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NAKAMURA (1954) emphasized the good correspondence between ocean current and distribution of 

tunas and hillfishes. Further examination on this matter by the same author (1959) led him to draw 

a theory that each species takes its own center of distribution in a specific ocean current. However, 

his theory, a working hypothesis in a sense, has not always been successfully applied to bigeye tuna, 

especially those inhabiting in the tropical waters- For instance, the spawning group of this species 

occurs in the North Equatorial Current area in the western and central Pacific Ocean as his theory 

explains, but lately the occurrence of the spawning group has been recognized even in the South 

Equatorial Current area in the eastern tropical Pacific. 

In the present paper, the problem is re-examined from a different point of view from N A K A -

MURA's and an important role of the permanent thermocline is discussed as a factor controlling the 

formation of the longline fishing grounds for bigeye tuna. 

In Fig. 5 are shown the areas, where the permanent thermocline, bottom of the surface mixing 

layer, is approximately 100-150 m deep. This fits well to the actual range of longline fishing grounds 

for bigeye tuna in the tropica! Pacific and Indian Oceans shown in Fig. 1, Judging from the depth 

of longline hooks suspending in the water, approximately 100-120m on the average, it seems practical 

to assume that the formation of the longline fishing grounds for bigeye tuna depends on whether 

longline hooks successufully reach the permanent thermocline. This relation is schematically represent­

ed in F ig . 4, in which N - and S- series, designated after the Northern and Southern Bands of 

Tropical Pacific Ground as seen in Fig. 2 respectively, correspond to the actual commercial longline 

fishing ground for bigeye tuna. 

In the temperate waters lacking the permanent thermocline, on the other hand, patterns of occur­

rence of high booking-rate are well related to the current systems as already suggested by NAKAMURA 

(1959). 

The followings are the "working hypotheses" on the occurrence of bigeye tuna brought out in 

this study : 

(a) In the tropical waters, major concentration of bigeye tuna does not occur in the surface mixing 

layer but does in or due below the permanent thermocline which indicates a discontinuity 

between the Tropical Mixing Water and the Equatorial Water or the Central Water. Under 

such circumstances, effective catch is expected only when the thermocline and longline hooks 

are nearly at the same depth. 

(b) North of southern margin of eastward current system of the Subtropical Current Linkage in the 
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northern hemisphere (vice versa in the southern hemisphere), the mixing layer is not developed 

The Central Water occupies from surface to some depth in the eastward current system of the 

Subtropical Current I inkage In this case, bigeye tuna occur at surface as well as deeper layer 

simultaneously There is no barrier to prevent longline hooks from encountering the fish No 

bigeye tuna are distributed on the polar side of northern margin of eastward current of the 

Subtropical Current Linkage where the Subpolar Water dominates 

(c) Thus, the habitat of bigeye tuna is in the intermediate space bwtween the Tropical Mixing 

Water and the Medium Layer Water including the Subpolar Water (F ig 3 ) . 

On the basis o*" these hypotheses, some phenomena are successfully explained or interpreted as 

follows 

(1) The water temperature of the permanent thermocline in which bigeye tuna inhabit ranges from 

17 C to 22 C which well corresponds to the optimal water temperature suggested by U D 4 (1957), 

(2) In the past studies, bigeye concentration is not observed to coincide with the occurrence of 

high primary productivity in the tropical Pacific Ocean (Fig 7) . Probably primary productivity 

IS concerned with the mixing layer above the thermocline, whereas the inhabiting depth of 

bigeye seems to be in or just below the thermocline, so that bigeve are screened from primary 

productive system On the other hand, yellowfin has a habitat above the thermocline and conse­

quently good coincidence is successfully observed between the distribution and the primary 

productivity 

(3) A notably increasing gradient from west to east in the average size of the fish caught by the 

longiine in the Pacific Ocean is reported ( Y A B U T A and YUKINAWA 1958 and KuME 1969). In 

the eastern area of this Ocean, the thermocline is located in shallower depth, which raises the 

habitat of bigeye tuna as a result, and therefore longline hooks can reach the swimming layer 

of larger fish which is assumed to De deeper than that of smaller fish In the western part of 

the ocean, the thermocline is too deep for hooks to reach for capturing larger fish As a matter 

of fact, larger fish appear much more in the catch from the eastern part of the Pacific 

(41 In the Indian Ocean, yellowfin abundance has recently decreased remarkably to 1 2-1/4 of the 

initial level in terms of hooking rate, while bigeye population is still sustained at about 80 

percent of that in earlier years, though both species are distributed horizontally in almost the 

same manner (F ig 8), These observations indicate that bigeye tuna has a deeper habitat, so 

that the longline hooks are less effective for this species than for yellowfin tuna 

« ff 

mcmMIritzióiai, ik%(Q^^\'^-^^^XX'0^<(Dnmi)iió-'S.X-kio ^®iri;ilift,8¥Asi-©J;-5IC:Ö-

li^föifflft® catch ability (9) i)i--j^ti^{i, * © K l l ( ^ T i | i f i ^ A a 3̂ ife^tl; (c p u e ) !ifii.fftDS 

g©ffi>ti*èü-5fi-rT*5o Lt^L, m.^tX'OtcbiKmX'iyv. i:¥#^Kict5fcoT^>^f ay^-f 
f-K, C(D^if^tii^fz^nx^^6ti^^Ö%jEii&6t}ÜXlifi.^^o AU Ott-f^^m^ (c p u e ) ;̂ ffl(,-. 
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T, ra^iaS®«^S¥55-*H^'1ï 2 E34̂ ffl (4~6 i3 ) ü: b O K ^ 4 Ea^iS (10-12/3) fcoi,>rft;or*/c„ 
(Fig 1 - 1 , Fig l - 2 ) o 9 A^-a:ii'^-5*('^As;^fcè:tiTi/^Sii,>-5ffiaEti/Xl-^A^b, C O H l i ^ - l ' b 

fcft,ffl:®5>-(U*®fe®^^-ri:l-^-5f*aEAi*5t5ftTli'*j:t^Ai, "T < i'j: < i è available stock ©^^fijgli 

1/̂ -5 C i t i T è ^ o c:®HKffll^fc|']ïi${i, f*'Jx.(iïï2rai)iffl (Fig 1 - 1 ) fc-^l,^T<?l•5i, # 1 K K 

ufiiSfc JilT® J; 9 ^ x ^ o ^ è r s t i : è t i r i ̂  5 o 

(1) S ¥ . 4 /3 , 5 /3 , 6 /3®^/3f t -^^^T/3S®3p£3|^®4;^^^f-So 

(2) /:):ic, 1961^&a«n«M®^¥®/153il¥Ji|fl*Jpx^fc-tirg5H®*-^^c¥KaT|!tt, /3SiJo¥¥fi 

(3) '2)®?0':3èT, 3 ̂ ®/3Si)¥¥fl*i**5A^, c®c3aA^ü,ft^fÈ^i ij(HbT^®il&KIli®i^ffi4^ 
©ft^fflit-So 

Sic^ffïO/ffiSjÈA^-^rebr 170°W >i]K®/l9liT, 1961 •ff̂ S:0>-etiJaHiffC/ffiSg®<r̂ j:t)txu;6^ofc I S K 
lfI{coi,>T«, 1965^lcfci j -S4/3~6/3®/3Sy«i t ; j f i* i^x. r*5o ttz, 10°S Hffi©^ v K # / g « i c o 

i /^Ti , ± S E i l l D f t f F * l f e L T è 5 „ ¥liHjt*i:bÜA^o/-c©[i, /3SiJ©¥¥ffl*^IHJt/i?K*ÈiiffSi£B'f®ï-

Fig 1—1 Distribution of booking-rate of bigeye tuna in tbe Pacific and Indian Oceans 
in tbe second quarter of tbe year, April June 

Fig 1—2 Distribution of booking-rate of bigeye tuna in tbe Pacific and Indian Oceans, 
in tbe fourtb quarter of tbe year, October December 
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©q^Jiifii bTató/-cïftjiiaKit'<r,!ïsm**A^-^^aó < ü s « i i o * i * 5 i e : b n 5 o 

Ji:n.b®ElA^b<?^5i, ^-^K, A^^/^Kfc^^^y^^f^©^;öi(j•±©g^,8|^:?j:(iHT®J;•5üfc©r*5o 

A * ¥ # 

!t#KÏMic:SïSlc rf^«IJ:o'-ó/ö>5 3 *®nïl^l4;w*sMiS$n-5„ 

(1) *Jb®l>®liKI5, 30°N^i|i-i:xibT:JbA¥(fêSi-*ttifcjgi3Kèn'5o /«S®rti'CHiffi^i^»4^(Ciiöj5 

^Ü?S&S:ib;i>4.S„ 

(2) ^ 2 ® f e ® « , . ^^ i -*ë ,®/ ' l ^ê -A^b( ib t D. 5°N-10°N ®flO®/BfJ-i(C^oT#;5''^-Df,nj: î  , 

Aq^/¥*liètrrbT*7^^°nxÊ®Jb*Sr, x^r i -^ i - , =in y tT?ömiti±i-sSA^j:fc®T*5o 

(3) ftffi©fe®fi, 140°W, 5°S i fe /cOA^bi ib tÖ, S S S i C O b / ï - , T 90°W, 15°S m&ICjltZ h 

® T è 5 o l2)TxE- /̂c, jim?:wi®raic(ii^,l®,^/k#;{)i*5o 

J:t ib®rfsl^, aï2lafCr^t•<t9K, X« (i)JbSi5A=P(î /a ,̂ (n) «^Aq^^^i^S • zibS', m) »lffAqZf¥ 

W±®3 A(ftJS®ftliic, - ^ - y - 7 y K®Jbil/kJS^, ' - 7 ' fm : ï©43 | tK*^Ti r j ü^®^^ iS i^c : 

jËfcy ^N*f-©fti.4 ©fgi-vKyït b T f ê t ö è t i è © { i , 

(a) i;iarf}i'^©f^ffirtJiCbT2°~3°©ftHo / c / ^b , 160°W Cijfer(i, ) a f f lP (gr ( i*SMm^A^±Jf^ 

(b) ;HSAqZ/¥z&tg • m S - i : - ^ - y - 7 y KJb^/KiS^P^i'VclE^iï'ïfflJritoftiSo 

(c) > + y 3 / { } j ^ (15 N ö J b , 125''WHS) <Di]<)ytJU:x.riki£<D^*g^^<.7i)7^/mo 

{b)(Dm^miMmco6M?>m']W^mitèioAX!j:i)ix&6tzA, ^mtac^x, ^^t^am'^^xii^m^ 
;ói?f:Mlc(S(/^o SJciicA-r'<^®Jb*tfr{i, +riffi/f!>«©a=?0®S155>i, >+y^K;alÈbƒcSB5>*i5ty• 

i i , :è:SSKl']l:l^/!)ir;;i'^o *®tó ië . ATZ/'^TIi^ ^̂  ^ © ^ M f i - f < Ü < t fe<?».A^(^±l,>*, b 5 b < Jbit^JjK 

)ir?T-^Ti/^.5o t / c . ^iaAqZ/*föMi0^1i«i)lK<i;2> fft.aMiJ/ftl.l:®^}-^? (ALVERSON 1960, 1963, 

SHIMADA 1958) * f e ^ ; t K A t l 5 i , (a)®^^;l/l}^^©/l9y^^, (c)©y + y3^t}^yJ<i^ii , + ^ ^ ^ © f i i g ^ . ^ 

Fig 2 Designation of major commercial longline fishing grounds for bigeye tuna 
(surrounded by dotted lines) in the Pacific and Indian Oceans superimposed 
by border lines between major ocean current systems (solid lines) 

One degree square with a hooking rate of more than 1.0 is marked by a 
small open circle 
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B -I" V K )¥ 

yK^X{±^W^m'PP'ë.<Uimt'W^Z>Xö\z^n-hni,o 10°S öpg, SO'S PftiaKS5tT©j£^Ü7K^ 
r(iS']ffi4^{i(-^*.b5b<<Si;V c ö H ^ f t S b f c 1965^ tT®SPI rö , 30°S Hffl®7)<^tic-^(/^r®^ 
J l ( i ?&^iü< , ^f'AMc/gfi«^i!W,'üSt-5i5jf!Èf±*/Kige-r5j;-5^j:ïïWi(^t.nfc/cd--r*s„ b*^b, 
1967^K{il^oT, 35°S U^O&ifèTbmb, ̂ S;Sf®#iïAi^3E$no-oab5o 10°S Jii:jt®t^i^S:?w^ 
Miw^ > K#®/ft^, 30° S ïmofi^m^nX^ y K/f/ffiSi J;i^ (® 2 H), 

ns^x-j-A^, +w (1954) fcj;oTtMai$nri/^5o ^ t t a . 

3) /liiöitKJ;-,T4ayitS;£M(Ct-.S = 

eii^^g'fflb, ^ ^ D , tl j>^mo^^wA, k'j(Ji'^(^'m$.tbxmwm'sm.^t^-), t-^-o, nJcfièife 

M«fflt*aóit*sè;]tA^F/m«-r, iifi#ica)ji?(<.ffi, ie#ica*)j^m'¥As^'fU-r5i s t i n t s „ *tt®# 

x„v^tt*®1&ilêS*6li:^fco -> -tól5*bi,^fe®**tf5i:, ±W (1957\ *JI| (1957) ®9TSS1ê**# 
ffiboo, ^f5.ff®;g|pfe5^^!S>Ë®^0it?SiS,g(C|gilbT(:^5 Bj|iËt±^féföbT(.^5 ( * t t 1959)„ É 

/c, ^ W - O J * (1959) {ifi^a(<:j;oT/g(j1t?S!CffD*$tlSKl>K;Ê®è5ti*fê}ilb, t yi-;(3'ii/gjft3^ 

®ffi]S*ill!?KKI!;libfc^^^/l^t-®icRb, / c i x . t t , ^ ^ tl y ^X\i^m^^^^^%^n-fl^^ti&^X 

t/̂ -So * - 5 b T , ^/^^l^:-^l;^Ttt (l)/:^iiK^SfS|6];óJ'JÉi,MiA^f)Tü< ( ^ K KUME 1967) fcj:®^;^^ 

töbT(/^§), (2H1i i^ f f i iM^br$>*- rSJ i i* i^ i ' ^ ibT i /^So 

bA^b. « ® & y ^^^®)ftigAM y K/f, f^l/^T 140°W JaSl®Sgi5;*;¥/f '^i}£At-5IC±-3T, ^®^?fï 

i c -o t , ^T( i+ t t ^®#x . :S ' r i i ^MTè: f ï i / ^ i ; -3 i ' j : - 51^Aiè i5 i ' c6 rS®^èn5J ; -5 i cü -3 / co -B Ĵx-if, 

1) m a 5 i i ¥ / f T t t , ^^N^®i„bi^ i .4 : ï i ibTMwA¥/f i f t^ -d t l - i :mi i^èW-*5ci ;«s -Cè«A^ ' , c 

®9*.ltllr(iJt*itöfeö^iè. Jt*iIfifti*ilM(,ft®/5'^*^bfc--/-cVco/-c-foiffl®:S-®/gycica3glb 
ri- 'So c:ntt|BlbA/¥®it"-cfc, i/^%b5b<föiSAi||5Si<>fcii rf t /Ë®aAs^®4/gMJ|( ibri 
5/%öit?̂ J *^22ïb-r5Ci®Si5ci^/jN^^5®A^, «!<,lMit!f)Ë®ïii#S®/gai^>CjjS$-arT#;iS 
c è gi$(C;ffi4cfl']/-iPBlli®èS cè^«i*t-5*^®(/^-rnA^Tè5o 

2) -7 '̂DESS/(fi||̂ l^¥rf&rfia (H*«!««/"'JimnaffiÖjS-ê-è 1959) fc^ènTi.^5J;-5ic, ^ y K # - c 
(iy^^f-®i^MJ*!«t+'^^®*t^i*^•ètltóTJ;<—Ücb, A¥/fT^bn/cJ ;öni : , y^^f-i+^N^' 
®FB^® "'^*t)f:rfl1ÜIS^It" tti?)-e>tiüt^„ iiirf|(j1t®FB'ÏK{i#5Ë®>tiJfi;iltf>As*-5üb, ^ t i ^ f l b C 

•oT^®i i#* i^s i i z - ' -o7 tc ia , sa®MtSKPiasA^-ès J:t^/Kgebri/^so 

11^1-sc iAi , a^5S»t.nfco 

(1) iJ j*. ^ J : (1959, 1961, 1962) ii/feófelSi-^ ^ DM®5}-^i®H^^*7j<tfe®«-&4iitB (Mixjng stage 

of water mass) i "? ^ n | g ® ^ ^ ^ i ® g | # , K f c è *^X.Ti*,è^1T4-o T t ^ ê o C ® ^ ; ^ - ^ fe-fe c t r i , C 

ntT/l»Mtmè®*jjSèbT(iöt<,tónJ3rèü*iofc/fe<t?^I^T®ctA^t^^-fSi£a©i£ft^<*gi|ilS, A 
Sffl)3£®^ftfe^Bj3-cèSo / ; / ; b , O i t ^ (1959, 1961) i i , ci©j;9^j:^x.:i-Kjt-:,TM<*WK>^<f-® 

7KiS®1K^tttBèt/^-5«'u;*ffli'^"r, «(,a5>^*ié-r5^ê-iC(i, ^®A^#ltbTtJ<;^^S;öiè-5J;•5iC 
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ï ! i bT*?> t ) è t i s f c®r*5„ - : ï , eiS(iitfJttJ?è®A^è'iin/c#)/Krö^fc'3fe®r*5-5o L/;AS 

(2) i!$;-5ftAJ!S/i!®Si«*ia®(i. *©fiAi*9i.^9i^-«f'k*fc'3/ctór*>Sè^x.-SJiiiijEbi/^o b 
*>bJ:®;/-«»;f±ii*ti*Ix:il!feU/c5i^*IS;jgbg^b, ^n'Sr^m-rict^MLX:^A'$nXf4>< hoxêó 
•So 3£ïlïbfclï®^fc$fe<rbTi^^«t4-*si^«èti5it,^-,5^cci*sf.ii, -fe(c:iifflf#bf5üo^c:iT*i9, t 
<-fSi<th, c-5t/^->/cj^^^[i®S:ÊOf±:ïlc:(i??fiat4Koi,^T®«jEAsüi<^o BLACKBURN (1965) licfW 
ö^St»ft*ftl;*iJbT rfii^flK®rnlic, fëSiJ^j:li^;óJ4-rSjiiïl^, ^^^;6s^®/%ok®4'i^:ö•^•r('J5è^: 
5©fe©icot^rii.}èi!)j*sfj:i,̂ j è ,̂̂ -,T^^5A ,̂ -̂  :?n©i)Hjiigigi®^jjÈ;ilffA«^/:+^>«fa$^TO> 
:̂ j:i.̂ ia-f£®üp§-r, cöj^-Sï^ï^TO^^tóscigft, ) iaüJ: iTife5è#x.bn5o ffe«itf^a„ê(iri3|jg 
# (1954, 1959) A^KE-̂ rl.̂ 5J;•3(c, ^>*l<:ol,^T0i5i^^^iïa•rs/•ctó®fpm(S.^r*5o fïISMJiii, 
«tiicj;ori-nfc'(:r®iJl^As«fenj]en5A^ii'^-5ti^^übrss^^f^a-rs^STèSo ^/Sirfc, ^;ii 
JEE-Cfe, c:-5i/^o/cf[;f;fSJ£èbTif>x.bn, .̂fefefö.Sïi b-C®1iifê^è*+5}-i-<?»--o-o|gBB$tis®r* 

r , j/>W±IJ:-:3i'̂ T0,Aii!;ilc(i*t I9i5>t>n-r, 3ll^®5l$(*i; ̂ J 9 t < nJïi!JJb<'^2.i;9'i:*f•0^o^^^ 
S€t-oh'OX&i,o j^»:fili*®(ÉICfc®'fi„§ia$n5T*5-5o 

'3) ftifi®jii<> (i%6) <Dmmi&s^ni,o jii^{i^?i3® " i c 5 " ibT/j</aig;ê€-iiiWicèD±y 
/Co 7j</a*®fe®-eiiÜ<T, ^®5}-7SISaê*iiS(cSg-C*SaÈa 'VKSifeAs^Fiï-rs^, S -̂î öyK/at 
/ rWtOHtt^^n/c i tè tJ i iübrfö^/ i t t r i i , ^ni ' i !^®#ï£l : i0l i t¥i i - i5lc:è^tóT;i^èb 
•Cbtöo 7Kfi«;ikib-r«x.rt, «OB5:{t®-5*.(C/|<Ji-7Kï!iifeè<J;t;, TRIT-±ga-/ê^A^oftiï*» 
ögHO^J-rtjfcicSïiffilKUiiiS-tir-SeiiAiTÉ'S" il/''->fc:?x.:^iCi;5fc®r*S„ CCT, (ibtóTy^^' 
^05>'fei/aw7j<«®?!ï5ïi')i^^^^7Xii®;Êt]ffi«i:®SjlAs^@Snfco JII&ICJ;nii, /^^•f•®ilê• 
ii, M^-illi»^T(ifiKM!li, -rnj:ti-&Tll^tilK?öoTjfJbJcètL5o cnic( i - f . iü*- , r , y.io{iig 
Mw:gflkrtfflĴ fÏ7Ka®/̂ .̂$ü5'iS> f̂ ll(i*V,1rî 7KW^̂ /:5'JïïTafe5o ittl#!i. ±i.f/#Tlii,^:t)KJ>5Jfci;¥ 
i^lMéf^t^P>k^^iüM.Ui&iÊicm^i-io i t#(i, ;iT/TTlii^a/^7K5S:i:>^ *aCtöfe~Jt*aofcJï5^(^7k 
g®iiai«?'i^®rfs^Ki@ai-5o ^'é.c<Dm%xm.m-^nzm^%(D^^-)2h, in&oico^ó-fiS^jjtA-' 
tS.IO(D^M^ih-ofzhCOX:è6o 

t^U'Oot<£.i^)]l'XèfzCtiC{i.SLX, ^m^O approach ^ f r . C®M»ft®|?ltptA^ ii«btófcl/^o 
y^^'^®5J•*fc|SbT, 'pit](DiE^xöt<MMi^i^-fs.i^'otzAl^':>^^Xii, tXiCwi^X^^tzt^, 

(1) cöt^-^fccè*^, <itio%a(c< b'<T#ic>vx'^x^<sg^sn/ccèic, t-r&sLtzf.\ [2) ttz, 
-en/ö^!t§ic*Al^/f9ü®rfftJiTfti^3n/cciiSgT*5o <5î 7K« {?iJ;imbSBi;¥<¥/ft̂  -t®y^N' 
^0i\\m^i§litsL6^lt1(Dm^XX<^mxè 6o ^^'fli 'lXCKJbT, t T / ' ^ ^ i l ^ - 5 a ® i f i « S ; 

^icat^A^®l'^':5nA^Tè5 9i'tÜA£bT*/Co 

y-feiSSiiffi. <l}t>tlT:.̂ S>ii.*'Effibfct<^o /^cix.if, ^ffi„t-05ï.*-^ • ^ y y^OZiUiDiUit^imLfz 
p</̂ 'f-0/ft3a7K(3;(i8O~lOOm-c, Mf>*̂ {c + /N^'®^tii;^5 Ai/̂  (iSia 1961)o ttz, / ^^i-cDSsnikMB. 
J}£i+^^^'ili*^Ü'3fl',i:Ö> il-^. C®|Q3t®JSH(i/^-«^®/»//KM®AèiC^tót.:ilTI,^S (K;2^m 
1958)o * l t o t o r è f c j ; - ? ü , ^?U^S)i/«9flkifc*iiBia-:5(^S„JiUfl-Cli, ^ ^-<^cD'±mcmti>c<DJ:. 
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i B K ? I - ö - H (Mixing layer") ti5è 

o ^ 5 è t i r U f : b n i : < T - r t r o ^ ^ - e 

11) :k^<^-ilB^iii>(Dli, yffm 

l i ® 3 0 (HHÏ1955 J;i9BS¥) 

lgH«10°N i 0° ©2 *FJT-̂ fc 

t .±-oT-S< ^üSo :ltffl© 10°N 

IQ, 0° 0 ^ n i i , 7ji5itifl:T©it 

355itöitcffCÉÈ-fSfe®-^*>5o ^ 

L T , 10°N © i t > è A ^ l 9 i i ! | t K 

-t?tt, 3i^ü©t.t>*A^'i9fcwi^f. 

^nfc[iïit^gp«ffi3!r<ajiïi3Sas 
•«t®t^l?fIK*fc5o 

t <- 5 « x . Ü ^ © i i i ® ¥ i ^ i i j a 

•mS-ii 100~120m trifeS**, c 

®l]j±Si;63 i*® J; 9 ï̂JEJ"̂  c ® fU 

S I Ï M * è § A ^ ^ T * J; ^ c SIK 

BJl© c^;tN©a?ft©i2lbK J; o T 

^4|21iC^b/cJ;-5fC, Type-A 

i)>.i Type-E •t-f©l/^5l'^5Ü 

J^-üiSllA:5è b t i 5 J: i fc/ï S o 

t J i Ó - e , *^M5Ëb/cJ ; -5 lc , 

^^^'^AiHS©•r<•T, É f c i i ü 

40N 30N 20N ION o 10S 20S 30S 40S 

Fig. 3, Schematic illustration of oceanographic 
structure of the surface layer in the north 
and south direction in the Pacific Ocean 
(after Hidaka 1955) Dotted area is hypo­
thetic habitat ot bigeye tuna. 

Fig. 4, Various supposed types of the formation of 
lingline fishing grounds for bigeye tuna in the 
tropical Pacific Ocean where the permanent 
thermocline is in existence 

Effective catch of bigeye tuna is expectable 
when longline hooks are suspended approxim­
ately at the depth of the thermocline, as pointed 
out by dotted areas in the panel. Each panel can 
be applied practically to the areas as follows : 
Type A and B 120'E—160°W 
Type Cand D 160°W—120°W 
Type E East of 120°W 
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io i c¥^¥©^ff l - r i i ^ f iM) i i i t£< , BfflilTfi^i/^SvERDRUP et al 1942),, Lfzii-r>X, fflS15*¥ 

• ©«]^)i-(iffiA^?>^'^^4a® Type A-*Type B ^ -Type E i ^ j b LTl^ < « - f T ^ S „ ^ , ;Ji 

BJ3®iSlC©/;tólcii)®ïiJjt*S*Vjc/aiffia^1ïO'5Si55>iC, ^ 4 a ® J ; - 5 f c N A ^ N B - » N C NE i | 2 f - ^ 

oizfSo iLX, cti^^m^ci.6-mofi<mt^^6o H A ^ b ^ S i , N A - N B r « , i»i^i«t/)5;ü^ 

i*I tS6i t®i«l?IS)a '9 lc :*b:bn, NC-ND-e ( iSTLT*iËSf l^ fCAi /^ i9 , NE T ü M i C i t T b r 

* Ü K è i t i ffl3r>itfe©it^iC)ëfi£èn5tiKüSo NA NB « 120 E-160 W ©/§!$, N C - N D ^ 

120 W, N E ^ 120 W WjR©rf5«i#x.S/j: b ( i , l^#^©M$Èii3Elgi J; < - g c ^ S o Cöjg-ê-. 

1 6 0 ' W - N A - * N B ^ N C ^ N D - > N E i ; ® 5 - ; a © ( f t ^ ( i tA^ic^p^^ftJi • dt-i^lCffla^-So mmK, Sc 

^SD^SE©v'ij-x';&]ttl®-a®/ftStf5jEL, Scii{i-,è^)büv^U-tii'fe.l50=W|iM, SD ;& 
140°WPft3a, SE;& 120°w Ji(moS:ai#x.l.è, i:niiWwi;¥#^,S • fflwfcéfcS c ilc/x5o 
toJ;-5i'j:fS5Elf:fct'3'l:fl*. Type-D ©J;-5^4':r®/ffi^Aifflf$$n5feJ-jlt>*-5fi-rT*S25i, ^ 
i^icti, tg]ab7';2-3AsSfcai&bT|gs®KSij®-rèni;<-^:l^As^i/^o lO'N *^®M:s®i-è**s'9® 
dbfflKfeA^A '̂fflrifè^Tii/̂ Ai, c®/gis-rii^ü$ns^a—iis®±fflij:^>^-r5ft.a—©5}-
*a"KAi(g<'c, a^®3:lMAs?& î'̂ j:l-̂ /•ctófc, ^©.ffijË^/cbA^tóacèAs-cè/ïi/^o LA^L, ^ i 
[aic^"Sèti5i;-5K, 170°waS. 15°N-20°N®/gÈS-ei']®^*S;ö f̂j:»)S;i--'*s, cnu^imoNn, 
NC:at5fCffiiat--Si#x.bn-So ^5EliC<^ffiiffiJi®(lKAS 100~150m ®rf^l^; ,̂TNl-o COBlii, * 

5^^/^©al^4£J!Col,^Ta SVERDKUP {lil (1942) ®, tfz, 140 W Jy$iCo^^Ttt WYRTKI (1964) iC 

J ; o T 7 S $ n f c 11 J1-C©^(Sfifö*7f^b/cfe®-r, ! l i t t !®/k«r(i , EH®(l$As lOOm > 150m©r^ 

KS,So 3ïlHiCJhbfc^^^*^®(ll?fr^>-(1ïJ^i!litË®/fe«iOPfaiC:fe<J:5<^è-SfcAsjltb5txSo 

Fig 5. Illustration of the area in which^effective catch of bigeye tuna by longline is 
supposedly expected 
Shaded area . Permanent thermocline is well developed Depth of the thermocline 

IS between 100 and 150m and approximately in accordance with 
that of longline hooks 

Dotted area : Permanent thermocline is not developed Habitable water of bigeye 
tuna (the Central Water) ranges from surface level to some depth 
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12) ^yyit f^'<':ii)^<DikmM\fil-Ucht'^l^Xih<P- t-iJL (1959, 1961) ;6s^bfcl-'<o^®g|iTS 

-ta j:®aK^$n7t/affifó:H(SSioo~i50mcD/fetj(i, /y^f-éiiiÊco-^httzmmr$,i,o 

Stlfc/êjJ-*—T®K'li(SSi/^^^/f"f>Ji®J^)Si®rBlK{iè^tóTnjJlL?ti:ll#AS^5i:i;^X.S„ 

:t#9f(i[iii#®rE3K*btx5(i®i;9i^j:gSl'üiliI*<^®J;-9!CiFIR-r5o T̂  ^-^{i:^ffiS-ê-ll*4ffiH 
i1-5fe®Tii /x<, ^©TEiC/ö-Q/c, iS:i/^(i«©Tfl©flfT;i. a5iË7Xi*^*ife7kti'^fcn57k^®43ic* 
So ^hwéiMrii, w-Rmicii^mB'^mAm<:^^•<^(DiyiGM^<D±^m-oXi.^i,tzü>K, a^tifomi 

tófc, Hx.üt)i^A^V^^'^®/Ët7K^K3±•r^.i;5K)^j:^)^ll*^BItËK:'•i:SoJ 
%lf7X«*iÉy-«. /^-^®^7UiCoi^T®4^tt©/'(|^uKJ;2,,£Bj(ij;<5ep^ic^ïScbri,>S„ dti:^/^^! 

yy<f^o^a7K^©EaiëB-<:è5o c©/gig4ic(i^ffi(ct3fcf3o>5<^^^f-Aiajst'5o iHïic, ^ © ^ ^ ^ a 
( » « , w i | X ^ » t ^ J t i : ¥ ^ ê i t ^ © J t J ; f ) © s p a r e s Transition zone (SHOMUR-V and OTSU 1956, 

SETTE 1955) Xhn<-fS.?>iU c n f i - a o « É ^ w K f c e S i g ^ a * i * - C J ; t i - C * 6 9o i;¥#®:lbifiS 
xti., ^i-mm(k(D^r!:^(Dm}Êf)imMxi,?>(DKKL, ^^s^itxa, cna^^-y-y wcommcè-t 
^hnzfmx, - s§ ic[ i^ü**5i .^o «©fctóK, Mxtf}f^nwkmt.ht>h<Mmm.^mi}m&hx, 

li?-ii-f??lSêit©SfC:51-ffli)©êi5̂ , IPS, :lt^«©gMII®Jl:f]^, li^ïS®ai«ia'-iRM«l©fflffl©3i:g7k^* 
Ji7R®4'->l41-S7KJ^Kii, f <u<ife^^^^©iix. '*j:t)/ft^tt^<5[J)igetiTt^7'j:i/^o 

H ± © a ^ * i * 3 t i t ó T , ^^•«f"©5}-^©»ffi^^-fl ' ]K|? |R1-S^j;bË(T©J;-5üfc©rè5o 

^^ l^«Kü>6<^J i t • s^E /Sê•Hicay ' ' ^ f • ! i J}? ! Jbü l ; ^o t f c MüTk^+BTkic i^J ' f l ïb / ï i^ * 

So4E^öAwJt©^Eie 'ê - i l i f f i®7K^*) l7Ki©r!SKèS3?FB'! -C*5o a ^ * M x . t i « , *3Ji7j<i^iS 

7kKJ;o-Ct5tó'itlS';Srp1-r*2,o * - 5 b T , 

(1) mmi<S.<D;^^-iffimt,±, ^'•<'f-055-*7k^®affiAif5J6*^©aÈ'Cfe*.è^'1, «X.Üt3©S^;ÓiSiM 

W^S(fKK3i1-57j<«K, 

(21 <a*filtt©y-'-^/ft^> Wx.«', dbi:qz/ifüit43ic^3if-5(iS:Ö-*w-?=ffi^yK/¥©^n!i, y^^^®^> 
7lï7k*^Êtg/fe®K^tÜbfcgfó>iC5^c^J^)SSnS„J 

KmStii%7KAi-^':'^M(DMm^tëtdri,tf.^-ofzM.iÈA^i^mAifl^nxi-^fz (dpfi-iWP 1959, fgea • 
m i 1959, AJil 1966)o bA^b, ^fW^Ï-öd^JtKoJÈfcitia, MwA¥/f / f f 'S®ff idb^^©^>f«««t i i ( i 

3IJ©ltffi, fiP*.- ^ 4 a © TypeC-TypeE iC/l^$tl/c i -5 Ü*jitSaiJ,|ji:(C:foi:t 4 i«H®^{b , titliCh 

io'</ftM©ü*®^^bKj;Sfe®Tèi9, ctif.Pij/ft^®*rB'!7kS(c-gi,i¥A55}-^1-Sj:i^aSfiOKSS-r 
§fe®T(iÜi/^o »3g, S:S-|5i;¥/^Tfeoiè/*7kA^5ê3i-rS^4H^Jt§!t 100°W~120 W ®PBl®a55it/{}l,̂  
®7j<ÈgK/ÊlS^j:^i¥;i^tÜ5ït-5 i^^ 1963, 1969 (2))„ 

availability ;öSilll©(f èfc'y-TCHSètlS i^X-Tt^-St^tj-CKÜI/^o 

è è K , m9$i:¥ft© 100°w~120°w ©rp']©/lii^T, /^Tkeiêji-rsBtifflfCT'^N'f^®|^®^Ai;^< Ü5 c 
t^m^fzii, cmm, c©^jii©i:;i©(ïffi(i 50mftift-c, K;^üfc©Si)tt/^^f•©#*ƒi*^:ffii^b 

(/•'T, ax.Ü:bOl^®ïlJIi(SaA^V^^f•©^»/7]<JlK—Scf 5J;-5KÜ5fctóT*5iBfcn-5o CtltiiKÜ 
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® ' : r -x ibT 130 W~150 W ©larii, ïi)i©(l$*^bÜbTt)oi>^^^©/«'®A^*èoTfeJ;l/^{i-r-e 

cö^^-ofzm^ii, c®/feiiSic^;É-r5S^ü?i/S;®^sii-oj;<[a;abTi^4bb(-^o #aiHT®^«-r!i 
lïHffiiC Cromwell ^uitA^è o T S < T b , ^ ® J-ICitJ^Ü/AAS* ^ T ffifj-f S o ^©fcïÓIC, /góftrn'!®;!^ 

£!i?fl:B^Sif7-f y K C i i f - s i ü t i n i o f:®J;9Ü^(4^^t>ofc/Xi'iS(c:(ix.üb*s|5:Sè;n-5i, *®T®;Ï 
®gi5^(ifc^b<'a;i-vR/Alci-^5>ifiK>i1®J-l6]lcat$nr, iiiii 100~120m ®Hlc(i3±-tir ,̂ iti^^ 
^i/^Sicmt^$ti5i®iw^nso i30°w~i50 w ©/fjisrii, Mmoa^^mi^fiiio^y^^mcm^ 
b, a««, ffi 1© f̂lffiAiiffl('j-:ïtxrj;t,̂ ©iC/ffiAs4n^©!i, fc^b<±]SbfcJ;-5''xaÈT, {t^fih<Dm\i 
üMMmKAl^m^fzibx-^hTo jËicïiJiO/^i,^ 100°W~120°W oé^mxu, Mi&^Jj<Dii^^cm^^^iB 

(1) t-r, >^<f-©'t/gM^^i'ix.5f^Sibrü7K/a*^x.T.^«o l^9tTfeü<, 5>*a^Ü7j<fii 
l^rj'^ii-t4^?,ctiii;<i^ibi7fs:t>nrètZo fijx.ii UD\ (IPS?) !cj;nif, ;'^Ni^©ü/k/U^ii 
17.5°~22 C r * 5 o •fï6HK^'-<5^®iSI')»4'i:iJiiFg*ï/kfiS)ii*ltóT/hbr*.5„ ,;'jfïiS®^«-
d b i : ¥ < m a ^ - - - ^ - 7 y KJb.ï/J<lii^^->/cy^ '̂f•©/Ly,/X^©Slt'..'!15—xiiilZ<^'t>nxèfz?' 

Fig 6. Comparison between occurrence of effective catch of bigeye tuna by 'ongline 
(one degree square with a small open circle) and distribution of surface water 
temperature, in November 

The area having surface temperature ranging between 70 F (21.1 C) and 
65 F (18.3C) is shadowed This temperature range is the optimal one for 
bigeye tuna reported by Uda 1957. 

/^ '^0ü/kf i•r*S 20°C|si^^N'^©/i;^T^^)i©Pn'!ic:(iliill*sféffi$n5o t̂tl3®ci©7KJ^T[J:/MK© 
Slfl :S/Effi*^è^J6T/jN$l^A^f). ^iB/k/i 'n'iiil^a^lcy/xf-®i2^,/X*®7j</Ui*Ti;i/^o ~Jj, 1 g f M ® « i 

^Ma.xit/ ^<^(DM'S^}^lif^^, MyKtSÊii.^li6MC,'.;^t.^MmMiSilcmiBLX$>it>tiio tfz, Ct: 

feö'>b/£«(%<fflffiM'W©cf='CNSP©/aK ( l i j i t ^ . ^ j j , 1959, 1961, W O O S T E R and CROMWELL 1958, 

BRANDHORST 1958, CROMWELL 1958, SHOMURA 1955, \\ii\i •'k'^ • ik'A 1965) ^ M ^ Z t , * © / a 

¥ f ^ T i ' f y K^fTfe , ? ' f?^i :20°Cfi |ulèi / j :oT^^-5o l iSo , ^ ^•ff-®JJ:!(aü^>*.1iu[IB4:<***t> ƒ; b t 

file:////ii/i
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X, i»/7Kli®fiÈ*®i®(i. i5B20°C fjiIftiCè5i.?»-'CJ;l/^ejbt^o ^ ^^^©' ta /K^i bT^iS^JÉ® 
m^&^m^m'tz "±M;X" *^x .5 i i - ^ -5^# 'S©i ;^ i i , MS:Wiciiil*/a*^Ü'7jc^*#x./cCè 

i*®.i;-5^X/S^¥S^®fc®T, '&tiA^ra[Jf|t®1^fr®-^!3èi9fci'©J;-3ü^»f^!3^;i, MlJ:raffl©itltt 
éi®l1Bfci'®i;-5^j:llff*i#x.f>n5*^il-^o/;Pp!1SBfC-oi^r(i, ;̂6S;ö̂ tj;&f3X.T < titJl/^. M^'fi^ 
m'MLtzB-C-ti^üm^t i^tzj]i)i, / .N'^®/] aj:MMtt!ft,#®**iiliM'r?1tl^-5^Nil^iSJrjgLTl,^ 

aib:^cgi55->lct-rU'5AsS*^ )5g*Al$fi*n*iimw«®Si5Sftlilc|it3rL^c;^5^>(c**f S è l-̂ o fc, It 

•5'%x.S'(i, ^^^'f•®±/g(ïflli^è^>;i5/^:tó®fFl|fS„ttibTli, i£5ïMSfiEg;T*S(j-tii'l>, 5>/fJ® 

(2) +'N^'®igó-. /fij(^®)A4.iffr'i-i^®^flïi®rB'!fc(i, t^fi^omtintimmco&ictiiim^ü-^tiz 
(SETTE 1955)„ Lt^L, y^^f•®ii^, *®iiS:^^^èS*aïgtt®El'Vj<«t®-&^ïi ' ; |3i6 'JK9t. 
•^^d^i-ö-tlPimtü^nxh^-tS.^^ (SETTE 1955, KING and HIDA 1957) (3ï7ia)o t - < Ü < i i , f̂  

#'?*^ffi/£b/ci;5(cï^iHr/Xiifir*^Ml^:r1'f^:/^^f•®/L/Sfi9iiS^^^5i, C(DÏÏ\mi, * * ' l £®Mt^^ 
) i /k i^ i ( i / ,MSïtfM*fe '>r ïgrbn5ci tcü5„ /g/ ï®x4'i iS['j-i/'^•f^©(gtï:^>7lT®llg(ciioè D 
L/c^J t ;* iTTCüi /^®l i y*®i i i i i / ^x . J ; - 5o c ® j;-5Ü^x.y!7;6ijELi/^i-ttxli', i J * b < , >^^^ 

®*ffiM:®rt-r©S*Ë:ffil:ii> -e^üfcAèl/^fe®-C(iI'j:l<•'-c*5•5o b*^b, M?j=*^®Jë-t-S*ÉËÈtl 

Fig 7. Zooplankton abundance (after Reid 1962) compared with the distribution of 
high hooking rate of bigeye tuna (represented by one degree square with a 
small open circle) in the Pacific Ocean 
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ncn^mmo^}S.^^iiTmA^ïb^^-<^i:im±i-6t^^-,tzT^-r:, m^Ê.m.iéi&wniiffut'nzoriif^ 

è e ^ n - S o J:9l'^o/cB®S*#:È;^jè®ti-1-a*oèii, ?g7k®>rl!ti*^, /iff il-'-o ƒ; Fertilyzmg 
system ®%ji® f l.-.>/N'f-®^/giglK:É:^ (t|3:̂ 7K^̂ 5•̂ it7R) iC01,>r I<-'X.-S 21 è© J; ÖT* 5» 'flti®7k 
l?A^f.©^S^*-5(:ti^)-?'-ri.^5^K^/N'^ii^<t-r5cèfcyj:5-5A^e., ^ 0 : Ö - * ^ # ; t 5 ^ ^ , MUA)) 

(i) ^ * (1969(1)) ;óS7KLfcJ;-5K, ffi^^iR^giC^^g^AJ^K^Sci i * 5 „ (ffi*i,^iR#!!^{i^BM 
-ê-Tk i **7k© ii^-p * 5 „) 

(iv &^7KA^mmicmti;Lr^^6i^rh, Amm^7kt(Dmmm. BPt.:it*¥#èft(^ii®*-rfet!fic 
transition zone (SHOMUR'V and O T S U 1956, M C G A R Y and S T R O U P 1956, ^ ^ 1963) t ^ ^ t i t l i ^ 

(3) ±^xy-(^T!s^m\c^m-ti,^mt, *jii (1957) icj;n(f, t4ttK*(,gm, üSci-^aM îiiWfcèsffT* 
5c ^ * (1969(2)) iiA'7^N°:3';^g|Si-®i^iliPT®7K«lc, /iff-flïtiCËa-rS/^7J<(25°CjaT);6^fêjit-
5INfffliC(i35lfSfti¥®ttttffitt®<Sl-^ci*fë®LTi,^5„ - :§• . ^l^A^dP^^^©[idt^^^^ 'f v K 
/$/ft^©ii.i¥®tt«ffitt«Si'^ (*ill 1966)c t / c , ïlÉft,©fiJ^t^tl (±W 1967) t,^!^^tt, ^ y<9\t 
*A^iS®^ffiS^H*T'gS[9f SRjffittAS;^#lU9Ket)n5o J : n * : t ; t b T , )j^fiffi*fiK«^P®1-
•?̂ t>y- ( ^ * 1967, 1969(2)) Ko(,^r]i^T®J;9K|?JK1-5c 

rËfeWffitt*^iS<ü5i, «i?¥(iïfi(!):«ti'ü^®*ffili^l®TWc«f9, ^AST^B?I'èli®*Tt:W-r 

(41 X^itxit, /&fiüJl[ i*©mf]KS5|gï§</j :5ci i i , Ktic«E-:/c*s. cnt^m^Xf^o:)-^^^^ 
#<n):s ( ^ * 1969(2)) c i i S a * i * 5 i ; ^ x . s < : è A s - r è S o <i©#x.ir(i, -«JicAMfi».®^?*» 

mmmc^zct\cfs.höo ttn\i, m.moii^^-M.^k^itx\i-&^i:.i:ix^^<Df)iMm,^tm\^, s 
^t b T , i|:SteocfCfiSffl®:5-Ai;*:M%©SJ^;ii;^e < , Bt]©;ïrii/jNg:!«s,©fJÖ-AsAè < Ü5è(.^9 
(S|È];6ièb:bnTJ;i/^J:iiCÜ5c 

feb, j:©j;-54-^x.::;^Aii£bt^/j:t.lf, A¥#©^^-^©«,i¥1fj&fc-:5i'^TblibifSnJ3eti/cU'io 
©#x.i-, l!P^A¥#®^^^'^{i^{*ib-Ci|l-®f t - i U - y g y - C é D . fiSgi i fciC^g^iiSSPA^ 
#--jK#S[-rsii,^-5^x.j-ic>cjbT, m(D:^^'jjtmü^^nzctK-nzo ^nit rft.{**̂ 'm:'jïMAè <Ü 
-5®(i, iJ1'biBESl<:j;5^;5"'^0iRê!!KJ;5®'riiÜ<r, i|ifc^A^ü-±© t)©T*-5o b/rA^oT, 
i;¥#dÉ:l*ibT, ;^-rbfe¥-ffl«^g¥l*^^x.5jAj[iinj:<, ^l^®iti5!ii*©^msSffiKl^^Tff1£^ 

i;S/ft2iAittoz5Jti5m£:?iS;^<Ü5J ii ,- 'ofcfe®rè5o ^ n t . 2-o©^x.ï*Jt iKt^„t-rsc: i ! i , 
^(è , A^^f¥>^->'^©f f ^ u - y g yti|jÉ^„fe-f5Jl^®è*DtóTilSüf'T y l-fcfïSiii^ë-MgbT 

(5) >'^'^©^ffi®Mlc-^l,^T®ffb^^»f^lcƒcrtf, -f y K/¥®si^^7RM-c^«lMè^5+'^^'i>^^'f^®r] 
5t^©g^i^:jbKèf,^t^ƒc^.^-e.l^5bl/^Mi(:•ol,^Tfc, -EuSif lJ l^^x.St i i i ' rèSo ^ S H Ü 12°S 
2tJt®^«iC*jl:r5+/N^'i>.N'^®S0ïï4^®g^a:^b^itKb/ci©-C*5= *0K^b/cft,8¥»fég(li 
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:S:* (1966) KLfzAi-, 
X, P (ei.i¥afë|5;) =SAï-n (AJ (i X S/$K®Bfö, n« l fgb<r)a t : ) i b - r ^ t Ü ^ S o 

cDigffïo^{t;^t|la](c«^,^-e,b-5Ll/•'XAsè5o +/^^®i']a1^A^HWT® i-'^-'i'ÉT(iS^J>Lfc®{c:Rur, 
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Comparison of annual change m the population 
abundance between bigeye tuna and yellowfin 
tuna m the Indian Ocean 
As an index of abundance, average hooking-rate 
of each species for first three years is taken to 
be 100. 
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