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RESUMEN

La evaluacidn del status del rabil del Atléntico de 1964 a 1976 se hizo por medio del modelo genera-
lizado de produccidn del stock. Se actualizaron an&lisis anteriores (Coan y Fox 1877). Sigue
siendo v&Iida la conclusidn seglin la cual no se puede aumentar en forma significativa el nivel
sostenible de capturas de rabil, sin un cambio impovtante en la naturaleza de la pesqueria. Se
estudid el efecto de un cambio en ese sentido: el desarrollo de una importan%e pesqueria de altura
en superficie en 1975 y 1376. Dicho desarrollo da como resultado, hasta el momento, un alza en
las estimaciones del rendimiento méximo sostenible medio (MSAY), de 10.000 a 30.000 toneladas para
la pesqueria de superficie del Atléntico.oriental y para el total de la pesqueria en dicho océano.
Generalmente, las mejores estimaciones del MSAY se derivan de una curva de rendimiento sin mdximos
definidos {(m = 0), siendo de 112.000 toneladas para la pesqueria de superficie del Atléntico oriental
v de 138.000 toneladas ‘para el total debla pesqueria en dicho océano. Sin embargo, en teoria, estas
estimaciones del MSAY se dan con un esfuerzo de pesca infinito, y los cdlculos del rendimiento sos-
tenible, a los niveles de esfuerzo de 1976, son 76.000 y 99.000 toneladas para la pesqueria de super-
ficie de la zona oriental y para el total de las pesquerias, respectivamente. Las capturas en 1876
fueron: 90.000 toneladas (superficie/zona oriental) y 112.000 toneladas (total Atléntico). Por
consiguiente, si la naturaleza y el esfuerzo de la pesqueria permanecen constantes, la captura futura
de rabil en el Atldntico promediaria de 13 a 14.000 toneladas menos,respecto al nivel alcanzado en
1976, ‘



INTRODUCTION

This report updates production model analyses of Fox and foan
(1976) and Coan and Fox (1977) on yellowfin tuna {Thunnus albacares)
from the Atlantic Ocean. Revised catch and catch per effort data are
used in this analysis. This analysis assumes two possible stock struc-
tures for yellowfin tuna from the Atlantic Ocean; 1) one unit stock and
2) western and eastern Atlantic stocks separated at 30°W longitude. Dus
to increased fishing effort and catches of yellowfin tuna in the off-
shore area (Figure 1) of the eastern Atlantic, especially in 1975 and
1976, the production model was used with three sets of catch and effort
data; 1) data from the entire eastern Atlantie surface fishery (bait-
boats and purse seiners), 2) data from the surface fishery in the eastern
Atlantic excluding catch and effort from the offshore area (Figure 1),
and 3) data from the total Atlantic longiine and surface fishery.

FISHERY DATA AND ANALYTICAL METHODS

The computer program PRODFIT (Fox, 1975) was used to estimate the.
parameters of the generalized stock production model (Pella and Tomlinson,
1969) for the three sets of data mentioned previously. The number of
significant age groups (A ) contributing to the catch of the surface
fishery in the eastern Atlantic and the eastern Atlantic excluding the
offshore area was assumed to be three. Four significant age groups were
assumed for.catches of the total Atlantic Tongline and surface fishery.
Two types of data are needed for the program PRODFIT; 1) total annual
catches in tons and 2) standardized effort.

Total annual catches

Catches of yellowfin tuna from the Atlantic Ocean were compiled
from the International Commission for the Conservation of Atlantic Tunas
(ICCAT) Statistical Bulletin (ICCAT, 1977; ICCAT, 1976; ICCAT, 1975).
The following assumptions were made for catches reported as unclassified
by area and/or gear in the statistical builetin:

1} Cuban catches in 1966 to 1970, reported as unclassified area
and gear, were assumed to be longline catches and were used as
part of the total Atlantic Tongline and surface fishery catches.

2) Cuban purse seine catches in 1971 and 1973, reported as un~-
classified area, were assumed to be eastern Atlantic catches
and were used with the eastern Atlantic surface fishery catches.

3) Panamanian baitboat catches in 1972 to 1974, reported as
unclassified area, were assumed to be catches from the eastern
Atlantic and were used with the eastern Atlantic surface
fishery catches. ‘

4)  Japanese baitboat catches in 1976, veported as unclassified
area, were assumed to be catches from the eastern Atlantic and
were used with eastern Atlantic surface fishery catches.

Yellowfin tuna catches of the entire eastern Atlantic surface
fishery in 1963 to 1976 (Table 3) were decreased by the amount of the
catch from the offshore area (Figure 1). Catch and effort data by one-
degree squares for the French-Ivory Coast-Senegalese {FIS) fleet were
used to find the percentage of the total FIS catch of baitboat and purse

seiners in the offshore area. Thess percentages were applied te the
total reported catches of baitboats and purse selners from the FIS fleet
{Table 2}. These percentages ~is0 used to reduce the total catches
of Spanish and FIS fleets and ca from the entire.eastern Atlantic
surface Tishery were reduced by the caiculated amouits . for the Spanish
and FIS fleets {Table 3). Catch and effort data by e degree square
for the American fleet were used to estimate the perc.alage of the
American total catches that were from the offshore arca: These percentages
were applied to the total reported catches of the American fleet and the
catches of the entire eastern Atlantic surface fishery were reduced by
the calculated amounts (Table 3).

Standardized effort

Catch per unit effort indices by gear and size class, corrected for
fishing effort not directly on yellowfin tuna are available for the FIS
fleet in 1964 to 1976 (Table 1). The indices in catch per days at sea
(CPDA) for 1964 to 1968 and 1976 were provided by A. Fonteneau {pers.
commun. ). Fonteneau and Soisson (1974) provided the indices for 1969 to
1973 -in both CPDA and catch per days fishing (CPOF) and J. Marcille
{pers. commun. ) provided indices of CPDA for 1974 and 1975. No indices
were reported for baitboats in 1975 and 1976 since their catches were
considered insignificant. These indices are assumed to be representative
indices of yellowfin abundance for the surface fishery in the Atlantic
Ocean and were used as a basis for standardizing effort.

Standardization of effort from the entire eastern Atlantic surface
fishery was accomplished using the methods of Coan and Fox (1977).
Briefly the procedures followed are:

1) CPDA for all gears and class sizes (Table 1), excluding
class 5 and 6 purse seiners, were standardized to class 3
purse seiners using the ratio of the 1969 to 1974 average CPDA
of class 3 purse seiners ta the average CPDA of each gear and
size class. :

2)  Catch per standard days at sea (CPSDA) for the purse seine and
baitboat classes were weighted by the catch of ‘each gear and a
composite weighted average CPSDA for the entire surface fishery
was calculated (Table 2.

3} CPSDA for baitboats in 1975 and 1976 were calculated from the
Tinear regressicn of CPSDA of purse seiners to CPSDA of baitboats.

These composite estimates of CPSDA were used to caiculate standard days
at sea for the entire eastern Atlantic surface fishery (Table 3) and the
total Atlantic surface fishery (Table 5).



Estimates of CPSDA for 1969 to 1976 of FIS baitboats and purse
seiners (Table 2) were adjusted to exclude catch and effort from the
offshore area using the following procedure:

1) Estimates of the percentage of the total FIS.catch and effort .
taken from the inshore areas 1 to 4 (Figure 1) were calculated
for purse seiners and baitboats in 1969 to 1976.

2)  The ratio of the percent catch taken in the inshore areas to
the percent effort taken in the inshore areas by year and gear
was multiplied by the CPSDA of the FIS baitboats and purse
seiners for 1969 to 1976 (Table 2).

3) Catches for FIS baitboats and purse seiners were reduced by
the percentage of the total FIS catch taken in the offshore
area (Table 2). .

4)  Adjusted CPSDA from FIS baitboats and purse seiners, excluding
the offshore area, were weighted by the reduced catches and a
composite average CPSDA was calculated for the eastern Atlantic
surface fishery excluding the offshore area (Table 3).

5)  The composite CPSDA for the eastern Atlantic excluding the
offshore area was used to calculate stahdarq days at sea.

Japanese longline catch and effort data were analyzed as in the )
past (Coan and Fox, 1977; Table 4) and were assumed to be representative
of all.longline catches. Hook Rate II was converted to Hook Rate.III,
an index by weight, by multiplying Hook Rate II by the average weight of
yellowfin tuna caught by Japanese longliners (Table 4).

: Hook Rate III was standardized to CPSDA of class 3 FIS purse seiners
by multiplying each year's Hook Rate III by the ratio of the 1964 to

1975 average surface fishery CPSDA to the average Hook Rate ITL. The
CPSDA for the Tongline catches in 1976 was estimated from the linear ]
regression 1ine of CPSDA of the surface fishery to CPSDA of the longline
fishery. Annual effective effort in standard days at sea (SDA) were
calculated for the surface and longline fisheries and then summed to
obtain effective effort for the total Atlantic fishery.

RESULTS
Eastern Atlantic surface fishery
Three special cases of the generalized stock production model (m

=0.0, m= 1.0, m = 2.0) were fitted to the data from the entirg eastern
Atlantic surface fishery (Figure 2). ~The broad flat-topped equilibrium

yield curve {m = 0.0), as in past gnalyses {Coan and Fox, 1977), gives
the highest degree-of-fit index (r" = 0.755; Table 6) although the . |
degree-of~fit index has decreased from the previous years analysis {r° =
0.780).. Estimated maximum sustainable average yield (MSAY) at infinite
Tishing effort has increased from 95.7 thousand tons of- Coan and Fox
{1877) to 111.8 thousand tons with the addition of the 1976.:point.

The estimated equilibrium catch at the 1976 level of effart (40.2 thousand
standard days at sea) is 75.8 thousand tons and is 14.7 -thousand tons
under the actual 1976 eastern Atlantic surface catch. The’estimates
equilibrium catch at this level of effort is about the same as for the
model fitted last year. ’

The same three cases of the generalized stock production- model were
applied to the data from the eastern Atlantic surface data excluding
the offshore area (Figgre 2).- The m = 0.0 case again yielded the best
degree~of-fit index (r° = 0.834; Table 7). The MSAY is 88.0 thousand
tons compared to 111.8 thousand tons with the entire eastern Atlantic
data. The estimated 1976 equilibrium catch is 66. ] thousand tons at the
1976 level of effort (36.2 thousand standard days at sea). The actual

1976hcatch is 6.4 thousand tons over the estimated 1976 equilibrium
catch.

Total Atlantic fishery

The production model was fitted to the data from the Yonglife and ~J
surface fisheries in.the total Atlantic with four significant year o
classes (A ) in the catch (Figure 3). The m = 0.0 case was again the
pest fittiflg model with a degreeu§f~fit index of 0.754 (Table 8) which
has decreased from estimates of r* = 0.826 from Coan and Fox (1977).

The MSAY has increased from 116.1 thousand tons of Coan and Fox (1977}
to 137.7 thousand tons in this analysis, but occurs at infinite Tishify
effort. The estimated 1976 equilibrium catch at the 197§ Tevel of
effort (50.3 thousand standard days at sea) is 99.0 thousand toﬁé-ﬁhich
s 13.0 thousand under the actual 1976 catch. The estimated eQUiiibrium
catch at this level of effort is about the same as far the model fitted
last year.

CONCLUSION

The special case, m = 0.0, of the production model continues to be
the best fitting model as in the past years' production model andlysis
of the fishery (Coan and Fox, 1977). This year's estimate of MSAY. for
the entire eastern Atlantic surface fishery is approximately 17¢ highsk
than estimates of MSAY for the past year's analysis. This increase i
MSAY appears to be caused by increases in catches and effort in the



offshore area of the eastern Atlantic, since the MSAY for data from the
eastern Atlantic surface fishery excluding the offshore area is about
the same as fits obtained,prior to the inclusion of 1975 and 1976 data.
Estimates of MSAY for the-total Atlantic fishery are 19% hizhi. wnan the
-past year's analysis. There:is, however, no arrviciabie change in the
status of Atlantic yellowfin.

Total catch from %Zie total Atlantic fishery in 1976 has decreased
5.3 thousand tons from catches in 1975. This decreéase is in part attributed
to the decreased participation by American seiners in 1976. The longline
catch declived 6.3 thousand tons in 1976. Preliminary estimates of 1977
catches indicate that catches should be as high as catches in 1976, possibly
caused by increased catches in the offshore area or by a possible strong
year class entering the eastern Atlantic fishery.

The true form of the right side of the equilibrium yield curve is
sti11 uncertain. The fishery should be monitored closely since estima-~
tion of effort does not include the large seiners that are exerting
effort in the offshore area. Estimates of standardized effort using
data from the large seiners should be investigated since total fishery
effort may be underestimated for recent years and could have some effect
on the shape of the equilibrium yield curve.

In addition, the effects of changes in the enforcement of the mini-
mum size Timit on yellowfin tuna and the effects of underreporting of
yellowfin catchis due to landing small yellowfin as bigeye tuna need
investigation, since they affect our present understanding of the status
«0f yellowfin tuna.
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catch per day at sea (CPDA) and

]In metric tons per day

2

1964-1968 from A. Fonteneau (pers. commun. ORSTOM, Abidjan, Ivdry Coast)
1969-1973 from Fonteneau and Scisson {1974)

. 1976
1574, 197

§ from J. Harcille

Class 2= 100-200 metric tons
Class 3 = 200-300 metric tons
, Class 4 = 300-450 metric tons
Class § = 450-600 metric tons
metric tons

Class 6 = 600+

carrying
carrying
carrying
carrying
carrying

capacity
capacity
capacity .
capacity
capacity

=i . fonteneau {pers. commun. ORSTOM, Paris Francég
Foam : Egers. commun. ORSTOM, Paris: France

Table 2. Yellowfin.tuns catch (tons X 10°)-and

Coast-Senegatese tuna vessels standardiz

skipjack tuna,

Catéhvpef standard days at sea (CPSDA) of -French-Ivary

1954-1976,. for the, entire eastern Atlantig¢ and for the eastern Atl

ed to class 3 purse seiners and corrected for effort on

antic

excluding the offshore area-

Entire Eastern At}anfic.‘- . ,Eaéﬁern Atlantic Excluding Offshore Area
Baitﬁoét ) I fdrsé géing i‘weighteg ‘Baitboat . Purse sefﬁe vWeighteg
Yoar class 243 | class 344 average” class 243 class 33 average
©|€PSDA”| Catch! | CPSDA | Catch! | cPsA -Caten! | CPsoA fcatch | cpson | catch' |.cpsoA | catch!
1964 | 3.56 [ 13.2 | 274 43 | 336 7.5 | 355 | 1.2 2741 43 | 3.36 | 7.5
1965 | 319 [ 147 ) 2,46 | 54| 2,99 201 | 3.9 f 147 | 2.46| 5.4 | 2.9 | 200
1986 | 3,57 189 [ 343 | 75| a3 234 | sy | s | s3] ns 3.53 | 23.4.
1967 | 436 | 148" | 363 | 89 | 395 288 | 4.3 14.9 1 3,63 8.9 |- 3.95 | 21.8
1968 | 5.50 | 189 | 347 | 126 | 478 a5 | 554 | 19. | 3.7 126 | 474 | 325
1969 | 2,82 | M2 | 830 | 147 | 3T 289 | 2.99 | 1.0 | 30| 147 | 2.5 287
1970 [ 2,20 | 81 | 233 8.0 | 229 (260 | 221 | .8.0 | 2.32] 17.8 |-2.28) 258
9 faz | o7e | 206 | 180 28 288 | 223 | 7 | 28] 179 2.18 [ 25.6..
1972 | 278 | 8 | 2.70 | 248 272 30 | 2.8 | 83| 270| 244 | 273 2.7
{2973 | 2.32 | 5.6 | 2.08 | #5.0 | 200 30.6 | 2.39 | 5.5 2.04| 248 | 2.0 30.3
1974 2.55 | 6.4 | 243 | 2.8 | 245 3.2 | 2.57 6.3 | 242 2.3 | 2,44 38.6
s | 2.24¥ 2.8 | 2 2.9 | 292 457 | 228 [ 2.8 | el %2 .88 | 36.0 ‘
1976 | 2.4¥] 40 | 223 | 4.0 [ 2.25 48.0 | 246 | 4.0 | 1.95] 3.0 | 2.00 ] 36.0.

VSource: ICCAT (1977).

2

Weighted by the amount of catch taken by each vessel cateyory. -

3Calcu1ated by the relation: CPSDA (bai;boat) = 1.38 CPSDA (purse seine) - 0.66

o= 0,81

Table 1.
catch per days fishing (CPDF} for six groups
of French-Ivory goast-Senega§esg‘tuna vesseii 2
rzorrected for effort on skipjack, 1964-1976 1
: . . .
Yoo e e e R I
1964 el Y660 2.91 2.74
Casss 0t 2.16 2.4 :
L 1065 : 2.7 3.43
1967 .2.28 2,88 3,63
- 1968 2.59 4.51 3.47
1969 1.50 .‘2.09 2.18 3.20 ) }.34 4.48 4.68 5.54 5.40 | 7.28
'3570 A,Lé i;AZ 3.60 +} 1.93 2.36 | 2.89 3.39 3.32 6.08 1 7.80 -
1971 1.20 1.67 1.55 | 1.9z 2.0 42.47 3,18 3.57 4.48- ) 5.29
1972 . - 1.33 2.44 ‘ 2.22 A3.43‘ 2.86 4,07 3.68 4.76 5.47 1 72.14°
© 1973 1.19 " |1.75 1.73 2,42 2.10 2.78 2;89 3.40 5.33 6(44 :
1974 1;35 . ’ 1.84 1 2.26 3.75 5.43 8.24
1975 1.8 3.47 6.86 12.01
1975 ) 2.0 3.53 5.48 8.87
X '69-'74 129 1.85 2.49 3:59
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t 3y, rat PSDAY, and effective effort {standard days

. atch {tons x 107), catch per standard days at sea (CPSDA) , ve

Table 3 gt seaiLSDA X 1033, for the eastern Atlantic surfage f1sher¥ for yellowfin tuqa,11964-1976, for
the entire eastern Atlantic and the eastern Atlantic excluding the offshore area .

Entire Eastern Atlantic fastern Atlantic Excluding Offshore Area
- ) Effecti
Year Cateh CPSDA Effective Catch CPSDA Fifecuive

1964 28.1 3.36 8.36 28.1 3.36 2.36
1965 29.1 2.99 9.73 29.1 2.99 9.73
1966 - 37.7 3.53 10.68 37.7 3.53 10.68
1967 36.5 3.95 9,24 36.5 3.95 9.24
1968 54.2 4.74 11.43 54.2 4.74 "11.43
1959 62.3 311 - 20.03 61.3 3.15 19.46
1970 45,1 2.29 19.69 48,7 2,28 19.60
1971 50.8 2.8 23.30 50.6 2.18 23.21
1972 3.3 2.72 23.27 62.4 2.73 22.86
1973 59.6 2.10 28.38 59.2 2.10 28.19
1974 75.9 2.45 30.98 _ 75.0 2.44 30.74
1975 88.3 2.12 41.65 70.8 1.85 38.27
1976 +90.5 2.25 40.22 72.5 2.00 36.25
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Table 5. Catch {tons x 103)» catch per sgandard days at ses (CPSDA), and &ffective offort
(standard days at sea, SDA x 107} for the Atlantic yellowfin tuna fishery, 1964-

1976,
Surface Longling i Total
Year Catch CPSDA Effort | Cateh i g Effort Catch CPSDA Effort
i
1964 28.1 3.36 B.36 40.5 3.51 11.54 68.6 3.45 19.9G
1958 25,1 2.39 §.73 4G.5 3.00 13.50 69.6 3.00 - 23.23
1966 37.7 3.53 10.68 27.2 3.74 7.27 54,9 3.62 17.95
1967 36.7 3.95 9.29 21.7 3.01 7.21 58.4 3.54 16.50
1968 54.3 4.74 11.46 28.2 3.90 7.23 82.5 4,47 18.69
1963 62.3 3N 20.03 30.8 2.88 10.6% 93.3 3.03 30.72
1970 45.% 2.29 19.63 31.3 2.13 14.69 76.4 2.22 34.38
1971 50.8 2.18 23.30 29.0 1.93 15.03 79.8 2;08 38.33
1972 66.1 2.72 24.30 29.6 2.20 13.45 95.7 2.54 37.75
1973 61.7 2.10 29.38 32.0 1.70 18.82 93.7 1.94 48.20
1974 77.6 2.45 31.67 30.3 2.62 11.56 107.9 50 43.23
1975 90.2 2.12 42.55 27.1 1.89 14.34 117.3 2.06 | 56.89
1976 91.2 2.25 40.53 20.8 2.13 9.76 112.0 2.23 50,29
]Hook Rate 1I1 (Table 4) adjusted to CPSDA of Class III purse seiners
2Ca]culated by the relation: CPSDA {longline) = .307 + 813 CPSDA {surface)
{r= = ,79)
Table 6. Estimated production model parameters for the enti(e eastern Atlantic
surface fishery for yellowfin tuna, 1964-1976, assuming An =3
| . Degree of 1976 1976
Ymax Umax fopt a fit index actual catch equilibrium
3 3 ) (x 1079 2 3 : catch
(x 10° tons) CPSDA (X 107 SDA) T (X 10° tons) 3
. ‘ (X 10° tons)
111.8 5.93 @ 2.27 0.755 90.5 75.8
75.8 4,68 44,0 1.79 0,700 90.5 75.4
76.2 4.18 36.5 2.71 0.643 90.5 75.5
Table 7. Estimated production model parameters for the eastern Atlantic -yellowfin
tuna surface fishery excluding the offshore area  , 1964-1976, assuming An =3
Degree of 1976 1976
Ymax y fopt q fit index actual catch equilibrium
x 10% tons) | PSR | (x 108 som) | (x107) (2) (x 1% tons) cateh
! o (x 10% tons)
88.0 7.30 - 3.26 0.834 72.5 66.1
64.4 5.16 34.0 2.89 0.796 72.5 64.4
66.4 4.44 29.9 2.20 0.748 72.5 63.8
Table 8. Estimated production model parameters for the total Atlantic
yellowfin fishery, 1964-1976, assuming AF =4
1976
Ve Degree of 1976 equilibrium
m fmax Umax fopt q fit index actual catch catch
(x 10° tons) | (cPsoA) (x 108 son) | (x 1079 (r?) (x 10% tons). | (X 10° tons)
g ’137".7 7.24 o 1.44 0.754 112.0 99.0
1 100.0 4,99 54,5 1.77 0.710 12.0 99.7
2 100.6 4.30 46.7 1.57 0.666 112.0 99.9
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