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A HYPOTHESIS ON POPUTATION STRUCTURE OF YELLOWFIN TUNA IN THE ATLANTIC OCEAN,
MAINLY BASED ON LONGLINE DATA
by

Sigeiti Hayasi

SUMMARY

Examination of previous studies reveals the following features in the structure of the population
of yellowfin tuna in the Atlantic Ocean:

(1) +there are two concentrations in the eastern and western equatorial waters, separated in the
northern winter and continued in the summer,

(2) ?resence of heterogeneity within the eastern concentration, and,

(3) seasonal migration of fish from the Indian Ocean to the southwestern waters of Africa.

Morphometric and genetical surveys should begin with materials taken in the northern winter.
Tagging experiments in eastern Atlantic surface fisheries will provide a clue to relate the ap-
parent concentrations.

The stock assessment should be based on the three alternative assumptions on population structure:

(1) A single group in the whole Atlantic Ocean except southeastern waters,
(2) An overwhelmingly dominating local group in the equatorial waters,

(%) Two local groups in the equatorial waters separated by a line - Long. 502 W.

It may be necessary to divide theeastern Atlantic into more than one subarea for assessing the
surface stocks.

. RESUME

I'examen des études antérieures permet d’'observer les aspects suivants de la. population d'albacore
dans 1'Atlantique:

(1) 1la présence de deux concentrations dans les eaux équatoriales orientales et occidentales,
séparées pendant 1'hiver (hémisphére nord) et réunies pendant 1'été,

(?) le fait que la concentration orientale présente une certaine hétérogénéité, et

(3) 1la migration saisonniére du poisson de 1'Océan Indien & 1l'extrémité sud de 1'Afrique.

Des études morphométriques et génétiques se baseront sur des données relevées pendant l'hiver (hé-
misphore nord). Des expériences de marquage dans les pécheries de surface de 1'Atlantique Oriental
fourniront les renseignements permettant de déterminer les relations qui existent entre les concen-

trations observées.
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L'évaludtion des stdcks devrait se baser sur trois suppositions concernant la structure des POpUI~

lations:

(1) l'existence d'un groupe unigue dans 1'Atlantique entier, & 1'exception des eaux sud-orientales,
(2) la prédominance d'un groupe local trés important dans les eaux équatoriales,

(3) 1l'existence dans les eaux équatoriales de deux groupes locaux délimités par %02 O de longitude.

Il sera peut-étre nécessaire de diviser 1'Atlantique Oriental en plus d'un secteur pour évaluer les
gstocks de surface.

El examen de estudios anteriores revela las siguientes caracteristicas en la estructura de la po-
blacidn de rabil en el Oceano Atléntico:

(1) que existen dos concentraciones en aguas del este vy del oceste ecuatorial, separadas durante el
invierno (hemisferic Norte) y mezcladas durante el verano.

(2) una heterogeneidad en la concentracidn oriental, ¥

(3) la migracidn estacional de los peces del Oceanc Indico al extremo sureste de Africa.

Deberén realizarse estudios morfométricos y genéticos con datos obtenidos durante el invierno (he-
misferio Norte). Los experimentos de marcado llevados a cabo en las pesquerias de superficie del
Atléntico oriental sin duda proporcionarfn algln indicio para relacionar las aparentes concentra-

ciones.

La evaluacién de los stocks deber& estar basada en los tres posibles supuestos de la estructura de
la poblaciébn:

(1) Un grupo homogéneo en todo el Oceano Atlantico excepto en aguas del Sudeste.
(2) Un grupo local muy predominante en aguas ecuatoriales.

(3) Dos grupos locales en aguas ecuatoriales separados por una linea Long. 302 W.

Puede resultar necesario dividir el Atléntico oriental en més de una subgona para evaluar los stocks
de superficie.



Introduction

The Standing Cosmittee on Research and Statiatics, SCRS, of the Inter-
national Commission for the conservaticn of Atlentic Tunss, ICCAT, at ita
pecond meeting held just before the Second Commission Meeting in autunn
1971, decided to formulate, by June 1972, working hypotheses on structurs
of yellowfin tuns population im the Atlantic Oceen in order to expedite
studies for rational utilization of this important iiving resourcey Popu-
lation structure of the yellowfin tuuna is, emong cthers, difficult to iden~
tify. Going through the literatures se far avallable, it is noted that dis-
agreement in conclusion is apparently caussd by the difference in the techmu
niguenof investigation, source of data, ond concept of population siruciure.
Therefors, it is necessary te swmarize what kinds of data were analyzed and
what concepts were applied to the analysis of population structure. The
present note reviews such information mainly on longline fishory. Another
note by Dr. Jo C. Le Guen will present comparable information chiefly from
surface fishexy, | .

Sammary of informatlon so far obtained
Previous studies were based on (1) distribution of eatch and its seasonal
change, (2) year-to-year fluctuation im the amount of cateh, or (3) geegraphical
variations in morphometric charscters, More direct studies based on populatien
genstic techniques or tagging experiments have atarted recently but are still
at vary begloning sipges,
Materials were taken by lengline and surfsce fisheries, except larvae
colliested by plankien neis, The longline fishery operates in wide extent of
the socean, aiming at adult fish scattering in sub-surface layers, while the
surface {ishery develops in the eastern equatorial waters where the fish, mostly
young aod jmmatzre, are hiable te aggregate near the sea surface.
The resulis seem to coincide with each other in the following findiogay
(1) two concentrations in the eastern and western equatorial waters,
(2) presence of heterogoneity within the eastern comceatratien, and,
(3) secasonal migration of the fish from the Indian Qcean to the
southern tip of Africa.
However, mo evidence was obtained to conolude whether thess heterogensi-

tien represent gonetical segragation among the population of thias spocies,



(Table 1, Fig. 1).

Concepts of populatien astructure

Good many data did not provide clear information on population struc-
ture of the species in the Pacific Ocean compared to that of albacors or blue=-
fin tuva wbich are based on zame or less amount of information., According teo
Honma and Hisada (1971), the difficulty in the study of yellowfin tuna is cauased
by indistinct segregation by developmental and maturation stages. They conw-
sider that the wide and lomg spawning activity results rahter complicated o3
structure such as complex of "semi-independent groups” suggested by Kamimura
and Honma {1963). Further knowledge on life history will contribute to make
this concept more concrete.

Joseph et al. (1964) examined two problems in thelr study on the Pacific
yellowfint one is segregation between the eagtern tropicdwaters and the west-
;?ﬁingg?%fggﬁﬁéifﬂg%ﬁ3%aﬁ%gg?g%ghtﬁﬁﬁh%ﬁg%%iﬁﬁgfiﬁggég%%“%%E%gégéion not only
batween the eastern and western Pacific but also within these regions. Exomi-
nation of concepts may molve apparent confusion smong biologists having analyzed
different kinds of data on different concepts. The most remaxkable cxumple is
found in literatures on the southern bluefin tuna. According teo Shingu (1967,
1970), Australion scientists defines three separate "atocks" among youngs
token by surface fishery in the neritic waters, while information from leng-
line fishery shows that fish of this ppecies spawn only off northwestern Aust-
ralia, stay their first few years of life around the continent, and then dis-
perse throughout the higher latitude during immature stage and alse feeding
phaze of adult stage. He explain@s the apparent disagrecment by iniroducing
two concepts of population structXres. The species population consists of
only a single local pgroup that is defined as an aggregation of individuals
segregated from the others throughout the life span. This may account to
Mnrr's(1957) subpopulation, if genetical separation is identified, On the

other honds, the long-lasting spawning may result two or more spnce-time
greups that are aggregations of individuals separated from the othera eonly
at early atage of 1ife history, probably corresponding to elementary proups

by Levedev (1958). These concepts in yellowfin population will be mere cleare
ly definad accarding to the progress of study onm 1ife history.

Proposed survey programs
The ICCAT and the member countries have planned several surveys includ=
ing tegging, serclogy and biochemistry, parasites, morphometries and general
life history(XCCAT 1971). The SCRS's Sub-Committce on Stock Identification

piressed continuation end expansion of tagging and the othar surveys on the

sorface fishery in the eastern equatorial Atlantic, Az to the hypothetical

two local groups suggested by concentrations of the longline fishery, Homma



JAwiS

two local groups suggested by cemcentraiens of the longlines fishery, Honma

and Hisada (1971) drecribed three possible phenomeno from morphometric and

popuiation genetie characters and tagging experiment ever the whole squatorial

watars.

{1)

{2)

(3)

Accoyding
daumgihnﬂ

Some morphomeiric characters of samples taken in northera wintlax,
when the twe concentraiocns are separated, may reveal geographienl
difference. The difference datected in the winter may appesr ag
a cline along the squator during northern summer.

Blood type -and other gemetical charactegp may alpoe show the geo-

op pecte f—vy

graphic and senzonal variatiens ebees tedromthe merfhowetrie

BUREYOY O

The most practical area for tagging experiment ds the Gulf of
Guinen where live-bait boats chatch youngs belenging o ihe
eamternbconcentration. Tagged fish must be recaptured in the
coaninl waters during the year of release. Next year, the imne-
patures may be found in wider part of the surface fishing grounds
and probably alse in longline fishing grounds, There is peosi-
bility that adults would be recaptured by longline fighery aso
west ns nerthern Brasil.

to the experience in the eastern Pacific, however, it iz not

»

pure that the longlinme gear catches effectively the tagged f£ish as the suriace

gear dees (see Bi-monthly Reports of IATIC, 1971).

Tentative division of the Atlantic (cean
for asscooment of yellowfin tuna stoclks

T& io thenm proposed from the review mentioned above that further

ensoasment of the stocks of this species in the Atleatic Occan should be

made on the assumptions of three possible population structures as listed

balowt

(1)

(2)
(3)

A single local group in the whole Atlantic Ocesn except south-
eantern waters.

A single local group in ths sguatorial wvaters.

Two local groups in the equntorial waters separated by Long.
30 °W, E; and K, in Fig. 2.

It may be peceesary to divide the eastern Atlantic into mere minor

areas for assessing the surface stocksa.
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Table 1, Summary of previous works on populatien structure of yellowfin tuna
in the Atlantiec Ocean
Author{s) | Techniques and data sources Major findipgs

Le Guen ot al,
(1965)

(1) catch distribution and its
seasonal change im surface fishery,
avel seasonal

{2} Geographical change: of ®ize com=

position of surface catch,

The same fiash may -appenr in the waters
between S3b Theme and Pointe-Noire
[during July through November

Yellowfin tuna is distributed through~
out the yeasr in the Gulf of Guines,

ITwe stocks present in the eastern and
iwestern Atlantiu Qcean,

Small sized fish along Africa show
gensonal migration between Cape Verde
jend Gulf of Guinea,

hio“ﬂuw.ﬂ’hcfj
Four groups are sugpested but they may
(intermingle with each ther. Their
fhabltata are} wesﬁ’Afrlrn, ‘southern
iwaters off South Amerlcu, Caribbean
Sea to meoutheast of South America, and
Gul? of Mexico. In addition, fish
eriginated in the Indian Ocean appears
southarn cauat of gouth Amerxca.

Le Cuzn aad Catch distribution and its sasenal

Polnzard change in surface fishery,

(1966)

Wise nnd Le ( } Cateh distribution and its

Guen(1966) seasonal change in longline fishery,
(2) Geographical difference of
yearly um@unt of longline cateh,

Zhar@v(1967) Catch diatributinn and its
sapsopal chenge in longline and
surface fisheriss,

Baudin Morphometris characters of

Laurencin and surface eateh in the Gulf of

Mnrchal(l968) Gainhawoetiric churaclters of

Lengths of fins and body parts show
idiscentinaity in relative growth
|curve ou body length at the length of
IBO cm correspondlng to maturatlon,

Le Guen ot al,
(1968)

(1) Catch distribution and
its sensonal change in surface
fishery,

(2) Geographical change of size
compoaition of surface catch im
Gulf of Guinesn,

Both livenbait boats and purse seiners
\alm the some stocks of fish, even

hough the major fishing seasons differ
dependlng on fishing gear,

Richards(1969)

Cateh distribution and its seasonal
change nm longline and surface
fisherisa, eand in larvalcobllestion
by plankton nat,

|
|
|

'Adults enter into Gulf of Guinea and
spawn there in warm season of a year.
!Larvoe and youngs stay there for a yedr,
and then move dewn sa south as “Angola in
northern winter and returen to Gulf of
Guinea in summer. Fish older than two-
}age wmove to central Atlantic.
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Yang £t al.
(19697

Morphometrio characters of
longline catch in equatorisl wvaters,

Geogrnphicul differnce is distinct.
The difference is larger along south-

DOI'(-U ulrec»xou vilan ai19ng

direction.

east-west

Baudin Laurencinm
(1971)

Parasite infestation in surface

Joateh in Gulf of Guinea.

vl -~

Infestation rate and species of
parasites indicate three ecological
stocks in Gulf of Guinea.

Hobma and
Hisads(1971)

(1) Catch diatribution ond its
sbaspnal change in longlive and
suvface fisheries.

(2) Body length and gonad welght
of longline and surface catch.

(3) Distribution of larvae,

[ (1) cCatchea of immatures and adults

in the longline fishery segregates
into eastern and western parts in
northern winter, but continue in suumer.

(2) Youngs and immatures appear throu-
ghvouﬁta year in the Gulf of Guinean.

A
(3) Larvae occurx” contlnu@)ugly in ihe
South Equatorial Current, “Drasil Current,
Gulf Stream and sdjacent waters.

(&) Two groups are suggested in logg-
line fishery. But it jis not concluded
that they are defini¥ly separated

in the propagation.




o 20E
I eV

/\30

/“\q,

- 70
- 20
~4 30

YOS

LAV SN

St

Fig. 2. Possible division of the Atlentic Ocean for stock

sssesspent of yellowfin tuna. Fig. 1. Schematic representation of two concentrations of
yellowfin tuna in longline fishery in the Atlantic Ocean.
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