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STATE OF THE BIGEYE TUNA STOCKS OF THE ATLANTIC OCEAN

FROM PRODUCTION MODEL ANALYSIS, 1957-1975

by

G. T. Sakagava

SUMMARY

The production model was used to evaluate the state of the bigeye tuna (Thunnus obesus) stocks
of the Atlantic Ocean. The model did not fit the available fishery data very well. Estimates
of the average maximum sustainable yield with the assumption of a single exploited stock, how-
ever, varied between 42,800 metric tons and 180,700 metric tons. Because the present catch is
at a record high of 59,000 metric tons and increased production in recent years has been ob-
tained from removing younger fish, it is concluded that further development of the fishery
should proceed with caution.

RESUME

L'état des stocks de thon obése (Thunnus obesus) dans l'Atlantique a été évalué au moyen du
modéle global, qui ne s'ajuste pas trés bien aux données disponibles sur la pécherie. Les es-
timations de la moyenne de production maximale soutenue effectuées en supposant 1'existence
d'un stock unique exploité varient cependant de 42.800. & 180.700 T™M. ILa prise actuelle se
situant & un niveau record de 59.000 TM, et la production accrue de ces derniéres années ayant
4t& obtenue par prélévement de poissons plus Jjeunes, la conclusion du présent rapport est gque

tout développement ultérieur de la pécherie doit procéder avec prudence.

RESUMEN

Se emplea el modelo de produccidn para evaluar el estado de los stocks de patudo (Thunnus obesus)
en el Atléntico, si bien dicho modelo no se ajusta con precisién a los datos disponibles sobre

la pesquerfa., BSin embargo, las estimaciones de la media de produccibn méxima sostenible, en el
supuesto de que sea uno solo el stock explotado, oscilan entre 42.800 y 180.700 TM. Considerando
gque la captura actual ha alcanzado un nivel record de 59.000 TM, y que el aumento en la produccibn
de los tltimos afics ha sido consecuencia de la pesca de peces més jovenes, se llega & la conclu-

s16n de que el desarrollo futurc de la pesqueria debe realizarse con precaucion.



INTRODUCTION

Bigeye tuna {Thwomus obesus) suppgrts a m;@ar tgn;}f}ih?fy~1n’tne
Atiantic Ocean. oefore 1971 the annual produc;1on of the fisnery w%s
1ess than 30,000 metric tons and over a0% of ?pe proau;tlon VaS.Pr9E”§§?
by iongliners (Figure 1). Most of the\prOQUcnlon wasliakeg 1né1d§ﬂLa;!j
to fishing for yeilowfin {,ﬁ”.,aZbaca‘z]’es; and albacore JC _(zf‘:‘.”u’L?a~,
tunas. The bigeye stocks at that time were cons’ heaithy and
capabla of sustaining much higher yields {FAD, s Hayasi et ail..

1
1970; Hisada, MS').

In 1971 production increased sharply to {5,000 metric tons)ﬁ?igqre
1) owing to increased catches by the sufface T}shery.and concencranéd
effort of longliners in areas of high abundance of bigeye tuna. The
standardized catch rate for the Japanese longline fleet recorded &

sudden decline that year and Kume {M5%) hypothesized that ?hery1eld'was
approaching the maximum sustainable from the ;tocksn in tng_roi]ow1ng
year production declined to about 35,000 wetric tons but quickly re~1
covered in 1973. Since then, the catch has increased each year and 1975
was a record year with about 59,000 metric tons landed (Figure 1).

Hore recent analyses on the state of the Atlantic bigeye tuna

stocks by Kume (NS3; 71976a) and Sakagawa (1976) showed that the total
catch appears to be approaching the maximum sustainable yield with the
existing configuration of the fishery, i.e., mixture of gears and area-
time distribution of fishing effort, and assuming a single exploited
stock. With the assumption of separate north and south Atlantic stocks,
however, Sakagawa's analysis suggested that the yield from the northern
steck could be increased whereas the maximum sustainable yield was being
removed from the southern stock. In this report, previous production
model analyses (Kume. 1976; Sakagawa, 1976) to determine the state of
the Atlantic bigeye tuna stocks are updated with new information.

DATA SOURCES AND ANALYTICAL PROCEDURES

Bigeye tuna catches by gear, country and year were tabulated from
ICCAT (1976) and partitioned into catches made in the north and south
Atlantic (Table 1). Partitioning was based on available information
about the fishing areas of the fleets. For the Tongline catches, long-
line data on catch-effort by 5° area {Fishery Agency of Japan, 1966-76;
Shiohama, Myojin and Sakamoto, 1965) and sizes of bigeye tuna caught by
area (Kume, pers. commun.)} within year of the Japanese fleet were used
to partition the catch. The Japanese longline fleet lands between 42
and 100% of the annual longline catch. It is assumed that the other
longline fleets operate similarly to the Japanese fleet.

]K. Hisada. MS. Overall fishing intemsity of Japanese longline fishery

for bigeye tuna in the Atlantic Ocean, 1956-1970. ICCAT Collective Yol.

Sci. Pap.,1(SCRS-1572): 479-488.

25. Kume. MS. Overall fishing intensity of Japanese Atlantic longline

fishery for bigeye tuna, 1956-1971. ICCAT Collective Vol. Sci. Pap.,
2(SCRS~1873): 145-148.

3Kume, 3. WS, Overall fishing intensity of Japanese At1§ntic_1ongline
fishery for bigeye tuna, 1956-1972. ICCAT Collective Vol. Sci. Pap.,
4(SCRS-1974): 60-64.

For the. surface. fishery (pole-and-1ine, seine and troll) catches,
data on catch-effort by 1°-area of the American. and Japanese purse seine
flests {CCAT, 1973a; 1973b; 19745 1975a; 1975h, 1976h) were used o
partition the purse seine catches. Catcnes of the g two f1eet5 ke up
about § to 100% of the tofal purse seing catch of bigeye tuna.
pole-and-Tipe and troll catehes wers ass be- taken from the
Atlantic.

na

—

south

Standardized catch rates in pumber of fish per 100 hooks -for 1957~
1973 from data of the Japanese longline fleet were estimated by Kume
{19760). The rates ere assumed Lo be representative indices of abundance
for the Atlantic bigeye funa stocks. They were converted to weight per
1000 hooks with average size data (Table 2)-of bigeye tuna caught‘by )
Japanese Tongliners.. Total standardizedzfﬁshing-efforﬁ for ﬁhe A;?antic—
wide fishery was then estimated by dividing total .catch by the cgtch
rate (Table 2).

Hayasi et al. {1970) proposed that separate novth Atlantic and
south Atlantic stocks of bigeye tuna were possibly being exploited. So
far wo comprehensive study has been made to investigate this,prgpesg].
However, on the assumption that:separate stocks exist in the Atlantic,

Sakagawa {1976) estimated indices of apparent abundance for the north
and south Atlantic stocks using nominal catch rates (numbers/1,000
hooks) from index regions of the Atlantic and quarters of the year. His
time series of indices was extended to include estimates for 1974, and
the indices converted to weight per 1,000 hooks (Table 3) with average.
weight data. Total fishing effort in the north and south Atlantic was
then estimated by dividing total. catch by.the index (Table 3).

RESULTS ‘OF ANALYSES .

The production model was-fitted to the data-oﬁ bigeye tuna of the
Atlantic Ocean with the computer program PRODFIT' (Fox, 1975}, Separate
analyses were performed to investigate . (1).a single exploited stock in

the Atlantic, and (2) two separate expToited stocks, north and south, in
the Atlantic.

Single Stock

Three special cases (m=0, m=1; and m=2) of the production model
were fitted to the Atlantic-wide data .(Tdble 1), first with four sig-
nificant year classes {k=4) contributing to the catch and second, with
k=5.  These two conditions of number of significant year classes in the
catgh were chosen on the basis of previous analysis of the age com-
position of the catch (Sanagawa, 1976)

In general, the model did not fit the data very well, judging from

the Tow values for the degree of fit index4 (Table 4). Among the three
cases of the model tried, however, the marginal best.fit was obtained
wWith m=2.0, or the parabolic-shaped model. Ymax’ the average maximum

sustainab]e‘yield, fqr this best case is 42,800 metric tons with k=5 and
53,800 metric tons with k=4. For the other cases, Y is higher {Table

4)‘ max

4 o .
;he degree of fit index ranges from 0 to 1.0, or poor fit to perfect
it. .



If we assume that a single Atlantic-wide stock is exploited and the
production curve is parabolic, it appears that the maximum sustainable
yield from the stock is currently being surpassed. With these assumptions,
further catches at or above the vrecord 1975 catch of 59,000 metric tons
would result in overexploitation and subsequent declime in catch.

Judging from the poor overall fit of the model to the data, however, it
is difficult to say whether the shape of the production curve is indeed
parabolic. The actual shape could almost as 1ikely be flat-topped {(m=0)
or skewed-dome {m~1) {Figure 2), cases in which Y M is generally much
greater than the 1975 catch .(Table 4). 1In these cases, except when k=4
and m+1, production could increase substantially above the 1975 tevel
without a subsequent decline in catch.

Separate North and South Atlantic Stocks

The production model was fitted to data {(Table 3) for the separate
north and south Atlantic bigeye tuna fisheries. The model did not fit
the data very well and estimates of Ymax appeared unreasonable; several

million metric tons for the morth Atlantic fishery amd about 13,000
metric tons for the south Atlantic fishery. The poor fit apparently is
due to the poor relationship between catch and estimated effectdve
effort (Figure 3). The catch rates for the index areas and quarters
appear to be inadequate estimators of steck abundance for the presumed
separate stocks. No management advice is therefore drawn from these
results.

" MANAGEMENT ADVICE

The catch of bigeye tuna from the Atlantic Ocean has been increas-
ing virtually uninterrupted since 1967 at an annual rate of about 6,000
metric tons, and the surface fishery has been landing an increasing
propertion of the total catch {Figure 1). The Tongline fishery, how-
ever, still lands the bulk of the total Atlan! = catch of bigeye tuna
(67% in 1975), and @ high level of fishing efi.st is directed to catch-
ing this species. - Since 1970, the longline catch has leveled off,
averaging about 36,000 metric toms per year.

In contrast, the landings of the surface fishery has been imcreas-
edly since 1971 at anm annual rate of about 6,000 metric tons.
e tuna caw n the eastern
Tlowfin tuna Fishing, for which

tropical Atlantic imcidenta

there is a high lewel of fis effort (i Coan, 1976). - The
reported bigeye tuna landings of ¢ fishery, hewever, is swspected to
be substa 1Ty wnd i 76) owimg to @he;mnactmcg

orting imc e tuna as yellowlfin Luna. This
practice is especia ches of smalll bigeye tura which

are difficult to differentiate firom small yellowfin tuna.

The actual shape of the production curve for the bigeye tuna stocks
of the Atlantic is wnclear fnom data currently available. Mepem ng on
the assumpt ne wishes to accept, the jproduction model analysis give
average max tainable yields wranging finam 42,800 matric tens teo
180,700 metric tons {Table 4) For the entire Atlantic fishery. Probably
the high end of 1 i

range s toe aptimistic, judging frem ¥ X wof about
110,000 metric tons for the apparently mene abundant Atlantic yelfowfin
tuna (Fox and Coan, 1976). The low end of this mange fs, on the othor
hand, probably too pessimistic, judging from the average mecent pro-
duction {1966-1975) of 74,000 metric tons for Atlantic albacore {(TCCAT,

1976a), a species that is slower growing, longer lived and probably more
easily depressed with intense fishing than bigeye tuna (Suda and Kume,
1970).

By comparison, the shape of the production curve for Pacific bigeye
tuna is skewed-dome with a maximum sustainable yield at about 90,000
metric tons (Suda and Kume, 1970). The fishery is much larger than the
Atlantic fishery and currently produces about 80,000 metric tons per
Xear {IATTC, 1976) from an ocean that is about double the size of the
tlantic.

The total Atlantic bigeye tuna catch is currently at record high
and increased production is being obtained by removing younger fish. An
accurate assessment of the amount of young fish being removed by the
surface fishery is not available but it -is suspected to be:greater than
the record 19,400 metric tons landed in 1975. It is not known- how much
of an impact the recent large removal of small fish will have on avail-
able recruits to the longline fishery in coming years and thus affect
the yield from the longline fishery.

Fishing effort ds currently at.a high level and apparently increasing.

Unless the: fishery is able to focus the increased effort:onto.bigeye
tuna stocks that heretofore have not been:exploited or Tightly exploited,
if there are any, or onto.segments (e.g.. young Fish) of: the:present
exploited stocks that do not contribute much to the longline yield, the
catch will probably not increase proportionately with increased effort
and average recruitment. In 1ight of all these events;-the course of
further develepment of the. fishery should therefore proceed with caution
and the fishery monitored closely.
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Table 2. Catch per unit of effective effort and estimate of
- effective effort for the bigeye tuna
fishery of the entire Atlantic
CPUE] Catch (gagch Standardxzed3
(number/ %) (M tons/ gns effort (x 10

Year 1000 hooks) (kg) | 1000 hooks){ x 10%) hooks)
1957 2.79 57.8 0.161 0.50 3,106

58 2.06 33.7 0.069 0.50 7,246

59 3.44 33.5 0.115 1.50 13,043
1960 4.06 41 .1 0.167 3.00 17,988

61 6.83 45.5 0.31 11.24 36,154

62 6.16 42.6 0.262 15.96 60,931

63 - 5.46 50.8 0.277 17.65 63,704

64 5.05 50.4 0.255 . 20.61 80,839
1965 5.12 43.9 0.225 29.16 129,613

66 4,87 75.7 0.369 18.96 51,388

67 5.07 47.3 0.240 11.96 49,846

68 5.76 52.3 0.301 18.17 60,365

69 6.04 38.9 0.235 24.13 102,672
1970 5.04 47.5 0.240 28.20 117,492
A 4,06 52.6 0.213 45,09 211,676

72 4.0 53.5 0.219 35.21 160,776

73 4.36 51.6 0.225 42.47 188,738
]S. Kume. MS. Overall fishing intensity of the Japanese Atlantic longline

fishery for bigeye tuna, 1956-1973.

(SCRS. 1975): 160-164.

ICCAT, Collective Vol. Sci. Pap. 5

Table 3. Estimated effective effort for the north and south
Atlantic bigeye tuna fisheries .
North South
Catch Catch
Catch rate Catch rate
{metric tons/ (103 metric Effgrt (metric tons/ (103 metric Effgrt
Year 1,000 hooks) | tons) (10° hooks)! 1,000 hooks) |tons) (10° hooks)
1957 1.59 0.07 44 - 0.43 -
58 0.02 0.20 10,000 - 0.30 -
59 1.79 0.28 156 - 1.22 -
1960 0.58 0.96 1,655 0.44 ¢ 2.05 4,659
61 0.50 2.65 5,300 1.10 8.59 7,809
62 0.94 6.32 6,723 0.57 9.64 16,912
63 0.47 9.54 20,298 0.57 8.10 14,211
64 0.80 8.57 10,713 0.63 12.05 19,127
1965 1.04 15.02 14,442 0.75 14.15 18,867
66 0.73 11.82 16,192 0.34 7.14 21,000
67 0.45 5.10 11,333 0.90 6.86 7,622
68 0.55 7.62 13,855 0.99 10.56 10,667
69 1.00 14.35 14,350 0.87 9.77 11,230
1870 0.57 11.77 20,649 0.77 16.43 21,338
71 0.81 29.14 35,975 0.74 15.95 21,554
72 0.58 20.85 35,948 0.98 14.36 14653
73 1.18 24.75 20,975 0.47 17.72 37,702
74 0.66 45.69 69,227 0.49 6.66 13,592




Table 4.

Estimates of some parameters of the production

model for the bigeye tuna fishery of the Atlantic

Ocean with the assumption of a
single, exploited stock

Y?ax gop Uopt dggrge of 19753catch
m {x107 ton) | (x10” hooks) | (tons per 1,000 hooks) | fit index | (x10° tons)
4 major year classes
0 180.7 @ - 0.136 59.0
+] 72.2 664.6 0.109 0.144 59.0
2.0 53.8 365.5 0.147 0.151 59.0
5 major year classes
0 116.3 © - 0.312 59.0
+1 52.3 447.5 0.117 0.317 59.0
2.0 42.8 274.1 0.156 0.319 59.0
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Figure 1. Catch of bigeye tuna from the Atlantic, 1957-1975
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Figure 3. Relatiomr between cafch and fishing effort for bigeye tuna of the northern and southern Atlantic



