
BuU. Far Seas Fish Res Lab , No 1, March, 1969 
57 

^ -M m 

Ecological studies on bigeye tuna— V 

A critical review on distribution, size composition and stock structure 

of bigeye tuna in the North Pacific Ocean (north of 16 °N) 

Susumu KuME 
(Far Seas Fisheries Research Laboratory,) 

The bigeye tuna, Thunnus obesus(1.0V/E),in the North Pacific Ocean is a very profitable species 

as well as the albacore, Thunnus alalunga (BONNATERRE), for the Japanese longliners, especially 

those smaller than 100 gross tonnage The longhne fishery has exploited bigeye tuna since 'ate 

1940's, and the fishing ground has expanded gradually to the east and covered almost over the entire 

North Pacific extending between 130°E and 120°W in longitude and from 15°N to 45°N in latitude 

in early 1960's To elucidate structure of the stock therein, the present study reviews the previous 

works on distribution and size composition together with other biological information 

DISTRIBUTION 

Geographical distribution of the bigeye tuna in the North Pacific Ocean ranges continuously 

almost over the entire temperate and subtropical zones The northernmost distribution appears to 

reach as far north as the Subarctic boundary that is considered to be the southern boundary for the 

distribution of salmon species Main distribution of this species is located zonally from west to 

east showing the most abundant area in the northeastern portion of the area under discussion 

throughout the year (F ig 1), Bigeye tuna accumulate themselves in two bands, along the North-

Pacific Current area (transition zone in the western longitudes) and so called Subtropical Convergence 

area The main distribution areas vary seasonally in response to the north-south shift of the oceanic 

structure, especially to that of ocean current system In summer they occur in the northernmost area 

Relative abundance, in terms of hook rate (catch in number per 100 hooks), changes remarkably 

in time and space Density increases from west to east with a sudden rise at 180°(Fig 2) . Index of 

abundance, expressed by the total of average hook rates by area (Table 1), indicates the highest in 

winter, which is approximately twice as much as that in summer It is not likely that the decrease 

in relative abundance in summer is ascribable to the emigration of all the amount of fish equivalent 

to the decrease southward to the equatorial region, where relative abundance of bigeye tuna in summer 

does not turn out as high as to compensate Probably, the decrease in relative abundance is apparent 

and main component of stock remains within the North Pacific Ocean during the summer It is 

supposed that in the North Pacific Ocean there develops a new seasonal thermocline from spring 
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through earl> summer that might change the swimming layer to the shallower waters so that the 

longline fishing method results in less efficiency Fairly dense occurrence in the southern area in 

spring suggests a temporary stay for the intermigration of individuals 'rom North Pacific Ocean to 

the equatorial region for spawning or \ ice versa 

BIOLOGICAL FEATURES—SIZE COMPOSITON, SEX RATIO AND SEXUAL MATURITY OF 

FEMALES 

During the winter, when enough data are available throughout the area,length frequency 

distributions between areas contiguous to each other have a strong resemblance (Fig 3). However, 

there is a cline in the occurrence of modal lengths as seen in modal series a and b in Fig 3. 

The modal length for the same size group increases consistently from west to east (Fig 4). The 

difference of modal length in each modal series between eastern and western extremes is estimated 

at 6 8cm in length, about one third of annual growth for fish less than 120cm This phenomenon 

cannot be accounted for specifically, but various explanations may be operative for example 

(II bigeye tuna in the North Pacific Ocean are recruited in a limited short period and then more 

rapidly grown individuals begin earlier migration to the east or (2ifish groups by area are generated 

from the different spawning groups that exhibit a time lag in spawning activity by area in the spa­

wning ground in the equatorial region and they do not intermigrate intensively after they are recruited 

to the North Pacific Ocean The author considers that if there exists an extensive intermigration, 

the cline would not arise and therefore the cline may afford a negative data loan active intermigration 

of fish in the west east direction 

The relative abundance by size classes indicates that main concentration of any size group occurs 

in the northeastern portion of the North Pacific Ocean throughout the year )Fig b). The seasonal 

change in the size composition of catch (Figs 5 and 6) suggests that (II the remarkable increment 

of abundance from autumn through winter in the area east of 180° is accounted for the appearance of 

dominant amount of 100cm and 120cm size groups, (2) large-sized fish seem to converge in the southern 

area, 16 28°N, during the colder seasons from autumn through spring, (3) in the western area north­

ward movement of smallest size group during autumn and winter suggests the recruitment from the 

south, possibly from the spawning ground and (4) an abrupt change in size composition from spring 

through summer may be related to the changeable thermocline structure at this time of the year In 

addition, distinct separation of modal groups in the size composition is observed, especially for the 

size range smaller than 140cm, which is not true of the size composition in the equatorial waters 

Each modal group is regarded as a year class and each modal position shifts to the larger size with 

the progress of time This phenomenon has been utilized to estimate the relationship between age 

and growth 

Judging from the gonad index of female (Table 2) , relative weight of both ovaries in g to cube 

of length in cm bigeye tuna in the North Pacific Ocean are immature or sexually inactive During 

the second quarter of the year, however, individuals with highly advanced ovaries occur in the 

southern area from 16°N to 28°N, which suggests intermigration between North Pacific Ocean and 

equatorial area where the spawning ground of this species exists 

Sex ratios of bigeye tuna in the North Pacific Ocean north of 28°N (Table 3) are different from 

those observed in the equatorial area, where the predominance of male in larger size is remarkable 

In the area between 140°E and 180°, sex ratios are almost the same without regard to size, and in the 

area east of 180° the predominance of male is observed in the size range smaller than 130cm The 

length frequency distribution by sexes (F ig 8") reveals that modes of male and female in the same 
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size group are approximately at the same position with each other up to 130cm in length, indicating 

the same growth rate between sexes 

ANNUAL FLUCTUATION OF THE SIZE COMPOSITION 

The appearance of a dominant year class brings about the remarkable year to year fluctuation m 

the size composition, which is concurrently recognized in the whole North Pacific Ocean (Figs 9 and 

10). It was in 1949, 1951i 1956 and 1962 when dominant year classes exposed themselves to the North 

Pacific fishing ground for the first time It is not periodical The appearance in 1949 and 1951 induced 

the " biennial occurrence of the dominant year class" described by KAMIMURA and HOMMA 1953 

(F ig 8) , The appearance of the dominant year class is also suggested in size compositions of catches 

by 'nighttime longhne" fishery and the Japanese pole and-line fishery 

ON THE STOCK STRUCTURE 

There are two significant features respecting the stock structure of bigeye tuna in the North 

Pacific Ocean For one thing, the concurrent appearance of a dominant year class throughout the 

regions suggests that the bigeye tuna in the North Pacific Ocean are closely related to each other 

internally On the other hand, intermingling of individuals m the east west direction does not seem 

to be extensive judging from the cline in the size composition, the increasing discrepancy of modal 

length m the same size group as the areas falling apart It appears that the stock structure of bigeye 

tuna should be discussed from the scope of the whole Pacific Ocean 

m w 

*ytSi3i:Wf®>^^^®^>/l!U^3Ï5->fC|2-5iC3EoTl^4l^B^-Hicfcï:fSfe®T*5o :^mitmi.<O^M.K^ 
(D^lcmm^ti±Mn^^linb-c, 16°N WJt®:i;¥-/-ï-o^^-^05-Mtft.<*fc|i-r5ftil|*!K'ab, èbic 
tftiï«;êicKbïrT®^^*Jpx.fcfe®TèoT, A^mc^ï^ir6;' ^-^(D<hMm&^mi>MCir6tz!6<D 
iLtóËfpm®-^l3-rè«„ 

-êB^Êaaii tbTTè o fz-ëwtiiïu \i!.r>(c^umjcm^tJiii.t>ntz\BmihM7Kmm^pj\o^mc'L-'ib^ 

t*È*®^^iciii-5„awi. 5Eïi^mos^!c•fT^n5 9~3j!®MB^lcü•r5fc®A^iiüoTl/>5c m 
m21i^fR-^i't2'£%^ifé<^óimr±-^ (1954) (i, 1952 ^ 3 ü tT®g*4fc fc t T è T̂  ̂ -f^®5->^Jiii* 
±A^?>. y t-';'i-ê(C*^t^TmffilCtft«lCiÉAi-,Tl/^5dl:w30~40g®/S®-C*So tfc 160°WWffi® 

:®t:fei5IfiX'3fi&!C5> b̂-Ci,̂ -5 5.b(/̂ J èi£-i, mm33i^m-7^u],lUTfffiu^mxMmi& (1959) K,e 

» M ^ > M . Mt ico t^T i i rttttfC/kisfi. !&^'iii^±mic$,6^Mm (/E-TJO'DJ, ##fcoi,-.Tii TÉÈ 

^its^noAiUciJfi^^mi'po^mnMniS.Ric^.i^xi^^i] ci^fétöb-ri^So Éfc^i!k(l963) «1961 
¥ tt:®!S*H^l|)i-rè m° klM<OikiS.O^ ^^^K-ol-^r^CDi^A>&<P'\>ii TTransuion zone iCffiSfS 
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Fijr. 1. Distribution of bigeye tuna shown by average hook rate in the North Pacific Ocean. 
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Ctih(Dm%^^^m^tnmtn''X^mAo:'^ ^^^mt^rtl^A (^JjitfMxa. ^O^mW^X^Z Tran­
sition zone) Pmfi,wW.mUiCr,}-^XM'S1]la]lCfrf]mC{,}/\,L, 'è(Dj^^'^miMJjMm^M^^th^Ö et 
i^uio •$imiimiif-tx(Dm\ichtirÈmw^i'-'mm.m=S: i ° mmmci. 5 . 8. i iü Cin^-n 
¥©04iJffl®K45®j3%a^/f) ic:-Di^T7Sbfc|,®r, 2;3-?'llJ5®^>^lli<:(i I i!Bbfc^7!JJ-©ittgAiJ; 
< è ? > ^ n r i > S „ ^ * (1963) *i}ijtÈbfcJ;-5K:lbi;T/M*i^ (HS/SMTI i Transition zone tfS.^^) 

fcJ;Of|<^^oi$5ffi,34^jRii(iS!Cjf:K-t5lHI¥®5}-ilf(i=*-]Wfc> b*^t>ffii-/l5«-r J ; i 3 i M T , MK 160°W H 

m®/<!J:MT«tj'b57pBJlfêr*So t;^cB11/l|iaTÖ^>^®JtSSA^S[S/%JSJ;i3ii^'libTl^5®!i, A i ;^ 
^Mt/öU80S^öx.^*/•ci3A^t>(S^fe]5fctói^x.b^^So Éfc, Jiï iaiCè'i^ti/-c5>^®Kffitt 140°W 
•rè5;ö<, r t < óax.Ü^i/ff.3È/ftJ£,Si]fcfjaafei?.tüÜf 1963J (7kmfrMW>)l%t^ 1966) iCJ;ntt'MKS 
:5'© 125°W#f i*T , 30°N *4J ' t^ lC/ i^ ic^?S-r5J i i*SHBS$nTl^3o 

-:3è'(C5>'rtïi^©^fi[i^{bfc-3i'^T«.j;-5o : ^ l l l © 8 ; i © ^ ^ K ^ b t i 5 i ; - 5 l c , HiS©^7UlSH¥fia*;l 

uxmuticitmb, #ffl (SU) fciiSfcmTbTi,̂ 5„ bA b̂m#® -̂&, (aic^f,^3^^is®±fi® 
/ëiST(i/ft,)}ö®jSIIA^ƒXl/Vc^ó5:lSfc:^:®^«K;|̂ ||As^>rlJbü^^®A^<!:•5*s J; < ^o*^f.üi.^„ J:®i;-3Ü 
5>^JS®FS:lt^fiiKoi,^T, mïPiiii (1959) «, /'̂ /fliü®?fi[fWÜ*iiaic:>(iiEbT^Tt)tiS fe®T*5-5 i 
ftflRbrnSo 

BJiafi-CafeSo :^2E!i i28°NPidtfcJ ;a j t® 

^ i ^ l c o t ^ T , S^ lOf f iS®^- , izgi|iifigil 

©i^l.4^A^b 1956-1961 ^ © ¥ iê ! f t^* tó 

Tl21?Sb7^ct)©"t:è«o 28°N ^ l Ë i b f c ® 

HffiT A^/J: 19 Mü «<: i * ^ Jè b/c ;ö̂  li r è 

iii'SIi-^A^', ^ 2 0A^b 9 A^A*ti.SJ;-5 

K, *®cf3;C>öJl^f(:t)/coT180|ïjy:t© 

Mi$.Ki>Z>o 28°N Hzl t©/^®^^ 180 ffi* 

igè bTmtJTt>itK^^a^aAsfS< ü:5o 
J:©M[fi]tti < fc;^ I , JVra^JWicSigT* 

g s n T i / V c c i * S b T , ^'y±ijt(öxn 
#t;fciiiB^ics2tó?>n, 180 ffi#a:ic*jij-5 
/̂ ^ t̂gJSicfBj (̂  *>®?Pi®|^E®#rF1-5 BTtË 
ttAi^i^snri/^S (i|̂ W. lU* 1959)o c 
©W&lö 28°N Hfi®/gi^TÖ*tiai-:f b 
</J:I/V Ctlf.i«SiJK28°NHdfc, 130°~ 
140°E ©/fsüTd, BÏSbfcSrfiijo^j^j; 

m^xwJin'&o'ë^mmm^Lxh^zo 
M&^tnz (SEgffi 1959)o è&fc^}-*® 
^®i^lb*fp3iitic}Eg1-SfctófC, W'imrL 
i\:.%X^c^(D:f ^ f̂•®ffi>d•ft,8¥ :̂*/̂ 5KSlJ¥ 
teli^ffi^s (®2ia) ©WibTTj^b/Co 130° 
E~i4o°w, 16 N mto±mcii\izjm 
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of-the-year in the North Pacific Ocean 
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Table 1. Seasonal change in relative abundance of higeye tuna in the 

North Pacific Ocean (north of 16°N), expressed by sum of hook 

rates of every 10 latitudinal degree area. 

Quarter-of-the-year 

I 

n 
m 
IV 

Quarter-of-the-year 

I 

n 
m 
IV 

130°E-140°W 

North of 28°N 

13.79 

7.07 

7.07 

11.38 

South of 28°N 

7.27 

7.54 

5.39 

6.56 

130°E-180° 
North of 28°N 

1.53 

0.98 

2.29 

2.57 

South of 28°N 

2.91 

1.56 

1.07 

3.34 

Total 

21.06 

14.61 

12.46 

17.94 

Total 

4.44 

2.54 

3.36 

5.91 

m^mt^m(w^iw^m)^ci±M.m(^Tsm^m)<DV]2i?,cr>micMtio n^bm^'Ao 130 E~I8O°O 

Mmtiüic-ot,'Xè-6t, 3ïnra*ja(cftiii:fëi{({ig®{a^^xb, m'mm^^^t<D!,iwivm^mx, 130 E 
~i4o°w om&^isk^c^KLfzm'^tii'p'pmcaw^fiio tfcmmm^micn 28°N PMtcoM^xif^ts. 

i iCJ;5t>®rè5 (3I[lHtii 1959)o 
ccx^, 'aMKisvjiii\Mm.o:'ê.'PK'o^^xi^j^^h]K.xf)-z>o l̂ *^e.*-ic*>ij-Tï!!iüllT/ft®$txTî /-c 

i^t,-n^f^<D^m^ii, h-t^^m^ti^'óxiêrf-rzti, c®a-ffi®®TKoi,^-c^i£®tó^^a5^icffij^s^ 
ntmThxfï^m.{BimcT^W!LxL-È.öct\ci.fs.wMti^z>t^A.z>^tii, *a?fs«-r®5>*sfi®^sir 
mtomt^i^x (±tt-:^f]g 1953) m^x\tfi\,^o hm.ê>i^xtiW^ii^n<fiZ<!^\tmim'4-m'^^>t''t 
LT*OHtnt®!itfflT4,S„ i-*e><ftgf®i®gP5>i«hSqi;5i7^jijrtJCff®-r5i^x.t>n, ^, H153®S: 
ffi®igTii*A^i:f±®fc®Ttt/j:(.^A^iflÉ?|iJ$n5o fzt^H, c®|}^)aAsyrL(-^^!üï/k/aiSB03£jïL!il; 
tó-5B^fflT (Pattulo and Cochrane I960), LA^fc*® if^ASfJ^I/VctólC, « t l i C - o t l T f f a i ® * ; * ! t>tS 

<^j:^MIl®/ftl.K«®bü<üSèi,^ofcJii75i*,5A^|,Ltx:/ii/\ Vm^^icii 160 E ns®:lbffigpi: 
7/^•rii>^^'^feJ;0''+^^^'®^¥ft, ^yi-a, iiy:^^i^'^ti'o<^mcX',x^mxfi^w&nz, i^y^-M 
D3 1967, *PB1 • ± t t 1955, Kawasaki 1958)» 

±j^®to<§A^&Hfc:*^i:fcy^<^ftgf®iSS155>«JtS15i;¥/fJ^K/?if®-t5i«êSiJ$nsA3, 5;!icl80° 
kXMcomm^&MiS. (23°~28°N) KÂ i'j: DfiS!C^7l7-rSfi).lf¥®-S|5JCoO>Tii, iki&t?> JnöiC^Mmo 
^itmm^i^X0d?(Dtz}6lc ^nMh^^^ÈiLXv^< njfitt|5P?K.f.tiSo cti^9b^eSA^®i-5K 
170 E~150 W ®j5^ia/%aT®I, nm^miC^^:f-'i)i,.,<Ui, (Xyf.'&f^l%5\ ^KSMiU^tX^??^ 
*^/L/cfti,i!ï®-SI5^;óiJfcai;fcT/^«'N/H«Lr<SiÏÏNlf'fcfc^x.bnSJ:iT(i*2.c LA^LlSSKTtSc 
®Afc-3i,^Ta:*ttKöBKËr#aöi'®toMii#bnTl^Ü(/^o 

oè'K^llï<S«®|ig^(Col,^T*5o :JtPgii, lii-^©mJhi-[fi]O^0W^l()K'(+'.T3ï:tt-r'Si^f>n5 
AJ, riïffm7ÈiiB.UtimtZUmtcisi.^Xt 42°-3 N U:ltT©rffi|i©SI|(it$J6Tffirafe5o L;̂ ;*^oT 
* ^ • •7X>i©^A®ffi|iR<i;*t>nr(,^«ffiSwi«^ (DODIMEAD et al 1963) (HS3Kfe!:f-SföiSli 40° 
-2°N) ^Jhx.öx.TiaiiKw7XiS'^]iait-5ciii, l^i^i'/j;t/>fc®iffi/^:ètl.So ^>^®KPSicoi,^r 
«3ËÏSw7K®flit(t5-r5;̂  Ij 7 ^ ^ I - - T S ^ (120°-125°\V)(DODIMEAD et al 1963) *s*nicai.fe®èB 
t3tin;j;iïÊ®J;-5fc 125 W #^tT®^^Ai,5tóf>tiTi.>S (ASfr'.raSWSEfB 1966\ t/;^>^®ffiJSiCo 
l^T^Si 130°E WISiCfc^>^Ai^f,ti5As, •:l'i'jtCii/l;j>j:<ilS, /im;iaj;i9ffi®/(i*ijlclc,4Jiat-5 Cè 
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mit^èfm\ 

• quarter 

cc-xiit 1956-1964 if-com\^m\ i ) i^Mmf&omi$.mitt ii) ^su^-fb. iii) '±mm<Di&mM, iv) 

ffija,^, ^m'^(D^ ^'umM<D±^7mmK F -quar te r J 

Tt^So tu#®?ï!f--Ki 1956 fp^igib-Cïfï 
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T, mm lOffifiJK 1956-1964 ^^^©[̂ ©M-t 

fe©-e*-3T, -jE;*n^m©-®itfcj;D*fi^ 
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L fcit^^j:!/-'c i ^7p LTi^-'-5 ®-e ISüi/^ c i 

— a © * - K i ! : ^ - ^ a, b *S#LTS,So 

i/'}~X a, b !C*jy-5 * - K fflfölfC 

00 120 t40 160 180 (cm) 

Fig. 3. Mean percentage length frequency distribution 
of bigeye tuna by areas in I and IV quarters-
of-the-year, 1956^1964 data combined. 
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J:0J;-p^j:fli,ei®»jèèliaL3^ci®T*SJ ii/>-o/c#;i:&^*,y-'5 ciAs-eè-So iP 2 ®^lii > ^ '̂f^o 
ig5P[i^ffiWu^sii*5icLTfe jgif^^iiliTfT^^ti, LA t̂.ÈW^JP]Kji JiËöcö>'.?».bn5i |ijrr*tL 
5 (*jii 1966) cttmmbx, ±jk.w-nii.(DMmrBimwnc?èëLmMots=f-mfs:6w±ux^6tt.^ö^ 
A.1:X&Zo ^l0^^-^?^j!J^$n/;Si.8¥fimffi:S•[fi]fc*t'3Aèü3^ö^Lfi^rlït'ƒiH^i:^•x.^.c c©{tlii-̂ < 
-^ho'mjw^fz^hnz^tis.hnzti, m^ommxn^oi^n^c-D^^^x^mmt'^'oimx^zo ccx 
li, m^ ÏMnijlpllc active üi^B¥o3^èftAsè5übJ:0<i;^ü11l4(iélit^j:I,^"S-C. cnii-r<-fl<th 
mH:S'|fi]0 active üi^^!Möit^SS-r5W*4•:r*SJ i:^x.r*j< ciic:i-s„ 

Jti:¥-/ï<^^S:SrR]ic 130'E-140"E, 140'E-180", 180' Ji(mic3^>L, ïEiccnt>*ïtJt;(71ii]lc 16-̂  
-28'N, 28°N pj.it(D2mmz.myL, ^tii'tKDi^mmi&'Sr^'SmKTnt. 

t-f^IVEg^Jt|Ko(,^ri?^n(^, 130 E-180" ©JSifrii 28°N ^tgKLTSJt0i*S*i)S«A^nj:DJ;< 
jiart^sAs, 28°N pjmorvMxiimmpjTic^-h'A^^ihnz^xm-^xt^^Zo c(D'hmmiJit^±^^\f 
(D]gm^mwc kiion6Si'b&i^s.mx$,?>o m pj.Momse.xii i40cm ja±®:>caiii,©[ufes*ij<^*5 
28°N nS®rg^-e:;«;è < /j:oTi^S©*i#M6^-C*5„ fï I, nEg¥»3iC(î fg|X îil;-CSdtRI]0fflfiKo 
inmitmitC^-L^^-^o tUh-B 2%'-N pjitXii 90~100cmJilT©/Ma8f-*sĵ ö1-5©ic>r4b, £lit©fS«-e 
(i 140cm ja±®;^i;8¥OpÖtó5fJ'&*5#?^K;*:èl/^o fcfc'L 130°-140°E ©ftJJS-trfi^nJilSiO/SiSiJt 
-<Tfflbi-|G]0^«*niii'ISl^-tr{i/j;lv Wmm'^miciH^S:m.lS.omit7Aiiiy^th'^mWJCfé:Zo ttz 
^mi^i'^^xim^w-mêLiHxiim'^ 'o ommx-xmfkco i^A^m^i^j^È o^t o^x.* -5 -c* s= 

II) tt:Süafig0¥lt!^{b 

^"^©ra^Eg^h^TfNtfcll-CèSo 60~80cmK,^iitl5i^fiJÏÏ*l^l/^T^<^liSïifc 180 a3g0/'Ht^Km 
4>bT^7S-rs©Asa@èn5o SHiiii (1959) fecn^^itórt^s,, 

130°E-180^ ©fS«ICi;l:^5ftS*fl)iSc0ra?i^•ftfc:o;,^T^5i ^6iaK,?).t,nsJ;-5ic, 28°N £(dbO 
rfi}«-t:tt̂ ffl[ai)4fflA t̂>5S¥© n̂EgJjijffliCA:.(:)-, >̂cSÜ̂  (140cm H±) ii, i^ftlctó'^LTi^ < ©KSL, 
28°N 2iI^©?«s«-e{iiiÉiCÜJp*^bri^5o cnii:;^3'l^®S*>6^ï!;iCA.y-T®S-TfCJ;Sfc©i#x.b 
nSo 60-80cm ic*-K©^ens/Mil¥®^K(iiÊ< (*A î:t±ofc®A^èLnï'j:t- ;̂öO, ïRiïï!̂ ^{*IC 

http://pj.Momse.xii
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I30'-I40°E K O ' E - I S O ' east of 180" 

80 100 120 140 160 180 80 100 120 140 160 !80 80 100 120 140 160 180 (cm) 

Fig. 5. Mean percentage length frequency distrbution of bigeye tuna in the North Pacific. 
Connected line north of 28 N 
Dotted line 16°N-28 N 

I30'-I40"E I40'E-I80" east of 180* 

Fig. 6. Mean size composition of bigeye tuna in the North Pacific Ocean, expressed by index 
of abundance,(percentage frequency multiplied by mean hook rate during 1956-1963) 

Connected line north of 28^N 
Dotted line 16 N-28 N 
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> î̂ «f]̂ t>/Ĵ $l.̂ o C0mt^wn^mii^i^im^m^ct^»x 28°N PM(oMiê!.i^^pj.it0mm^T^n 

180° PlW-OMmc-o^^xh-zt, mem px±.<D±^imt 28°N Ji(db©?Sar®niEg¥Jffl-3ïiv^3ï I ^5^ 

um'4-Mtt'KWA^tj$.'Ptio -jj 28°N pxm(DMi$.xa^it(Dmm-iM\^i:L<{iu<.'Ai, mmt 28°N a 

^tiêo îvH f̂flA>bgwïnra î5]ic*.(:fT 28°N PAit(Dhmx mcmmmc^-vi^tz3\7Acm^ 
i^micctik 28°N HJt©/SST^S¥^ffiiig;t5i^j:*3, PiW: 28°N lilji© î̂ --ST-r-511ia]̂ Jî 1-„ U; 

Â b̂ s-fcÂ fcTT© 28°N pj.±coMmx'(o^m».(omMtcriib<^, 'bmm(DiümcX'>x hfzh-Ëmct 

^(Dm&st^èu^tbx 28°N pj.±<D^Mmxi,i, mum^mi)^!^ wmm'^mici^i.ixo ihi^mmc 

tfz, ê^mmi$.(D^^-^^o^ijfimmm^^ (^W-OJ* 1959, n^ 1958, mm-rym 1959) icit-^^t, 
ccDMw.(Ditixii^-vm0^}mjt)mwxi,?, (jsHït 1959)0 c&mmt i4Ocm£iT0ftgti-c«i< 

Table 2. Seasonal change in gonad index of female bigeye tuna by length 

class in the North Pacific Ocean through 1963. 

Period 
(month) 

1 - 3 

4 - 6 

7 - 9 

10-12 

Gonad 
index 

- 0 . 5 
0.6-1.0 
1.1-2.0 
2.1-3.0 
3 . 1 -

- 0 . 5 
0.6-1.0 
1.1-2.0 
2.1-3.0 
3 . 1 -

- 0 . 5 
0.6-1.0 
1.1-2.0 
2.1-3.0 
3 . 1 -

- 0 . 5 
0.6-1.0 
1.1-2.0 
2.1-3.0 
3 . 1 -

16°-28°N 

120°E-180° 

>120 
(cm) 

4 
3 
1 
0 
0 

6 
17 
12 
0 
4 

0 
3 
2 
0 
0 

7 
6 
0 
0 
0 

121< 
(cm) 

1 
0 
9 
0 
0 

1 
24 
13 
1 
6 

0 
5 
6 
2 
0 

0 
5 
3 
0 
0 

Fast of 180'" 

>120 
(en-) 

1 
3 
0 
0 
0 

2 
2 
0 
0 
1 

— 

1 
4 
2 
0 
0 

121< 
(cm) 

0 
2 
8 
3 
1 

1 
3 

16 
15 
11 

— 

4 
17 
7 
1 
0 

North of 28°N 

120°E-180° 

<120 
(cm) 

86 
43 
6 
0 
0 

— 

0 
16 
6 
0 
0 

84 
41 
9 
0 
0 

121< 
(cm) 

26 
80 
11 
0 
0 

— 

4 
16 
16 
0 
0 

57 
42 
23 
0 
0 

East of 180° 

>120 
(cm) 

22 
6 
0 
0 
0 

— 

— 

276 
153 
20 
0 
0 

121< 
(cm) 

8 
15 
0 
0 
0 

— 

— 

352 
1065 

57 
0 
0 



67 

17-Q I 40 'E - 180* 
north of 28*N 

Shomura and Keala 1963, fTÜ • ^ H 1963) 1--5P?CO|Ctt0—"^f^lÜoTI/^S o 

III) istssOTfiËĵ jt (ëEm!»mmmm) 
:lhgP;fcqz^f©«.g|®if Lt^!Hfi®-o[i[W3ffit t©1gt,^JliTè2.o 16°N nJtödtSPii^^^öfeOiCol,-» 

r , ra2^^f!SlJlC«J|0'^ » S ï « f ë a * 1963̂ f tT®g!|:f*^b.l^b, 3ï2:SfC^-r„ 28 N PAiWmmxii 
i-~~6 H(Dm\^X^^rt:^Z,M, *©{l!i®B^flOfëS;!i&J6rjg< 2.1 *;öx.2>Ciliüi.^o ttz 16°~28° 

N©(S^fc:o(,^rfe, 4—6 u^l-tl-^TjgKttjglMil^TrNLrt/^S*», 4 - 6 nicii 3.1 ^öX-SfU^^Sitj 

S b , tric^--.tzXöicc(D]i^(DfrMifj&<Di^3?ii.^(DmMA^7F.m-Ënz>o J:©j;-5fcJhSi3i;Y/fK^^-f 

f!7 [Hö^iaiCi^fti 28 N l-m0}t%± 

Lfct)©T, 1963-i}-ÉT©llli:J-<ï̂ )jSÖ*.J;üï 

mMmmm\j^mc j ; ^ {^giiteM Mes 
-:5l^TI,^.5o tfctl#©E:<*®rUfc2>SJl>fci; 

J>'llii /4f®it;AnT*Sife^£b^cilï® X'' 

ttlfcö, 140 E-180-' (Diki^Xii, i ' 0 

ft;SfafiRKo^^T•Tèl51ïl l i Ü - i T 

(/^So M^ili#®*-K®fiC[t(i^ti-!JèJ;< — 

abTi^/xi^As, t < icmummnMhrnm 
Lfftl^^o 120cni e:;iif, J l è t l S i l / ^ ^ t l 

ri/-'5llii|®fiKfi£ (Shomura and Keala 

1963) *^7Bl©*-K®f i :gA^f . -5 6-rt:^ 

5 ® i i f f l l t T * ^ o 

180 Um®^*ST( i , 3ï7ia;ó^b.?»-'5è. 

130cmPiT-rfi;i.®^;iiJ "„Küfc * i b - f ? 

ÖbTl /^5o ^ 3 ^ ® XMi&A^bt) 120cm 

PIT, t < K lOOcm PXrx *i® 4:I*1C^1 b 

Tèi6SfiJ-è-A^l^b< /hè l,^©A^,SJ6f.n 

5o üaSlJiC*/•c*-K©fi;glC-^l ,^T*5 

i , ifcK95cm, 122cmiB<l:^i ' -gr^^ 

T l ^ T , f l©i :^g |EraTOlt t i lË©)Sg«S 

i ^ i • | ^ b T * 5 i f f i S r è S ; Ö s 130cm H 

a l i ® fiff5Efi:<t -5 i J S / f e S T « 120cm 

/J: 5 i 0-' o /c<*gK J; 5 B;Jfc®^{tAi»Stó b 

n r i / - ' ^ (Iversen 1955 7f:JI|1966, Murphy 

and Otsu 1954, Murphy and Shomura 

(%) 
70 

6 0 

SO 

4 0 

3 0 

2 0 

10 

eo 

7 0 

6 0 

5 0 

4 0 

3 0 

2 0 

I O 

I - Q 
I 4 0 * E - I 8 0 ' 
north of 28*N 

4 2 0 

W-Q 
east of 180* 
north of28*N 

^ 4 3 0 0 
^ 3546 

leo (cm) 

Fig. 7. Mean percentage length frequency distribution 
of males and females shown separately in the 
North Pacific, with data through 1963 combined 
Shaded part indicates the predominance of males 
and dotted part does that of females 

* t^mmmmmi w%m.m. (g) xiov<*g (cm) i b x s i ^ s n s , 
Sic 3.1 J-i±®ilil<*^ffil|3KH4-r5fll*:i»-5£bT(,^5„ 

*jii (1966) \tfï.^mn.m.m 
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Table 3. Sex ratios of bigeye tvina by length classes in the North Pacific 

Ocean north of 28°N during winter seasons through 1963-

a^ 140°E-180°,'.Oct.-Dec. 

Length class 
(.cm) 

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

Total 

Number of fish 
male | female 

120 
176 
153 
71 
23 

543 

125 
179 
112 
82 
11 

509 

Percent female 

51.0 
50.4 
42.3 
53.6 
32.4 

48.4 

Chi-square 

0.102 
0.025 
6.343* 
0.791 
4.235* 

1.099 

D.F. 

b ) 140°E-180% Jan.-Mar. 

Length class 
(cm) 

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

Total 

Number of fish 
male 

97 
142 
124 
43 
14 

420 

female 

100 
121 
115 
46 
20 

402 

Percent female 

50.8 
46.0 
48.1 
51.7 
58.8 

48.9 

Chi-square 

0.046 
1.677 
0.399 
0.101 
1.059 

0.394 

D.F. 

c ) East of 180°, Oct.-Dec. 

Length class 
(cm) 

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

Total 

Number 

male 
606 
936 

1521 
1080 
157 

4300 

of fish 

female 
288 
672 

1423 
1048 
115 

3546 

Percent female 

32.2 
41.8 
48.3 
49.2 
42.3 

45.2 

Chi-square 

113.114** 
43.343** 
3.262 
0.481 
6.485* 

72.459** 

D.F. 

1 

1955.Kumeand Joseph 1966) AU Ctimt±^Wmxm^$nfz^W:t<,iML<m£6h<aXi>Zo 

ifmmm^" tim»''hnio ±n-Ms (1953) « 1948-1952 if-mm*, s ^ 26°N mt. I3O°E-I65°W 

(DmP\tcxi-S^mifS.& (^8 0) i ca^è "PS¥ü)H^^" ^ma>, im#K«cDltffllc#^*j!lPx.. }k(D3 

* ±%±:¥if&/ ^^f-m^(o±mmii^X'Ér>r,x, i<(c»f*3t.üi,^ps^) i948fi:üit3i(i 1948̂ 5:10 ; ! -
1949^ 3Jl©ff l l ig*$t-o 
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("BJflgttfi/hël/-') ® ü ï t S i ^ O ^ K i S I S i t ( n j i i t t * s # x . b n 5 ) „ t^cSuda (1962) [i 1949-1959^)^ 

üffl (ioji~i2;i), ±±mfm^iÊ. (i4ô E-i8o°) (DMnicht-fès^mmmm^iki^fcfmm^m 

i ^ M i S b f c o J : f t K J ; S i 1949-1952 #.ic.?».f,nfc "PS^JJJJSSl^" i i i^ïM^Üil® l ^ f c è o J n A K J ; 

- S i O - e è S o 1953 ^ i i f f i ap^coS^ t t / t J j 

$^bTi,^«;6s, 1956^i!fflè 1957^2i)Ö0Rg 

K «J^M^MSIJ© fe •& J: b fC J; 5 j|iö<*:SSÏ© '°°°^ 

101 121 141 
TORK UENSTH 

101 121 141 
FORK LENSTH 

Fig. 8. Yearly fluctuation in the size com­
position of bigeye tuna in the North 
Pacific Ocean, 1948-1952,(After Kami-
mura and Homma 1953) 

Fig. 9. Yearly fluctuation in the size com­
position of bigeye tuna in the North 
Pacific Ocean until 1959. (After Suda 
1962) 
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1956-1963 ip/ft)ffiiCt5fcS 28°N LUt©> ^N'f^®{*:M«SiJfî f¥l:féS®g^^ffc>£-. ^rv^^MtWlB 
i^-Mo'^tLxm 10 HfC/h-To 180° PA^isXV' 140°E-180° ® 2i%K!Co(,>T ^5tiTi/^5*i , ciid 

^io 1956-1957 ft-ifeffliCl^Sibƒci^m?¥li 1958 i^-M^^W^tLX 1959 #-A^bli*bn:fj:t^;ós, i./c 
/:t>' 1962, 1963 i|/ffiMlcA^(:^ritfei'JAi/j:4iM#-l*Bl0;}C/»A^'iStóbn'So mlxE©iiJf3Efé* (±W-*Rg 
1953, Suda 1962) i ^ ^ - O L T ^ i i , i^ö¥l«ë|As^tóT^iilc*a*b(«l!©>rlgii:/<i:o/c%ii 1949, 
1951, 1956, 1962 ipiftffl-Cé-pT, -c©figfiii^--rb i-JilT^XO^c 

East of 180 140 E 

80 100 IZO 60 too 120 140 160 160 {cm) 

Fig. 10. Yearly fluctuation in the length frequency distributions 
of bigeye tuna in the areas north of 28°N, expressed in 
index of abundance as I and IV quarters combined 
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1949 m^h 1963 i^^oY'giicm.'^-^nfz^mMLomsf-much- m 

m^lt 1948, 1955, 1961 if , fzfzL 1950 ^ T « t t o è «3 Lm^) 
!<:(iiilp; 90~95cm \ch-hnz>^/h(D^~ h ©feüAvhs 1,̂ 55--̂ fli-:, 
T O ^ - S c è i / i i è n S o c®ftfie¥iij^te¥1»m;!3 I^HIIK^AË 

dtgPi;^^® > ̂ ^^ © ̂ >^*'C^T* 5 180 KiaSi®^«K-^i'^T 
ii, #f)ï©{*gBiJ©«.8ïl:©S¥^'fbiitï 10 m\Ch-inZ>XöK 
140 £-180° ®fe«©*ni?tï?H:i^:S<aLT(/^T, 180° Hff i i* ; ! 
4-iffS¥Wï®*#*s;Stó b t i , fii,EltSfigll©S¥B^fhttM/è«*al 

|gKJ;S/ft5t1^Ko(,^-r 1947-1954 ^rBlOfi^»tefiS;K#^;6 '̂Jpx. b 
n (Iversen 1955), ïSïi;iiïi:f!IÜC^iT«,{*ffllSA^MÜ O , PS¥)S] 

!^(ifjl20cmJi(±©ct3, ;*cïi%*^il*-Cèf), <lCT,«i ,^$tlTl^ 

5Pi¥Ji]ffl51giiCiatï©lliIttAs*5*^i-5 Â ÜBJ] 6 A^TÜC^o 

SB" fö)ÈT/ffimèti5 ^ '^'^ Koi^^T, ft 10 0 i |ig^)t-r*tó/c 
1956-1963 ^/ff.ffl0{*5fiSK®S¥^'fb*i? 11 m\c^^to ±mm 
h-Xt <(C 90—100cm{C*-K^^-r^/h!ïii|*^4!.ilbTI/^^.©* 
Wd\i, ii¥3e'ft®Mip]ö "osti" ®^ti (ïpioEi) ènguT, 4ï 
M4-®f;¥0ai3afcJ;O'^fflft%tób®tlvrfliiiJ]KfK„?j6bnSo ±iz 

1949-1952^1© " M l " it:j;S/ff.ffi!|^©<*SSi)jÊiCoi;iT fe 120cm 

! C * - K*t>o{$g|ffAi l¥iS#KAn@SPi¥i?3SlWgifeA5fê|gè 

nr i /^S (^5K-;SBa 1966)o TLtiltm'MO "Ö-SM" fC,?».btl/c 
"B^rafflS^" ©^^<i:|!ïlLi;immitf®i'tiSiiCJ;§fc©Tè5o 

t / : 1954-1959 ^©FJlKJbffi;k¥/#-Ci-A^?.aKAiy-T:gS^* 
«^*>ti^i:LTfit)nS*l')i9i«'m-C/ffil.ètl5;'>Nf-©^fi:fil (45 
-llOcm) OimMmiK-^^^Xh-^^t, 1954. 56, 58 ^ K « 60-
80cmi'|, 1955, 57, 59 ^ K « 45-60cmSïAs«ti^ti±gfiÜ-3-r 
l-^T, PSf^jgJiaö'J/j:,%Sf52&gi^^*LTI.^5 ( ^* -^Ea 1967)„ 
c© -5 *. 1956 ff© 60~80cra mt 1956i#®afi/ftf3iC-!?i)lÉ¥ISili: 
LTSt) t i /c*f i8¥ie^ t i .So 

80 100 120 140 160 IBO ( e n ) 

Fig. 11. Yearly fluctuation in the 
length frequency distributions 
of bigeye tuna caught by 
"nighttime longline," express­
ed in index of abundance as 
I and IV quarters combined 

16°N 2idt®dtggi:¥/¥i'^lcfci:fSy ^N*f-©5> Ï̂Effl«, JtPS 40~42°N, SPI 120"W #3atT®ï2iS^ 
'^^^mxz.h-hXi, ffiiS{i!3B;^l'ÉJ;f;®<',JI^7X®^«©&(i/ii/^iJ:ótTTab-,-C, frUT, ffi3*^7j<«^ 
jgKStótU;i/>3«llici£*i-DTi/>So c ® t | « , ai*M|it*^?>*ni±'-gB®f®f**m^T*)S*A/j:i,^biittW 

i t i , ci®?gJ^©^PAsÊlPffifj*;lLT{lli©/fe«©fij.g|—i <K55;ilfg«!C5>^-r5ffiSPil—iiSMtb 
/i : i^nii/ i :f>üt^i: '^^J:iT*5o c ^ i ^ ^ l t f t T l i c c x t (3*y-7dtêi5i;¥/¥©ftS¥ii. 'S/ë©Éfetë© 
pglci5¥&S¥t^x.TJ;l^iB-5o n*fi3!Fa/S*S©ffilP^;ö^b:lbSP;ic¥/'^«--©fl,B¥©lt3ült»smgnf 
T--vi4-5-5o bA^L, 51<E©ic5ii^r]fJ/ftmT/S,|i$n5 ^/N'f^ï^^]^©5fSE (A .* -^H 1967) 
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Appendix table 1. Number of fish measured by quarter-of-the-year and 10° 

latitudinal width for two areas, north and south of 28°N, during 1956-1963. 

First quarter-of-the-year ( Jan.-Mar.) 

Year 130-140E 1 4 0 -
150E 

1 5 0 -
160 E 

1 6 0 -
170 E 

170E 
- 1 8 0 

1 8 0 -
170W 

1 7 0 -
160W 

1 6 0 -
150W 

1 5 0 -
140W 

1 4 0 -
130W 

North of 28°N 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

17,805 

5,435 

15,994 

7,635 

6,009 

4,819 

2,717 

14,027 

751 
1,383 

3,689 

2,542 

2,345 

1,406 

1,908 

781 

840 
621 
812 
475 

1,020 

821 
189 
463 

1,150 

240 
858 
484 
339 
187 
333 
141 

951 
285 
359 
835 
967 

2,056 

444 
816 

907 
3,361 

441 
120 
108 

1,802 

404 
561 

137 
688 
613 
356 

2,287 

2,623 

1,050 

815 

296 
723 

1,154 
— 

1,388 

76 
— 

254 

356 
342 
— 
— 

706 
378 
— 
— 

— 
— 
— 
— 
— 
— 
— 

— 

South of 28°N 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1,058 

272 
280 
783 

1.062 

3,482 

1,610 

351 

4,447 

1,490 

1,993 

984 
437 

4,844 

182 
1,390 

3,055 

809 
1,180 

483 
788 

3,088 

588 
804 

— 

590 
— 

580 
— 

187 
59 

113 

— 

190 
— 
— 
— 
— 
— 
— 

158 
— 
— 

1,370 

1,256 

879 
— 
— 

114 
117 
386 
— 

2,002 

2,387 

— 
— 

— 
— 

— 
— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 

— 

Second quarter-of-the-year (Apr-Jun.) 

Year 130-140 E 1|?0E 
1 5 0 -
160E 

1 6 0 -
170E 

170E 
- 1 8 0 

1 8 0 -
170W 

1 7 0 -
160W 

1 6 0 -
150W 

1 5 0 -
140W 

1 4 0 -
130W 

North of 28 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

858 
84 

1,774 

350 
1,432 

983 
642 

2,571 

804 
239 
— 
— 
— 

102 
— 

156 

— 
— 
— 
— 
— 
— 
— 

— 

— 
— 
— 
— 
57 
— 
70 
— 

— 
— 
— 
— 

326 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 

647 
— 
— 

194 

— 
117 

— 
— 
— 
— 
— 
— 
— 
— 

— 
— 
— 
— 

209 
— 
— 

— 

— 
— 
— 
— 
— 
— 
— 

1,171 

South of 28°N 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

55 

— 
389 
128 
52 
48 

215 
75 
90 
— 

132 
92 

131 
82 

255 
47 
60 
— 
— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
38 
— 

— 
— 
— 
— 
— 
— 
— 
— 

216 
94 

1,651 

477 
1,799 

140 
178 
102 

224 
105 
150 

1,811 

4,119 
— 

163 
13 

— 

118 
— 

143 
1,674 

— 
431 
— 

— 
— 
— 
— 
— 
— 

645 
241 

— 
— 
— 
— 
— 
— 
— 
— 
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Third quarter-of-the-year (Jul.-Sep.) 

Year 130-140 E 140- 150-
150 E 1 160 E 

160-
170 E 

170 E 180-
-180 170W 

170-
160W 

160— 
150W 

150-
140W 

140-
130W 

North of 28"'N 

1956 

1957 

1958 

1959 

1960 

1961 
1962 

1963 

— 
— 
— 
— 
— 
— 
— 
— 

— 
— 
— 
— 
— 

491 
— 
5 

— 
149 
734 
446 
781 

1,542 

909 
726 

— 
643 
494 
326 
738 

2,013 

842 
680 

— 
— 

632 
99 

753 

— 
199 
— 
— 
— 
— 
— 
— 

1,169 
266 

1.233 

— 
— 
— 
— 
— 

304 
424 

2,144 

581 
— 
— 
— 
— 

— 
— 

134 
305 
218 

1,385 
382 
200 

— 
— 
— 
— 
— 
— 
— 

South of 28°N 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

— 

— 

— 

— 
— 

97 
166 

48 
122 
— 
— 

— 

— 

— 

— 
— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

34 

— 

— 

— 

— 

— 

— 

— 

1,512 
248 
430 

— 

— 

— 

— 
— 

Fourth quarter-of-the-year (Oct.-Dec.) 

Year 130-140E 140-
150E 

150-
160E 

160-
170 E 

170E 
-180 

180-
170W 

170-
160W 

160-
150W 

150-
140W 

140-
130W 

North of 28°N 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

6,473 
9,449 
3,140 
3,914 
6,691 
1,267 

373 
347 

61 
243 
614 
252 
35 
— 
— 
55 

4,029 
3,471 
7,206 
4,045 
1,674 
1,224 
1,879 
1,840 

1,304 
363 

1,433 
454 
800 

2,656 
1,269 
2.168 

3.308 
1.934 
5,633 
3,066 
2,991 
1,715 
1,347 
1,190 

1,507 
2.296 
1,250 

903 
139 
915 
455 
— 

2,964 
1,624 
1.217 
2.905 
2.737 
1.663 

735 
1.267 

4.023 
2,656 
3,633 
3,623 
7.121 
2.640 

703 
2,755 

1,877 
1,469 
1,168 
2,800 
3,215 
1.588 

948 
1,645 

— 
— 
— 
— 
— 
— 

322 
3.603 

South of 28°N 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

1.258 
842 
501 
181 

2.656 
1.005 
1.095 

764 

1,979 
4,136 

596 

566 

545 
435 
681 
319 

2,387 
844 
125 
— 

275 

1,348 
722 

9 

154 
321 
— 
— 

56 
— 
— 
— 

324 
— 
— 
— 
— 
— 
— 
— 

110 
— 

234 
694 
423 
— 

89 
51 

213 
— 

— 
— 
— 
— 
— 

— 

— 
— 

— 
— 
— 
— 
— 
— 

— 
— 
— 

338 
— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 


