SCRS/1980/069 Rev. Col.Vol.Sci.Pap. ICCAT, 15 (1): 171-186 (1981)



RESUMEN

Aplicando estadisticas revisadas, de captura y esfuerzo,
hasta el afio 1978, el andlisis del modelo de produccidn se
orientd hacia la evaluacidn de la situacidn del stock de pa-
tudo en el Atlantico. Como base para el modelo, los datos
sobre esfuerzo y flota palangrera fueron procesados por el
procedimiento de estandarizacidn desarrollado por Honma, 187h.
Se revisd la estructura del stock, bésica para efectuar ané-

lisis de stock.

Aparantemente, los stocks de patudo en el conjunto del

o han sido sub-explotados, y el aumento de capturas
s2ria marginal aungue se incrementase el esfuerzo. Si el stock
del Atl&ntico se dividiese en Atlédntico Norte y Atléntico Sur,
el stock norte podria estar sub-explotado, considerando que el
stock sur ha sido mucho méds explotado y no se espera aumento
en captura sostenible por incremento del nivel reciente de

esfuerzo.



1. Introduction

It was teported by the Standing Committee on Research and Statistics
(SCRS) in 1979 that recent overall éxploitation of Atlantic bigeye tuna stock
has been at high level, regardless the hypothesis on the stock structure (ICCAT
1979 ms). Furthermore, to increase more benifit from bigeye utilization and
to help the yellowfin size limit regulation, the common size limit regulation
for bigeye tuna was recommended by the SCRS and entered into effect by the
Commission on September 7, 1980. Under these circumstances, it is obviously
mandatory to conduct an evaluation of current status of the stock. In this
report, presented are a review of the stock structure, updating of estimation
on effective effort of longline fishery, and stock assessment by production

model using the data up to 1978.

2. Review of the stock structure

The stock structure is fundamental to carry out stock assessment analysis.
In case of Atlantic bigeye, there still remains uncertainty whether or not the
stock is composed of two stocks of northern and southern Atlantic. The past
study on this subject suggested the possibility of two stocks separated at the
equator, but no firm evidence has been aquired (Kume and Morita 1977). It
seems valuable to review the stock structure here again and point out some
critical features.

As shown in Fig. 1, which was prepared from monthly distribution of hook

rate of longline fishery, 1965-74 (Kume and Morita 1977), by taking highest

monthly hook rate in each 5x5 square, bigeye tuna in the Atlantic are distributed

widely in the tropical and subtropical (or temperate) waters, showing a biased
concentration to the east.
It appears that there are several kinds of information pertinent to the
stock structure:
(1) Longline hook rate distribution
As already described by Kume and Morita (1977), geographical distribution
of Atlantic bigeye observed by the hook rate of longline fishery indicates
seasonal change in abundance by area, suggesting separation of stock by
prevailing lower hook rate at around the equator in'most of the seasons.
However, in some season (December—March), rather higher hook rate is
continuous in the eastern equatorial Atlantic, that would be negative to
support the north—~south separation.

(2) Spawning activity

It was pointed out by the same authors that there are two north-south
separated spawning groups: ome in the northern tropical Atlantic and the
other in the southern Atlantic; and the peak season in sexual maturity is
different with each other by half year interval. This is somewhat posit-
ive for stock separatiom, but not conclusive.

(3) Size composition

The size composition of tuna catches is specific to gear and area fished.

In case of bigeye tuma in the Atlantic, by supplementing the description

made by Kume 1978 with the study by the Working Group on Juvenile Tropical

Tunas (ICCAT 1980 ms), it may be sﬁmmarized that:

1) Longline gear captures medium— and large-sized individuals (3 ages and
older) in the entire Atlantic.

2) Major size component of Canarian baitboat fishery is small-sized fish
(2-3 ages) in spring and large-sized in summer and autumn. The baitboat
fishery off Dakar harvests also small-sized fish.
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In the Gulf of Guinea, baitboat catch is predominantly composed of juve-
nile (0-1 ages).
4) The catch by purse seiners in the eastern tropical waters, especially
in the Gulf of Guinea, is predominated by juvenile size.
It is pointed out that the occurrence of juveniles, or nursery ground, of
bigeye tuna can be observed omly in the Gulf of Guinea. This is rather
positive indication of a single stock.
(4) Tagging results
There have been not much bigeye tagged and released in the Atlantic, but
there was an interesting long-term recapture in the records kept at the
ICCAT Secretariat, It showed northward migration from the Gulf of Guinea
after one year liberation (from 0°s and 8% on August 21, 1975 to 18°N and
17°W on August 27, 1976}, This suggests the possibility that juvenile in
the Gulf of Guinea could build up a nursery ground for northern stock.
Considering the above mentioned indicating some positive and some negative
information for north-south separated stocks, it is mot yet conclusive on the
stock structure. From the stock management point of view, it may be cautious
that Atlantic bigeye tuna should be dealt with for stock evaluation under the
assumption of single stock and two stocks (north and south) theories, until

‘more- clear picture will be depicted.

3. Recent trend of longline catch
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According to Statisical Bulletin Vol. 9 (ICCAT 1979), eleven countries
participated in catching bigeye tuna by longline fishery (Table 1). Oriental
longline fleet have been taking more than 70 peréent of the longline catch.
it was indicatea by Kume (1979) that in recent years Japanese and Taiwanese
jongline fleet are catching more bigeye in temperate waters than in tropical
waters, whereas bigeye catches by Korean and Cuban fleet are converged
in tropical waters.

Recent total longline catch has constituted about two thirds of the total
bigeye catch, and it has ranged between 26 and 39 thousand metric tons, with
the peak year in 1975. In 1978, the catch was 28 thousand tons. In the
north Atlantic, the-catches recorded the best years in 1974 and 1975, and then
decreased to about a half, being leveled off between 12 and 16 thousand tons
in 1976-78. The longline catch in the south Atlantic has been stabilized in

amount for the recent three years.

4. Estimation of effective effort and overall fishing intensity for longline
fishery

A series of study has been conducted to estimate effective effort and
fishing intensity on bigeye tuna for Atlantic longline fishery. Supplement=
ing the last issue by Kume (1980a), this report updates the study for the data
up to 1978.

Standardization of nominal effort in terms of hooks invested to effective
effort was done by employing Honma's method (1973). This estimation procedure
is in essence to adjust nominal effort by using the ratio of the density in a
small unit area to average density of the populatiom. Therefore, the nominal
effort invested in the area of average density equals to the effective effort.
Correction factors in small unit area were calculated from the average deusity
of Japanese longline data during 1965-75, when the longline fishery covered
all the Atlantic bigeye fishing grounds. Due to incompletness di qualdey.of
the data, the catch and effort statistics of other loamgline fleet than Japan
were not incorporated in this report. The Japanese effort data were standard-
ized into effective effort as basic data, which then was extrapolated to the
whole longline effective effort by the ratio of Japanese catch to the whole
longline catch.

The annual fishing intensity defined in this report is the sum of monthly
fishing intensity expressed by effective hooks per 5 degree square. The fish~

ing intensity was calculated first on Japanese data, and then overall fishing

intensity on whole longline fleet was estimated by extrapolating with the catch
ratio. The results including effective effort are tabulated in Tables 2-4

for three possible stock units.

5. Trend in hook rate and catch-effort relationm

Hook rate, expressed by catch in number per 100 effective hooks and as
an index of abundance of longline fishable stock, was calculated from the
above-obtained, and annual change in hook rate is shown in Fig. 2 for whole
Atlantic and Fig. 3 for north and south Atlantic. Since 1961 when longline
fishery expanded to cover nearly entire bigeye distribution, the annual hook
rate of the whole Atlantic stock has been on the gradual decreasing trend on
long-term basis, although high hook rates were observed temporally in 1969 and
1974, Annual changes in hook rates in north and south Atlantic indicate
almoat similar long-term trend with each other and to the case of whole Atlan-
tic, except the difference in temporal peak year as in 1969 for the south
Atlantic and in 1974 for the north Atlantic. Recent level of relative abund-
ance of the stock or stocks is judged to be two thirds or at least more than
half of the initial exploitationm. Considering the longline catch being comp-
osed of medium- and large-sized individuals, it seems that the adult or spawn-—
ing stock of Atlantic bigeye has remained still at relatively high level comp-—
ared to other tuna species exploited inm the Atlantic.

In Figs. 4-6, shown are relation between catch and effort of bigeye tuna
caught by longline fishery for three assumed stock units. In all cases, the
relationship between catch and effort followed almost straight until 1974.

In 1975, the effort increased remarkably without resulting im the duly expected
catch, During recent three years, 1976-78, the effort decreased to the level
of early 1970's, and the catch-effort relation seems to be retracing the earl-

ier path way.

6. Production model analysis
Production model analysis bas been applied to evaluate the Atlantic bigeye.
The effort data as necessary imput in the production model were estimated for
the years up to 1978 by the following steps:
1) The annual hook rate, in terms of number of fish caught (Tables 2~4),
was converted into hook rate in. terms of weight in kg, by multiplying
the former hook rate with respective average weight of the catch that

were updated after Kume (1980Db).



2) The effort for surface fisheries was substituted by the longline effort,
and the total fishing effort was obtained by dividing the total catch by
the hook rate in weight.

3) The calculation was made for three hypothesized unit stocks.

The k's, number of dominant year classes in the catch, were selected consider-
ing that the longline fishery was taking mainly 4 year alsses, and recent
development of surface fisheries added one more older year class in the north
and one more younger year class in the south. All pertinent input data shewn
in. Tables 5-7 and three basic m's (0, 1.001 and 2) of imput parameter were fit-
ted-to the computer program PRODFIT of a generalized production model (Fox 1975)
The results on calculated maximum sustainable yield ( Y-max), optimum fishing
effort (f-opt) and degree of fit index, with observed catch im 1978, are tabu-
lated in Table 8, and estimated yield curves are shown in Figs. 7-9.

Atlantic-wide stock

The best fit to the model was obtained for wm=0, but its Y-max, 123,200 MT,
would be unrealistic, because it is realized at an infinite amount of effort.
The other two estimates of Y-max are 51,900 and 60,100 MT, which are a little
higher than those estimated by the previous analysis (Kume 1980b).  This is
due to the change in the catch statistics and also the exclusion of Taiwanese
longline data for hook rate calculation. It appears that the average MSY for
Atlantic bigeyve is more than 51,900 MT. Annuél catches of recent three years,
38,400 46,800 MT, were less than minimum estimates of MSY, and the correspond-
ing efforts, 184-242 million hooks, were far less than the level to achieve the
MSY, . at least 313 million hooks. It may be concluded as previously that Atl-
antic-~wide }bigeye stock has been under—exploited but relatively at high level,
and increase in catch would be marginal evenm if effort is increased.

North Atlantic stock

The degree of fitness of the data to the model was lowest among three stock;
assumed. Although best fit was observed with m=0, it is again unlikely that
the possible MSY, 89,600 MT, is realistic. The past catch exceeded once the
smallest estimate of MSY with m=2, 35,200 MI, in 1974, whereas the effort was
never expended beyond the MSY level. Both the catch and effort recently
observed, 21,500-27,900 MT and 114-152 million hooks, have been far less than
the level of MSY. It seems that the catch increase would be expected by incr-
easing effort from the recent level.

South Atlantic stock

The model fitted to the data best among three cases. The best fit was
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with m=2, by which MSY of 21,000 MI is expected with the effort of 120 million
hooks. Both the observed catch and effort in 1978 were situated around the
MSY level.

As far as the production model is concermed, general conclusion on the Atl-
antin bigeye stock or stocks is nearly the same as that derived by the previous
analysis. 1t appears that the recent status of the bigeye tuma-in the Atlantic
has been close to the MSY level since 1971, although never exceeded beyond that
level. If the Atlantic stock is separated into north and south Atlantic,
northern stock might be under-utilized, whereas southern stock has been more
heavily exploited and no increase in sustainable catch would be expected by

increasing recent level of effort.
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Table 1. Catch statistics of Atlantic bigeye tuna caught by longline Fishery by north and south Atlantic
and by country, 1957-78 (MT).
North Atlantic South Atlantic Whole Atlantic
Year Japan Taiwan gz;z;; Cuba Othersl) Total|l Japan Taiwan i:;z;; Cuba USSR OthersZ) Total igtgi
1957 381 381 73 73 454
1958 399 399 54 54 453
1959 1,316 1,316 162 162 1,478
1960 2,061 2,061 843 100 943 3,004
1961 3,065 3,065 7,979 200 8,179 11,244
1962 8,489 3 8,492 7,231 15 200 7,446 15,938
1963 | 8,404 6 8,410 || 6,068 35 4861 6,589 14,999
1964 10,921 7 10,928 6,415 41 414 6,870 17,798
1965 14,669 14,669 13,869 385 400 | 14,654 29,323
1966 8,753 88 72 8,913 8,823 507 217 680 200§ 10,627 19,340
1967 3,394 330 240 3,964 5,155 1,901 80 1,820 100 9,056 13,020
1968 4,062 1,529 66 5,637 6,244 3,815 197 1,677 300 | 12,233 17,870
1969 2,402 2,969 464 5,835 7,864 4,514 1,393 2,200 200 | 16,171 22,006
1970 4,703 5,117 1,183 11,003 4,290 2,438 3,549 2,580 100 | 12,957 23,860
1971 13,149 2,365 1,838 1,248 18,600 7,109 3,114 5,515 1,952 2,729 20,419 39,019
1972 11,763 792 1,449 780 14,784 6,315 4,198 4,345 1,220 1,637 17,715° 32,499
1973 11,113 1,270 5,703 1,014 19,100 8,841 2,548 2,810 1,586 2,961 93| 18,839 37,939
1974 17,640 1,107 5,867 936 25,550 3,222 1,990 3,301 1,464 3,367 192 | 13,536 39,086
1975 12,376 1,474 8,504 741 23,095 5,015 2,476 3,645 1,159 3,652 229 1 16,176 39,271
1976 5,860 360 5,044 788 21 112,073 1,438 2,914 3,662 512 4,907 337 | 13,770 25,843
1977 5,301 300 6,577 1,350 2,231 115,759 3,894 2,678 2,191 450 4,086 217 113,516 29,275
1978 ] 5,752 599 6,260. 500 46?_ 13,5%9 3,551 2,029 4,912 1,800 2,058 159 | 14,509 28,089

1) Venezuela and Spain are included.

2) Brazil, Argentin and South Africa are included.




Table 2. Catch, effective effort and fishing intensity on bigeye tuna cau

in theiwhole Atlantic Ocean, 1956-78.

ght by the longline fleet

Japanese longline data Whole longline fleet

Catch in | Yield in | Effective{Intensity per | Hook rate Yield in| Effective-| Intensity per
number weight hooks 5x5 square : weight hooks 5x5 square
Year ach | ad i | a®) | a0® nooksy |00 ®ETL g’ | o) (10% hooks)
(A) (8) (c) (0) (E) (CIx(E}/(B) (D)x(E)/(B)

1956 0.2 _ 0.1 0.5 0.228 _ _ _
1957 8.7 0.5 2.7 17.5 0.320 0.5 2.7 17.5
1958 14.8 0.5 5.9 38.2 0.251 0.5 5.9 38.2
1959 44.8 1.5 11.4 : 74.0 0.394 1.5 11.4 74.0
1960 70.6 2.9 15.5 102.3 0.454 ! 3.0 16.0 105.8
1961 243.7 11.0 29.8! 196.2 0.818 | 11.2 30.3 199.8
1962 367.9 15.7 54.0 357.3 0.682 1 15.9 54.7 361.5
1963 285.3 14.5 47.4 316.3 0.602 15.0 49.0 327.2
1964 343.7 17.3 61.1 406.0 0.563 17.8 62.9 417.7
1965 648.3 28.5 117.9 787.8 0.550 29.3 121.2 809.9
1966 232.1 17.6 48.1 323.9 0.482 | 19.3 52.7 355.2
1967 -180.9 8.5 . 31.5 207.4 0.575 ]> 13.0 48.2 317.2
1968 204.6- 1G6.3 31.21 205.0 0.655 ‘ 17.9 54.2 356.3
1969 263 .6 i 10.3 38.1 254.0 €.691 i 22.0 81.4 542.5
1970 187.3 9.0 33.5 '222.8 0.559 24.0 89.3 5%4.1
1971 394.9 20.3 85.7 569.4 0.461 39.0 146.6 1,093.9
1972 346.0 18.1 79.5 532.4 0.435 32.5 142.7 956.0
1973 391.3 20.0 77.1 506.0 0.507 37.9 146.1 958.9
1974 457.3 20.9 69.0 455 .4 D.663 39.1 129.1 852.0
1975 449.1 17.4 113.5 760.0 0.396 39.3 256.4 1,716.6
1976 171.0 7.3 50.6 336.8 0.338 25.8 178.8 1,190.3
1977 189.6 9.2 36.5 238.1 0.520 29.3 116.2 758.3
}?78 2092 9.3 48.9 317.5 0.428 28.1 147.8 959.3
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Table 3. Catch, effective effort and fishing intensity on bigeye tuna caught by the longline fleet
in the nporth Atlantic Ocean, 1956-78. .
Japanese longline data Whole longline fleet

Catch in | Yield in | Effective Intensity per | Hook rate Yield in| 'Effective-] Intensity per

number weight hooks 5x5 square veight hooks 5x5 square
Year 1o’y {ao® vy | -e®) | (10% hooksy |00 XA (107 ) (105) (10° hooks)

(A) (8) (€) (0} (£) (C)x(E)/(B) (DYx(E)/(B)

1856 0.1 _ 0.1 0.8 0.206 _ _ _
1957 7.3 0.4 2.0 24.0 0.396 0.4 2.0 24.0
1958 13.0 0.4 5.1 60.0 0.256 0.4 5.1 60.0
1959 39.9 1.3 9.6 112.7 0.417 1.3 9.6 112.7
1960 50.1 2.1 10.3 115.6 0.488 2.1 10.3 115.6
1961 67.6 3.1 9.1 100.5 0.742 3.1 9.1 100.5
1962 199.1 8.5 29.1 325.5 0.684 8.5 29.1 325.5
1963 166.0 8.4 26.2 299.4 0.635 8.4 26.2 299.4
1964 219.2 10.9 37.4 453.8 0.586 10.9 37.4 453.8
1965 339.1 14.7 56.5 683.9 0.601 14.7 56.5 683.9
1966 121.6 8.8 25.0 304.4 0.486 8.9 25.3 307.9
1967 75.3 3. 14.9 177.4 0.508! 4.0 17.5 208.7
1968 86.1 4.0 13.3 153.2 (J.fsasJ 5.6 18.6 214.5
1969 65.2! 2.4 12:9 § 147.4 0.504 5.8 31.2 356.2
1970 103.9 4.7 17.2 | 206.6 0.603 1.0 40.3 483.5
1971 258.5 13.1 60.0 719.0 0.431 18.6 85.2 1,020.9
1972 227.8 11.8 56.9 702.7 0.401 14.8 71.4 881.4
1973 219.4 11.1 37.0 466.1 0.593 19.1 63.7 802.0
1974 388.9 17.6 54.0 665.9 0.720 25.6 78.5 968.6
1975 320.0 12.4 83.0 1,030.4 0.385 23.1 154.6 1,919.5
1976 137.2 5.9 44.7 557.3 0.307 12.1 91.7 1,142.9
1977 107.5 5.3 21.7 271.5 0.495 15.8 64.7 . 809.4
1978 126.8 5.8 28.8 359.9 0.440 13.6 67.5 843.9




Table 4.

Catch, effective effort and fishing intensity on bigeye tuna

in the ! south Atlantic Ocean, 1956-78.

caught by the longline fleet

Japanese longline data Whole longline fleet

Catch in | Yield in | Effective|{Intensity per | Hook rate Yield in| Effective | Intensity per

number weight hooks 5x5 square weight hooks Sx5 square
Year %y [ae® sy | -ac®) | 0’ nooksy |10 XW/E T ad wryt o) (10> hooks)
(A) (8) ) (©) () (CYx(E)/(B) (D)x(E)/(B)

1956 0.0 . 0.0 0.2 0.364 ! o _ _
1957 1.4 0.1 0.6 10.0 0.218 || 0.1 ] 0.6 10.0
1958 1.8 0.1 0.8 12.9 0.219 | 0.1 O.{% 12.9
1959 4.9 0.2 1.8 29,1 0.266 0.2 1.8 29.1
1960 20.5 0.8 6.2 86.8 0.333 0.9 7.0 97.7
1961 176.0 8.0 21.1 307.4 0.833 | 8.2 21.6 315.1
1962 168.8 7.2 26.9 394.2 0.627 7.4 27.6 405.2
1963 119.3 6.1 23.0 335.9 0.519 6.6 48.9 363.4
1964 124.6 6.4 25.0 350.6 0.498 6.9 27.0 378.0
1965 309.2 13.9 61.6 908.4 0.502 14.7 65.1 960.7
1966 110.5 8.8 23.0 346.6 0.480 10.4 27.2 409.6
1967 105.6 5.2 17.3 242.3 0.610 9.1 30.3 424.0
1968 118.5 6.2 18.0 265.2 0.658 12.2 35.4 521.8
1969 198.4 ! 7.9 24.5 377.8 0.810 16.2 50.2 774.7
1970 83.4 4.3 16.3 241.6 0.512 13.0 49.3 730.4
1971 136.5 7.1 26,4 395.7 0.517 20.4 75.9 1,136.9
1972 118.2 6.3 24.1 334.7 0.490 17.7 67.7 940.3
1973 171.9 B.8 38.7 552.3 0.445 18.8 82.7 1,179.9
1974 68.4 3.2 14.9 211.1 0.458 13.5 62.9 890.6
1975 129.0 5.0 32.4 445.6 0.398 16.2 105.0 1,443.7
1976 33.8 1.4 6.3 80.7 0.539 13.8 62.1 795.5
1977 82.2 3.9 14.7 199.2 0.561 13.5 50.9 689.5
1978 82.5 3.6 20.5 268.4 0.402 14.5 82.6 1,081.1
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Catch, hook rates in number and in weight per 100 hooks,

; 3 ) Table Catch, hook rates in number and weight per 100 hooks,
ook Shemeee ih the”eebn. Fox”the maose punber  of dominant average uelght, effective affort, ond k. nunber of doninant
fishery, 1961-78. - year classes in the catch, for the north Atlantic bigeye
’ fishery, 1961-78.
WHOLE ATLANTIC NORTH ATLANTIC
vean | MO0k RATE | MEAN 4 oo mate | carcnaoumy | errort 1 ’ veag | HOOK RATE | MEAN | haok RATE | caTCH(10%MT) EFFORT IN |
(NUMBER) (KE) (MEIGHT) | ore INe ] ToTAL 106 HOOKS (NUMBER) (Ko) (WETGHT) ™ oNGLINE | ToTAL | 10 HOOKS

1961 0.818 45 36.8 11.2 11.2 30.4 4 1961 0.742 46 34.1 3.1 3.1 9.1 4
1962 0.682 43 29.3 15.9 16.5 56.3 4 1962 0.684 43 29.4 8.5 8.6 29.3 4
1963 0.602 51 30.7 15.0 | 17.9 55.7 4 1963 |  0.635 51 32.4 8.4 8.9 27.5 4
1964 0.563 50 28.2 17.8 18.8 66.7 4 1964 0.586 50 29.3 10.9 11.1 37.9 4
1965 0.550 50 27.5 29.3 30.6 111.3 4 1965 0.601 53 31.9 14.7 15.8 49.5 4
1966 0.482 48 23.1 19.3 20.8 90.0 4 1966 0.486 43 20.9 8.9 10.4 49.8 4
1967 0.575 50 28.8 13.0 | 16.8 58.3 4 1967 0.506 43 21.8 4.0 5.5 25.2 4
1968 0.655 48 31.4 17.9 21.4 68.2 4 1968 0.645 48 31.0 5.6 7.9 25.5 4
1969 0.691 44 30.4 22.0 | 28.0 92.1 4 1969 0.504 50 25.2 5.8 9.9 39.3 4
1970 0.559 49 27.4 24.0 30.7 112.0 4 1970 0,603 47 28.3 11.0 16.1 56.9 4
1971 0.461 47 21.7 39.0 | 50.1 230.9 5 1971 0.431 45 i9.4 18.6 27.1 139.7 5
1972 0.435 4t 19.1 32.5 38.9 203.7 5 1972 0.401 41 16.4 14.8 18.1 110.4 5
1973 0.507 40 20.3 37.9 48,7 239.9 6 1973 0.593 36 21.3 19.1 24.5 115.0 5
1974 0.663 47 31.2 39,1 58.0 185.9 6 1974 0.720 48 34.6 25.6 38.4 111.0 5
1975 0.396 50 19.8. 39.3 55.2 278.8 6 1975 0.385 52 20.0 23.1 37.1 185.5 5
1976 0.338 47 15.9 25.8 | 38.4} 241.5 6 1976 0.307 46 14.1 12.1 21.5 152.5 5
1977 0.520 49 25.5 29.3 46.8 183.5 6 1977 0.495 49 24.3 15.8 27.9 114.8 5
1978 0.428 45 19.3 281§ 45.7 236.8 6 1978 0.440 46 20.2 13.6 25.2 124.8 5




Table 7.

Catch, hook rates in number and in weight per 100 hooks,

average weight, effective effort, and k, number of dominant

year classes in the catch, for the south Atlantic bigeye

fishery, 1961-78.

SOUTH ATLANTIC

MEAN

HOOK RATE HOOK RATE CATCH(lOBMT) EFFORT IN
YEAR WEIGHT K
(NUMBER) (K3) (WEIGHT) LONGLINE | TOTAL 106 HOOKS
1961 0.833 46 38.3 8.2 8.2 21.4 4
1962 G.627 43 27.0 7.4 7.9 29.3 4
1963 0.519 51 26.5 6.6 9.0 34.0 4
1964 0.498 51 25.4 6.9 7.7 30.3 4
1965 0.502 48 26,1 14.7 14.8 6l.4 4
1966 0.480 53 25.4 10.4 10.5 41.3 4
1967 0.610 54 32.9 9.1 11.3 34.3 4
1968 0.658 48 31.6 12,2 13.5 42.7 4
1969 0.810 41 33.2 16.2 18.2 54.8 4
1970 0.512 51 26.1 13.0 14.6 55.9 4
1971 0.517 48 24.8 20.4 23.0 92.7 4
1972 0.490 47 23.0 17.7 20.8 90.4 4
1973 0.445 44 19.6 18.8 24.1 123.0 5
1974 0.458 44 20.2 13.5 19.6 97.0 5
1975 0.398 47 18.7 16.2 18.1 96 .8 5
1976 0.539 48 25.9 13.8 17.0 65.6 5
1977 0.561 47 26.4 13.5 19.0 72.0 5
1978 0.402 44 17.7 14.5 20.5 115.8 5
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Table 8. Population parameters estimated by production model analysis
for the Atlantic bigeye tuna fishery, 1961-78.

Degree of f-opt Y -max 1978 catch
m . .
Fit index  (10° hooks) (16° MT) (1,000 MT)
¢] 0.5165 <=} 123.2 .
Whole Atlantic |1.001 0.5091 480 60.1 45.7
2 0.5026 313 51.9
0 0.3078 o) 89.6
North Atlantic [1.001 0.3047 352 41.1 25.2
2 0.3038 227 s3552
0 0.5785 @ 49.0
South Atlantic | 1.001 0.5856 196 25.5 20.5
2 0.5977 120 21.0
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Fig. 3. Annual change in hoolk rate of bigeye tunma in the north and south Atlantic, 1960-78.
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Fig. 4. Catch-effort relationship of bigeye tuna caught by the whole lengline fleet
in the Atlantic Ocean, 1960-78.
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Fig. 5. Catch-effort relationship of bigeye tuna caught by the longline fishery
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in the north Atlantic, 1961-78.
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