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Synopsis

Examination of records from the logline and the surface fisheries, made available in early
1968, provided information on the status and coneservation measures of yellowfin tuna stocks
in the Atlantic Ocean.

1. Both catch and abundance of yellowfin tuna in the longline fishery decreased during 1960
through 1965. In the equatorial waters, major fishing grounds, the hooking rate in 1965 was as
low as 15 percent of that in the initial stage of exploitation.

2. In the surface fisheries, on the contrary, the yield has been on a steady increase and the
catch-per-unit-effort did not decrease at least until 1967.

3. In spite of remarkably different responses in the yields in the longline and the surface
fisheries, the total yield has succeedingly stayed at around 60, 000 metric tons during six years
between 1960 and 1965.

4. Fragmental records of size composition from the Atlantic Ocean suggest it probable to
assume that the exploited phases are one- to three-year for the surface gears, and three- to
eight-year for the longline. Only a little information was available on coefficients of growth
and natural mortality of yellowfin tuna in the Atlantic Ocean. Selected for the present analy-
sis are 0.3 for growth coefficient and 0.8 for natural mortality coefficient among various es-
timates of these parameters for the Pacific stocks.

5. As far as the above assumptions listed in 4 are valid, it is expected that either the long-
line or the surface gears may harvest similar yield from the same year class.

6. Calculation, based on an assumption that maturity and growth are independent from den-
sity of the stocks and on the assumptions listed in 4, shows more depletion of eggs produced
by the stocks for the surface fisheries than for the longline fishery causing the same mortality.

7. In the Atlantic Ocean the surface fisheries appear to expand very rapidly. While Japanese
longline fishery has shrunk there after 1965, other longliners, especially those from Taiwan and
Korea, seem to increase in number. The growing investment toward tuna fisheries may rise
fishing intensity to the yellowfin tuna stocks under discussion, which have been already heavily
depleted. Urgently proposed under such situation is regulation program of the fisheries, and

tentatively recommended is a quota of 60,000 tons, the average yield for 1960 through 1965.
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Table 1. Annual amount of catch, effort and relative size of yellowfin stock
exploited by Japanese longliners in the Atlantic, 1956-65.

Cotch in Uggieeted  Telohve  Arcd of  puity  Cpreced
Vedr effort number ground effort
thousand thousand 1gghh§§1£s 5° w4, 1§§hh§§1§s thousand
fish hooks 5% &4, i 5° &q. hooks
1956 12 131 26.14 3.21 7.4757 161
1957 259 3,376 78.21 11.89 7.3769 3,505
1958 746 8,001 81.26 10.71 6.9602 10, 725
1959 1,098 15,:312 117.30 19.50 6. 6369 16,537
1960 1,159 20,727 113.17 24.35 5.1245 22,608
1961 958 26,202 88.73 32.32 3.0165 31, 745
1962 974 54,101 63.04 36.20 1.7710 55,004
1963 886 55,004 71.49 46.15 1.5560 56, 928
1964 879 84,998 58.58 62.14 0.9899 88, 816
1965 927 97,581 53.48 82.40 0.7027 131, 958

1960 FELIFTIC & T 1965 FLIEL D b R EWERDBZ D - 72O T, RO ESESERTH -7
TEICEB, 25T 5 & 1959, 1960 Ficid, 1961 FLIRRICHRTEABWNSNIC b b5 F, MEED
KEMDoTzEWND T, 1957TELIFNCIZIZ EA EREDL - o OICBR RIS SEBEEICHI
TEREIN TR EOWIHMEE S 5313 T 5 L, 19614FERIRRES H OB KICHIE LT, EEHN~-T
WIENEWND T R, KIEFESIRE LTAHSEMADBKE L BFED LEh o7 E2RELTHDS, BREH
B EHEEREKOIREDOEZRAEATS, 1959FELBEIZIEY—D2DOEREERY, COHEICBINAD KSR
DRtz EROWEINE D, —FEBEINTOREFEZRR L, »oMG A L 1959 ERREITIIE N
BOWEIC/O LT, BEERIREZS—ETH-7 (F2),
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1963, 1964 FEABRWTRIGEETHES NG F 2D 95 % Pl AR LT 54tk 20 B S 86 15 RO
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B EERE, BhE, BEEEROBEEDS KFRE L RETH 2 RO EI I RPEESRD £ i
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Fig. 2. Relation between fishing effort and either catch (open circle), or reciprocal
of density index (closed circle) of yellowfin tuna taken by Japanese longline
fishery in the Atlantic Ocean, 1956-65.
Numerals denote years.
HENTWERPLTHS (K2
L L7828 5 KPEPERE RO B ERKI, 2BIcEB2Z2Ni D bEND, PROETFLOYFTED,
EIT 1959~62 4EIT B 2D BERETH - 7o T OFER, 1965 4RI B 1 2 H R BIFUPIOH 15%
L1357, BIFstR 3R Rl L7z 1959 4F 5 1964 I CH I BDIINIC /20 LT, MERMIZETL,
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Table 2. Annual amount of catch, effort and relative size of yellowfin stock
exploited by Japanese longliners in the equatorial Atlantic, 1956-65.

Uncorrected Relative  Area of Densit Corrected
Catch in number fishing stock fishing ensity fishing
index
Year effort number ground effort
ratio to fish per fish per
th(}iusiand Atlantic th}?:osﬁnd 100 hooks 5° sq. 100 hooks tI}lﬁ)t;s;\.Snd
total(9%) S times 5°sq. in 5° sq.
1956 12 100 131 26.14 3.21 7.4757 161
1957 259 100 3,369 78.12 11.63 7.4889 3; 152
1958 746 100 7,919 81.10 10.54 7.6710 9,722
1959 1,090 99 13,679 116. 44 17. 71 7.0894 15,379
1960 1:152 99 18, 651 111.66 22.02 5.4634 21,081
1961 944 99 22, 747 81.64 25.94 3. 4530 27,352
1962 926 95 38, 447 57.58 25,51 22558 41,064
1963 784 89 35,481 61. 17 32.01 1.9261 40, 703
1964 713 81 44,373 42.90 32.07 1.3597 52, 464
1965 888 96 60, 552 47.38 41,82 1.1425 77,736
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Table 3. Annual amount of catch, effort and relative size of yellowfin stock
exploited by Japanese longliners in the eastern equatorial Atlantic,

1956-65.
) Uncorgected Relative Area.l‘ of Density Corrgcted
Catch in number fishing stock fishing indes fishing
Year effort number ground effort
thousand 1370 £ thousand {5F, P 5° sq. 100 hooks  thousand
fish total(94) hooks times 5° sq. in 5° sq. hooks
1956 0 0 0 — 0.00 = 0
1957 203 78 2,491 49.84 6.86 7.8617 2,579
1958 385 52 3, 845 33.67 4.13 8.3313 4,617
1959 810 74 8,609 69. 80 8.83 8.3711 9,674
1960 919 79 13,002 75.03 12.00 6.0892 15,098
1961 895 93 19, 950 64. 20 18.22 3.7069 24,133
1962 578 59 22,792 34.84 16. 30 2.0047 28,851
1963 529 60 21,179 34.80 18. 40 1.8225 29,015
1964 451 51 22, 205 22.88 15.27 1.:5617 28,905
1965 642 69 39,951 29.75 25.56 1.1393 56,372

Table 4. Annual amount of catch, effort and relative size of yellowfin stock
exploited by Japanese longliners in the western equatorial Atlantic,

1956-65.
) Uncor;ected Relative Area of Density Corrected
Catch in number fishing stock fishing i fishing
Yeng : effort number ground index effort
thousand 0.0 [0 thousand 163% B 5o g 10 heoks thousand
total(9g) times 5° sq. in 5° sq.
1956 12 100 131 26.14 3. 21 7.4757 161
1957 56 22 878 34.57 5.84 5.9946 931
1958 361 48 4,074 47.43 6.41 5.8495 6,174
1959 280 26 5,069 46. 65 8.88 5.3013 5,291
1960 232 20 5,649 36. 62 10.02 3.3435 6,949
1961 50 ) 2,796 17. 44 7.71 1.8299 2,725
1962 348 36 15, 655 23.74 9.21 2.0283 17,150
1963 255 29 14,302 26.37 13.61 1.7506 14, 545
1964 262 30 22,169 20.01 16.80 1.2074 21, 697
1965 246 27 20, 601 17.63 16. 26 1.0896 22,568

TES R ARPEFESB O ITICERT, & IC 1961 FICROTRICE R ICT EMh -7,

7o (T4, COWERICE T B EERRIT 600 TA ~ 2,000 TADEHEIC/ZWLT B HRE~35 HTRDIZA
WCH D, HEEROYET EE RS 3 Y ERNEERERLTHE (M5), $HbbIDHEHETIE,
& 600 TAFIKREI CRZOERICE DL > THEEDOHMAFHFTE 3 8ENEC A 5 LBEMAE Y
WASEAD DTS EMERT 52 S0 A 5, 7oy LEEE TICERINIRARE IR 2,000 F AL FTO&HETIE
AR Ui L BBET & 150,

EEBREONKREE
FAO (1967, 1968 a,b) 3" « F EMWFOXKBIEICL 2 F N FOMBERBEFH T BH, ZOHIHEIL
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Fig. 5. Relation between fishing effort and either catch (open circle), or
reciprocal of density index (closed circle) of yellowfin tuna taken
by Japanese longline fishery in the western equatorial Atlantic Ocean,
1956-65.

Numerals denote years.

WL X2 Ths CRREMf 1969, p. 8%3), £ TH 1954 4Eh 5 1967 £4E1C v iF T BREEA L, 1960 4E4LICiZ
20,000~40,000 b itz 5 LT3 EFZ S WAMICED S LciGil, FEBIOMIESET S i3 T8y
M, F ESEMOBRESD 1960~66 FiICH T THEIMULIZZ EARLTVS CRREM 1969, p.94),

SOVETCO mZ i3 (POSTFL 1935), Pointe-Noire X THE¥ L7-E8948 (LE GUEN {i 1965, 1968
LE GUEN « POINSARD 1966 « POINSARD 1967), HAD B L% MMk (AR 1969) o A 7
BB EEEDORMBIEE L -T, LVHATERBEENIRZA L v 7 OKRESEZFHNTH, FBENITHED L
TWAEVSEmIZA SN (E5),

PILEOFEEN»S KEBHEEOTREL STNBE AL vy 7~DIAIR 1967 FE Tk BAFICRBL LT R E
WA B,

Table 5. Annual means of various monthly catch-per-unit-effort of the surface

fisheries having exploited tunas on the equatorial Atlantic, 1961-67.

Fisheries Unie of effort Species 1961 1962 1963 1964 1965 1966 1967
Pole-and line | day-boat at | all tunas 2.00 2.45 2.01
boats of
SOVETCO sed yellowfin 1.69
Pole-and-line (
boats at day-fishing all tunas 5.65 2.99 4.11 4.82
Pointe-Noire
Japanese all tunas 89.2 97.4 73.9 129.3
Pole-and-line boat-month
boats yellowfin 41.2 16.9 29.6 19.5
Japanese day of all tunas 19.2 16.8 18.9 11.3
purse-seiners operation yellowfin 179 14.5 13.1 72




KUFED F 1~ F OBIFIRRE DM, 195619674 81
ZODBREDOHRERDE K
KEETHADRBZBODMOWURENL s TOEFNLO FKEEKIZ, ZOREAE EDOXHICHRELTS,
1960 4ELIRE 53 /75 D BLA 7S B AU IE LTI U, € O fE & < ICHERTEL L, — K77
HEETE N, TEPEOHURELST-FNEFDA Ly 7ORESZ, DL ES V7T HETTRRES LEZEROD
TN . BABHOBEMEBORDICHIEL T REEEOZNIZEAL, mMiiEsrSbEcREERIT 1960
FEPIFE 50,000~70,000 b vHiBTLELTNE (%6)

Table 6. Amount of catch of yellowfin taken by Japanese longliners and by
surface fisheries in the Atlantic Ocean, 1957-66.

Japanese longliners

l Surface
L Total |- étflvbtotal Based at Factory | fisheries
: foreign ports ship

1957 ‘ = 13,198 13,198 —

1958 ] 36, 359 27,159 27,159 — 9, 200
1959 | 53,671 44,071 44,071 — ‘ 9, 600
1960 ‘ 71,056 ‘ 57,756 57,756 - 13,300
1961 | 65,331 | 52, 631 52,631 ' 12,700
1962 ‘ 53,020 [ 34,820 26, 857 7,963 18, 200
1963 6C,C41 [ 36,041 21,181 14, 860 24,000
1964 62,206 | 35,106 20,491 14, 615 27,100
1965 60,419 [ 36,619 20,416 16, 203 23, 800
1966 | 2T 9,965 11,809 .

Date from Statistics and Survey Division (1968a, p.40) for catch by Japanese
longliners based at foreign ports except that in 1963 from Statistics and
Survey Division (1967, p. 72 and 1966 from Statistics and Survey Division
(1968b, p.73), or from Statistics and Survey Division (1967, p.89, 1968b, p. 73)
for catch by Japanese longliners with factory ships, or from FAO (1968) for
surface ﬁsheries"

FHABIES JOAHREEBROIIZAEDOMR A b v 7 ~OMARRD Lic S 302800 HE R
KBIZEBF 2 BABDOLBEOHRA by 7OMAZ RO LTS, 805 F A FOFEAER F{H&b
19674 EE TR AELCFEL LT R LInE s, REIEE, R—AEERHALTY 2 HEMEBEEO R A b
DALy I ~ODMAEBLEEHLENZZITHS.

INODODWMEDKHRET 5> T B FALOESEF [HHCEHSHIC I N TN, GEROHIRD S
BLTRARLDIR 3~8 Y%, KEIHERD 1~3 YAEFFELLTHBLTVWEEEZEZTENTHAI, 12
FoTiBTERETRE LR ETTALSI2HICh > TEBIE, #0%5HFCRANDAETELNT
Wb, 22D, DL ELHEBFABRICRIGELIZA L v 713, TTEBREICE - TEE AN, 208D AL
ZAWBbICE->TELNZENHI LR HRITHDEHINCLETH B,

£V
A =

FALEF LD LD BT ENE IO E WD BEICI 0T 2 EAYIF RIBRBRET 205, 543
ZBOOHEHDOHICE-TIE, A by 7E2BHETERBNIEAHDTRLTET I,

WISE « LE GUEN (1955), LE GUEN « WISE (1967),LE GUEN (1967, 1968) i3, HADifiESat %3
ISR LT, d2F0MEBTRIBENELEL NS 1~4 FHROMMRE OMICYHEBENS 3 C &% R
L, ZHUCHESNT, “BREEES " ZHEL T3, LALZOIRNE» Y —HHREEDTH - T,
DEICRT LD ICERRBRBEEEZATN S,
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T LARDOHLTHERINTVE LI, H2FOREELEZD 1~3 FROFEREKE OMICIZ¥HER
BHbo ETAHDBIBOELEDAIZDNTAHS E, HOMTIERBEICKE S (M6), BENDESIHEHE S S
WL, FREELSDRTOOTINSOHBEOEKRARMT 2 LIBITER, TNl b, TTRIOBIET
HEEDRKICE 18 > TEEREDHD L, 1960E05 135 2 DT e LTHES LEERRLESO DS
BOHNE->TETLEC EICEBLEBLTRESRE, 2% DBEREIIC R IIER IR U 0NE IR
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BER R E 1~3 £HROEFERIEN, FEEKEOMICIYHENEY NS, 72 & 2 KEELRIC
NWTHBE, BB NRE, 1, 2, 3 FROBEEREOMEBEFEKIZNLZN —0.90, —0.92, —0.86 &7
32 (7)) £2ATINEODORELLAHEE 2ODAEMORERKRIZ B TIZ/E T, GULLAND (1961) A3
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Fig. 7. Relation between fishing effort in a

Fig. 6. Relation between catch of yellowfin : 5 :
g weel X w year and density index either in one

tuna by Japanese longline fishery in a

year and density index either in one
(upper), two (middle), or three years
later (lower), in the Atlantic Oceans
1956-65.

Numerals denote years of catch.

(upper), two (middle), or three years
later (lower), of yellowfin tuna taken by
Japanese longline fishery in the Atlantic
Ocean, 1956-65.

Numerals denote years of density index.
Density index is given either in ordinal
scale(open circle), or in logarithmic scale
(closed circle).
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Fig. 8. Relation between density index (straig-
ht line) or ‘“calculated” catch (dotted
line) of yellowfin tuna taken by Japanese
longline fishery and average effort in the
two preceding years in the Atlantic Oce-
an, 1956-65.
Numerals denote years of actual catch
(open circle) and density index (closed
circle).
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Fig. 9. Yeerly catch of yellowfin tuna by  Z8TIEW 41 E BERTALANFFY QXML S4TH
Jepanese longline fishery and by surface 5. RfEloB A4 L LT
isheries in the Atlantic Ocean, 1857-66. I=lo(l—ae=t) F-x | a=eltd
See Table 6 for source of deta. CB1 2 Les b a OEAKER, BIER, 225
Wi 2L, INSOFBEEICMAYY BEEEORED IC BT 2 NERE b B KESXUHRE
ICE > THEBICELAC LIZR T, KiticksE LTI, ju"m-@—rna 13 AREFHED F 3 LI A~ THRIR
%hE 1~ BRESKRERE k 2VhS 0, DEVATERBELD LW D EREL, KE B3 HfEESN
ThD, FOERBALOHEEYOFZHVICEICHETH 2, MEIC K ZRERBOETKRFEROELID b
HETHL, BeBENRETLIIAWDIEICK q’Cif:%*ﬁ:M\ LEHRET L, APBOAETHRETS
EEREOBERICE s TROTCEFEHDICHANT, RERHIVNE L, BRAESKE D, BEEHDSICD
NWTWAE BEEREREYIC XA 0.6 B TIRAEDICELEZZNMN 0.3D 25K T3 (K7):
ZOBEE LT, HEICK TR RHHAE GRICLTHED AN E ST L b5 5D (SUDA -
SCHAEFER 1965, p.252), #h &M Z@BHEEMORER b - IS REMEOBITIcE s TRkp ot
DTN LT, BABDEEYICOOTOMETRRESED NS THT, Al EkoEICb LD
< m )3 %ziEAﬁib&@# HUONTNAC SICER L, M¥RH I K& S0BARNMICHET
DT, B4 OREKEOREVLON, BFHELSITNSVEDONESNG, b LEAEOEF NS N
i, %®$§%€%H%M¢E&%ﬁﬁ®wﬁu, R EZKE BN, MIREEABKIC LS5 THS, DIAZ
(1963, p.388) »% MMM N DR R SR 72 EEREES XU BIRKRE DS, @O KRR 2 5 Ko
12FZNH L0 b, BEBICK > THEEINAKRICENEVHIEEDS, FLBOAfEEEREL TS EARTE
2. L ->TURDHBETRBRESRKAE 03I ERELTHEL,
RABDOOHEENZ F 1 FDHREEREE 0.6 B ERIAAKL &b & 570 (e &AW BF 1965, p.
201). i C OABF ORI AEICEADDH A5, fAF (1968, p.74, 1969, p.541) ZHIBNICE T 5 BH)

h
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Table 7. Estimates of growth coefficients of yellowfin.

el I ¢ Rangeof |, | .,
Method of | Method of ‘ I | k& a
Sea Area fishing Author ‘ age determination ‘bodyci;mgthi cm ‘
- | |
Central YABUTA ef al.(1961) |
190 ‘.33 1.00
= y [6) ! ‘
?éxrdia?qua longline and HONMA et al (1971)i Seale teading B ‘ | ‘
Pacific YANG ef al. (1969,p.10)] 60140  195.2.356
= | N~ |
Eastern  |Pole-and- | HENNEMUTH(1961a, p.27) 0-160 [169 |60 1.65
equatorial line and' Mode progression |
Pacific purse seine | DAVIDOF (1963, p.211) 40—180+ |167 ‘.60 1.65
Northern S Mode progression 165.6.708
part of P?ole and Atelic progression 4214,3,360 ‘
eastern line Diaz (1963, p.405) : as above | ‘
equatorial Mode progression [167. 2. 648 |
Pacific Atelic progression | 1179.8.492
- : = | |
Atlantic longline YANG et al. (1969, p.10)| Scale reading 65—193 1222.8|.278
Eastern BAUDIN- ‘ oaso)
Atlantic \ LAURENCIN(1968) 1218.5.4)52i
Pointe- pole-and- i 116757 5
B Mode progression | .8.5568
of above. | line LE GUEN and ¢ 1166.5|.5418
L - CHAMPAGNAT (1968, p. &) \
Dakar Sector |
of above ‘182.3‘..4308‘

A LR A RO T, hEEERE IR T SN 4 YR EDF 2D HRECRKAE 0.92, IMANTE
TLTOBOEfRoZNE 0.34 EHEEL TV S, ARl (1971 (ZEEREICIO T 3 EEHEE R S
AFEP FOARFEREIZ L2 EHELTWS, Y LZDEICREE» SOOI 3R BETATH
BT EEIERLTNS,

FI R TRBEIEORNRELS S A by 7 O ARSECREIL, HENNEMUTH (1961b, p.13) Ic Xk 5T,
0.64~0.90, LT 0.77, SCHAEFER (1967, p.103) 1 X T, 0.55~1.05, SEHL T 0.80 LHEESH
T3, INSDMEABET 2 &+ FORRECFREET 0.8 MR EBET2DEF—ILZUTHD, EANKIK
NELTH0.4PE, KESTH1.2RTFTHAD (%8s

WEGHE AR BKE BB 2 SN dHWIC—DDERDE KRR DR & 15 5 4E 4136k « AR (1969,
K8) ILk - TRENTWV D, ZNICL D ERERE 0.3, BRETHEK 0.8 DIEHL, EEENL - LB K

Table 8. Estimates of natural mortality coefficient of yellowfin stocks
exploited in the Pacific.

Natural
Sea area g/lsigl:)d of | Author Range of age | mortality
- 5 ‘ o coefficient
III 0.3—0.4
KAMIMURA (1965, p.201) IV and older | 0.8
IIT and older | 0.6
Central and western | longline | Tsui1(1968, p.74, 1969, p. 541) o ard nder |0 o
equatorial Pacific - N -
HONMA et al. (1971) ‘{{,iigilifder‘?.g or 0.9
| !
Eastern equatorial f’_(’le‘:“g' | HENNEMUTH (1961b, p.13) mainly I to | 0.64-0.90€0.77)
i ine an — — e
Pacific purse seine | SCHAEFER (1967, p.103) = 0.55-1.05
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ELMBBE/IT25F LMD, LEDB ST 25X X0 SHWESH OIIEEAKRITNIEH 2 ESRIET—
DOERP LA ONIBEERLRRNICTEE2RTTHS, o bAERKBVBRRENLIFESIRERKER
RIECBRHEIT X > THHFCEML, BRECHEED0.8TH-Th, WREMAEMN0.6 THNIE2FITD,
SOICHRRUREMR 0.4 THNIF3FLLE, 1.2 THNR 2FMUTICE 3, $RERHKE 0.3, BREC
BHE 0.8EBLLELTS, 25F XD ENLFROEHLS L DHBVNEI0AENS T &FEERKIC X
STHEATE L, SSICEBENEHAL TV 2HOREERE B LUOHRBOBERMIE T3, REET
AP0 EET 2 DICYARERK S KCARFECREEENZN 0.3, 0.8 SRELTHL,
KEFEDRZNOIER 1 FRGIESTZ05, 2, 3 FTaMb 6%, SFREITI MENEL Loh
B, THEDHMBEA Ly 7~OMARIE Y 4FTRET EEZONTOS (GH 1968, ARIM1971). KEEHET
EOoNEFANFTRAFEHFICET B ENICHRTHEEDE— FRIARSWVY, RS EDE->TORY CRE -
AM197D) o LIcSoTZETHIRAMBDOMERITE LTI~ AT 2 LB TEL , ERBBEIKE
120cm Pl Ep kBt A L2 bbb 505, &S RAFERBREHRIcE T2 TEEMPETHE7 7 v R
WD FE I AEL00 cm DIF O/t TH 2 CRIEfM 1969), L7chs > TEBRED THRFESEIL 1~3
FThHBLEEZTEL,

HIAY SR O ME Y i

Vi Fe__um_z,-)_g:’:(l, @e="1)3g=(F+INU=L) it i 13

EBFE, g a=1, t,=1, k=0.3, M=0.8 BT F 1t/ 9% R@AES LRI BHEEDHEY
HWHEBERDS &, BESIN 1.0 L0/NE0S bRIEBRECLZAEED, 1.0 EKKKEAEIFANKED
HEBDLITMCREVINED EHLOBERTH L ERBETER D (M10), RERE, BHRIETHREIC

4 —
)
3
-
1
2k
W
-
T
= ]L
0 1 1 1 1
0 0,5 1.0 1.5 20

Coefficient of fishing mortality

Fig. 10. Yield-per-recruit of yellowfin tuna calculated on an assumption that
coefficients of growth and natural mortality be 0.3 and 0.8, respectively.

—— yield by surface fisheries aiming I- to III-age fish.
—— yield by longline fishery aiming III- to VIII-age fish.

CTRELCELD BRETNIEBHREOFNREVHEREEZHFZC LI 5D, ThTd 1 KiE (&
£ 53cm YT, (K& 3kg YUT) O/NBfax s 3 EMAYBERZRET 205 ORI 1969, p. 154), D
EIREEREEINTHOLICREETH D, bt d, BEOEDHXR, MAYBEHMEDIADE K DERICH
YEEND, ZNOD D BEYFNIC E ICEESMERHLEREICHALEETH S,

FR o AR (1969) 3E UHERE D DOBENS s cidb N ICHE A L HHER, S ELE5H
LD b, ERBICEELET 2L ELNIREOEKEEZNE LS LD IEE LD, F/ 41113
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S HEREINT 2 O TESBITEISER R & E45 T AT E OB 0 FSBIEMIHEO S OMEDER
BEEIC 0T BB EELTA S, ARETREE M, MAESE e, —D0ME S, L ORERRES
% des, @ FRKTHEMA aas, aa, WHEREE Fs, Fi b32 & a FROMMEFERE No 3DEDLDIC
zbans 14,

1—e-M i
No=——g7—e- (@ ay—adcs
N,.= Sl;#_e_[(a —ar) M+ (a—acs)F's) acs~a<ac e
Ng= Lﬁf#e —((a—ar) M+ (a—acs) B+ (a—ac) I3 acr—~a<aas
N,= %ﬂ'e —((a—ar) M+ (ads—aci) Fo+(a—acl) K1) aus—a<au
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Table 9. Index of average fecundity of individual yellowfin by age.

Mean body Mean ovum counts Average ratio Fecundity

Age length in cm in million of matured fish index
0 28.9 — - —
1 74.2 0.69 5.7 0.04
2 106.7 1.58 29.1 0.29
3 130.1 3.42 31.5 1.00
4 147.0 5.29 47.3 2.32
5 159.0 6.91 52.16 337
6 167.8 8.32 52.6 4.06
7 174.0 9.36 52.6 4.57
8 178.5 10.27 52.6 5.01
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Fig. 11. Isopleth diagram of relative stock fecundity of yellowfin tuna
exploited by longline and surface fisheries.
Bold and fine lines denote 50 and 10 percent levels, respectively.
Assumptions given for calculating the curves are:
1. Average number of eggs produced by a female be determined
by age of the fish as given for the Pacific stocks (see Table 9).
2. Number of females of an age group be proportional to mean
stock number of the age group.
3. Surface and longline fisheries exploit 1-through 3-age and 3-
through 8-age fish, respectively.
4. Coefficient of natural mortality be 0.8.
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Table 10. Yearly average of yellowfin catch by a purse-seiner in the
eastern equatorial Pacific, 1961-67.

| Amount of | i

Number of Catch-per-

Year ‘ yellowfin | p

‘ Satch boat ’ boat

"‘ 1,000 tons i ‘ ton
1961 109 ‘ 114 954
1962 78 103 760
1963 65 111 590
1964 90 111 808
1965 {86 111 771
1966 85 102 836
1967 82 101 811

Data from IATTC (1968. p.136)
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