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AREAS; PERIODS AND CONDITIONS OF BIGEYE TUNA, THUNNUS OBESUS (LOWE), SPAWNING IN THE TROPICAL PART OF THE ATLANTIC OCEAN

SUMMARY

The spawning areas of bigeye tuna are located in the
east central part of the ocean north of 5°N and in the Gulf of
Guinea with the adjacent waters on the northwest and on the
south. The spawning takes place in the areas of high biologi-
cal productivity - the borders of quasistationary eddies,
peripheries of local upwellings ("Guinean Dome," "Angolan Dome"),
divergence regions of the Inter Trade Wind (Equatorial) counter-
current, the northern branch of the Southern Trade Wind current.
In each geographic -area spawning is confined to the warmest
season of the year (temperature of 24,3-28.8°C; salinity of

33.8-36.0%).

RESUME

Les zones de ponte du thon obgse se situent dans la partie
centre-est de 1'ocdan, au nord des 5eN, et dans le golfe de
Cuinée dans les eaux adjacentes du nord-ouest et du sud. La pon-
te a lieu dans les eaux & productivité biologique intense -~ en

bordure de courants presque stationnaires, sur la périphérie
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des affleurements (Ddme de Guinée et DOme q'Angola), zones de
divergence du contre-courant (Bquatorial) des alizds, dans 1la
partie nord du courant de 1'alizéd sud. Dans chacune de ces zones
géographiques la ponte ast limitée 3 la saison la plus chaude

(tempdrature: 24,3-28,80C; salinité: 33,8-36,0 %.

RESUMEN

Las zonas de desove del patudo se encuentran en la parte
centro-oriental del océano, al Norte de 50N y en el Golfo de
Guinea, con aguas adyacentes al Noroeste y al Sur. El desove
tiene lugar en las zonas de gran productividad bioldgica - 13-
mites de remolinos localizados, periferia de afloramientos lo-
cales ("Guinean dome", "Angolan dome"), regiones de divergencia
de la contracorriente Ecuatorial y rama Norte de la corriente
de los alisios del Sur. En cada una de las zonas geogrificas,
el ‘desove s6lo tiene lugar durante la temporada mas cdlida del

afo (24.3 -~ 28.82C, salinidad 33.8 - 36.0%).



The bigeye tuna, Thunnus ¢besug {(Towe}, is one of the major

commercial tuna species., Usually, the pre-spawning and spawning
aggregations are fished, therefore, the knowledge of the spaw-
ning periods, areas and conditions is of the great practical im-
portance.

The data on reproductive areas and periods are reported by
Kume, Morita (1976), Alekseev and Alekseeva (1978). Richards
(1969), Richards and Simmons (1971), Nishikawa, Kikawa, Honma
and Yeyangi (1978) alsc reported on the capbured larvae.

In the present paper the results of our studies based on the

long-term materials of the ichthyoplankton collections (196%-1981)

from the Tropical Atlantic Ocean are considered (fig.1, Table 1.
The studiss were aimed at the definition of the areas, dates, *h
thermal and haline condibtions of spawning of the bigeye tuna ba-
sed on the diskribution of small larvae.

In the Cenbtral Atlantic, north of 5°N, the intensive spaw-
ning was cbserved in summer, with the peak in July-iugust (Kume,
¥orita, 1976) and June-July (Alekseev, Alekseeva, 1978). This was
confirmed by the gonad condition. The latter authors
a reproductive area (approzimately 5~10°N, 30-40°W), whers the
tunas are likely to concentrate in the spawning season from the
adjacent regions. During the Equalant I and II surveys the larvas
were found only in August-September, and were gbsent from the
ichthyoplankfon collections in February-ipril (Richards, 1959).
In the Sierra Leone zrea the larvae were found in March and Ap-

(Richards, Simmons, 1971).
which were taken throughout the year (fig. 1), the small larvae

In our c¢ollections from this area,

were caught only in the warmest periocd of the year (July~Sepbtem-
ver) (fig. 2-II1). The area of high larvae catch, (approximately
10 sp.; (fig., 2-II1) was confined to the southern periphery of
the powerful upwelling south-zast of the Cabo Verde Islands beb~
ween 10-16°N and 20-24°W of the Guinean Dome. The subsurface wa-—
ter temperature in the sites, where the larvae were caughb exce-
eded 24°C, which is characbteristic of the warm season. Richards
(1969) reported 24.6~27.5°; Richards, Simmons (1971) - over 25°C;
our data - 26.3-28.3°C; Richards (1965), Richards, Simmons (1971)
reported the salinity over 34.0%o0; our data - 35.2-36.0%0. In
spring, in the wabters north of the Cabo Verde Islands latitude

distinguished
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at the gradual dscrease of the tempsrature (bo 23%C) the larvas
were not found (fig. 1-IXI), elthough the sampling sctivities
were rather intensive (fig. 3).

In the Gulf of Guines the fish with the rips gonads were
found only in the southern summer period (Kume, Morita, 1976;
Aleksesv, Aleksseva, 1978). The latter authors defined two spaw-
ning pericds in the near-equatorial wabters of the reproductive
areas, and reporbted that the pesk of the spaﬁﬂing in the second
area occurs at the warm season height (JanuaryaFébrucwy), that
is the sexual cycle of the tunas from this area 1s in the counw
terphase relative to an above-mentioned group in the northemm
hemisphere. The reproductive area-is located in the open part of
the Gulf of Guinea., It is likely that the reproductive areas for
the bigeye tuna groups occurring in the northern and southern
hemispheres partly overlap in the norvh-western part of the CGulf
of Guinez. During the Equalant I surveys conducted in the T
segason (February-April) in the Gulf of Guinea the larvas wers
found everywhere approximately to 10°8 (Richards, 1969). Durin

the Jeronimo 3,5 surveyvs {(February-April) the larvae occurred
both in the Gulf of Guinsz and along the Sierra Leons ccast {Si-
chards, Simmons, 1971). A different picture of the larva distri~
bution was observed in the cold seabon8 from August to October
{(Equalant II and Jeronimo surveys) (Richards, 1969; Richards;
Simmons, 1971). During the first survey no larvae wers recorded
exzcept at two sbabions along the northern coast-of the Goif of
Guineas; during the second survey they were collected in the wa-
ters adjacent Yo the Gulf coast (fig. 4) and were absent from

the collections taksn at outer stations of the transects, which,
in the authiors opinion, can be explained by "a low sampling in-
tensity”. In the Fernando Po Island ares the surveys were condac-
ted in summsr (December-March) and in winter (June, August), but
the larvae were alsoc found at the warm season height in March
(Richards, 1969). South of the equator, with the onsset of the
warnm season (Cctober-December) the larvae were recorded during

‘the surveys of "Shoyo Maru” (Mishikawa et al., 1978)« According

to our dabta, the larvss were common and widely spread all over
the vast area of the Southern Trade Wind Current area only in



January-March (£ig. 2-I), although the intensive ichthyoplankton
sampling was carried out throughout the year (except in April-
June) (fig. 1). During this period the largest collestions of
the larvae (to 5 sp/haul) were taken along the border of the
divergence zone at the northern edge of the Southern,Trade'Wind
Current., Only one case was recorded of collectihg the larvae in
the cold season (July—September) (fig., 2~II1). The temperabure
in the sites where the larvae were collected both in the warm or
cold seasons (July-Qctober, sparse) was typical of the warm sea-
son (over 24°C) and was 27-28°C (Richards, 1969), 28.4-20.8%C
(Richards, 1969), 2l,0=29,5°C (Richards, Simmons, 1974), 25.8-
28,4°C ( our data). Salinity varied between 34.0 and 36.4%0 (Riui
chards, 1969), 33.0-33.6%0 (Richards, 1969), 34.4~36.0 ( our da=
tad. It is beyond doubt that the larvae prefer the water with
the temperature over 25-26°C and are ‘absent from the areas with
the temperature below on°C, The salinity varying between 34 and
Z6%0 does not seem to exert such a considerable limiting effect
as the temperature does. It is evident, however, that the larvae
avoid the freshened waters with the salinity below 33-34%0 (fig.
43. -

Balow a review of the periods of the larvae occurrence in the
Gulf of Guinea is given once again.

During the warm season (November—April) the larvae were al-
ways found all over the Gulf area. In the cold season (July~0c—
tober) the range of the larva distribution was limited Vo the
north-western part of the Gulf (north of 0~3%°N), where they were
rather sparse. Against this background, a comparatively rare oc-
currence of the larvae in the northern part of the Gulf of Gui~
nea in the cold season (July—October),should not be attributed
to the fact of low sampling intensity. This is rather a consequ-
ence of episodic spawnings taking place there due to favourab-
le thermokaline conditions of the tunas from the group, which
uses to reproduce in the Central Atlantic (north of 5°N). during
the northern summer. )

In the area off the Congo-Aingola coast the mature females
were found during the first quarter of the year (Rume, Morita,
19763, and the adult specimens with ripening gonads in the calen-
dar autumn and winter (warm season) (Alekseev, Alekseeva, 19787,
Richards (1969) reported on the occurrence of the larvae only in
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February-April ( a prolonged warnm seagon) ab the bemwperatures
of 27.0~28.8°C and &
sngust-October (cold season). In our collections the small lar-

inity over B4%0, and on thelr ebsence in

vae were found in April~June and. October—December (the end and
beginning of the warm season) (fig. 2.11,I¥). The region of oc=
currence of the larvae, where rather high catches were taken
(approximateiy 5 sp;/haulj in the north—eastern periphery of the
Angolan pome is located south.of the Congo River mouth in April-
Jume (fog. 2=II), and displaces to the north of it in October—
December (fig. 2~IV). This can be attributed to the seasonal dy-
namics of the Congo River discharge (World water balence and wa-
ter resources pf the Earth, 1974 . The high walter and low waber
seasons fall on November—January and June-iugust respectivelys
Evidently, the environmental conditions in the rich in food al-
though comparativelﬁna%g%r are favourable for the larvae collec~
ted in April-June (a transitional period from the high wabter to
low wabter season). On the contrary, in October-Decenber (the be-
ginning of the maximun discharge) the larvae inhabited only the
areas north of the Céngo River mouth avoiding the rich in food,
but freshened and muddy waters.

Thus, in the Tropical Atlantic the reproductive areas of
the bigeye tuna are located in the East Central part of the oce—
an neorth of 5°N and the Gulf of -Guinea with the adjacent wabers
on the north-west and on the south. In terms of oceanology, ths
first reproductive area is located in the system of the northern
tropical cyclonic eddy (fig;B)0 The second one has a more compli-
cated structure, and in addition to the southern tropical cyclo—
nic eddy, it envelops a zone of equabtorial npwellings from the
West Africen moast to, as it seems, the South American coast
(fig. 5). The oligothrophic wabers of the northern branch of the
equatorial countercurrent are a natural poundary dividing the
reproductive areas.

Wwithin the reproductive areas the spawning takes place in
the regions of high biological productivity, namely, in the tro-
pical cyclonic eddies. To be more exact, the spawning areas are
confined to the sites of adjoining warm and cold waters (eddy
voundaries) or to the periphery of local upwellings in the Gui-
nean Dome, in ‘the divergence regions of the Inter=Trade Wind
countercurrent, in the Angolan Dome and in the northern branch
of the Southern Trade Wind current.



The spawning in both reproductive areas takes place in sum-
mer of the corresponding hemisphere. Sexual cycles of spawning
groups in these areas are in counterphase .

The spawning period in each geographic area ig timed to its
warmest season (table 2): August in the waters off Benegalj; Ap~
ril-August off Sierra Leodne; April-Beptember in the central part
of the ocean, north of 5°N; December~ipril in the Gulf of Guinea,
south of 1~298; November—February off Congo~Angola.

The spawning takes place in a rather narrow range of the
subsurface waters, which corresponds to thermal conditions of
the warm season: 24.3%% 27.5°C north of the equator, end 25 68
28.8°C south of the squator. The peak of the spawning is obser-
ved at the temperature over 26.0°C. In the spawning season the
galinity widely varies between 33.8 and 26,0%0 ., The lowest 1limit
of the thermohaline conditions appropriate for the sgpawning is
24,0°C and 34.0%0.

Our studies have confirmed an earlier suggestion that the
single bigeye tuna school consists of two groups ocurring in
the northern and southern hemispheres which have their sexual
cycles being in counterphase, and that a partial overlapping of
the reproduction areas of tunas of these two groups,; may take
place in the north-western part of the Gulf of Guinea.
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Tsble 1

List of larvae catches

Times of bigeye tuna spawning

Pogitions
0337 & 30 04 W
08 35 § 39 00 W
IT 3% N 20 25 W
03 238 %207 W
06 00 S 33 40 W
03058 09 00 W
05 498 09 09 W
07 035 09 0% B
10 12 8 12 22 B
10 39 S 04 32 W
02, 34 S 05 00 W
05 57 S 02 47 W
08 13 8 07 %6 W
05 36 8 10 02 W
03 00 § 10 00 W
10 0O N 17 36 W
12 08 N 1915 W
C4 42 N 06 18 W
07 200 22 35 W
07 50 N 2% 08 W
08 018 24 104
08 13 N 24 29 ¥
05 13 S 06 15 W
09 58 § 02.32 W
10 17 8§ 07 44 %
07 54 8 07 30 W
05 13 S O7 24 W
03028 07 21 W
06 205 09 58 W
09 30 S 10 00 W
09 58 S 12 30 W
09 308 05 00 W
07 508 07 30 W
08 108 12 30 W
01 14 S 07 05 B

26,02.63
18.09.64
14,T1.68
21,11,68
22,11,68
19.02,70
21,02.70
IT,04,70
15.04,70
21.01.72
18,02,.72
29.02.73
08,03.72
11,03.72
17,0%.72
29.06,72
01.07.72
05.08.72
16,08.72
16.08.72

17.08,72

18.08,72
04,022,723
26,02,7%
1%.0%,73
14,03.73
15,0%.73
17.03.73
27.0%.73%
30,0%.73
%1.03,73
08.02.75
15.02.75
04,03.75
146 1T.76

Time of the
day

20.25
21.45
20,12
20.10
22.50
02,30

08,00
16.00

00,19
00.50
00,41
2%.50
22445
20,30

00,57
00,50

01:48
23,20
22.50
21.30
19.07

Author

Richards,1969;

Richards, Simmons,
19715 Rume, Mori-
ta, 19763 Nishika~
wa et al.,19783

Alekseev, Aleksee~
va,19793; our dabta

Richards, 1969 ;Eu~
me,Morita, 1976;
Nishikawa et al.,
19785 Alekseev,
Alekseeva,1979;
our data

Richards, 1969 ;Eu-~
me, Morita, 1976;
Alekseev, Aleksesew
va,1979; our daba
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26.5 35.75
28.3 .22
24.8 35,85
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26,7 36.13
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Pig. 1. Distribution of ichthyoplankton collections

IY -~ April-dJunej

I - January-Marchs;

IITI ~ July-September; IV ~ October-December.

gures denote the number of ichthyoplankton collections

Note, Fi

by 5°%-side square.
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Fig. 2. Distribution of larvae in January-March (I3 Fig. 3, Distribution of larvae in June-September (Rithards, 1969;

April-June (II); July-September (III); our data):
) October-December (IV). 1 = ichthyoplankton stations
Definitiong: 4~ larvae absent 2 -~ larvae catches
' o~ less than 0.09 larva per heaul % - isotherms
%~ 0.1 ~ 1.0 larva per haul 4 - isohalines in August (from the Hydrometeorolo-

4~ 4.1 - 5.0 larvae per haul gical directory on the waters of the wesbern coast of
5-5,1 =~ 10.0 larvaé per haul Africa, 1964).
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the surfaca layer
(northern and southern quasistationary eddles) and repro-
Definitions see in fig. 2. . ductive areas of bigeve tuna:
S I ~ subtropical anticyclomic
- IT - tropical cyclonic
IIT ~ tropical anticyclonic
IV =~ equatorial cyclonic [ Ehlystov, 1976)



