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Studies on the albacore- X IV • 

Distribution and movement of the albacore in the Indian 

and the Atlantic Oceans based on the catch statistics of 

Japanese tuna long-line fishery. 

Tsu tomu K O T O 

(Far Seas Fisheries Research Laboratory) 

The present report describes the distribution patterns and migratory movement of albacore Japa­

nese tuna longliners are exploiting in the Indian and Atlantic Oceans, based upon the catch and effort 

statistics of the years 1961 through 1965 for both Oceans, and the data of length composition in the 

catch from 1961 through 1965 for the Indian Ocean and from 1959 through 1966 for the Atlantic 

Ocean. 

The results are summarized as follows ; 

1. In the Atlantic Ocean, there are two areas with high hooking rate, one in the northern (15°^-

40°N) and the other in the southern (south of 5 'S) hemisphere. In the Indian Ocean, an area 

with high hooking rate takes place south of 10°S. 

2. The areas with high hooking rate also appear to be continuous between southern waters of the 

Indian and the Atlantic Oceans through off South Africa (See Fig. 1), The mean values of 

hooking rate (1961^65) for 5 latitude and 10 longitude areas, show a southward expansion of 

areas with high hooking rate beyond 35"S (See Table 1) . 

3 . During the northern summer months (Apr .^Sep . ) , the center of area with high hooking rate is 

located in the western half of the Ocean in the North Atlantic, and in the eastern half of the 

Ocean in the South Atlantic respectively. The reverse situation prevails during the northern 

winter months (Oc t .~Mar . ) , In the Indian Ocean, the greatest concentrations are in the western 

and eastern parts of the Ocean during the northern summer months, and in the central part during 

the northern winter months. 

4. The seasonal change in the relative abundance differs in areas north and south of 25°S, that is 

the approximate southern boundary of albacore spawning grounds in both the Indian arul,South 

Atlantic Oceans. •- > • 

5. Generally speaking, immature fish are concentrated in the high latitude of both Oceans. On the 

contrary, mature fish occur in the low latitude. But during the northern summer, the distribution 

of im.mature fish of South Atlantic expand northwards as far as 10°S along the west coast of 

South Africa. 

* i968i)iio;j9 0sa mwii^mm%mmk ®iTi 
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6. Based on the observations on the seasonal changes in the distribution pattern by length group in 

the both Oceans, following movements and relations between the groups are suggested 

a ) It is indicated that the mature fish move between east and west respectively in the South 

and North Atlantic Oceans 

1 ) The direction of movement in the northern and southern hemisphere of the Atlantic 

Ocean are opposite each other 

11) It appears that the Caribbean Sea albacore are more closely related to the South Atlantic 

one than those in the North Atlantic 

b ) It IS indicated that the mature fish in the marginal areas of the western and eastern Indian 

Ocean move intensively into the central area during the northern winter, and vice versa 

during the northern summer There seems a movement of similar type for the mature fish 

in the equatorial areas 

1 ) The extensive movement of mature fish is represented by arrow A and B, which have 

opposite directions (See Fig 4) . 

i i ) An extensive movement of mature fish as represented by the arrow A is supposedly an 

apparent one which can only be traced by seasonal changes in relative abundance of 80'^ 

90cm group 

c ) Some of immature fish in the Indian and South Atlantic Oceans move seasonally with 

south north direction along the both coasts of South Africa 

d ) The recruitment of immature albacore up to the area north of 30°S seems to take place 

during the northern summer 

e ) There may be a little intermingling between the North and South Atlantic mature fish 

f ) It IS inferred that an intermingling of immature fish may occur between the groups of the 

southern Indian and southern Atlantic Oceans, although the extent of intermingling is 

uncertain But such an intermingling does not occur when the fish become mature 

ËS/¥Tlil959^, ±Jzmi^riim2'!f-iDCtX^i,o iiiyM, #;t;/¥tfe(^^lliffi*i^^lC:e^l965^f<: 

40°N J:i9SlïS©7X^IC*-CS:AT(,-'5<, 

K^©i©(COl^TiiHl^t (1957), H t m (1959\ A}\\ (1962) *«, :;*;ffî ¥® fe©K-ol,^-CliJÊ#flfe(1965) 
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I « *4 

*iy-Cffl^^/;im4;i<*fi (EXfi) ©Et^Hi^ y l-#T«1961'¥i ; i~1965^12jlÉT©t,©T*S„ 
^Bi^riit^m^Oitili 1961 #• 1 )1~1965 fF12/J ® |>©T*S;tis ftfi®^nfi 1959 ip~1966 ¥ 12 Jl K 
<5bn/cfc©-C*5o 

ttïft^.©gM©9 *, 1961 if ©^ y K<f K S f 5 fe©fi IHit/<iiK7KSSif:̂ l3ff dHja/̂ /K^SffSSBfr) KJ^oT 
mm^nfchox^^), wiif(DX&mcmt?>h<Dii!üi^m(cji6n^ (i965) (ciR«$n/cfc®T*5o t 
/cl962~1965fiï©fe®(i \'t< baK.fSiD<fi>Méfimm.1:JSmi!&WÈ} (1965, 1966, 1967-a, 1967-b) 

ftfiftif©-5t>'f y K#ici is i -5i©«, jfeM, &(t, ^m&^^i\ïmri\xM^nfzhoisXü', mij'&fT 
MfflnJKHi'S-^, M/tAoJBSS-g^ (1960, 1962) A^bli3Sb/cfe©TèSo :p ;̂ffi#fcM1-'S feotüÈ^^-^iï/r 
«©jaSilJië-l^ilfS/^AJiiaHi'g-l- (i960, 1966, 1967) iA^f , i ïSb / ; fc®rèS„ 

I » 7S ro « H 

^ 1 0 - 1 a northern summer (4 ~ 9 i l ) , liJJH— 2 fi northern winter (10—3 Ü ) iC:foy--51^^, 

ss&5° g:art®¥tii«4^ (i96i~i965'+©¥Ji3<É) ^^r.to micxitfh^m^mn^ yvi$ (m^m) 

^ © ^ « i c , ;it;^ffi/¥-röl5°N~40°N ©^Sic, * b T li^ffi/^Tii 5 °S £(ffl©^JÉicè'5o J :nb3 

f*K5 °, S S 10° Klli)3y®'f^PB]¥tó3ftffi^ (.northern summer © J ' j ^ ^ i northern winter (D-itlt 

©¥K3fÈ) *1961it*^t>1965^ iCA (̂:̂ T© pKgfiT/jNbfc^ 1 : ^ - 1 , -2ici.?>t, ^ v V^isX:Jmi<S 

Fig: 1 The geographical distribution of albacore in the Indian and Atlantic Oceans 
shown bj' average hooking rate 

Fig 1—1 Northern summer (Apr -~Sep ) 
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Fig 1—2 Northern winter (Oct ~ M a r ) 

Table 1 Mean values of hooking rate (for the years 1961~65 inclusive) 
for unit areas (5° latitude and 
and Atlantic Oceans 

10° longitude areas) in the Indian 

1) Atlantic 

45-50 N 
40-45 N 
35-40N 
30-35N 
25-30 N 
20-25N 
15-20N 
10-15N 
5-lON 
0 - 5N 
0 - 5S 
5-10 S 

10-lSS 
15-20 S 
20-25 S 
25-30 S 
30-35 S 
35-40 S 
40-45 S 

100-
90W 

0.07 
0.08 
0.04 

Ocean 

9 0 -
80W 

0.69 
0.13 
0.44 
0.64 
0.26 
0.17 

8 0 -
70W 

0.88 
1.36 
2.22 
2.03 
1.17 
0.91 
0.53 

7 0 -
60W 

0.86 
2.45 
3.43 
4.05 
3.23 
1.68 
0.79 

6 0 -
50W 

0.00 
1.06 
1.99 
4.09 
4.89 
3.53 
2.89 
1.49 
1.02 
0.50 

0.84 

5 0 -
40W 

1.52 
2.97 
5.44 
5.28 
2.71 
2.72 
1.25 
0.67 
0.85 
0.84 

2.31 
2.73 
5.33 

2.10 

4 0 -
30W 

2.39 
3.06 
2.39 
2.36 
1.92 
1.62 
0,50 
0.75 
0.62 
0.53 
2.39 
2.73 
1.96 
1,98 
1.69 
3.56 
6.38 

3 0 -
20W 

0.01 
2.48 
1.65 
2.24 
1.07 
0.69 
0.28 
0.80 
0.49 
0.73 
2.51 
2.59 
2.05 
2.71 
5,05 
6.26 

2 0 -
lOW 

0.40 
0.40 
1.90 
0.82 
1.24 
0.04 
0.02 
0.56 
0.52 
1.04 
1.81 
4.33 
4.84 
4.10 
4,87 
5.85 

low 
- 0 

0.00 

0.01 
0.46 
0.45 
0.99 
2.08 
7.43 
5.66 
5.33 
3.60 

0 -
lOE 

0.19 
0.27 
0.64 
0.25 
1.37 
5.02 
5.75 
5.08 
2.12 

1 0 -
20 E 

0.88 
0.17 
0.37 
2.66 
5.56 
6.03 
8.51 
4.11 
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15-20N 
10-15iN 
5-lON 
0 - 5N 
0 - 5S 
5-lOS 

10-15 S 
15-20 S 
20-25 S 
25-30 S 
30-35 S 
35-40 S 

2 0 -
30 E 

1.98 
2.10 

3 0 -
40 E 

0.00 
1.31 

1.82 
1.97 
3.27 
4.32 
5.46 

4 0 -
50 E 

0.01 
0.02 
0.25 
0.88 
1.60 
2.20 
2.20 
4.03 
5.34 

5 0 -
60 E 

0.00 
0.01 
0.01 
0.02 
0.07 
0.31 
2.19 
2.62 
3.98 
3.79 
4.26 

6 0 -
70 E 

0.02 
O.Ol 

0.09 

0.16 

0,19 

1'41 

2.13 

2.60 

4.09 

4,25 

7 0 -
80 E 

0.00 

0.00 

0.08 

0.20 

0.22 

1.61 

2.94 

3.08 

1.02 

8 0 -
90 E 

0.00 

0.00 

0.01 

0.02 

0.08 

0,40 

2.00 

2.67 

1.57 

3.29 

9 0 -
100 E 

0.00 

0.00 

0.00 

0.02 

0.08 

0.50 

1.33 

1.59 

0.80 

1.32 

1.44 

1 0 0 -
l lOE 

0.05 

0.30 

1.14 

1.48 

1.09 

0.47 

0.37 

1.25 

1 1 0 -
120E 

0.00 

0,45 

1.02 

1.06 

1.51 

0.62 

1.58 

1.66 

1 2 0 -
130E 

0.00 

0.04 

0.82 

0.35 

1 3 0 -
140 E 

0.05 

0.00 
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Fig. 2 Relative abundance of albacore for unit areas in northern summer as expressed 
by the difference of hooking rate from the annual means. 

+ positive difference 
— negative difference 



120 

i^Xii northern summer i ÜR^lffliJlCAè < ^ f t b , -f y V ('t Xlitf'Ü^Ai^^ 6mHi^^ inZ> ^ 

^ 2 0 ( ^ 4 ^ 5 ° , S K I O lK|fllrt®^ri3Wit|ft3ai4-i, northern summer ©ijii^fiy®f t ] J ' ] f f i 4 ^ i ® ^ * 

7y;bfZo M # i i 1961-1965 4 - 0 ¥ ^ f i T * So 0 4 3 ® + ® ^ ? { i , northern summer ®|'j5i45;is^FBWK9l^ 

W^'^'Oi^i^^ii^i-^^Tikb, —0W"sitcnil^iS.<jMI^<^-"^7nto northern winter (CO(,->T(iia*itB§ b ƒ; 
ii, ^^mcom^mi'cCDttX, S.G.on'é<D^Ai>ÊiiCf£i>„ InligA^bHTOAA^fétöènSo 

1) ^yvttisXLm:kmi^xii, rHiim4;®®i5i^**fcèfc5 25°s ptiü^i^fcbT, ^omJitxmm 
^<D^^Mit<Dmtm?>mm^^'i>n6o t®j;^fcjb5it#/È®ii*g[^JticbT*®mjtTim4^®$g5^ïb 
®MAi^ü5èt/^-5Mlöl(i, JbAB/^-CiiètOWK-C^jil^ ^ y K/^imAffi/#® 25°S fi, cii^oê^^ 
®t 'y i -A*®Ë| |3J t f f l i JSfg l iMiC:aoTI / ' ' 5 (.±fPl967)„ =ltHll a959 ) ( i , -f y K/f T i i northern summer 

KtlZt1km.mxm^-^thJ.i<.-fli>Ct^WëLX\,^Zo W^im^t northern summer iCtimaWfiJ-TÜ < 

2) l^»?:®fgl^*u)giait®t^/£^*'5i, -f yh\¥-C(iHtt (1957), HttfUi (1959) m'êmbtz^ö 
iC northern summer 1CÉ'J5445*S|>;J < Ü !:>, northern wmter IC( i* t l*^ (g < ! ĵ:S o b i^bAlS^l fö j f^ ï t J^Ja 

^ A ' J y f ë - C f i g E I C ^ b t i r i - ^ S c t Ö I C (c | 3^ 1963, :Êüftftil 1965), northern winter I c n ^ ^ A l ^ j </jT 

i j , northern summer j C « n * i { S < ' ' i 5 o C ® J;-5/<j: i^!t45®^i0Mb i , * i iRofe®^I0Wni : /^M ( 0 if 

1955) i * « i b t 5 i , -f y Kf̂ -?^AB^^®*Iiigai'icTl']1.45AS|=j<ÜSB f̂fl«, ^n€*x®A/¥Tj!RÜS 

^ 3 Blicft,ft® Aè èmicfyfz 'A^ikm^A-iTo %i\\i, [t^^W /öJi^ö^iimkA^ 90cm H±®giil 
(f if{£5°, S K I O ' KÜUSIJ), ^ O o i i b ! i q 2 K 3 i * f i A S 9 0 c m > i h i ; Ü S K l i i T * S o I Ï ^ M - 1 ( i northern 

summer, — 2 l i northern winter X, ^ y K / ¥ T ( i 1961-1965 ^ , A f f i ^ T I i 1959-1966 ^ O f t i H ^ C 

^^JCbTèS (ll^fc^Eli(AUOEiyT®KiiI(ifflHïbr*S)o ^yv • K&mci.ijZ,^'yi-iS<DS.'Hm 
( i t /c 'Bflbd^icèt iTi-^nj l - 'A^, A ¥ / ^ ® ^ J I (±ftP 1957, Orsu and U C H I D A 1959, O r s u and H A N S E N 

1H M so 7» 10 sa «o 10 iO 10 o 10 10 30 40 50 10 70 10 01 ,00 110 110 1 » 140 

Fig 3 The geographical distribution of dlbacore by average length 
Painted square , less than 90cm 
Dotted square , more than 90cm 

Fig 3—1 Northern summer 
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lOlT »i 10' Ttf SO 40 JO 10 10' «• 10' 20 30' 40 iO 60' 70 iO' 00 100' 110' 120' HO 140' 

100' 00' 00' 70' 

Figr. 3—2 Northern winter 

1962) A^f-t i-r t , 5pj^{*fiAs9Ocmjyj;®t>0(i),Mi, *tiV:iT©fe©li*fiicft i ^ ^ x T J ; è ^•5-c*'So 

(25'S) ©'^•ï^ltffl, 30°~35°Sè/ci9*i ifc*njyj t( ibMj,©, ^namii*)Sff i®5>?t ï i^ iÜoTi ;^5o 

*LT)Sgi ,©:^^MfiT7 IJ *;^Iii(ï:J;oT^>rrèti/C' 'Wiü:5*i, i^bX.iïi,©^tiiiT7 ij *S^©-/tè-feö( 

« ' ISTÜoTl^So Jfc^lS?#:®iH;i^»4SiiSii, i-fcÜfcJj!c,«iO'7>/lT«-e*>0, PJ;^C'f¥®*aJ3i2a®lgl<jffi* 

JicfcÉ/ciMi,®5>-ftJi^iÜ'>rii-S„ 40' N aJt®JtAi^-/ï;(i^ij3c«i®^>-fl7MiÜoTl^SAi, <i®'/(iiJjÜ®* 

i | iö«i< Kh-x>r-f$*4i'C^iL-/c-/ttfiicT:'ii, 6 ~ l l i j (C/j^itT^St''J-^iJiè^®>Ft^i:Ü55f?)M> fc*5 C 

tiit>i)^'^ri^6 (POSTEL 1963, 1964)„ 

C0j:,ÖKmmmKlif&mim!(^l£i^Ml^-Aih^i!xii/.Wl'MMW^'jy^i^ northern summer JCli 

tp'iAm (1965) ;imicMgL/cJ;'5fc;^)jl{a®^>/l,'J'ii*S|iT7 ij *©SH^feHMag|/,'ffi»JilctT:'^^^ b 

; i .b , TALBOT {Ui (1963) ( i 5 ~ 9 J j (7f<«-(?i.̂ '9 northern summer (Cè / ;S ) K Ü S i S T ^ i J ^ S ^ 

(D-f\>{\iHti.ni 90cm£i±© ASi}tïAMix.Ü^iW-!ffi^® t W i Ü S i L T l ^ S o TALBOT {tliöliKÜi'ii, « 

mo' s >:ifi0i'^*.i:5b<j^i;*9®?ö«—ia/K®iix.ü;b)3ö®}**iai'ïoTi>üi/v/g^—t^i,(Dnp\ 
IC |> io'O Vc fc®-?7afe D , northern summer (C|%'r 7 ij A fi(#0'/if ft'/ëMic:^Mfii>'.?)- b t l 5 tLXh, i 

(Dtümmm.i.^joc'<m^^mwicmin6hot!&t}n6o 

V-1 SdtIM;̂ M'/¥*;=ki>'>f vK'<¥ii:*;W-ê;feilo-5crè 

m^Wi^m'&i-Z t, m4 Hl ~2©J;-5üfe©(t/j:5-5o .(a?t¥!(:Aèü'5 c'è A5ffi^§tisaèi/^KiS^è 
ï'Aj^ini]*, /h$ü-5c: 'è*iMAË$ti5tf*iMc(i/ is$4-5^inp*f.j 'bTè5o ü * i ] t T 7 y AKJEfgu/c/èiM^ 

l ^ < i , tSj'lmS?ë«K5>A't-Sy|<)Mv!col>T©'hïSli> 'ï^^-rbfci£a-eül/^©T7;^jS<ftiC'Oi^TlS, _l:i ü 

T i f T 7 y i] ICfflJi bfc?l|itKfcy- 5 '5 C'è «• i i9.Ly-'S o 

a) S;jtia5;^W$Kfcy-5:ft,|}¥©5c*è --iiSc .fe-

^^(D^^flö^^ ( * É ® ^ è Ü ^ É P ) 4 i?( -5 i , JtAfi?ï;if«>caï^i-?r(i:3ï<jËif|Pj©^fiWJïï^ffi 

ëJijAifil/ëètlSo 1"^Xfc*., dt;^;B-/¥:'e(i northern summer iCÜB^JiJ^'x northern winter iCö^i )^^ 

' ^ ® ^ f j * i * l i t i s © K M b , pg;^ffi(fT(i northern summer (Ci iS^i^ 'v , northern winter IClt^^!^ 
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n o M M 7B »0 40 » aO II > W H 30 50 I I TO «0 to 1W 110 tZr 130 140 

IOC 10 10 70 10 50 40 30 20 10 0 10 30 30 40 50 10 TO l | 1 1 IIP 111 130 130 140 

Fig 4—2 Northern winter 

Fig 4 The supposed migratory movement of fish in the Indian and Atlantic Oceans 
Arrows indicate general directions of the movement 

^imf 
immature fish 

[ I mature fibh 

" - - © ^ Ö A i * t>^l2)o S T 7 U *filr®4'<Vrfi»iitT(i northern summer iCxktA.«l,A^<?*-"itl-Sör, CCDSiM 
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(9, northern winter \CfM^t>hSi< northern summer iCöjg </üS,, o t l ? ^ 2 E l * * SA^è'^^Tti, fl 

y 7'/l |©ft.Sfi«bAB^ffi^«®fi^i¥i3^^1-Sii#x.btiSL, if Affi/¥m**S®fl.i¥iï2<t1-'Si i # 
x.bt i5„ 0i'5 (1955) ®/fijrfiHtt:j;5i, m A S / 4 S * ü « . *'J 7'/£i*^?>lSAffi/T-ffliti«i^5S^«i i 
feic, if3!pHóit4fc(i*®^^^?S<2i^5/feit, i^fctiJ; < W/cSSi«*ftTfcè5 fc®i#x.t>n5»-J" 

MK'i^^tzm^li, MÜo/;i§iMft=TK*SJl:Affi/¥®<Wfii<rft1-5Bjfiêttfeè6 9*i, ccxlitsL 
ó J; < <a/;iliS*#TfcS,SpgAffl/4®«,Sïi^«tt5 Rjnltt®:5-A '̂Aè i/^i;§x./c0^o 

- ^ )j£ «), -

^ 5 0 - 1 ti, 1959~1966ir-lcfcf:t5mT7U *ffii^Jt®iaW^b*tófcftMffiBj4*, fêK 10° gi) (ifflJË 
fêSgt*S 100 mHT©/g«MlJI^) f < : ^ b f c | , ® T è 5 o 0 i t J : 5 i northern summer ©/fel^^ii, 10° S 

Ki.it(DhWLrli%cmPJ,±(Dh<DXmi&^nr^^6ti, 10° S JaS®/fei i r i i^^i : 90cmB(T®t>®Tfflb:g 
ë t l , 80~90cm©fe©AJü| i / j : - ,Tl /^5„ —:?3 northern winter iCii 20° S £lJt©/git©KWA^If ?>tl. 

•ri/^ÜI/^As, 20°~30°S ©/gi^T{i90cmH±©fc©A^£l!|i 'j: '3> 30° S HP^W/fe^-Cfi 90cm H T ® fe© 

L 0 - 1 0 s 

L 10 - 20 S 
s 

L 20 - 30 S 

L SOUTH OF 30 S 

n NS 203 

N.S 945 

\ 
N5 19670 
?^W 292 

•ia 1 
N5 3471 
N!W 897 

ól 71 81 91 101 111 121 
B L ( C m ) 

Fig. 5—1 Eastern areas of the South Atlantic Ocean (0°—20°E) 
Numerals denote number of measured fish 

H i N . S . northern summer I I N.W, northern winter 

c:n?>©*)J-^«, T 7 'J *HJip®/t-ê-/SJt'^(i northern summer iC/j iSi , *fi^fi^*i|3f^ 10° S K t T J b 

± - r S c i * : ^ i ^ - r 5 c ^bTCtit>©*ljgfi),©-5-Ë.)S^ar'gK3ib/c%®ii, ^®SÉ30°S HJb©^^K 
?S®b-CEI|3j}¥©rrfcÜffiö£iliÜt3, jÉtt northern winter iCfj:Sè, 30° S H S ® ( S ^ - - i 5 fc® i # 

X - b ^ S o C©*)jKft,©At^j:^C'è*®4I2ifc:AÉP D T/j^-To itAB/¥®+-ffi3P®Kt-f:t-S northern 

summer ®{$MSW^#?>tlTI/Vj:l'>©T, ^^<l(,®/SSDAiliASf^^JtKt3fco-Clrt>tlS fe®A^, èSO"» 

i i T 7 U }^B^i®l(:*jC^T®^lT:bn?i|)®A^(iBJiï,i.TÜl''o 
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b) ^ y K?f;icfcy-s/,futï©-5c'è 
- * & .ft -
355 1 1 - 2 fCB«^ y Kïï̂ , In||21-3 , - 4 (Crtal^fc 

J;6fSg]5^ y K/f:[:fc-i:^Sl!li1^^-{*Sii* 2cm t 

Lfz i*fiMiJfii,itTl:fé©:*' T$*S 10° Sijic^n*'ti/K 

•To 

HicJ;Si, 30 S aiWém^lii^ti^lci^Ztm 
ifi90cm£( L©l)©A5K'M^iÜoTl^^5„ t)^^^ü,.f-»l 
(C<?).5i northern summer l C l i 2 0 ° ~ 3 0 ° S ©/fijiiJi'tr 

90cm.],:.(T©è©*sig/jnTSi®ip]MgJöbnSo 30°sjy 

i'90cm£iT©fe©*M;l*i''i'>ri/^5„ tp- Mnu y 
K ï ^ T i i northern winter ©H)| ï |b*M^ btlT(/ '" ' j :0^ 

AS, ï ï ïSH-s . - 4 (Diu'o-^ii, ccDyjmrh%cm 

O^^liA y Ki^ ' tr l i northern summer iC/X-Si , ^ 

y K?¥©i5!ïê:^fcn:o-c, ^^ju.tno°S PffffifCti: 

^aRSi^ab^cfc®(i, « © t t 30°S jadt®/6>aicis 

^ b T i ë l P S ® rr f:. U ISfiJcii i ''ï '9 , fillii northern 

winter iCT^ïSi, 30 S J i l i ^ © S ^ ' ^ i S i © i - ^ ; i b 

^ t c raï 5 M- 2 . 3 , 4 ^>f-lit-r 5 i . 20°~30° S 
©feij«© northern summer (Cfc^ t i 90cm£i ,T®l )® 

©i^gf»®üJPfiff i!5 |H y K ? ^ T : : t L I . \ t / c , J j ï lW 

Fig. 5—2 Western areas of the Indian 
Ocean (20 —60 E ) . 
Numerals indicated average 
hooking rate 

B N • S . northern summer 
• N , W . northern winter 

0 40 -

0.20-

8 °'° 

_ 10-20 S 

. 2 0 - 3 0 5 

^ 

N S 1 32 

^ ^ N S 1 8 0 

SOUTH OF 

30S 

81 91 101 111 
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Fig. 5—3 Central areas of the Indian 
Ocean (60 —100 E ) . 
Numerals indicated average 
hooking rate 

3 N.S . ; northern summer 
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Fig. 5—4 Eastern areas of the Indian 
Ocean (100 - 1 2 0 ' E ) . 

Numerals indicate the average 
hooking rate 

N.W. ; northern winter 

: i|ifö<*fiaoai#i4ïia(]5i^®ïft, c c-eii 1961-1965 ̂ ®¥i^ffi-C^f o 
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t^ht>^h-ht, northern summer (C^ y h/f © i i l J ^ i i i C H o T Ï . ' t l ««.©/^tia;*^'?^ b t l ' S (C L T t>, * 

© f S J P O i S m t t f f i ^ - f - ^ h / f T è 5 i Ï Ï i ) È t t A ^ A è ( ' ^ < t - 9 ! C ï ï f c t l 5 o 

^ ^K/t!c*jt^5;fti4aft.® Aèü-9c:*ê:^ïiï4H!cArp C r,jx1-„ ^̂  ̂ ^ K^i^SIAS/ToAbS^iiy^EP 
C , D T /h L/C J;-5 iC northern summer (C|l:|h:5"^, northern winter ! C | i j ^ ; ^ ' x i ^ f j - f 5 ; Ö i , C © J ; 

•5 ^<£iagtliiaiC±A¥(^ (JSEB 1954, 1959, 1962) ^ P I A ¥ / # (±ttflli 1959) r.Stó t>nri;^5„ 
- B K <(5, -

^̂  y K # ® )jJ<:fS,Tii northern winter iC(i;/̂ ;CNS15- ,̂ northern summer iCiiJ^;aS|5"^©)^fjAi®Sè t l 

5„ C©9%®Aèti:-5c'è*3'ï4r>aKAÉPA, BiLT/h^-o <:icr]qr>'j|i5I><I*.?)-r ĵ;-5o 
^5ia-2«!§ï|3'f vh/t®<fU!¥aiCiiWLl̂ Îffi3£{bA^<fe5fiî /TNTA^ 90cm U 1 (ai^OiOih-^h^^ 

± y - 5 i , C © ^ 0 S ; { t i i i f e É ' 3 A è Ü l i 0 T Ü l \ - o t O , Sa^ ' f y h ,T© northern summer !Ci>t'j-5ft 

i¥»®liAli/ï'CM^15*^b®)ïa«i0ë;£iji:'3fem:S"A t̂>®^¥ffi®ïf;jP*^Aè < -fFfflLTi^aci^&.hLri,^ 
So — v 5 ' 3 ! 5 i a - 4 fCj;5i:jfcï1H y h/"^ (100°E Jüife) ® northern summer iC^y- -5^ f i , f ï a®ÜAÖ. 

fS^*^b®S¥ft,®/^iPfeï,=Fife5*s. /^'LaA^t.®)5mo^ÜjA^At <fi]|]LTi^5c:i^.hLTt^5„ 
C ® J ; - 5 ! C ^ T < 5 i , ATP A ®-9C'è: | i /^A^ld-I ® f e ® T , -f y h/ f ® gg-ft,® -5 CT è l i northern 

summer iC(i5Êf|^, northern winter !C(ilKi$:i l-»-?-"f'^i O , * ® - 5 "6® £)jg5}-*^A[TI B ®-5e:*èK/j :5 

v - 2 ^ y h^ tSA^^Fa l f f l f i i . e ïö^c ' è 

Kf-£®tol l lcJ ;5 i , -f y K/f imA¥/1;RU®'fEi,PÏ®X/A®"lBËttlitStór'h$Pfe0i$tiTi/^S (M/f 

A J S S S f r ' 'Si}^ 1960)o 

v - 3 'T y K/f iiigAS/fM®fa.l!ï0 9C- i 

ivrfêJi|L/-cJ;-5ic^ y h/ffcJ;6'-'i^Affi/fici,(t5)j)c(fa.®5}-^JiJ((iT7 'J ^ A r ï i c i o T ^ W r S t i f c S i i 

1li,ti, *b3cf^®«tL{iT7 IJ Aitf r®/i | 'ê - /SM*Sr3S-: , /c ï l i ) ï -oTl^So 
TALBOT {i (1963) \ir V y *mff ®fl'^i^l*®/fii?ft*ltA^t>«-T, -7 ̂  nBi;ó^^ y h /f A=.b üAB/f -^ 

*St,MiitAffi/fA^b-f y K/f--iï^3i)j-r5iïïf}ÈfiAJ*5Ci*fétilLTi/^So c ® J ; -5 / i ^ / i® "JfjÈtt^tt 

pi - rS^A^*^fJ iLT, ^ 6 , J 7 M ^ f f j y S o : Ï ;61X1K30 ~ 4 0 ° S ® T 7 IJ *iap^Ji^!C*j(j-S/ftai^®#: 

gfisK*' * / h L , *fï7HK^ yh • Affi/fic*>t:^5 t y ^ t - * ®iï.SpiS^ lyiJiSlcia-tS JÎ ÏÏ (KIKAWA j t 

1966, TALBOT {tli 1963, ±W 1967) *#ML-rS:iPi i ï®ft&mb5" ^/jx-fo 

^6Bl lc<fcSi , 30°~40°S ® T 7 iJ*]t i^«®(ff!E^!i , ^ ' y K/ït]Tfc m A H / f t l T f c t fefCif^rBl* 

i l L , Ü L T 90cm2(T®fc®TtiM$ti , 80~90cm®fc©;ö^J,j>fiüoTi/^So LA^L,fftliCJ?)-5ipfl 

#(c:ë^®i.A^^f>tx, -f y h/ïffliir(i8OcmHT®fe0®fj-ó-Avj\èo^ c ® j ; - 5 ü £ ® . ? ) - b t i s a È i i W 

T ® J ; ^ i c / i n j j T è i a o 

^EafÜi (1962), N^KAMURA (1962) ' i , d tAT/T®AijXföi i^^i : : ioTSa-TS/ ls iSA^ci / j : i3 , ^ ¥ 

fi^Si'Sf'^ffi ({S/k/a) /SiSiC^Mlif S c i ^ f ë f f l L T l ^ S o ffiA¥/f^-< y K/f-Ci«tA¥/fSi:fWI?T^j: 

OAi, ±A¥/fi l5i5li?«/i*-giA\. ï / tó5)t lTl .^5 ( i t A ¥ / f . ± t t •/t^ra 1959, f̂ y h/f , Aiill962)o C 

®J:-5Ü5ïiÜA^t>JS-ri, A)5l^affl^>-rtl«iüoTl^51g/,a®/kiJl*Mgr,.ffi/li^tJ«{C6feA1--Si;9ü/fe/ï^ijt® 

t > i T ( i , AfiK«J,®^^«*Mgfi 'ffi/feiAlttrJÊAètiS<itii ^»i ;gx.bt iSo 0S5 (1955) i c j ; 5 i , ü 

T 7 IJ Affii^STIiï5f#S/lsii;f)>5.®ig/ffl®7Kt>È®Jb±Ai=t Ll/̂ ;ó ,̂ |ïii|i«Tli«ti*^:f;i!flBj?T*So o t O 

ffij^«T«3li;1i«(cii:-v, AfiJciMMt±-r51t|ft*^^Li<\ e :®J; -5 tc^T< 5 i T 7 ij Ajlif^üfC :fo(^5 

8 0 c m £ ( T ® f c ® ® i ^ * i t i i , !SmüJ; '3feè b iCi t ï l - ïK®!^»—^ y h/f (c*j::t5ia/i®/(fiJi®]tPSJ; 

t) feMiJ®/f4Ü«—fcèSè®i^x.bti5o 

T 7 U *iliS1Jyffi®piiA(f ic^Mi^S t y:H;!j© tl/^i^Afjëft^TifeS üiiiliüCjiE-xfc^ -&LTMA/f ® t> 

*̂  -f y K / Ï T I i 1961-1965^, fflAffi/fTil 1965-1966 ^rpic-(ff,fLfc|ï*t*t;5.icLT*5„ 
« 'T -y K/fTi i 1961-1965 ^ , ffiJbiffijAS/fTii 1959-1966 ¥ K f # b t i f c a ) l 4 * c : ^ l c L T * S o 
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NORTHERN SUMMER 

A 
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Fig. 6 Comparison between the length frequency distributions of immature albacore 
taken in the southern Atlantic and southern Indian Oceans off South Africa. 

A. Atlantic side (30°—35°S, 0°—20°E) 
B. Indian side (30°—35°S, 20°—60°E) 
C- Atlantic side (30°—40°S, 0°—20°E) 
D. Indian side (30°—35°S, 20°—60°E) 

Numerals denote number of measured fish 
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Fig. 7 Comparison of the length frequency distributions of spawning albacore 
among the North Atlantic, South Atlantic and Indian Oceans. 

A. North Atlantic Ocean (15°—25°N, 50°—70°W) 
B. South Atlantic Ocean ( 5°--25°S, 10°—40°W) 
C. Indian Ocean (10°—25°S, 60°—100°E) 

Numerals denote number of measured fish. 
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^SWiCttSEfa fcèx.ii -ff-, ^StJ, éM^ÈitCCtt^<È-oX, m±l^(^i^W^i^^ht>n?> mode 

©föB^JtKb, cti^MLxmtOie.ik<,mt?>]^m^z>èiat—ti^^r,fzctii, ^gSIW^sfe^LT 

c-'üi/^©TTèüA»ofco 5 i t t - c « f < ü < ifeiifaA/¥©*S)c«.Fs5©xfl1t*llfr5Wfc55È1-5i;5'^i:M*^HiJ!. 

®7Ei^^si , fflAffi/¥®jëWffl (iniia-B) t, ^ yh'i^(om9m mm-c) ©{*siM©Rg(c«^ 

^5ci;63rèJ;-5o 
1) ccomim^piü.'pmmoi&'S.imwxfïii^r.fzi-'^z.t^^i, i^R'ë^icDmm'jfit^tzi.ijKj^-ox^ 

t/;.?>• A^Ö-±© fe © T è 5 o 

M(cc®#x.*s#5ÊStiStbrfc, !SL<h(0^}ti^mAy;^?j-xm±i^<OiS,i^m<Dii.mii^^m^\ 

u) cami'^^f-^'o 

com-^Kwj.< this.^&m.ï'èxii, mAi'pof^nnmmbxi^^icticfs.^^ mi^^<^M3m<^{^M& 
6)ciCJl©J;-5ïï^*4f°«.jailiCiijaT©^/c':>© case 2̂ 5;:?x. btlSo 

i i ) - a pj#©^4r«A^T 7 IJ *AP$iCJ;oTpf;»;/fiC^IÏ$*l/cmTi{:L/Co 

u ) - b iiiï#;ói^<J3iJffl©fl:ia]iCHLTl/^5/;tófC4b/:o 

l O - a (DALiêXii, i)(OAVêtthK'j}tMimmLXl^6^f&^0mèX, ^SmKXUiE, F T ^ 

L/ci;-5ülJ©Aèni:3<;/A;A^è5i.?>-5A^ l O - b (DyiWiXii, liiS;^#©*)5S^©^>^ÖA^T7'J : *m^® 

TëI$̂ >W IC overlap bTt^^^ (C-f è'-f, C©[l^Hc3S6fï;Ó^* o T t), ^mi/h^U^OX'^Z, th-ii^^^X 

ib -So 

MARR fti! (1963) \tM\i.Tm.m}tit^^fyX, itJtM;fc¥^© f y i - * ' « «ti^'ni|l-©&*M*a*^b''i: 

oTt^SA^*, -i yy'i^0\^yi-ifii2=>&Zi^^li^tild±co^mMaA^M.OLtzh(DXi)6tLX^^6o c ® 

j l P f i , -f y K/^®t*y:h;^'Aiftll©;*;/^©t yi-*'i3<i5itbTl^-SBjftË't4*^i^L-riil/^S;ói, ^ y K # i l t 

±ni^oifhm-o)rsx, M&j-(D^m.^i¥öii.é.Ai&?>ct^mmic£.m-ri>h(Dxi±m\ 

C(DJ:öiC^X<6t, g i ^ - C i i ^ 7 0IC<?(-btl.S<$Sffl6X©^(i, ±3iE© i ) isiZ> n )—a, u)—b© 

l/^1'tllCJ;5 i©A.fij5ÊLKl/\ 

^ y K/iïiity^a<^®^s¥oRaTö, -r< ü < i fe)J^«^®gFtT{i%^i'^sft*3/i:< ik^m^Aimi^^^t 

#x.f.ti5;6i, 7t;iSe^©afêT©iïèk®MISfc-oi,^r(i, iftRriifë.è^y-ètö bf?üi^ 

v -4 ±±m<^tmAmt'i\u]om>t(Döc'È 

:S^ (1965) fity:̂ A'© r̂,15J!;̂ Ê©Jt|5lCJ;53̂ !Se|©MtfT1ê:S:A b̂, mg|5AH/̂ -C(imjtüliji»lc«ti 

«*ti5EAz:®3^ r̂iA\5j6bti-5ib-ci/̂ -5o jtAa/^*^b®s^A^^^üi/^®T, itJfcit5Affî f®s;ii3?'f©*s 

ttfiR©3Ë5>''j:JtKa-Cèi^j:i/^Ai, ^ 7 El©PSf3-Ciiia5#©r,Slc^;6^è«"5jBgËii:!:)S#x.bnSo b/!)^biii]#©i 

^^«©^PïBSIcèfcajhiË/fsJÉTffl^PHffJtlS^S^ïö, ^ l : t l c5 - f . t i 5 J ; ^ i c 0.5-1.0 ©HUfflic î?, 

A^/¥®3"^iirf5S0«n;6*fejiyjTife5 ( J H 1962, -SU 1966) (DtCJt^Msi'Olik^^iÊ^^nhX^^io bfz 

f)^-oX, i i i # ® 5 > ^ : « ( i A ¥ # ® t y:^A'®:^ft•©J;9lcfJ)!^fc^ffiUTl/^Si«^^x.ƒi:^\ ^ 3 g l i c ^ b ; ^ c 

Xöic^iÈMm^fSi^o^}tiiÊ.tf£:'>Xt>^6cti=h$>t>'^fy6t, pg±MAff i# f c^ rL^ t i cèüo / c j ^ f c 
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