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Ecological studies on bigeye tuna-YI 

A review on distribution and size composition of bigeye tuna 

in the Equatorial and South Pacific Ocean 

Susumu KuME 
(Far Seas Fisheries Research Laboratory) 

The bigeye tuna, Thunnus obesus (LowE) , in the Equatorial Pacific Ocean are the most 

attractive objects as well as the yellowfin tuna, Thunnus albacares (BoNNATERRE), for the Japanese 

longline fishery. On the other hand, the bigeye tuna in the South Pacific Ocean is not abundant to 

be a main object of the fishery but captured as by-product only, as far as the present fishery is 

concerned. In this report, previous studies and data on bigeye tuna are reviewed concerning biological 

and ecological features in an attempt to elucidate the stock structure. Main emphasis of this study is 

directed on the bigeye tuna in the equatorial waters. Resepecting the South Pacific Ocean, not much 

information is obtained due to the scarceness of data. 

DISTRIBUTION 

Equatorial Pacific (16°N-16°S) : 

In the western and central areas, zonally distributing area covers continuously in the northern 

latitudes along 10 N from west to east, indicating gradual increase in hook rate (catch in number 

per 100 hooks). In the eastern area, the area of effective longline catch is apparently separated into 

two zonal bands in the north, along 5°N, and the south, from 5°S to 10°S, latiutdes. The relative 

abundance in terms of hook rate increases eastward by degrees throughout the area, so that the most 

effective longline fishing ground for bigeye tuna is located in the eastern area (F ig . 1). 

Seasonal change in geographical distribution is obscure in the most part of the equatorial waters 

but the eastern area. The remarkable seasonal change in the eastern area is related fairly well to that 

in the strength of the upwelling that develops along the equator. It is noted that fairly dense occur­

rence between northern and southern bands is observed in the cooler water along the equator of 

the eastern area east of 130°W, during the period from September through November when the 

upwelling develops most strongly. 

Relative abundance measured by hook rates changes in time and space. Generally speaking, in the 

first semester of the year, hook rate becomes the highest. However, in the eastern area east of 100°W 

seasonal change in relative abundance is complexed and a little different from the above, possibly 

relating to the change in variable environment. 

Zonal distribution of relatively high occurrence in the east-west direction does not necessrily 
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correspond to the ocean current system under the same principle. It is suggested that there is a 

relation between bigeye catch and vertical thermal structure—existence of thermocline at the depth of 

100-120m that is approximately an average hanging depth of hooks on the longline gear (Fig . 4) . 

The examination of annual change in hook rates represented by typical bigeye fishing grounds 

shows that decreasing trend in relative abundance is prevailing in a greater or less degree over the 

entire equatorial waters since 1959, showing remarkable decline in the eastern area (Fig . 5) . 

Information on the distribution of small bigeye tuna possibly inhabiting close to the surface has 

been obtained through different types of fishing, surface fisheries : by the pole-and-line and purse 

seine fisheries for tunas operating in the eastern equatorial Pacific and by the hand-lining in the 

specific spot of the Coral Sea, 16°S and 146°E, during November in 1965 and 1966 (Fig . 3) . 

South Pacific Ocean (south of 16^8) : 

High hook rate of bigeye tuna has not been encountered by the Japanese longline fishery, though 

the fishing ground extended as far south as 30-40°S in the area west of 180°. Only seasonal increase 

in hook rates in the southern summer has been observed in the area north of New Zealand. In the 

area east of 180°, the fishing has not been conducted except the experimental longline cruises in the 

southern summer, which suggests sizable occurrence of bigeye tuna (Fig . 2). 

BIOLOGICAL FEATURES—SIZE COMPOSITION, MATURITY OF FEMALES AND SEX RATIOS, AND 

ANNUAL CHANGE IN THE SIZE COMPOSITION 

Equatorial Pacific (16°N-16°S) : 

Size composition 

Small size group (less than 120cm) is distributed about evenly from west to east. The increase 

in relative abundance of medium size group (120-150cm) and large size group (more than 150cm) is 

observed to tha east throughout the year with the increasing average size at the same time (Fig . 8) . 

Seasonal change in the size composition in the western area is not pronounced, but modal positions 

in the size range smaller than 120cm shift to the larger size with the progress of time suggesting 

the growth of the same brood (F ig . 7) , 

In the central and eastern areas, relative abundance of medium and large size groups turns out 

higher when hook rate becomes higher (Figs. 7 and 8). Thus, seasonal change in relative abundance 

by area is closely related to the appearance of medium and large size groups. 

The size composition of catch by hand-lining in the Coral Sea shows the exclusively single size 

group, having the modal length at about 100cm (Fig . 10). The pole-and-line and purse seine fisheries 

in the equatorial eastern Pacific has been taking mainly small bigeye tuna less than 120cm. 

Maturity of females 

The previous studies on ovary weight proved that the entire equatorial region is a spawning 

ground of bigeye tuna in the Pacific Ocean and that the sexual activities is very high on an average 

with marked seasonal fluctuation in the eastern area and the spawning potential gets higher from west 

to east. On the basis of the latest data, it is suggested that sexually inactive individuals occur in 

the cooler waters of the eastern area, where the low sexual activity of female is obviously related to 

the low surface water temperature (Table 2) . 

Sex ratios 

Sex ratios by size show that the predominance of males over females is in existence all over the 

size range and throughout areas and seasons. There is a tendency that the degree of the predominance 

becomes more prominent as the size goes larger (Fig . 11), There recognized a relationship among sex 

ratios, maturity of females and surface water temperature in the eastern area : maturity of females is 
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notably low in the area of low surface temperature under about 2S°C with sex ratio being nearly 1 1 

that IS not consistent with the general feature observed in the equatorial waters (F ig 12, Tables 2 

and 3) . 

Annual change in the size composition 

The occurrence of dominant year class was obviously in evidence in the western and central areas 

in 1957. This phenomenon is concurrent with that observed in the North Pacific Ocean in the same 

year In the eastern area where large size group is dominant, decrease in the relative abundance in that 

size group IS conspicuous (,Fig 13). It is suggested that this has been due to the decrement in number 

of survivals influenced by the fishery 

South Pacific Ocean (south of 16°S) 

The size composition in the South Pacific Ocean is constituted mainly of medium size group 

There is an increase in average size in the southern summer (F ig 7). The paucity of data restricted 

to draw any annual change in the size composition 

Sexual maturity of females is supposed to be low, judging from Appendix Table I and KiKAWA 

1966 though the amount of data are few 

ON THE STOCK STRUCTURE 

As aspects suggestive of the stock structure of bigeye tuna, the foUowings are pointed out 

(11 A gradient of an increasing average size from west to east in the equatorial waters suggests 

the growth migration to the east, 

(2) More remarkable lowering of hook rate accompanied Jby the decline in relative abundance 

of large size group in the eastern area is probably caused by the decrease in the amount of 

recruit from the western and central equatorial waters, 

(3) The simultaneous appearance of the dominant year class in the western half of the equatorial 

Pacific including a part of southwestern Pacific indicates the positive internal association of 

the stock, 

and (4) Separation of modal groups in the size composition of the equatorial waters is not as distinct 

as those in both high latitudes is possibly ascribed to the spawning activity that takes place 

throughout the year 
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nxh-z, ^(D'ik, i2o°w #fi*T(e^A«5^i-sico:h,T, i5o°w y.^oMmx(DiL^j}t>miin\dm(D 
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Fig. 1—a 

Fig. 1—b 
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Fig. 1—e 

Fig. 1— d 
Fig. 1 Hook rates (catch per 100 hooks) of bigeye tuna in the Pacific Ocean by quarters-

of the-year and 1 squares calculated employing the data of Japanese commercial long-
line fishing 
Remarks , Designations for hook rates 

Small circle 0 
Oblique line 0.1—0.9 
Crossed line 1.0—1.9 
Shaded square 2.0 and more than 2.0 
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Fig. 2 Distribution of bigeye tuna catch in number per 800 hooks recorded at three 
exploratory cruises by Shoyo Maru, a research vessel of Fisheries Agency, 
during the periods from November through February in 1962 1964. 

^«g;iLT/gfii-r5*H0^i']'JfcJ;t;iÈfflrfft«lticSÜ$n5yf^fcoi,^rii, éi^^^HtiUi^ii^co 

S „ ( B A R R E T T and K U M E , 1965)O t/cWSS/^i® 16°S, 146°E ^^p.L^tt6mW>ii^f£f'm!AXi%5, 1966 
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145'E 149E 
Fig. 3 Distribution of surface hand-line 

catch of bigeye tuna in the Coral Sea. 

2) 5}?St-^'bn5^Sn-^{k 

•rSB-tM (9~ l i ; j ) lcc®^7K±SKf*iiE1-SJ;-5Ut4;Ci<jic;4<m$5P(;J;»±MK*5if-iJ»f$ti5igf?mi!¥ 

(KUME and SCHAEFER 1966)o 

mmuiê.(Diyti'^mi'aimif-^mbrMMmis.(Dm0W^iniAi, $ bic-ffaiic^si, aT®j;-5ü^ 
®^^t*^'MiSè*x5o ^;ic-i£je (1965) s 130 E ;ö̂ ii i20°w ommc-oi^x^mm^&^mm^t^iik 
Mb/cSJti.aSPi;T# (130°~170°E) T i i . ï f ï l , ^'IVH^ffl*, t̂̂ jïp;};̂ ?.̂ :̂ (170°E~150°W) TBgJD 
Eg¥ffl*i|3'^iL/;Btfflic^>-rti^S;*s,';;;<4-i), W^m±¥it (150°~120-W) triivpira^tttjfcgywiettO, 
£IP$®IVEg%ti3{cA.ij-rif?ji;jg</i:5o t f c , 120 W £(: t®?g«fC'3i^r , SUDA and SCHAEFER (1965), 

KuMEand ScHAEFER (1966) (i, 90"W#ffifr®ï)r<il®JbtJ-c?(i^SiJe'jfcK)|sf^^''''T(<^SfctóJ; < ^/i^ 
b''j:i'^*i, ïf îïJî m® i20^~ioo°w -nimim^mic, ioo°w jiijR-rrii^ni, tfcfiHïivraii^ifjicfeoi 

SrEt-CKt#'inTt^S[i'ffi®KM-e!i> ifa5;*:¥ïf-®^'^'f^®5?lf^ftii5>^ffSAMgi/VctóK3ïHg;öije 
jlbfc:<i,^o /cfc"aïlV0WJ]K-=-^--:^7y K®Jt:^?§ij|(T?J<jm:ir-A5i'::i<ÜS®*sr£aèns (KuME 1967)o 

3) 3F^üiSi^(-fcl:t5;>«M-?®^flïi, ;S;7it̂ j:t>t5lC7KS13iJii©Bllff-

£i±iÈ^/c35^-il?gJjS®mffi']p1i^KilS^ •̂<'f̂ ®i';;;É{]M45W[i. ffi • tpi%±m'i'--^l±±'Js<miMt7MmfM.iM(Diri 
mS**-ll^iLfc•/fg^É(c^f,n5*^, 150=W ai}ï®;il5it«-t?iii^TbTsSiïMffi«$ bic^®-t$(i^<il^ 
It'^)ax.Tfg^<aïA:iS*f^föiïï;bTPSo (i®J;5:^i:>^^-^®^*-if«ï;ltè®)i:-l]SI«JSii, cfW (1954) ® 

ffiHitri^sj ti,^ö^^-^Jjr-irj£'jHCimr-èm\ fc*.5^, it̂ ft"? (1959) (i^ofs [Mticx-^r 

* ^lEa^ffl i~3J^ , fsnra^jp •4~6J-L ïiïmraïtiJSj 7~9J! , ^ivig^ffl io~i2;3 
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-Cö^njlAiti-oAiLi^o Jil<? (1967) ^'Ifflflb (1969) ii;' ^-•f<Di'jW^(Dii-'^tW^-AlS,^m(Di^&t(D^1 

^B/k®Tffiic*/;5aï-7j</aüa©(^fi*noomTè5rfiitt©y'6?!iii9i®ir]ic,;,K©-i!c*5^'iti5ci 

^fêtöLTl^-So bA^I,-«(C-7^'n(ix.J^i*3©oi3^©iilit-r5qzfcl(XS(i 100~120m i f l t ó è t l T l ^ - 5 

l-'(iïl'('ia®Ttl©A^rt3iC*5<, «^Lrfnjii:<).©IfEt3T?l{V/K®lfè*^ 100m~120m iC7Ï-n/ctf*I.^IC7' 

Fig. 4 Distributing pattern of hook rate of bigeye tuna compared with that of areas of 
the permanent thermociine at 10Ü-120m depth (After Suda et al 1969) 

4) ̂ ^i^mm^ss»?,^m^(am^mit 

fiBSW^itft^^SHK^I-o BêB/gJt (A, ^^iovpi, "iiv') yfSii^" ) xi± 1951. 1952 H^hXl> 1957, 

1958 i?-mê.x^m^Ai^^rh<u-^x{,^zct, mniMi:k<D^f£i-f tp'zhm (B) xh 1959 ^vima 
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Fig. 5 Seasonal fluctuation in hook rate of bigeye tuna in four major fishing grounds in 
the equatorial Pacific through 1963. 
* Hook rates of 1962 and 1963 were sudstituted by those from areas modified latitubi-

ndlly 5 10°N or 5-10 S instead of 4 12 N or 4 12°S respectively 

Mi|iJtffli l®2/èK-r(i , 1962, 1963 ̂ i c , A^^'D'Siü^S'jïi^®® F?5 .̂%-&n, 'T < « < i feWlO/gJ^ 

Ttt-etiJami®y]M®/k46!CÜoTl^So C(DXoK^Wmilo^m^tstc-,T;£¥i')a^®ffiT«|pJA^*6 

t i , ^ t iA^ i <i^::SS15^r^itiÉTl.^•ë.bSbl^J;•5fcïïfct^So ^ b r , c ® j ; -5ü l^? i ' ?®®T®l l f f i i c^b 

n^hiM^t, fi^®^>jg®/ffiffir^®if^tMi®iüiK(iiia*>èi?. n^^(D^i:^i&mmm^0i&Ti)i<^-' 

•èt.-5bi/^filfi]A^*5 (̂ 503 • 1966)o 

a m n i . löm/gK/k£BJï5eBlT®/Kl"1ÉJ^a» -̂p'̂ llcfcio•l;̂ T, W.'P, ÈÏ/IS s#/t, He , ffijiaêüi®-^^-
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*-iM^1964) *ffll^T(*MMK^mLT*5„ tnf.®g!H(i¥fö*Sft* 4cm, fïK4ffi, SKIO 

(cl-rs^iiöjfljl^^fcb-oo, »6Illc:/ji;-rJ;-5nj:¥fi;/%K^SAi:b, c©mfö/ïi*IKfcJ;a>%fflHiiiffl* 

110^ UTE 40-t i*(rt ito-t i7crt i t r I7iwi «er* i joT» i«in» '??"* ' " ^ " Hg» lotn» a j * 

Fig. 6 Designation of bigeye fishing ground 

1956-1963 '\o:)\\\\(D[i^flt>lcXi,im^^, ip*fe^^LE3*fflBiliC^„-tb, ^n^ffll^T¥^®®*M 
BfS.^tiK.6ct^Ji^tz„ *;^*rf|.ft©;*;èè^MÏCÖ']lc/hMf{^ (120cmjaT). *gj(fi, (l20~150cm) 

;*:ïïl% (150cm;a±) il ,^•55^)•iITJ;i^ciAJ^^^©r, <*KffiBg*/]^-riaic« 120cm i 150cm ® i < i 5 i c 

1958, ^)K-4;i(i- 1965), i|ï!5l5/fsliSliAM<ï).©fiJ65*iJ^©^(,-«ciT, J:©fi|fi]ii ^ ¥ ^ ^ 1 b T i^ fêT* 

5o »8M(C.hb/c(ikm>Jiifft|!mirrï!c «*&mBiM5>45x|']®4 )̂ *lt^xbT;b*^5J;-51c, A'f'ffi.©fJ{> 
®3g/jPliA'f"'i,®l;-e©fc®©i^JjPlCJ;orfc/;t,StlT(/^5o ĴTfe, JliA/feitiCüllfTöAfiffi,®*^*!^^ 

l ^ T o l t ; j p ; i S i , c in t i 150°W ( E - 2 i : E - 3 , E - 5 i E-6/J»IE®ifiS) *f; OTèfetóTBIl-|C.?». 

i t ó t > t l 5 * ^ *®{tli®/fiiiicTli, /r lSlli l ïgTliÜl^ fiölluJcöJkBy'jlfOOIl-tliCoi.^rli, 6 -12°N© 

/fi*iiTl50 W®ffli!C, 170''E(c|,rr«fi'J^j:22fh®*Se:iAinli (1958) iCi;-oTffitö$nTi,>.5o L*^L1^ 

# ' ï (^;K- iü(R1964) An960ff-®i)i>ia/S«©f*J5fflliK*M-3/ciièl'MC«j:®j;-5ürrHü'Jü^fhliMSè 
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Fig. 7—c (Series S) 
Fig. 7 Mean percentage length frequency distribution of bigeye 

tuna by quarter of the year and areas, 1956 1963 data combined 
In the upper right hand corner of each panel is shown the 
number of individuals measured. 
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Fig. 8 Medn size composition of bigeye tuna m the equatorial Pacific, 

expressed by index of abundance (percentage frequency multiplied 

by mean hook rate during 1956 1963) 

nflii^-^fza -tfz, 150 Wfj-jüöSrJtfli'jÜ^^bfifTilülAsfëtóL/c 6 -12 N ö/g^ICüü < , -enj ;DSt] 

CD4 °N~12°S,aDlc*5cii*^féteSti;^c„ S«^. Aïl(f̂ ®ïiJi>®±e/jniiiR>tifC/hïiff.©ïiJ0iiifc (̂̂ i4È 
m.ii$.!p-rz>ti, Lt^L, {*£<msijttiftmfëi!( (ÏPSW) T.^^nif/J^vfr^®a*©fe®iii:li^^fbLTt^üc^„ 
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fêmKtili (1958) OitltliU-^-tho 150 W£i3i®*M>iaA¥^f/k«T«ifJbi;|Eil®fi^f*l!iJ5i 

BM^ü/fet* ( E - 1 , E - 4 ) X\i, ^7glfCi^t>ti'SJ;-5K, {*M*a&Jc0$fiTî {b(i;'hSl.̂ „ iztZ 120 
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3aic45- Af"^Asi f4 iü i j , jËfc, im^öföi^ifïlVEg^jfilcli/h- ^SfRAiiJ^ t / ï io ftSSiJfli,i¥*© 
^ffi^fb ( ïf ï l^) ifflÜè-*T.Ï».5i, C03E(b!iA5'<ft©%?!H:2g{b!CEH-r5t>®T*So E - 5 i t K 
T«g5n, WïinH¥fflicS.5><A<*Ai/hMjb^4lirpl;6^*t>4a5o A'£!tti,{iJSlip^</j:i,^;is, c^i,^ö)$®-cii 
ï']l$fc¥r!U*iai;T{g(/^ (•lïi^)c i50°w>:im©K-3/ajK-r(iSf iEg¥jaicA'ïïe),0*ijé-A '̂gAi/<j:») 
Hf^Mïiv0^jafcij'(j-T*0ffl-è*sf^^^b, *afi),otj^Ai±ijp-rs„ L*^b, s'M^^fcüMiqjw^i^m '̂fb 
ii^itó*^fci,\ E-6<#|x.TfeA'5''fö©tJ-êrK!i. E-3/feKi[p]1$î j:?fiiï3E{b;6^^ètó?,n-S„ $f,ic, 
c©i;9''j:Aïi«).©M-6-®tó^^ii']3i4;0®T ( ^ I S ) ii^MM bTèf,t)n-5®As^@$ti5„ /fe^E-
7iE-8icfci,^rfcE-3, E-6iiBitjÈ. w^iB'^mt^^mvjm'^m^ti'^iixxsi^±^(DüKmn^ii^!^ 

ft^üibxa-titf* • A.SP/SyS0ê#.^>^«0tt!i'T®f^fiiï^(bii* • Affl<o,®*«t*;?ai&gicBiab, A 
S!e^®^^^SiS^l^ffflic|^ffl45©^(,^llI6]®*5^:i*J^sns„ 

ltSPA¥^^ (^7ta> S->y-x-) ©ft.#:«^ibT, *Mffli0;6^&/j: S^Jffl, JfllVK f̂fl, -r îlts 
*., it5 îa©ü(CA'f'ff̂ ©SlJÜ•/!)S^^üa1-̂ .Mlfi]* •̂«•f.nSo É/c, c©/giS©i*S«aijJcic:Jba$A¥#Tli 
^èn./cJ;9Üi!J»#i'ï*-K©5>!« (i^* 1969) Ai, *itóf>ti5*^S=*^iCo(,->r(i, m-^mti^'iïX-tS.^-^ 
/cJóiaèafeKliiiJjlbX-ÜA^o/co *SA¥f^©>^-^©<*Mffi)iXlira^^5fL©saSfe* (/kffiJr, »@ati5f̂  
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Table 1. Index of mean abundance of bigeye tuna by three size groups 

Size group ; S • Small size group below 120cm 

M : Medium size group--- 120—152cra 

L : Large size group over 152cm 

Quarter ; I : Jan.—Mar. 

n : Apr.—Jun-

m : Jul.—Sep. 

IV : Oct.—Dec. 

Area 

E - 1 

E - 2 

E - 3 

E - 4 

E - 5 

E - 6 

E - 7 

E - 8 

S - 1 

S - 2 

S - 3 

S - 4 

Quarter 

I 
n 
in 
IV 

I 
n 
ffl 
IV 

I 
n 
m 
IV 

I 
n 
m 
IV 

I 
n 
m 
IV 

I 
n 
in 
IV 

I 
n 
m 
IV 

I 
n 
m 
IV 

I 
n 
m 
IV 

I 
n 
m 
IV 

I 
n 
m 
IV 

I 
n 
m 
IV 

s 
36.60 
21.98 
25.56 
33.04 

43.28 
23.93 
36.27 
45.45 

43.38 
31.41 
21.46 
20.36 

22.98 
22.28 
20.51 
21.12 

16.69 
25.98 
24.72 
19.07 

21.62 
24.81 
35.66 
31.11 

34.99 
24.67 
43.26 

13.38 
2.77 

38.77 
34.34 

5.11 
4.81 
6.60 
4.58 

3.03 
7.01 
7.24 
2.60 

1.95 
19.03 
10.94 
2.42 

1.56 
3.29 

M 

63.78 
42.10 
40.19 
46.67 

114.76 
113.49 
77.54 
77.18 

88.36 
80.46 
91.84 

106.03 

19.11 
25.97 
22.57 
20.06 

31.31 
31.53 
35.23 
32.41 

95.24 
72.20 
64.15 

104.28 

71.55 
145.05 
277.21 

156.89 
105.75 
126.14 
191.04 

8.68 
12.77 
16.69 
8.45 

12.59 
12.27 
13,07 
12.65 

11.14 
22.31 
14.76 
16.09 

2.12 
8.35 

L 

4.66 
3.92 
2.24 
2.28 

33.96 
49.61 
27.20 
12.41 

102.26 
70.09 

110.75 
66.72 

0.91 
1.73 
0.92 
0.83 

10.01 
5.51 
8.08 
9.54 

124.21 
92.99 
69.17 
65.57 

117.42 
111.25 
120.44 

183.76 
147.53 
100.09 
68.56 

2.22 
1.43 
1.76 
2.97 

4.39 
2.71 
2.69 
7.74 

8.92 
13.66 
9.31 

12.49 

0.33 
3.37 

Total 

105.04 
68.00 
67.99 
81.99 

192.00 
187.03 
141.01 
135.04 

234.00 
181.96 
224.05 
193.11 

43.00 
49.98 
44.00 
42.01 

58.01 
63.02 
68.03 
61.02 

241.07 
190.00 
168.98 
200.96 

223.96 
280.97 
440.91 

354.03 
256.05 
265.00 
293.94 

16.01 
19.01 
25.05 
16.00 

20.01 
21.99 
23.00 
22.99 

22.01 
55.00 
35.01 
31.00 

4.01 
15.01 
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35, W55®l,.!ll 1963, 64, 65; IC XfiÜ T. 9 moia < r, ffi^j^tf ©UiCli 110°WU4i 10°S Wfiö/fiii^r 

^=f(DkiRiii"finri,^i,o >f510ia(C/h-riD 

! 5 i ^ i A ^ 25kg(120cm)L(T®> l | i - © * -

K*^ t>Ü5?K*-^T , ^©spiÉgii 101cm(16 

~18kg, U Jt«(iC)iükt?>) è^A^Tl^So 

t / c , mi5Pi:¥/Y®;KlRl©^^D^Il^*ici ; 

5?ftffi!|^li 120cm|iTlC l ~ 3 ^ © * - h * 

t,ofÖ,i*¥ ( I~ in :} ' ) T è 5 „ (B\RRETTand 

KuME 1965)„ 

Fig. 9 Length frequency distribution of 
bigeye tuna caught by three Shoyo 
Maru cruises in the southeastern 
Pacific, east of HO Wane' south of 
10 S, (refer to Fig 2 \ 

Shaded part indicates fish from 
south of 20 S and asterisks denote 
fish at 12°S, 85 W in December 
1962. 

• e's 46 E 
N O V - D E C I 9 e s 

2) ffi||©)S*iSfc.i;yJitliSWftfflfi!c 

t-f, ftIÏ©|JJc^*ffilC•OI,^T<?^5o ^-MM!^ 

É:3v±"3icmt u)miiM£'o at^nxh^ :i o 
üA^Tfe*jii (1966) liiiit, mi&^m. I&^ 

©-Ï, Mni^^mmiS.3?mtL-cA •atcsg-c 

^{ticLfzA^':,rAitti:Ct^m% LT 1,̂  

120°W WSi©i^aEfc^ofcyk«T©, MMTk 

/Co 

S-S-ïïlHcfci-o-t^T, gffi/R/HL®Süo/cS 

ö i r ©#:fi,föBiJi»iMfêK*/h btzhOX$>6o 

*iE7Xfii'J:Wi)S©-».Ki©rfgK(iAfê^j:il# 

;i)i.?^f,ti, fj25"C ^J 'd icLT, * n J i ( ± © ^ 

^M&i$i.rii'±M'm&. 3.1 U_L©f'LWffitt© 

r4i'^<S.i¥?5i«-t.ti2.o t / ; , 25°C WT©Sffi 

7J«lüaT«ffi,?ï©t'Lfi'Ĵ S|-4AS0'< 1̂0 

15°S Uffi©ffl.^i,¥/1;0f*i?!l(C-5i'^r*Si, ¥ü]'i î̂ Sgfëïi(©^MiB (*lil 1966) A^t>^r fifn̂ gt'fe 

(iigl.^fe®iiJ:bti-So ra/^A©jaac*ii«f (/kff/r, JMWSSas, WJËJTÏI^ 1963, 64, 65) iCJ;o-C#t. 

ti/cBïjSici'^f 15 s pjm(D^n^micm-t^m\ ( f t s i ) A^t>fcra«süiiin]As^jNi*$tiSo 

( b ) we gnt frequency distribution 

Fig. 10 Frequency distribution of bigeye 
tuna caught by surface hand line in 
the Coral Sea 
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Table 2. Frequency distribution of gonad index (G I ) of bigeye female by 10cm size 

class in the eastern equatorial Pacific (G I =10**Wo/L^, where Wo is weight of 

ovary in gram and L is fork length in cm) *W T is the abbreviation for 

temperature of sea surface water. 

Area 

Period 

W T * 

Mean 
W T 

G I 

Length 
class 

111-120 

121-130 

131-140 

141-150 

151-160 

161-170 

171-180 

181-

a 

r s - 3 ° N 
103°W-112°W 
Aug 26-Sep 26 

1961 

20.4-24.7X 

22.5°C 

1.1 3.1 
1 2.1 1 

1 2,0 1 
1.0 3.0 

1 
32 3 

41 7 

38 10 1 

42 27 1 

18 20 

3 3 

b 

0°-3°N 
96'W 100 °W 

Jun 23 Jul 13 
1962 

b ' 

4„N-6°N 
98°W-100°W 

Jul 15-Jul 20 
1962 

2 1 . 6 - 2 5 , r c 1 25.2-26.6-C 

23.2°C 

1,1 3,1 
- 2.1 1 

1 2.0 1 
1,0 3.0 

2 

31 

23 

17 

5 

1 

3 

16 

49 

49 

20 2 

6 1 

26.3°C 

1.1 3.1 
1 2.1 1 

1 2.0 1 
1,0 3.0 

3 

1 2 2 

3 

6 

1 

3 

3 

c 

0°-3°S 
81°W-85'=W 

Dec 27,1963 
-Jan 30,1964 

23.1 24.8 C 

24.rc 

1.1 3,1 
1 2.1 -

1 2.0 1 
1.0 3,0 

1 

32 

102 1 

66 6 

30 2 

35 3 

11 2 

1 

c ' 

1°N-4°N 
85''W-88°W 

Dec 16-Dec 25 
1963 

26.3-27,OX 

2 6 . 7 X 

1.1 3.1 
1 2.1 1 

1 2.0 1 
1.0 3.0 

1 

6 6 

10 9 

3 13 

2 8 

2 4 

1 1 

7 4 

5 5 

3 2 

1 • 

130"- 150'E , 0' - I 2 N 1 5 0 - 170 E , 0"-12'N 
M 
a 

I-Q 

6 

I - Q 4 
2 

1 - Q 4 

2 

8 

W - Q ' 
4 
2 

- — « 
* 

; _j 

— ' - » - i - ° ' ' ' ^ " " i " " — 

***'•- ̂ ^^ 1 

—̂••- \ ] 

•"'""•• \ 1 

M 
8 

6 

4 

2 

6 

4 

2 

6 

4 

2 

, 
-W

o
»
 

'* ̂  

; / < \ 

r y^"^^'^''' ^ 

^ 

^ , 1 
8 0 100 120 140 160 180 

Fig . 1 1 — a 

80 100 120 140 ISO 180 cm 



92 

I70E -I70W , 4 - I 6 N I 7 0 - I 5 0 W . 4 - I 6 N 

80 100 120 140 160 180 

Fig. 11—b 

80 100 120 140 160 180 cm 

150'- 130'W , 0"-l2"N I50'-I30"W . 0"-12"S 

I-Q 

6 

n-Q * 
2 

6 

I - Q 4 
2 

N-Q 

• — * ; ! 

? i Av/V ' 

I I 

60 100 120 140 160 180 

Fig. 11—c 

80 100 120 140 160 180 cm 

Fig. 11 Mean percentage length frequency distributions of males 

(connected line) and females (dotted line) shown separately 

in the equatorial Pacific, data through 1963 combined. 
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^ 11 Ha~c li, i3o°E-i3o w (Djf.mmi.Kisvjzmw^m!iUii&^miir-txtcuxm^ntzmw'h 
i¥-'èmUbxgS'¥-MWC^^Lfzh(DXi>i,o SyiC K U M E and JOSEPH (1966) ( i 130 'W£(S®/S«®(i i ( iS iJ 

i^M&f&t^-o^^X^^^n-^Xi^6o cniKi:tHi, ^mSL- $öiï̂ ML:.TJi©4iM(il51Sè"©#:fi»lc:fc 
o-'-cfe^iióiï.ft, t^-o, i^miX^<-ts.zK'^rix^-.mo:>wmi^L<fs.i^ö\c}»hnzo 

^^m.mi.oi?' y<i-K-Dh^xii, t'iifciBM?*K®ir.JK«, t iKtiBmmitn^^tifi'.^t'èiixh^z (* 
jii i966)o tchxw,i2mtw^imt^n^n'^2Mtn-(Dnnmmt^^nhnfzib<i°^pm<D%%^^x 
w-nx<Dmimmmm.t\^m\\\'ta:^^T<L^^©T*5A^, oii^irMiB-^^fiAii^zt, t<fs.<th 

h', c') ©|?^B¥Tiiffi®*iJ^*^'Aè<, t <lc±mkXt.-'^i3?>L^^Ai, tttt/gf'-fe©<gi,vJ<JS (/iSKa, b , 

c) T(ittJ±tt(5K 1: 1 Tij-L5::^SÜ,t.-efti©SiJ<v®;^èi/^tfafei;^fc:Stóbti5 (/felEa)„ (1©J:-5ÜI1 

if.ii, mm^mcjÈ-<fzmM'Ui {W2m ifc>f'lJSLSifii/Rfi©r;HvkJST(i;at*î i.̂ cilcü5„ tfc> 
IP|i*«^L/cfe]&A^f>c:cTiE^fcr^7K« Oï2:S®/l|Jg, a , b , c ) ©,ei.8l©:Ë<*«SgWftf!Kè-5 

ctA^ajIbA^icsaTi^a (/Kill 1966)o lïl2ia©ilt(fÈ([SiJ(*g|M f̂c'ö-fc*^x.Si, mS15S'̂ a«©jiJfcK 
^>tiTê?f;ic5H-r«)SSP8T«)'rtJ€-**x.Siie;fïffi©ig7Xfi«, /cix.if ±S|3;*;¥ff- (AX 1969) IzWM 
•r 5;6>-S|5®{ilf*!i{gf.YKrfilüT fee/J<aMAi*.txii^ c iCïUf'g-r ^ fecDè#x. btiS „ 

Fig. 12 Length frequency distribution in 
percentage of males (connected line) 
and females (dotted line) shown 
separately in the eastern equatorial 
Pacific Dotted area shows the pre­
dominance of males. Numbers of fish 
by sex and area are shown in the 
left-hand corner of each panel See 
Table 2 for the designation of area 
and the period the data taken. 

Table 3. Sex ratios for bigeye tuna by 
20cm size classes in the eastern 
equatorial Pacific. See Table 2 
for the designation of area and 
period the data obtained. 

b 

b' 

Length 
class 

—100 
101-120 
121-140 
141-160 
161 -

Total 

-100 
101-120 
121-140 
141-160 
161-

Total 

—100 
101-120 
121-140 
141-160 
161-

Total 

-100 
101-120 
121-140 
141-160 
161-

Total 

-100 
101-120 
121-140 
141-160 
161-

Total 

Number of 
fish observed 

Male 

8 
12 

496 
431 
261 

1,208 

29 
31 
16 

296 
237 
609 

1 
21 
28 
42 
48 

140 

17 
207 
222 
152 
84 

682 

0 
1 

17 
157 
93 

268 

Female 

9 
10 

538 
645 
266 

1,468 

20 
36 
28 

337 
214 
635 

2 
14 
25 
33 
22 
96 

16 
199 
243 
154 
77 

689 

0 
0 

15 
64 
24 

103 

Percent 
female 

52.9 
45.5 
52.0 
59.9 
50.5 
54.9 

40.8 
53.7 
63.6 
53.2 
47.5 
51.0 

66.7 
40.0 
47.2 
44.0 
31.4 
40.7 

48.5 
49.0 
52.3 
50.3 
47.8 
50.3 

46,9 
29.0 
20.5 
27.8 



E - I ( I ) E - 2 ( I ) E-sm) E - 4 ( I ) E-5(n) 

8b lóo 1̂ 0 i4o léo^oci 

FORK LENGTH 

Fig. 13 Yearly fluctuation in the length frequency distribution 
of bigeve tuna in the areas of E - l ~ 6 and S 1, expressed 
in index of abundance by size and in a given quarter. 
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tTS-if^SRjJiiafoïJSöE—1 , E—2. E —4 , E — 5iHmc-Di,^X^tHi, ±it&l'Hi)i^^^t^fè.'':ii^^t> 

bSb<!S:MbTl^S©As;gtóbnSo /X*^trfc 1957 ̂ r.*Ji;a'1958 ip (E—IMS-Xli 1959 if-Kt^Hr) 

Iciii/^-rti-öïftilK-Cfc, t^tx'o &mé:if4Rn(Dt\\iJlisXai(Dii*>kkL (>fïl3ia©:^F|l) *ifö|iS5ètiSo c 

nAm^]<bfzm'=i^m&^i^^hi^ritzgmxfs:t,^ctii, tin umcmmmc^fsLtz mi^\95&if.(D\\'i(Dm'¥-

nhE-l-cam^^tlio % 13|l!c:j;5iSiJ©A^/j:iJft^!'x¥ai!¥®ftiS*s 1951 ff.̂ O b̂ 1952 ^(CA^y-T 

E—2, E —4?fSK-Cfc.?^ètóf>tl5o ct^lC-^^^Tii , 1955 ̂ tt?©i*.-B3 (10—3 ;^) fCfctj-5 ftStefiX 

©«S¥l2fb*l&o/cltff.©fiff5S (±W1954, Sm-^r t l l959 , :(rtll958) (cfc•^^Tt-trK-g•&ènrl^So 

BPlA-?-/'f:® S— 1 !'fliK!^:fcl,^T fe, IS • +g|53l<iI«-efcB^snfc j ; -5 K, 1957—1958 ^f-iCi|f.S^,ft|}|©|1j 

giAsistó&ti2.o >:ih©fea^®*êii, i Dt>it 1957 '^nzh^nfeM^ü^isiHiB• tiJM^iöjfiiJ-jjA^èiiit 

c®-fr«W(;iI!ul;B^Jl], JbSi5i:¥#S!c:fct^Tfei^*.bSb< >;iJÉLfcfe®-(:r*oT (X; i i 1969), ic^pjif; 

®y/s-f-©,((Utï®fflSPR'5®lia*#^-r S±fcaig/ïT;*iAW3 ;£-J3.X.S i5Jx. b t l 5 o 

E - I E - 2 E - 4 E - 5 

• I ' I I I p 
80 100 120 140 160 HO 

I I ~ i 1 ' P I I I 
80 100 120 140 160 180 80 100 120 WO 160 I80cm 

FORK LENGTH 

80 100 ISO 140 160 180 cm 

FORK LENGTH 

Fig. 14 Quarterly length frequency distribution of bigeye tuna in the areas 
E - 1 , E-2, E-4 and E-5 , from 1956 IV through 1959 I quarter-of-the-
year, expressed in index of abundance by size. 
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R—3 fcJ;t>*E —6^K-r®<*g|liSfc-:>l'^T(ig^f*31fcRWjfr¥®fc®lcPSf.nri,^.5„ c® /SJ toS¥ 
^- fb fC^b^-SiSgf i . ü f i Ü o T I , - ' ^ ^ ' - ASft i®l / - ' *>L5Ll /- ' i^^^Tèor, -TTKjïÈ-^fclWI/fïlS®!^ 
ffi$®1gTi>c];CliffAi/>bti-5o KuME and JOSEPH (1966) fe, 130°WJi(3iO*a/uiiSiCfci:^^{$gffi 
) S ® ^ ^ ^ t ^ ; t t ï t b | l 5 t « ü l l ^ ® * b n 5 c i ^ f ê f f i L r i , ^ 5 „ èb f c , ma (1966) fc, * • F^S^ft.®!!» 
ii^i^^fiji^m'}K^toi&Tm^t>bm'Ct^imL, / ( f iS .^A l :® i iA fc : i f c / i : -5A* r tT®^ ' ! r®^è 
® c f j^ ( )^ /J ;è-éfc i^x. r i,^5„ 

4) ^.l¥tiS®BS«(cr^(,^T®ST®#SI 

> ih®J5f i0 to i l®Sf t fé^A^b. «i.l¥Rg®@8;aico^^r, f5Ib*^®^i!**4x.SJ;9^<i:5igi*0>6-:>r* 

(1) 3!<ü/'Biöc®¥^*flÖc!C*t>ti.S^ffi:^|6]®ffl?|. 

ztfyictüirèZo 
'21 mg|5ïj5•^üAT/ÏT»?)•iJóf,nfcffi• *S|5i:¥/?J; '3feïM4-rj i :^-®fgT. i i - ^^b^H-^A ' f ' f t ^®;^ 

ó^ ' 

ctll,)i)cac{4^9-f^^SÏ®mS|5A¥^^--®JR^*3E#^iSJ;9ic.e^t^So H - *S|3AT(Y®<WlCj!)n;?. 
b;M/c)ftff i®xi^®^TIijSg^®/£9it®fii.W®,^^^i b t i i i t - ^ ^ n i ' , mS15A¥/Y'^®/JPA*0<gÊ^^ 
i b T * èt3n-S i # x . 5 0 T * 5 o 
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Appendix table 1. Gonad Index of bigeye tuna in the eastern south Pacific, 

during Shoyo Maru cruises in 1962—1964. 

Gonad Index (G. I.) = 
Ovary weight (gr ) 
Body length (cm) xlO* 

Year 

1963 

'' 

1964 

; 

Date 

Jan. 11 

13 

15 

17 

21 
22 
23 

24 

26 

27 

Nov. 1 

3 
5 

Dec. 11 

13 

17 
19 

Nov. 29 

Dec. 2 

23 

24 

26 

Locality 

19 S 92W 

16S 96W 

13S 

16S 

lOOW 

104W 

23S 104VV 
24S 104\V 
zoS lOlW 

27 S 

31S 

lOOW 

96W 

33 S 

25 S 

28 S 
30 S 

34 S 

29S 

19S 
14 S 

30 S 

31S 

19S 

17S 

94W 

136W 

132W 
127W 

94W 

94W 

95W 
95W 

99W 

90W 

95W 

95W 

12 S 95W 

Body Length 
(cm) 

163 
157 
150 
148 
139 
172 
159 
148 
153 
155 
155 
167 
178 
162 
163 
155 
142 
160 
168 
137 
138 
159 
177 
151 
141 
135 
139 
117 
121 
163 
154 

140 
136 
157 
141 

157 
152 
145 
130 
146 
147 
146 
125 

88 

118 
141 
146 
164 
149 
157 
168 
142 
162 
132 
103 

Ovary Weight 
(gr ) 

380 
310 
500 
250 
250 
450 
260 
240 
350 
260 
490 
580 
860 
550 
620 
330 
270 
350 
370 
200 
220 
450 
330 
350 
300 
500 
220 
100 
100 
470 
220 

360 
210 
530 
240 

340 
340 
320 
180 
320 
300 
350 
180 

50 

110 
290 
250 
430 
290 
440 
360 
280 
400 
210 
40 

G. I. 

0.877 
0.801 
1.291 
0.771 
0,931 
0.884 
0.647 
0.740 
0.977 
0.698 
1.316 
1.245 
1.525 
1.294 
1.432 
0.886 
0.943 
0,854 
0.780 
0,778 
0.837 
1,119 
0,595 
1.017 
1.070 
2.032 
0.819 
0.624 
0.564 
1,085 
0,602 

1,312 
0.835 
1.370 
0.856 

0.879 
0.968 
1.050 
0.819 
1.028 
0.944 
1.125 
0.922 

0.734 

0.669 
1,035 
0.803 
0,975 
0,877 
1.137 
0.759 
0.978 
0.941 
0.913 
0,366 


