin tunas, on the supposition that a major cause of natural
mortality is due to the attack by enemies. In addition, from the fact showing the
direct proportion of the fishing coefficient to the distribution density of fish shoals,
it can be presumed that blue marlins showing small fishing coefficients may not
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form any shoal as dense as those of yellowfin tunas and albacores.
Food habit of the tuna and marlin

The tuna and marlin are the carnivorous fishes of higher degree and do not
prey selectively some specific food organisms.

It may be justifiable to conclude that the tuna and marlin exert the vertically
wide feeding and have a character of preying animals in the deep layers. Moreover,
any important animals as the object of the fishery are not included in the food
organisms of these species.

There is no close relation of a food chain between the tuna and marlin and
the fishes migrating in the surface layers in the high seas.

It is presumed that albacores and bigeye tunas feed in the layers deeper than
yellowfin tunas, and blue marlins in the layers shallower than the tunas.

Thus, it can be deduced that because of their powerful activity of feeding the
growth of the tuna and marlin is not resiricted in the high seas where the kind
and quantity of organism are very few. This fact is perhaps a factor by which the
resources of the tuna and marlin in the oceanic waters are maintained in an ex-
tremely stable state unlike the important coastal fishes showing perpetual fluctuations.

Relations between the distribution pattern of the tuna and marlin and the envi-
ronment

Indian Ocean : The boundaries of the main distribution regions of the tuna
and marlin and the borders of current systems lie consistently near about the
equator and 10°S.  Namely, the center of the distribution of yellowfin tunas lies in
the Lquatorial Counter Current system, and that of albacores in the South Equato-
rial current system, and that of blue marlins in the North Equatorial Current system,
and that of bigeye tunas in the period of alternation of those current system. Each
species forms the main living domains with the borders in the waters of about
0% and 10°S.

The shoals of yellowfin tunas perform seasonal migrations in which fishes move
to the north from the latter half of winter to spring and return to the south f{rom
autumn to winter, in the whole area north of 10°S.  This phenomenon corresponds
to the seasonal variation of the Equatorial Counter Current system itself. In other
words, it may be deduced that this north-south movement of yellowfin tunas is es-
sentially the migration in a same current system and is controlled by the scasonal
vicissitude of the FEquatorial Counter Current rather than by the movement of
fishes themselves.

Southern bluefin tunas and striped marlins from those fishing areas in the
waters having its center at the boundary of the currents which run along the me-
ridian of 115°E in winter, and yeliowfin tunas in the waters ‘cast of this boundary
and albacores in the waters west of the aforementioned boundary. Meanwhile, in
summer when this boundary vanishes and the easternmost border of the South
Equatorial Current protrudes as far as the waters near 120°E, there are formed the

fishing periods and grounds of black marlins and albacores respectively.
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It has become clear that the currents build up or wvanish according to the
change of seasons in the Indian Ocean and consequently the marine conditions in
sumrer are exivemely different from those In winter, and so the formation, the
disappearance and the displacement of the fishing areas of the tuna and marlin
alternate in relation to the seasonal rise and fall of influencing power of those cur-
rent systems.

In addition, it is likely that there is a reliable possibility of shoals of the
tuna and marlin, originated from the Indian and Pacific Oceans, interchanging
through the waters adjacent to the Sunda Archipelago. By the author’s guess the
shoals of yellowfin tunas and black marlins with larger bodies and those of smaller
body of albacores caughi in the waters along Jave, the Lesser Sunda Archipelago
and Timor in winter are originated from the Indian Ocean, and the shoal of smaller
body of yellowfin tunas and black marlins in summer and those of larger body of
albacores, in the aforementioned waters come into this fishing area along the west-
bound currents from the Pacific Ocean.

South Pacific Ocean @ In the equaterial waters west of 150°W in the Pacific
Ocean, yvellowfin tunas form its main domain of livings in the Equatorial Undercur-
rent system, albacores in the South Equatorial Current system, and bigeye tunas
and blue marlins in the North Equatorial Current and the Equartorial Counter
Current system respectively. And, it was conceived that there was a direct and close
correspondence between the convex projection to the northward of the northernmost
part of the main regions of distribution of vyellowfin tunas and albacores in the
central part of this ocean, and the flowing directions of the Equatorial Undercur-
rent, the South Equatorial Current and the Australia Current and those seasonal
tluctuations.

Accordingly, it can be deduced that in the South Pacific Ocean the tuna and
marlin form different living domains based on the current systems as in the Indian
Ocean.

In the Eastern Pacific Ocean east of 150°W, the fishing areas of yellowfin and
bigeye tunas lie separately on the both sides of the equator, and it can be consid-
ered that this fact is caused by the cold Pern Current system which protrudes in a
tongue-like form to the west and has its axis at the equator.

And it is percetved that the disiribution of the tuna and marlin throughout the
South Pacific Ocean shows the discontinuous changes in the direction from the south
to the north of those boundaries which lie in the waters near 3°N, §°—10°§, 18°—
20°5 and 28°—30°5 and in the direction from the east to the west having the waters
of about 170°E, 160°W and 150°W as the boundaries respectively.

It is clearly perceived that there is a direct correspondency between the distri-
bution pattern of the tuna and marlin, and the formation of the current systems
and the existence of the discontinuity lines at the boundaries of water masses.

As aforementioned, it can be deduced that the fishing conditions of the tuna
and marlin are controlled by the structure of marine environment, mainly of water
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system and water masses, and its change.

It is presumed that in the Fuji arca the periodicity of moon age influences
considerably the distribution of albacores. ~ The variation of hooking rate of alba-
cores has an almost positive regression to the range of tide, and good catches awe
gained for about seven days, the middle point of which corresponds to the day of
the maximum range of tide. In other words, albacores show good catches in the
periods of a full moon and a new moon and poor catches at the first and the last
quarters.

From the fact that in the South Pacific Ocean the seasonal fluctuations of the
main distribution regions of striped marlins and albacores correspond considerably
to the seasonal variations of the lower temperature band of 25°—20°C and of the
higher temperature band of 25°C or higher, and to the positions at which these
bands of temperature are formed, it is presumed that higher temperature 13 com-
paratively liked by striped marlin than by albacore.

It became clear that the relation between the surface water temperature (77)
and the hooking rate of albacores (¥) in each part of the Fiji area can be expres-
sed by the following equation : Y=5b7%. And the coefficients of regression are dif-
ferent and particular to each part.  From this fact, it may be considered that in
the Fiji area which lies in the main domain of living of albacores, the surface

water temperature can be used as an index for search of good yield area.

— 208 —



