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STATUS OF ATTLANTIC YELLOWFIN TUNA FROM PRODUCTION MODEL ANALYSIS

1964-1974
by

W.W. Fox, A.L. Coan
SUMMARY

The generalized stock production model was used to evaluate the status of the Atlantic
yellowf;n tuna fishery through 1974. Our best estimates of the maximum sustainable aver-
age yield are 88,600 metric tons and 101,500 metric tons fon analysis of the eastern
Atlantic surface fishery alone and entire (longline plus surface) Atlantic fishery, respec-
tively. Catches for these fisheries in 1974 are 74,200 metric tons and 107,400 metric tons,
respectively. Our best estimate is that the yield-effort curve is broad and flat topped

(m = 0) and the 1974 point reinforces this conclusion of previous years. However, the 1974
effort level is 27 percent and 76 percent above the optimum level of fishing effort for the

respective eastern surface and entire analyses assuming a more pessimistic curve (m = 2).

RESUIE

Te modéle généralisé de production a &6té utilisé pour évaluer l'état de l1a pécherie.a 1'albacore
dans 1'Atlantique au cours de 1'année 1974. DNotre meilleure estimation du niveau moyen de pro-
duction maximale soutenue est de 88.600 TM pour 1'analyse de la pécherie de surface de
1'Atlantique Est seule et de 101.500 TM pour celle de 1'ensemble (palangre + surface) de la
pécherie atlantique. Les prises de ces pécheries en 1974 étaient de 74,200 et 107.400 TIM.

Notre meilleure estimation est gque la courbe production/effort est ample et aplatie au sommet

(m = 0), et la position de 1974 appuie cette conclusion pour les années précédentes. Les
niveaux de 1l'effort en 1974 étaient cependant de 27% et de 76% au-dessus du niveau optimum
d'effort de péche pour les analyses de la péche de surface de 1'Atlantique Est et celles de
1'ensemble de la péche, ce gui s'exprime par une courbe plus pessimiste (m = 2).

RESUMEN

1 modelo de produccibdn generalizado del stock se empled para evaluar el status de la pesqueria
de rabil del Atléntico, durante el afio 1974. Nuestras mejores estimaciones del nivel promedio
de rendimiento méximo sostenible, son de 88.600 toneladas métricas, y de 101.500 toneladas
métricas, para el andlisis de la pesca de superficie en el Atléntico oriental Gnicamente, ¥
para el conjunto de la pesca en el Atléntico (palangre y superficie), respectivamente. Las
capturas de estas pesquerias en 1974 son de 74.200 toneladas métricas y de 107.400 toneladas
métricas, respectivamente. Nuestra mejor estimacidén es que la curva rendimiento-esfuerzo es
amplia y plana en su parte superior (m = 0) ¥y el caso de 1974 refuerza esta conclusién deducida
también de afios anteriores. Sin embargo, el nivel de esfuerzo del 74 es del 27% y del 76% sobre
el nivel 6ptimo de esfuerzo de pesca, respectivamenter para la pesca de superficie en el Atlén-
tico oriental, y pare el andlisis del conjunto, suponiendo una curva més pesimiste (m=2).



INTRODUCTION

i cti f the status
This paper updates previous prodULt1og mode1 ana1ys§s 0 S
of the Atlgngic yellowfin tuna (ICCAT, 19725 Fox and Lenazz, 3972,i132i,
and Lenarz and Fox, 1974). Data from the-fxshgry fcrl197 and rev .
of previous year's data are incorporated in this year's ??a1¥§15;tock
before, the analysis is conducted under the alternate ye og 12 Seos
structure assumptions--all one stock or two stocks separated a

longitude.
DATA AND METHODS

isti ‘Statistical Bulletin
tatistics were obtained from the ICCAT Statistica
Vol. ga%§ECZT? 1975a). The minor amounts of catch Tisted as taken by

unclassified gear were assumed to be taken by longline with the exception

of the Spanish catch of 1.8 thousand metric tons in 1972.

Catch per unit effort data for the eastern Atlantic surfaceSfTShezy
are different than those used in previous years. Fonteneau agd oisso
(1974) developed a catch per unit effort index for ye11owf1nc unii
1969-1973, by gear type and size c]ass for the Frengh—;voryffo§i ot
Senegalese (FIS) tuna fleet which is adjusted for fishing e ozdez o
directly on yellowfin tuna. Fonteneau and So1§so? (1974} pr?éPDF)
the catch per day at sea (CPDA) and catch per day's f1sh1ng ¢ CPbA cor
Fonteneau (Pers. Comm.) provided similar data for 1974 and the
1964-68 (Table 1). )

i i indi hat it
1ot of the relationship between CPDF and CPDA indicates t

1s‘Jige§r over the observed range 1969-74 (Figure 1), s0 theT1g$4—??
CPDA data were converted to CPDF using the regression line (_a ? thé
The data were standardized to a Class 5 seiner using the rét1o gpr e
1969-74 average CPDF of Class 5 seiners to the 1969-74 avexage.tb fe
each respective gear type and size class. The CPSDF of th; a1A 0 L
classes and the small seiner classes were -averaged (Tab]e d)B %OUTat-
posite. catch per standard days fishlng.(CPSDF) was opta1ne yhcafc 2
ing a weighted average within years using the_approx1mate catg].o de?n
gear type -as weights {Table 2). T§b1e 3 prov14es the data utilize
our analysis of the eastern Atlantic surface fishery alone.

i i ishery were treated
The catch per unit effort data for the longline fish )
as in the past (Table 4). Data from only the Japanese fishery were rat
utilized. The overall number of yellowfin tuna per 100 hooks (Hook Rate

]A1a1n Fontenéau, Centre de Recherches Oceanographiques, Abidjan,
Ivory Coast :

1) ‘for 1972 and 1973 were converted to the index (Hook Rate A1) de-
veloped in the Abidjan Report (ICCAT, 1972) through the linear regression
calculated by.Lenarz and Fox (1974). The average weights of yellowfin
tuna taken by Japanese longline vessels were multiplied by the Hook Rate
I1 data to obtain an index by weight (Hook‘Rate I11; Table 4)

The data for the total Atlantic yellowfin tuna fishery are given in

Table 5. Hook Rate III for the longline fishery (Table 4) was standardized

to CPSDF of a Class 5 FIS seinér by multiplying each year's value by the-
ratio of the,1964-1973 average surface CPSDF to the 1964-1973 average
Hook Rate III. To estimaté the 1974 longline CPSDF, linear trend Tines
were fitted to both the surface and longline CPSDF for the period 1964~
1973 and the 1974 longline point was assumed to be the same deviation
from its trend line as the 1974 surface point, since the deviations are
correlated {r = 0.89). Annual effective fishing effort in thousands of
standard days fishing was computed for the surface and longline fisheries

separately and then summed to get the total Atlantic effective fishing
effort (Table 5).

The computer program PRODFIT (Fox, 1975) was used to estimate the
parameters of the generalized stock production model (Pella and ‘Tomlinson,
1969) for the eastern Atlantic surface fishery alone and for the total
Atlantic fishery. The significant number of year classes in the catch

(A ) was assumed to be 3 for the surface fishery and 4 for the total
fiShery {(Fox and Lenarz, 1973).

RESULTS

Eastern Atlantic Surface Fishery

Three special cases of the generalized stock production model {m =
0, m~1, and m = 2) were fit to the data (Table 3) with three different
values for the number of significant year classes in the catch (Tabie
6). In each case the broad, flat-topped production model where m = 0 was
the best fit {highest degree of fit index). The estimate of the maximum
sustainable yield (Y __ ) and optimum fishing effort (f ) for m - 1 and
m= 2 are not apprecmgély affected by the choice of An?pt

The complete set of parameters are given in Table 7 and the curves
are piotted in Figure 2. The weighted least-squares estimate of m is
0.0, the maximum sustainable average yield (MSAY) is estimated at 88.6
thousand metric tons but at infinite fishing effort. The sustainable
average yield is estimated at 64.0 thousand metric tons, 10.2 thousand
tons less than the 1974 catch. The MSAY 1s estimated at about 50 thousand
metric tons for m + 1 and m = 2 at levels of fishing effort about the
same as generated in 1974 and 1973 respectively.

cOT



lotal Atlantic_tishery

The same three cases of the production model were fit to the data
(Table 5) from the total Atlantic fishery using three values for A
(Table 8). Again, the best fitting model is with m = 0--all of the
parameters are given in Table 9 and the curves are plotted in Figure 3.
The MSAY is estimated at 101.5 thousand metric tons, but at infinite
fishing effort. The sustainable average yield at the 1974 level of
fishing effort is estimated at 88.6 thousand tons, 18.8 thousand tons
less than the 1974 catch. For the other two models (m -~ 1 and m = 2)
the MSAY is estimated at about 88 thousand metric tons, but at the 1971-
72 levels of fishing effort (Figure 3).

DISCUSSION

For the previous 2 years, the best fitting production model has
been the broad, flat-topped model with m = 0. Addition of the pre~
Timinary 1974 point again results in m = 0 as being the best fitting
model. Estimates of the MSAY from the eastern Atlantic surface fishery
alone have increased about 10 percent a year for the past 3 years, with
the present best estimate at 88.6 thousand metric tons. This is due,
perhaps,. to averaging out the effects of a poor year class which entered
the fishery in 1969 (Fonteneau and Lenarz, 1973), or to a continued re-
placement of longline catch by the surface fishery in the eastern Atlantic,
or both. However, this analysis assumes that either the surface fishery
is operating on a separate stock from the longline fishery or that the
rate of exploitation by the longline fishery has remained constant.
Estimates of the MSAY from the total Atlantic fishery for the past 2
years have fluctuated between 92 and 115 thousand metric tons, with tha
present best estimate at 101.5 thousand metric toas--this analysis
assumes one stock throughout the Atlantic Ocean.

It is apparent that the total Atlantic yellowfin tuna fishery is
not 1ikely to catch more than, or perhaps-even repeat, the 1974 catch of
107.4 thousand metric tons. under present conditions and the present
constitution of the fishery. The best estimates indicate that the
surface fishery may increase its catch marginally provided recruitment
remains near average and there is 1ittle net effect of the Jarge quanfitigy
of very small fish being caught in recent years (ICCAT, 1975b, p. 75).
However, the true right-hand side of the yield-effort curve is stili
poorly known (Figures 2 and 3) and the 1974 level of fishing effort has
exceeded f estimates for the pessimistic model ( m = 2) by 27 and 76
percent, rggﬁectjve1y for the eastern Atlantic surface and totel Atlantic
analyses. Therefore, the fishery should continue to receive close
attention.
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Table 1.

tuna vessels corrgcted for

Yellowfin tuna catch per day at sea (CPDA) and catch per days
${ishing (CPDF) for five groups of french-Ivory Coast-Senegalese

effort on skipjack, 1964-1573 > &/

Table 2. Yellowfin tuna catch per standard days fishing (CPSDF) of

French-Ivory Coast-Sengalese tuna vessels standardized to
class § sainers and corrected for effort an
skipjack tuna, 1964-1974.

TabYe 4, Yellowfin tuna catch per unit effort (hook rate) for Japanese LongTine

vessels in the Atlantic Ocean, 1964-1973.

Year, . Baitboat . Setner Sefner Weighted
i Class 2 & Class 3 | Class 3 & Class 4 Class § average
cpsof | Catch 2| cpspF | Caten & | cpsoF | Cwxen 2 leesor, | caten &

1964 8.59 13.2 6.96 4.3 - N 8.19 17.5
1965 7.8 4.7 5.31 - 5.4 - - .40 2%
1956 8.59 15.9 8.51 7.5 - - 8.57 23.4
1967 9.79 4.9 8.97 8.9 B - 9.48 23.8
1968 12.73 19.8 8.61 12.6 - ANT 2.8
196¢ 7.66 5.6 2.92 1.8 7.28 8.25 23.3
e £.90 5.8 5.56 .3 7.80 . 6.03 23.8
1973 5.33 5.1 5.33 12.3 5.22 5.7 5.32 23.1
1872 8.55 5.0 7.89 15.9 794 8.7 7.8 30.8
1573 6.09 2.8 5.49 16,7 §.44 § 5.86 27.8
1974 6.17 2.7 AT 15.% 5.35. 17,6 5.79 3.5

Hook' Rate h [y Catch *
- Year Hook Rate Il \ - ;| Houk Rate IIL
{Fish per 10G hooks) . {1,000's ﬂsh)—/ (1.000's M.mns)-/
1964 1.03 ) 0.90 879 35.1 35.93
1965 0.95 0.7% g7 36.6 30.01
1366 0.73 0.69 195 22.1 38.61
1967 17 1.01 366 12.8 35.32
1968 0.9 0.82 224 13.9 41.50
1369 0.82 072 248 9.8 29.16
1970 0.46 0.5 190 6.7 17.98
1971 0.52 0.57 | - 2w 1n.¢ 21.47
1972 0.3 (0.4 159 7.5 20.75
1973, 2.30 (0,403 108 w2z 15,41

Cover | opithesty | RURE | SAES S’y e
CFDA  CPDF CPDA  CPDF CPDA  CPDF CPUA  CPDF CPDA  LPLF
1664 .86 (2.2 2.91 (3707 | 274 (3.50) -
1955 1.80 (2.43) [ 2.16 (2.84) | 2.46 (3.18) - ..
1966 178 (2.41) | 2.74 (3.50) | 3.43 (4.20) 8 PO
1367 226 (2.98) | 2.88 (3.66) | .63 (4.52) [ - - .
1968 2.5% (3.33) | 4.51 (5.83) | 3.7 (e.3a) | - - .
1569 1.50 2.08 l2.78 3.20 | 3.34 4.48 | 4.68 5.54 | 5.50 7.28
1975 106 1.42 1160 3.93 | 2.30 2.89 | 3.39 3.32 | 6.08 7.80
1571 1.20 1.67 | 1.85 1.9z | 2.0 2.47 | 3.8 3.57 | 4.4 5.29
1572 1.33 244 |2.22 3.43 | 2.86 4.07 | 3.65 4.76 | 5.47 7.14
1972 1.8 .75 {173 2.42 | 2.0 2.76 | 2.89 3.40 | 5.33 6.84
1974 T.26 1.83  |1.67 2.86 | 2.15 3.14 | 3.63 3.73.| 5.7 5,35
T.'64-68 2.58 3.85 3.97 - .
%,'69-'74 1.87 2,63 3.36 4.05 6.55
T,754:74 2.2 3.18 3.60 - -

v In metric tons per day

% Source: 1964-1968, 1974 from A. Fonteneau {Pers.Comm,)

1969-1973 from Fonteneau and Soisson (1974)

Y {lass 2 =
Class 3= 200-300
Class 4 = 300-450
Class 5 = 450-600

100-200 metric tons car

n
" "

" "

rying capacity
u u

u -

y»Numbers in parentheses were calcutated from the relatfonship:
CPDF = 0,3695 + 1.1439 (CPDA}

¥ source: ILCAT (1975a)

Y 3ee Tzble ¥ for class designations

Ed Weighted by the smount of caich tzken by each

Table 3

Catch, catch per unit ¥fort, and ¢
effort for the gastern

ntic surfacz

vessel category

hery for

yellowfin tuna, 1964-1974

Catch Catch per Effective
Year vait effort effort

(3,000 M. tons) {CPSOF) (1,000 SOF)
1964 28.2 8.19 3.44
1 1985 28.0 7.46° 3.92
1966 7.7 8.57 4.40
1967 6.5 5.48 3.85
1968 54.3 T4 4.87
1969 62.3 8.25 7.58
1970 45.1 6.03 7.48
1971 50.8 5.32 9.58
1972 63.3 7.81 8.10
1973 59.7 5.86 10.79
1974 74.2 5.79 12,82

ctive fishing

Y Fisheries Agency ot Japan {1967a, 1387b, 1988, 1869, 1970, 1971, 1972, 1973,

4 yeoar (3972
Hyest (39758

Yareutated fron Lenarz end Fox (1974) by:

Y = 0.205 + 0.658 X, whevs Y = Hook Rate II and
% » Hook Rate 1

Yable &, Catch, catch per unit effort (CPSDF), and efjective Fishing effart (SOF)

for the Arlactic yellowtin tuna Fishery, 1964-1574.
i Surface Longline l ;fntal
R e N e e e L
tens) ‘ SoF) | tons) | Sry | tons) |
1964 | 28.2 S0l san| 0.5 | 9.80 ‘ aaa] se? 9.06 |
1985 l 29.0 7.40) 3.913) 40.4 l 818 14.939\ 525 7.84
1966 | 7.0 5571 4.399| 26,3 | 10.53 ass) 64 4.29
1857 | 36.7 ‘ 9.48| 3.871| 21.7 9.63 |2.253] 58.5 9.56
ess | 5.3 inaa] aera] ez anaa |zaw| os2s oy 1.2
1959 | 62.3 8.25‘ 7.550] 30.7 7.95 |3.852| 92.9 8.14
1970 | 45.1 6.03] 7.479) 31 s.90 16.37] 752 5.51
17y | s0is 5.321 9.549] 30.5 5.85 | 5.214] 813 5.5 1 1478
1972 | 68 7,81 sas| 3.4 5.66 |5.5e8l 975 5.951 14.01
1978 | 617 5.86|10.529] 32.0 w20 |res| 932 5.6 | 1838
1974 | 75.8 .79 |13.002] 3.7 | 0 eare| 1074 4.98| 21.57

3/ ook Rate 111 (Table 4) adjusted to CPSDF

Y Assymed to be same deviation from trend tine as 1974 surface CPSDF,

1974, 1975)



Table 6. Degree of fit index, Ymax and fgppt, for three values of m
and number of significant year classes {Ap) for the
eastern Atlantic surface fishery for
yellowfin tuna, 1964-1974.
m _ Ay
2 3 4
Degree of Fit Index (rz)
0 0.599+ 0.707 0.713
1 0.599- 0.694 0.688
2 0.584 0.669 0.656
Estimate of Ymax
0 107.3 88.6 79.8
1 65.7 60.3 57.9
2 63.7 59.9 58.2
Estimate of fopt
0 o - o
1 14.5 12.1 114
2 11.5 10.1 9.6
Table 7. Estimated production model parameters for the eastern
Atlantic surface fishery for yellowfin tuna,
19641974, assuming An = 3
. 1974 1974
Ymax Umax Topt q 9 Actual Equilibrium
m | (1,000 M. (],800 -2 r catch catch
tons) {(cPSoF) | . SDF) [{x107°) {1,000 M.[ (1,000 M.
tons) tons)
0 88.6 18.0 o 4.93 0.707 74.2 64.0
1 60.3 13.5 12.1 5.82 0.694 74.2 60.1
2 59.9 11.8 10.1 6.33 0.669 74.2 56.0

Table 8.

Degree of fit index, ¥max and fopt for three values of m

and number of significant year classes.(Ap) for the total
Atlantic fishery for yellowfin tuna, 1964-1974.

m An
3 4 5
Degree of Fit Index (rz)v
0 0.875 0.835 0.793
1 0.843 0.800 0.749
2 0.795 0.754 0.701
Estimate of Ymax
0, 108.2 101.5 93.1
1 88.8 85.9 83.2
2 92.5 89.4 86.3
Estimate of fopy
[¢] S " @
1 16.1 i5.3 14.6
2 15.1 14.6 14.2

j—

L

Table 9. Estimated production model parameters for the total Atlantic yellowfin
tuna fishery, 1964-1974, assuming Ap=4.
1974 1974
Ymax Umax | fopt q 2 Actual | Equiltibrium
m (1,000 M. (1,000 -2 r catch catch
tons) {CPSDF) SDFY | {x10-7) (1,000 M. (1,000 M.
tons) tons)
0 101.5 32.3 o 4.20 0.835 107.4 88.6
1 85.9 15.3 15.3 2.47 0.800 107.4 80.4
2 89.4 12.3 14.6 2.87 0.754 107.4 68.7
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Figure 3. Sustainable average yield curves and observed data, 1964-1974,
for the total Atlantic yellowfin tuna fishery
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Figure 2. Sustainable average yield curves and observed data, 1964-1374,
for the eastern Atlantic yellewfin tuna surface fishery
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