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Compilation of catch records for assessment of yellowfin
tuna stocks in longline fishery in the Pacific Ocean,
and application to data for the years of 1950 to 1964.

Misao Honwma, Tadao KamiMura** and Sigeiti HAvASI

(Far Seas Fisheries Research Laboratory)

Synopsis

1. Analysis of abundance by age groups are more appropriate than the logistic models (e. g.
SCHAEFER's model), for assessment of yellowfin tuna stocks in longline fishery that comprise
several significant age groups older than two years after birth. Data required for this
type of study are age composition of the catch as well as amounts of the catch and fishing ef-
forts. It is expensive to collect sufficient amount of age and length data from the tunas caught
in almost entire tropical and temperate zones and landed at several ports throughout the year.
Described in detail are procedures of conversion of length composition data taken by various
scientific missions to the age composition, and conversion of commercial body weight records
taken at the fish markets to length composition.

9. Present report also covers description of procedures to compute regional catch in term of
weight, relative abundance of the stock, and effective overall fishing intensity.

3. The procedures given in items 1 and 2 were applied to a series of data taken in the major
fishing ground in the Pacific Ocean, western and central equatorial waters west of 120°W dur-
ing 1950 through 1964. The computation is bassd on two extreme assumptions on the popula-
tion structure, because there appear diverse opinions of degree of intermingling among the fish
along the equator. The one is that all the fish under discussion belong to a single biological
unit, and the other that two exclusively isolated groups inhabit the western area, west of the
date line, and the central area of the east.

4. Density, and average and dominant ages of the yellowfin tuna have been on the decrease
against increase of the fishing intensity during the fourteen years ending in 1964. Decreases
in the abundance and ages were only slight in the western area, but remarkable in the central

area.

5. Coefficients of mortality of four-age fish (3.5 to 4.5 years) and older were positively correla-
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ted with fishing intensity. Assumption of the population structure exerted no influence over
the slopes of the regression lines, i.e. catchability coefficients, which were averaged 0.028 per
1,000 hooks per one-degree square. On the other hand, the natural mortality coefficients varied
depending the area; 1.2 for the whole waters under discussion, 2.5 for the western area, and
1.1 for the central area. All these three mortality coefficients appear far beyond the previous
estimates, and then suggest that the yellowfin tuna emmigrate from the equatorial waters, es-
pecially from the western area, after they reach around 3.5 years in age.

6. The locus of mortality of three-age fish (2.5 to 3.5 years) on the fishing intensity curved,
and then indicates that three-age fish are not fully recruited to the fishery.

7. Number of fish at 1.5 year after birth was calculated to range betwesan 1, 700, 000 and 5, 000, 000
for the assumed natural mortality coefficient of 0.3 based on the relationship with the maxi-
mum duration of life span or between 4,500,000 and 6,500, 000 for the other assumption of 0.8
quoted from the studies on the young fish in the eastern equatorial Pacific. In the meantime,
it is interesting to note that there appears no evidence for yearly decrease of the recruitment
to the stock under study.

8. The present analysis of catch records seems to support KAMIMURA and HONMA’s (1963)
hypothesis on the population structure, 7. e. the yellowfin tuna in the western area gradually
shift eastwards during development in the life history.

The evidences for this are:

a). Dominant age groups are two- and three-year olds in the western area, and three- and
four-year olds in the central area. Movement of the fish from the western area to the central
area is likely attributed to the tremendously high natural mortality coefficient associated with
the stocks in the former area.

b). The fishing intensity has been continuously higher in the western area than in the
eastern area. If there were exclusively isolated groups in each of the two areas, therefore,
the maleffects of exploitation on stocks would appear more evidently in the western area.
However, abundance and average age in catch indicatated more significant decrease in the
central area of low fishing intensity than in the other.

9. Based upon the observed fluctuations in abundance, age composition and size of recruitment,
it is concluded that the highest fishing intensity realized in 1963 might have not depleted the
reproduction of the stock, and that, however, only a little marginal increment of yield is ex-

pected for further expansion of the fishery.
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EDIEBHRRBD B E, BEHCRHAKRORE, EINCE S ERHEOBE) & REHAOZEHEICHIET 5
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1966, 1967), T C T ARMUX % fIE Lo T s XK ORBERBOER 2R, INEXBICES LTHL
7oo BEETOMEHIE 1949~62 FE & 1963, 1964 FEETHTE TS,

1962 ELARTO ERNI IFEFMEX K BEIFEAMIC B W CFHEHC & o THREE 4 JF, R 10 EXFEBICEE SN T
W3, TOEHTEARLBIEEEIZ 30~50, 50~100, 100~200, 200~500, 500 b Pl FD 5 BEEDHEC
X5 U TREMEBZFEE LI, 72y LENFOFRBIEIREASHBLTORO K EERTHES LA A
gL BB LLIC A Ui o BRHE R Lo, o oliRic ki NicE S ARABDOMOIERIT +
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Table 1. Amount of yellowfin tuna landed by longliners based on Japan, and that landed on ports
located in or north of Chiba and Yamaguchi Prefectures and the ratio to total, 1951-62.

Year Tota.l(lAa)nding gfalléjﬁrt)ga lgngr ;grl;lt;iguchi B/A
Prefectures (B)

tons ‘ tons 9%
1951 10,802 162 1.5
1952 13, 449 266 2.0
1953 24,602 387 1.6
1954 39, 118 649 1.7
1955 54, 347 398 0.7
1956 71,259 338 0.5
1957 75,992 1,328 1.7
1958 69, 647 941 1.4
1959 67,569 1,534 2.3
1960 81,433 ‘ 1,318 1.6
1961 76,544 \ 1,018 1.3
1962 91,043 | 1,046 1.1

Data from Statistics and Survey Division, Ministry of Agriculture and Forestry (1952-63).
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ZDEHNRBEMR S E, KEBAMOXSZE 20~50, 50~200, 200 + Y PIED3IBEREES 570, HEHIC
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5~10FF, 10~15 FEDiHfic 81 21 Mgk, MERKEZNEN 9. 9/, 9 5 G/, G/, Cf, T>TH
WD O~A4fF, 4~8FF, 8~12 EDMIRICE T A ZEN 5% o, 91, 95, Co Cy, Co 354, ABZIIEKA,
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BRTH-T, 2L A 60cm 7 5 23 58cm A%, 60cm PITOEEEEATN S,
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AR TAL SN ARO—BIIKETKHL, KE (A5, NEES, 1kg B TRIESN TV S, KEM
Bl KEPEDFAZITONTRO SNIERE [ ITH0T 3 4KE w O EMBECER « 489 1959, p.104)
ZROTHREMRBICIE L (A3,

w:6‘ 6413.1878><10—6 ..................................................................... (3)
7oy LEKEBIUKREOHMIZZNEN cm BXU kg.

BT >THE L 2 —D2OMER, —MCEREMRRE KBRS OBRA—H LN ETH D, 1EAE
KE 3kg OREEHIT 53~54, 55~56, 57~58, 59~60cm D 4 BERIC/HT SN B L, W@ Lo AER
WA T ARERKICEINZEDVEH S, COLIBBEEDEDHODNEDNDS,

HHEREREROIEE w, 320D FRTHE00 FRIFT wi-y THB, CTTRIICE-TROONDEH 51K
BIZ0WT 2KEE fUD) TR, Wien 2225 (D) 26 DOBEMBHOS B, w Y ETERINDOLDETO
D% f(Ui)) TRL, ZO¥%* mi TEDT, IXICD~ 3kg 0D EKEEHK, 2% 2kg #2373
kg DTOMKESTERICIE f(GH=2.21ke, F(56)=2.48kg, f(58)=2.78kg, £(60)=3.09kg = &>
LODEREBBSRIELTND T EICE 5,

IRER ] wimi~F Ui D~ FLe2) e ~fCemi-D~wi ICEFN 5 MHEED 2 2N O XD hic
WHlT2ERELT, CORERRICEEZNE KD HIET 2 ZARERRICET 2EE pis 2k, 14HE
Mafk, 2F 0 wi-i~w; DIRAVICE bICRIERE v 28 Uic GU4).

(pieDni={fUis1)—wi—qtn;/dw \
Cpie2dni={f(Uie2) —f(Lie1)}n:/dw
(pie3dni={f(Us+3)— f(Li=2)} 01/ dw L

Cpiomi—Dneg={f(Liemi—)—f(Uiomi—s) | ny/dw
(piemdn;={w;— f(liemi—)\n;/dw

7212l dw BEAEHBROBEHIE ST,

Atcfcf 3kg MREHlicE 5L, FAREBKRICES €2 EEKkDOEE () 3,

54cm § : 2.21—2.00=0.21
56 cm ff 1 2.48—2.21=0.27
58 cm % © 2.78—2.48=0. 30
6Ccm # ©3.00—2.78=0.22 L7253,

EHEIC SR 7 PR IR HA R B BRER B K O 410 & - TPRERIAE R, S B8 Lo R ELH BUER %
MZEHET, FIEPOGENMIBMEE & L, N2 EAKTEH > THEAEBRICET 2 BEOEEDZD
REMREFHET 5, DEICH 1 UL S 4 PUEICE 1 2 BARERRICET 2 BARDOEAEZ KRR
A T4 TEH- TELEEREMKRERD 5,

DEICHRE#RE RO TREMBEAESMENICIHRE L, BBICH 7z - TR, KEEDRABHOUREICD
WTRMHEAEOKEMRE L TERM (19600 OHEEREEE E 57, FES (p.73) 3, WAFE204L S
LEZ, *AXORERA BERTALANFFY ORUER [ —/lw(l—e='C=0)) 127210 183 AR D B C & AR
U, le 78 190.1cm THBEHEEL TS, 2O 190cm W05 BAKER, HEWICE 180cm P DM@
HWHE LA ERDNT, BRMEAD 200cm THEEOWHIFEIBLTIEY ZUTHS, Ly L AKLII,
BERTALANFFY OFRERICEBIF B 220D/ F 4 —F—k & to El3HIATHEND, BKBRKSARLULICE
#REHLE, REXO ETEREIHRIOINC, SSIC1HMITERENIRTTHS, D2FDHRITE2EAEL
5ELTH, BECHINAE IRBABEG FRITERE N EMREND, COLSTBRROL 12, [
Rom# 1, 3,5, 7, 98I0 LT HELIAREZROVT, l-=190cm, £=0.33, to=0 %187, £57
5EFNZOBERAS DL S,

Li=1900T—@=0B)  csssnmmmmmsmmn st (o i e 15 S ey S A SR e &)
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CCTHREBLUBHOBMIIZNEN cm BRUETH S, 15 X51CE0 % KEBAME 190 cm (54
3tk -T 122kg EWMEEING, 158, £HXD%E 0.5~1.5 &, 1.5~2.5 F, 2.5~3.5 F, «oeeeer EL
72DT, TTTWH 1F AT 0.5~1.5 F, 2F M3 1.5~2.5 %, 3 ¥l 2.5~3.5 F-D&EHxEL
TW5, CORITE > THREMED SESHBICHRET 2 S 0ITi3, KEARD S REMAKERD 3 1FH 00 &
Ak REOERLAESHVIGRE & B—B LBV OT, E4EEKELASTBRICET 2 MKk, 4
BIEEEEBEIC, ZODESNEY Lic, 72 &2 M 1.5 ¥ & 2D FEKEIR, 74.1815¢cm THZDT 74
em %£CA 76em MTFOMEEKAE ST KERICEBT 3 Bko > 5 lo0_Tdcm

S 5 0000 cm X 100=9.08% (% 13~
00 oo < 100=90.9296 13 2 ¥~ Lz,

3 BT DKk
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Fig. 1. Schematic representation of relationships between sizes of initial
population, recruitment and catch at 2-,3- and 4-ages.
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Fig. 2. Extent and division of the sza area under study.
Numerals out and in parentheses denote serial number of,
and relative amount of space for nine subareas, respectively.
A and B denote western and central areas, respectively.
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Table 2. Numbers of yellowfin tuna caught by Japanes= longliners in the whole
area of Pacific and in the western and central equatorial Pacific, 1960-64.

- Catch in the | Catch in the western-
Year whole Pacific | central equatorial B/A
(A) Pacific (B)
thousand thousand 9%
fish fish
1960 2,132 1,284 60
1961 2,304 1,237 54
1962 \ 2,368 1,062 45
1963 2,538 1,461 58
1964 2,130 1,074 50

See Fig. 1 for definition of western-central equatorial Pacific.

ZHBREER L CHSRVDT, LVBEZTIRTOEERS—DOEERICIET 2, THROGREEICT
BODEEEMD B END ZODREEB VI, COODREICHT BEEIHED A AE A D T2
DA 2 D S rhic 2 B AR RZE B S L OHEEBO 2 EXICX S Ui,

COBRITBE G B FAZOBMCOOTIRE L QMRS %, BH « 778 (1957, 1958) iF, 140°~160°E
OFFANTIRALRER (3 y 8° NP, FRER (4°~8° N), FEfHEH (4° N2 O&4 ZEG D& K
R ZRT LEDONTV S, B« AR (1963) 13, REALTAIDSERD I DN CTILAEET IS EEE ICH
STABMITIETL, BAEETROAPHICERTLTNSE EDNRTNS, & 5ICEIKS IR ER,
AR OE(IZ EBHE TRV, HIEHANC b 8ER, BAMKROEIDSH 2T LEEHL TS, Lich
S THFNLOHIBAMICAHONE O EEEET 2 L, BAKTEOE] LOoS/NKHEE LTRERICHE
DWXEARSNENH 2, CCTIRFEEM AR, BEMIOEE Lic, DS IR, REMKLLE - 725 E
DX % & HhTNEXRZHRE Lic (F2),

4—2 REE, GEREEOREZEL

<z 7 o DmRER, TREERETE A PEICD 572 1953 FE &, B0 1964 4E0D F 1~ LR % Bhod
THEI, 1B53FICRE S ARZBOMRFANZHEYID 809 DL LA KEGT Uic, 1964 Ficid, FABDiRE
YIOEERESICELED, 2D 0%V EICELTYS, BEEOMAIIARLLZRNE T 2EEL
D&, s HIEMERE, plRETELY (R3)D,

KEFRRICONWT AL &, FAZOMEMERZ 1957 DI 50.000~64,000 + »oficd b, H2ENc
SNIck D SE A QUETHHEROMAIR A 5N TNEN,, Z O PEERE K D & 1330, 000~40, 000
P UTKEHAROWEROB L ZF S0 % M EESED TS (X3, 19504E4%, &I Z0MAICE T 54

BRI TH - 728, 1902FIcw Yy H—H— 54 Y HEES LB &, 1954FIC P 140 BE, 1956 4FiC 1208 %
TZ 1960 4FITiZ T 2 ) AKRBERREDFY, T EMRBICEE L (&A1 L 1966 p. 756D,

WESEED S &, KEFREICE T 2 3ABbIEENSER Lcistid 1963 FIK3EAZCA2ETY
ED SO THEMERN AR LTS, HFERREFRDOAICONTATS, AFESROZTNERABEOREEE
LY, 1963 4FiTiF 8,600 FAICE LA (X 3).

BERKD 1957 £ TREHITEM L, TNLIKICIS 2 ST 100~150 FROHEHEZEFH L TH
3%, ZOMEPESHERICE 5 [ER DS HURiERREAD 60~80 9% & HHTW5 (kd). —HTOH
P DT #3%03 4,00075 ~9,000 FADHFHMAZZLE L, 230 EHERICE 0, L LEREERICET 28T
SOV REER IS 2 E A3, 1957~64 DT 55~75% Th - T, JRERKICBT 2 LD 529



Table 3. Yellowfin tuna landed by Japanese fisheries, 1950-64.

Unit: metric tons

o - Domésti; rrTar&ne fisheries - ‘ Opren;a: fisheries (exclusively tuna longline)

Year e i Purse seine Skipjack T Large- Trip factory Factory ship Operation Based on

total | fax Hina Subtotal (One-boat Two-boat pole-and- un.a sized Others Sub- e _dc v with loaded in over-seas

longline operation operation line long-line ge¢ pet total ships skiffs Atlantic ports

1950 3,7262 3,726 e = *a e oo . = 3,726‘ 3,726 i i 2= ?\-%
1951 | 21, 231" 15,692 | 16,305 923 3,559 10, 766 439 618 | 4,926 4,926 2t - o b\li
1952 | 23,206 17,393 | 19,189 2,336 2,595 13,376 206 676 | 4, 017: 4,017 L i w4 ¥§
1953 | 35,881 28,936 | 31,534 i 1,192 5,236 24,589 150 367 | 4, 3471 4,347 i . e ;%
1954 | 51,986, 42,941 | 48,101 788 3,113 4,268 39,056 308 568 | 3,885 3,885 <Y
1955 | 67,826] 59,857 | 62,280 240 2,340 3,983 54,311 544 862 | 5,546 2,921 2 i 2,625 (:584;
1956 | 80,854 75,169 | 76,875 199 518 4,399 71,190 113 456 | 3,979 2,021 : 8% 1,958 ?ﬁ‘?
1957 | 99,515 95,817 | 79,613 8 1,088 1,669 75,915 214 719 19,902 5153 e 13,198 1, 851 g?
1958 |111,536| 104,278 | 76,735 132 2,851 2,934 69,477 444 897 | 34,801 4,656 e 27,159 2,986 _;1
1959 126,399 116,780 | 76,866 116 3,916 4,119 67,247 316 1,152 | 49,533 2,920 S 44,071 2,542 gé
1960 ‘154, 022; 150,122 | 85,085 } 29 1,407 1,872 81,185 122 470 | 68,937 8,587 u 57,756 2,594 éilg
1961 148, 142‘ 141,289 | 83,105 | 146 2,620 3,259 76, 252 256 572 65,037 7,032 1,951 52,631 3,423 %
1962 (158,070 145,909 | 102,916 133 6,572 4,225 90, 755 178 1,053 | 55,154 5,073 17,817 26, 857 5,407
1963 (130,874 126,067 | 78,453 | 188 1,990 2,071 73,646 47 511 52,421 3,383 23,379 20,137 9+024
1964 1.23,49]‘ 114,043 | 71,074 417 3,230 4,932 61,626 133 736 | 52,417 3751 19,733 20, 491 8,442

Data from Statistics and Survey Division, Ministry of Agriculture and Forestry (1951-65).
Numerals for 1951 are not yearly catch but during April, 1951 through March, 1952,

€l
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Fig. 3. Amount of yellowfin tuna catch in thousand tons (open circle) and
fishing effort in million hooks (closed circle) of long-liners operated on
the Pacific, 1950-64.
Straight and dotted lines denote the values in the whole Pacific, and
its western and central equatorial parts, respectively.
Table 4. Number of yellowfin tuna caught by Japanese longliners from the
western-central equatorial Pacific, 1951-64.
Unit: thousand fish
Western equatorial Pacific \ Central equatorial Pacific
Year Grand total |Sub-total 1 2 3 4 5 ‘Sub-total 6 7 8 9
1951 ‘y 377 352 49 62 147 52 42 ‘ 25 16 9
1952 387 338 3 26 206 8 64 49 25 23
1953 441 341 62 58 137 44 40 100 25 75
1954 287 239 31 33 167 5 4 48 44 1
1955 401 | 278 24 48 115 20 71 123 16 101 6
1956 501 “ 421 35 38 238 8 102 81 15 40 23 2
1957 1,000 746 29 55 289 70 303 253 79 103 37 34
1958 1,040 705 45 106 238 74 242 335 112 174 22 27
1959 1,057 777 151, 250 113 60 203 279 59 187 31 3
1960 1,284 1,015 106 96 329 48 437 268 56 130 67 15
1961 1,237 793 57 212 245 66 213 444 80 183 85 95
1962 1,062 789 106 144 268 52 219 273 53 107 72 41
1963 1,461 946 30 103 396 75 342 515 66 289 50 111
1964 1,074 809 55 70 195 25 464 265 48 108 65 44

Totals and subtotals may not always agree with numesrals for each subareas because of
rounding up. Numerals in parentheses denote percentage to the grand total.
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Table 5. Number of hooks used by Japanese long-liners in the western-central
equatorial Pacific, 1951-64.

Unit: million hooks

Western equatorial Pacific ‘ Central equatorial Pacific

Year Grand total ]

Subtotal 1 2 3 4 5 ‘Subtotal 6 7 8 9
1951 | 18.3 16.5 2.5 2.9 6.2 4,1 19 ! 1.8 1.5 =3
1952 1345 1.1 1.9 1.5 5.6 6 1.5 2.4 2.0 4D
1953 16.5 12.8 2.7 2.5 38 2.6 1.2 37 L9 1.7
1954 10.2 8.5 1.8 1.8 4.3 .4 2 1.7 .5 L1 nl
1955 17.7 12.7 1.8 2.8 3.8 1.9 2.5 50 1.5 2.8 .7 0
1956 19.0 14.7 1.6 2.4 6.5 T 3.5 4.3 2.1 1.2 .9 1
1957 39.2 28.7 1.9 4.9 6.8 4.4 10.6 10.5 4.0 3.2 2.0 1.4
1958 40.4 25.6 2.3 5.7 6.7 4.3 6.6 14.8 6.6 5.5 1.3 1.5
1959 46.5 35.1 5.2 15.8 3.8 4.3 5.9 11.4 3.1 6.0 2:1 2
1960 41.4 28.9 4.3 6.1 7.0 3.0 8.5 125 3.9 3.2 4,5 /9
1961 65.3 36.8 3.5 12,2 9.2 3.9 8.2 28.4 6.0 6.4 9.5 6.5
1962 63.3 40.8 6.0 11.3 11.6 3.8 8.1 \ 22.6 4.1 4.2 8.9 5.3
1963 86.1 44.5 2.4 10.0 13.8 4.6 13.8 41.6 6.0 16.1 5.3 14.2
1964 62.1 33.66 3.3 6.1 7.0 3.1 14.1 28.5 7.7 6.7 7.2 6.9

Totals and subtotals may
rounding up. Numerals in

30F

20F

in permill

20

index

Density

not always

agree with numerals for each subarea bescause of
parentheses denote percentage to the grand total.

lequny

uol|tw uy

20

o
S)IOOLI

T T T y T T T T T T T T T
1951 52 53 54 55 56 57 58 59 60 61 62 63

Year
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Fig. 4. Density index of yellowfin tuna (open circle) caught, and number of
hooks (closed circle) used by Japanese long-liners operated in the western

and central equatorial Pacific, 1951-64.

Upper, middle and lower panels are for the whole western and central
equatorial Pacific, and western and central parts, respectively.
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Table 6. Population size index of I-age and older yellowfin tuna exploited by
Japanese long-liners in the western and central equatorial Pacific, 1955-64.

Unit: fish per thousand hooks 1° degree square

Western equatorial Pacific Central equatorial Pacific

Total | I I m 1y Y anrd
older

1955 19,336 | 163 3,139 11,200 4,488 346 | 14,863 3 494 4,240 6,717 3,409
1956 23,718 | 164 8,183 11,855 3,416 100 | 18,355 | 10 195 3,420 10,058 4,672
1957 22,437 | 168 5,481 14,109 2,544 135 | 18,759 | 30 555 7,549 7,234 3,391
1958 22,753 | 154 5,668 14,218 2,634 79 | 14,596 | 58 1,015 5,175 5,435 2,913
1959 22,814 | 323 9,428 10,301 2,694 68 | 14,825 | 13 1,993 7,374 3,875 1,570
1960 27,987 36 11,472 14,480 1,920 79 | 15,694 1,317 8,827 4,413 1,134
1961 19, 638 23 3,256 13,184 3,127 48 | 12,788 927 5,535 5,171 1,148
1962 17,382 | 192 6,376 7,641 3,071 102 9,348 841 4,248 3,606 652
1963 19,105 | 108 5,696 11,151 2,059 91 8,296 703 3,847 3,374 366
1964 19,154 50 5,202 11,574 2,234 94 6,982 564 3,859 2,171 384

Year

Tetal | T W™ I v V2=d

older

> o = N W
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Table 7. Fishing intensity of Japanese longliners inserted to I-age and older

vellowfin tuna stocks in the western and central equatorial Pacific,

17

1951-64.
Unit: 1000 hooks per one-degree square
Age of fish
LT T e w w [ oLad e vaw

1955 14.51 13.44 12.83 11.19 ‘ 11.72 10, 12 6.93
1956 17.59 17.70 15.11 7.50 : 11.91 6.53 3.78
Whole 1957 25.63 29. 68 27.79 18.18 24.26 16.06 10.16
western 1938 29.69 30.13 31.06 24.46 27.86 20.83 11.03
and 1959 32.10 32.20 29.38 21.96 28.07 19.32 8.75
cenfral 1960 35.07 34.36 29.30 22.17 29.39 21. 21 16.18
areas 1961 37.07 39.50 38.29 37.12 38.14 37.24 38.08
1962 46.57 43.93 38.86 36.76 39.72 36.84 37.57
1963 43.60 50. 85 53.:31 56.31 53.35 56. 28 55,93
1964 ‘ 37.06 41.37 41.58 39.18 41.08 39.21 39.55
1951 18. 62 18.40 18. 47 16.95 18.10 16.89 15:04
1952 14. 44 14.34 13.22 11.31 13.01 11.24 10.11
1953 ‘ 15.12 14.50 13.81 12. 35 13.59 12.33 12.10
1954 \ 12.43 13, 17 11.70 10.41 11.52 10.03 4.83
1955 ‘ 14.74 14.41 14.57 13.97 14.37 13.85 12.32
1956 ! 18.28 17.99 17.91 16.58 17.74 16.54 15,01

Western -
\ 1957 ‘ 27.16 31.00 33.96 34.83 33.27 34.63 30.86
gt | 1958 : 28.73 30.48 31.08 31.66 | 30.99 31.72 33.57
‘ 1959 ‘ 32.52 34.24 34.11 33.52 34.06 33.44 ' 30.46
‘ 1960 36.41 36.30 36.31 35.73 36.28 35.70 34,97
1961 38.19 41.23 40. 32 39.79 40.38 39.80 40.23
1962 46. 67 38.29 44,91 44.93 45.37 44,91 44.10
1963 42.18 49.81 49.96 48.16 49.53 48.09 46. 45
‘ 1964 36.90 41.82 42.93 39.86 42.23 39.79 38.21
; 1955 ‘ 1.38 7.22 8.24 9.33 8.27 8.34 6.38
i 1956 6.21 5.42 5.40 4.42 4.39 4.14 3.4
‘ 1957 17.03 16.57 16.25 12.33 13.50 11.37 9.34
\ 1958 32.23 28.15 30.99 20.98 22.96 17‘. 29 10.42
Central | 1959 21.91 22.54 22.79 13.93 18.85 12.16 7.80
area \ 1960 18.92 17.08 17.81 16.28 17.10 15.99 14.88
‘ 1961 33.52 33.43 33.47 35.50 34.69 35.95 37.99
1962 21.33 27.22 28.00 29.80 29.22 30.83 36.54
i 1963 68. 05 62. 80 62.99 61.27 62.07 60.98 58.31
| 1964 38.93 37.29 37.51 38.47 37.92 38.68 39.88
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Fig. 5. Relation between fishing intensity and total mortality coefficient of III-age, and
IV-age and older yellowfin tuna exploited by Japanese longliners in the western and
central equatorial Pacific, 1951-63.

Left and light panels show the relations of IlI-age fish and IV-age and older fish,
respectively.

Upper, middle and lower panels show the relations in the whole western and central
areas, and western and central parts, respectively.

Numerals in figure denote year of fishing.
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Table 8. Coefficients of natural mortality and catchability of IV-age and older
vellowfin tuna exploited by Japanese longliners in the western and central
equatorial Paciﬁc_, 1951-63.

Natura.l Catchablity
Area mortality :
chefficient coefficient

per 1000 hooks per 1° sq
Whole western and

sentFal Area 1.213 0.0308
Western area 2.508 0.0253
Central area 1.054 0.0282

Table 9. Calculated number of yellowfin tuna at 1.5-year old (initial two-age
class) recruited to Japanese longline fishery in the western and central

equatorial Pacific, 1953-60 year classes. Unit: thousand ﬁsh

f;tssgfd Assumegl Age gt
mortality population Area recruit- 1953 1954 1955 1956 1957 1958 1959 1960 Mean
coefﬁcientsStruCture ment
Total 2,002 2,404 2,240 1,998 3,024 2,886 2,089 2,451 2,386
Subtotal 963 1,492 1,510 1,182 1,929 2,031 1,211 1,719 1,504
Western - B
Two equatorial 1I 158 428 324 330 577 745 216 497 409
Pacific 111 728 895 1,006 713 1,055 938 649 952 867
isolated v 77 169 180 139 297 348 346 270 228
groups Certral Subtotal| 1,039 912 730 816 1,095 855 878 732 882
0.3 , 11 23 7 27 59 114 65 59 47 50
equatorial = -
B 111 139 476 397 547 555 437 307 414 409
v 877 429 306 210 426 353 512 271 423
. R Total | 1,760 2,240 2,068 1,943 2,852 2,693 1,927 2,292 2,222
A single |14 central| II 170 431 369 415 702 785 279 510 458
group equatorial II1 971 1,412 1,385 1,258 1,614 1,345 960 1,398 1,293
Pacific v 619 397 314 270 536 563 688 384 471
Total 5,112 5,618 5,121 4,517 6,837 6,298 4,875 5,198 5, 448
Western Subtotal| 2,312 3,274 3,329 2,528 4,108 4,215 2,671 3,533 3,247
s — 11 194 526 393 399 696 899 259 598 496
e 111 1,558 1,980 2,112 1,523 2,266 2,073 1,327 1,992 1,854
isolated v 560 768 824 606 1,146 1,243 1,085 943 897
groups Cenfinal Subtotal| 2,800 2,344 1,792 1,989 2,729 2,083 2,204 1,665 2,201
0.8 cquztorial IT 28 8§ 33 72 139 8 72 57 61
S 111 303 968 805 1,126 1,173 903 635 816 841
v 2,469 1,368 954 791 1,417 1,100 1,497 792 1,299
. Western | Total | 4,454 5,181 4,651 4,370 6,379 5,769 4,441 4,768 5,002
A single and central 11 209 530 449 505 80 947 336 611 555
groups |&duatorial 111 2,061 3,038 2,894 2,672 3,466 2,893 1,978 2,848 2,731
Pacific v 2,184 1,613 1,308 1,196 2,063 1,929 2,127 1,309 1,716
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Fig. 6. Indices of yeild-per-recruit (straight line) and catch-per-unit-effort
(dotted line) against fishing intensity and fishing mortality coefficient
calculated on the bases of assumptions that coefficients of growth and
catchability are 0.3 and 0. 028, respectively, that the exploitable phase
extends during three-through eight-ages, and that the natural mortality
coefficient is 0.8 (upper panel) or 1.2 (lower panel).
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Fig. 7. Relation between fishing intensity and catch of yellowfin tuna by
Japanese longliners in the western and central equatorial Pacific
Ocean, 1955-64.

See Table 7 and Fig. 3 for fishing intensity and catch of yellowfin
tuna, respectively.
Numerals in figure denote year of fishing.
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