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Structure of yellowfin tuna population in the Atlantic Ocean

Misao HoNnmAa and Koichi Hisapa

(Far Seas Fisheries Research Laboratory)
Synopsis

Recent development of tuna fisheries in the Atlantic Ocean has provided information
necessary to advance studies of the structure of yellowfin tuna population. Examination of
literatures on tuna populations shows it the most convenient in this kind of investigation
to deduce possible migratory routes of the fish in connection with developmental and matura-
tion stages through compilation of catch statistics, and then to check validity of the hypo-
thetical routes by more sophisticated but laborious techniques. The present study forms the
initial part, based on catch records of two major fisheries, the longline covering the almost
whole Atlantic Ocean, and pole-and-line and purse seine in the Gulf of Guinea and adjacent
waters.

The body length and gonad index data showed that the longline catch mainly reflects
distribution and abundance of the adults at the “feeding phase” (Figs. 2,3 and 5). The
fishery also exploits the immatures, especially in the waters adjacent to the continent (Fig. 3).
On the other hand, mainly represented in the surface catch are the youngs and immatures,
and at sometimes, the feeding adults.

The adults in the longline fishery are concentrated in the South Equatorial Current and
adjacent waters (Figs. 6 and 7). The immatures appeare more frequently in the equatorial
western Atlantic (Figs. 3 and 4). It is also noted that the fish in the temperate waters are
larger in body length than those in the equatorial waters (Figs. 3 and 4). Remarkable seasonal
change of highly concentrated areas appear in the major distribution range in the equatorial
waters (Fig. 8). In the northern winter, high hook rates occur in two distinct areas, the one
in the Gulf of Guinea and the other in the waters extending between the Gulf of Mexico and
northeast of Brazil. In spring and summer the eastern concentration shifts westward, and
eventually joins to the western concentration. The western concentration expands not only
toward the open sea but also toward the waters off the Cape Hatteras over the Caribbean Sea
in the summer. High hook rates found enmasse in summer is separated through autumn into the
two areas. The eastern area shifts toward the Gulf of Guinea, and the western area shrinks
into the Caribbean Sea, Gulf of Mexico and waters off northern Brazil. The above seasonal
change of distribution pattern implies that there are at least two adult groups exploited by
the longline fishery through the feeding phase, and that the two groups are separated in the
northern winter but intermingle each other in the northern summer (Fig. 10).

Examination of the catch records of surface fisheries suggests that the densely distributed
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area shifts gradually southward during June through April, and rapidly northward during
May and June together with the 24°C front of surface temperature. It is very likely that
young and immature yellowfin tuna remain in the Gulf of Guinea and the adjacent waters
throughout the year.

Plankton net collection indicates that juvenile yellowfin tuna are widely distributed over
the tropical zone and the western part of the temperate zone, where the warm currents are
prevailing (Fig. 14). Probably yellowfin tuna spawn in a wide range of the ocean throughout
the year. It is impossible to conclude that different local groups distinguished as such are
genetically isolated from each other.

All the information indicates presence of eastern and western groups at exploitable stages;
the former is distributed in the area adjacent to the Gulf of Guinea, and the latter between
north of Brazil and off Cape Hatteras (Fig. 15). They are well separated in the northern
winter, but seem to join with each other in the summer.

Only a little information is obtained in regard to the degree of mixture of the groups as
well as the large sized fish inhabiting the temperate zone. Recommended for advancement of
studies in the field are such researches as morphometric survey, serological approach and tag-

ging experiment.
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Population dynamics [ZiBF507 U CHEAEEZEOEEKOBEAEMARRE T 20T, FEEFEOEEICD
WTHE— LIRS0 C &3, IFEEBASREEEHONR LD DDOH 5 KIUFED F /L DEFIRAEE T
flig 5 Fic—D2DfEELNL TS, LI THARDRA R OBREDRIETE & KEMREE & 25D TR
WFaLibic, AEDEEDT 7)) AERTRBREOIRENL S TVBE R by 720 TOFR (K
fEifth 1969) 2 &V TAREHEICEBI 2 F 2 0BH EEERBEE AR TSC &L,

AREOMENT, FCAWEALSTICHEM, HEMOBNICL - TWEINIZSDTH 5. HEFRICE
AT A#ED BICH e » T, EF/KEMEMZEEFETARIBE, KE—F 1 IEEREOHS LikE%
B, FREmATRENRE, AEBERE SRAZERCEERRE, (Ih—BiEESRICIERARBE LT
Wiz, & SIFAEERE, iSO RM» S EREDFEETHN ., MoK~ OME &M
WLTELHEEERT 5,

Lg#en ik

AFAETHOICERZAERS 2., B1REIADORBATHEMOBIERT CRIEfL 1965, JKETHEDIIE
1965, 1966, 1967 a, b, 1968) M SR LHAEE 5 B 40 (LIF 5° 9D LMD B, ABIOEM
B, WIERE, $EETH 5. B2 QUKEFREMBAAL, 3O, RSEMIEL, HTTRBRRERL,
MR, B, TEADSKAPETIE Lo 3+ F OREMNE L O LR R T AR, BESE, RE
10EOXERIC (PIR5° < 10°X i L850 HEFHINTW S, REMKERNCEENS £ 412 22,608 BTH

Table 1. Number of yellowfin tuna taken by longline and measured
by body length on board Japanese research vessels, 1955-67.

Year and month ‘ Number of fish
1955 Dec. 86
1956 Feb.-June & Nov., Dec. 4,519
1957 Jan.-July & Sep.-Nov. 11, 691
1959 Nov., Dec. 365
1960 Oct.-Dec. 226
1965 Jan.-Sep. & Nov., Dec. 2,299
1966 Jan.-Dec. 3,295
1967 Jan., Feb, 127

Total 22,608

2 (F1) B3RT 7Y HURETHRELLHDADTEM, * EWMMOMMIE XU £ s@THREI NS
NEOREMK S JOEERE R, B4137 7)) AVERET 77 v 20 WARFEEN A RS (Office de la
Recherche Scientifique et Technique Outre-Mer, P/ F ORSTOM Xiigfrd %) HUNELIERTH S,
SBILRE, REARGR, BTG S D S EERRAEA IR L THA LT LR ARBTE RN S K
FHEDFNLOMEDORERDPSCHLHTHZ (bh 1967, p.14). £ TR REOHNBILERIEBD T A A DR
FatEEL, WAWAREHICNAT 2 BRBERDBSHZICE22D ST, KEFICED LS BABMSEET
ZhENSH T EICRB EHERIBOSATHRL, TRV LTE Y F 4,787 8,1+ 3=70DkdiC
RBEICE LS AHBOEASARLSEICOVTR, FNFEABREOERICL > TRESHPEDE 2D X
AlEin T (hi 1965, ZHH 1962, HE 1967, 1970). 2% H NS DMFETIZ A (1954, p.10, 1965,
p.7) DS [, WEEMICL > THEOEKRRICTS] CEEWEOMCT S LTk » T AEHEDOIIR
ICHEIEROBEBITORT L D TH %,

CTTOHREBRBEICIEI B OBKSEEN TS, 2O—2130h Slfic i 2 EET—E LrED
NIEORBBRETHD, flto—2F KA 5 T REDEIIZ LI EEL DRI ATEERETH 2
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(FERE 1965, p3). EVF#, 1+ 1=/ 0l TR, CNODHERBICK - T, DHEEMSEZEICENT B
T, EJEICDIZ5H B0 IERATERAERRE RS OMOBE S, s S MENEZICBIIN TS
12DTHB, NIV LTHFNELTERREBEL LORAICE LS DMBOEBRABETH Y, TNoEE
OBRBPLABOKNEDT ALV ODIL LT EEVAZS, L LREEED, ¢ﬁ¢ﬂ@m&@a5%®¢
HENELIE, HENREAHECR - TEHONEDTIRE . KFEQFALICBOTRREPRAICE b1
BERITS AL DL FICDNB LS I DM o T3,

AT e AR (1963, p.33) BV A TERBICE - TWAHAE LT TEESNZF L3, hEIC
SHELTVWERALDTELONLBDEID RSO ERE LTS, KEFERBICE TS, BBRENSEL
LTHKRE 100cm DI RO/ %, 132 78 hif¥ENF E LT 120om Y EORBEA ML TS C L, SuDa
« SCHAEFER (1965) M RLTWVWABETATH D, 72K (1966, p.150) 1T, KVFETAZONIIZA LD
DFMEY O A RERRE & A<, 120cm Pl FO I RE TR KA LI EBbN s BEOBEZEL L5038, pE
o fkIZ, BARDOTRIZEAEESNBWOCEEEHLTVWS, Thickw LT, EBRETH 5355
DR FEWE T, BABDOTR BEALENTL HRY, KkTEb 7 BITO AL LohTn3
(ORANGE 1961, p.465, % 1970, p.224).

TN HER, FAFIENTS, REDRAMCE LS ERENSEAH D, NN, i,
HBICE 2iEOUBEDRNEE S TREHONTETWAEEELZONS, LS -TIOMETIE, 3T
EVFEOP S ZODMBOWMEEREDSFNE R TRELT, EOLITEBOLOAERLTV A LA
L OHEATA O T 2R EMEE L O/FMRERIC X - THE T 5, COTREE~TENEE,
BERENG > - RBEEPEFERRIZE T2+ 4O HABERLTLEL, 2OE, R-rimso
R LTLES>BEIDH S,

S TAREETHOW THEEREE, TREE, [RZFEE], [7Vv—7] OBWAEDO~NS, [FEMHEEE) S3d
ZRICET 2T NTOMEDEZ D TH S, HEAFF A FHEEARECZRTNTOF A LEIET. [
OV TRELDERDBHITAONTEY, bobEEONTV2DRABMIKBDLNT, 57,
FEEZR LT AMEDETD EVSELETH L. [THRFEH] BEATHOLAT TOBBETHEXIENEHE
EOHEZDEOS, [HRB] 32D 1DTH AN, REBHTIIZOMITH S (1970) 232+ I =/ nTEEE L
[FAEHN ] © LEVEDEY (1962) OV 5 THEMEE | 25ATWS, [Fv—7] L3EEST, e
iﬁL %E@ﬁﬁmb,&D&K?Mwaﬁnéiv CHAZMEEDEZVTHE, ZOLIB [0

| 8 THREEICRIET 20, [FAEEH ] IT/HIET 208 0 S 1 BBEARRT 21012, OB % b
fﬁﬁ? WVEBH D,

FHETIE, BUELH0 BEED SRO-BRESEKOMEL, FHNIHEICE-T, BALDIEES X
URBRIZBICEGZ 7 Vv—TE2EA LI, OISV —TRBITHIET B E S Iz MO 57, HEERE T
HEICR > THET Lic, BEBERSEREDOFHE LSOO TRMA D EHAOBHATIEET 3.
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Fig. 1. Distribution of catch in number of yellowfin tuna taken by Jepanese
longline fishery in the Atlantic Ocean, 1965.
After Fisheries Agency (1967, p.335).
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Fig. 2. Length composition of yellowfin tuna taken by longline of Japanese
research vessels in the Atlantic Ocean during 1955-60 and 1965-67.
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Fig. 3. Trimonthly length composition of yellowfin tuna taken by longline of Japanese research
vessels in lat. five-degree and long. ten-degree quadrangle in the Atlantic Ocean, 1955-60
and 1965-67.

Black and blank figures denote the composition for 1955-60 and for 1965-67, respectivery. Nu-
merals out and in parentheses denote number of fish for 1955-60 and for 1965-67, respectively.
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Fig. £, Mean body weight of yellowfin tuna taken dy longline of Japanese research
vessels in lat. five-degree and long. ten-degree quadrate in the Atlantic Ocean, 1965 and
1966.
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Table 2. Age-length relation estimated for the yellowfin tuna taken in the
Atlantic Ocean.

Body length in cm

Method of fishing I-age Il-age IlI-age IV-age V-age Author Material
3 TS N R T Length com-
Longline | 51.5 795.3 126.5 152:7 7%HAROV (1968 position
Pole-and-line 55.9  97.5 128.5 1515 D e
(Pointe-Noire LE GUEN » CHAM- 4
Sector) 87.5 119.5 140.0 151.1

PANAT (1968)

LE GUEN « CHAM- 7
PANAT (1968)

e R 72.8 1111 136.0 1526

Longline 66.1 104.1 132.9 Y ANG ef. al. (1969) | Scale
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Fig. 5. Trimonthly frequency of gonad indices exceeding 1.6 for yellowfin
tuna taken by longline of Japanese research vessels in lat. ten-degree and
long. twenty-degree quadrangle in the Atlantic Ocean, 1955-60 and 1965-67.

Based on unpublished data prepared by KIKAWA,

Arabian numerals denote number of fish measured by gonad weight.
Roman numerals denote three-month period, 7. e. I for January to March,
II for April to June, III for July to September, and IV for October to
December.
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Fig. 6. Average relative abundance of yellowfin tuna, exploited by Japanese
longline fishery for each five-latitude-degree and ten-longitude-degree qua-
drangle in the Atlantic Ocean, 1961-65.
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Table 3. Species composition'of catch taken by all three Japanese longliners

operated in a sea area extending between Lat.

20°S and 35°S, and Long.

30°W and 50°W during March through July, 1961-65.

s |
Range of operation |

Catch in number

Boat Year Month

Lat. Long. ‘ total albacore bigeye yellowfin spear fishes

A 1961 Apr. 25°30°S  30235°W ‘ 714 6 136 482 90
| ¢b) a9 (68 a3

E 7 4 20°25°S  35240°W ‘ 957 4 165 722 66
€)) Qi) 75) @)

” & 7 25°30°S  35°40°W 2,052 20 446 1,413 173
@) 22 (69) €))

. % May 20°25°S  35240°W 2,018 14 288 1, 694 22
D) a4 84 (@D

“ “ “ 25°30°S  35°40°W 4,311 17 242 3,922 130
1 O} 6 9D €D

B 1961 June 25°30°S  40°45°W 78 68 5 5
87 6 (6

? % “ 30235°S  40°245°W 282 258 6 6 12
9D (2D @ (€))

% 4 July 30°35°S  45°50°W 1,490 1,379 68 6 37
93> &) (1)) @

7 7 7 25°30,S 40°45°W | 419 389 19 1 10
1 93 €)) (D) @)

- 7 & 25°30°S  45250°W | 330 313 9 il 7
\ (95) @ O @

C 1964 Mar 30235°S  45250°W } 2,990 1,596 70 356 968
| a (32)

(53)

Numerals in parenthese denote percentage to total catch for cruise.
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Fig. 9. Monthly change in average relative abundance of yellowfin tuna
exploited by Japanese longline fishery in the Atlantic Ocean, 1961-65.
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Fig. 13. Coefficients of correlation between average monthly density indices of yellowfin
tuna exploited by Japanese longline fishery in 12 major fishing areas and subareas in
the Atlantic Ocean, 1961-65.

Numerals on ordinate denote coefficients of correlation between monthly indices in
the area given at top and monthly indices in the month, or one to five months earlier,
or one to six months later in the area given at left of the figure. Numerals on abcissa
denote differences of months for the combined two areas.

Taking the left top figures, for example, monthly density indices in Area N’2
are not correlated with those in Area N1 in five months earlier as the correlation
coefficient for abicissa of —5 is zero. Negative coefficients are obtained between
the density indices in Area N’2 and those in Area N1 in one to four months
earliers. Monthly density indices in the two areas in the same months show most signi-
ficant negative correlation with each other as the coefficient for abcissa of 0 is lowest,
—0.91. Monthly density indices in Area N’2 are negatively correlated with those in
Area N1 in one or two months later, but positively with those in three to six months
later. The coefficient reaches to a maximum, 0.96, for a combination between the
density indices in Area N’2 and those in Area N1 in five months later. Since these
two areas are continuous with each other and since the Area N’2 is located in the
temperate zone, it is assumable that the fish will move into southern area in winter

five months after concentrating the northern area.
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Fig. 15. Schematic representation of distribution ranges and migratory routes of
two major groups of yellowfin tuna in the Atlantic Ocean.
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