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A REVIEW OF SOME ASPECTS OF THE BLUEPIN TUNA (THUNNUS THYNNUS THYNNUS)
FISHERIES OF THE ATLANTIC OCEAN x

by
U

Gary T. Sakagawa and Atilio L. Coan

SUMMARY

The catch of Atlantic bluefin tuna has declined markedly from 36,800 tons in 1962 to 18,500 tons

or less in 1971. The decline was accompanied by the demise of some fisheries, a reduction of

catch in others, and an increased proportion of small (50 to 122 cm) bluefin tuna in the total
catch. The quality and quantity of available data on bluefin tuna are reviewed, some population
parameters are estimated, and recommendations for improving the understanding of the dynamics of

the population are presented.

The review and analyses of available data indicate that there is conflicting evidence on the health
of the stocks, precluding formulation at this time of a rational management program based on firm
scientific evidence. However, it is recommended that further expansion of the fisheries be dis-
couraged and (1) more accurate statistics on catch, effort and sizes of fish caught on an Atlantic-
wide basis be collected; (2) a critical analysis of the stock structure of the population be
undertaken; and (3) analyses of the measures of abundance and yield per recruit with size-specific F
be initiated to assess the health of the stock(s) more accurately and to assist in formulating a
rational management program.

x Data partially reproduced in Data Record, Vol. 3

Y National Marine Fisheries Service

RESUME

S

Les prises de thon rouge dans 1'Atlantique ont baissé sensiblement, de 36.800 tonnes en 1962 i
18.500 ou moins en 1971. Cette baisse a été accompagnée de 1l'abandon de certaines pécheries,
d'une réduction des prises dans plusieurs autres, et d'une proportion accrue de thon rouge de
petite taille (50 & 122 cms) dans l'ensemble des captures. On a évalué le volume et la valeur
de l'information disponible concernant le thon rouge, et on a également estimé quelques paramdtres
de population et formulé des suggestions visant & une meilleure compréhension de la dynamique des
populations. '

L'examen et 1l'analyse des données disponibles indiquent que les renseignements portant sur 1'état
des stocks sont contradictoires, ce qui empéche de formuler.é l'heure actuelle un programme défini
de contrdle s'appuyant sur une base scientifique concréte. Il est cependant conseillé de décourager
toute expansion ultérieure des pécheries et d'effectuer les travaux suivants: (1) rassembler des
statistiques plus précises sur les prises, l'effort et la taille des poissons capturés dans 1'en-
semble de 1'Atlantique, (2) faire l'analyse critique de la structure des populations, et (3) com-
mencer 1'analyse des mesures d'abondance et de rendement par recrue avec F spécifique de la taille
afin d'estimer 1'état du(des) stock(s) de fagon plus précise et d'aider & établir un programme
rationnel de contrdle.

& . . .
Données partiellement reproduites dahs le Recueil de Données Statistiques, Vol. 3
Y National Marine Fisheries Service
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RESUMEN

La captura del AtGn Atléntico ha descendido notablemente,.de 36.800 toneladas en 1962 a 18.500
toneladas o una cifra inferior en 1971. El desesenso llevd consigo el abandono de algunas pesgue-
rias, una reduccidén de capturas en otras y un aumento en la proporcibn de pequefios atunes (50 a
122 cm) en la captura total. Se hace un examen de la calidad y cantidad de datos disponibles sobre
el attn, se hacen estimaciones de algunos pardmetros de poblaciones y se presentan recomendaciones

para mejorar el entendimiento de la dinédmica de poblaciones.

El examen y andlisis de datos disponibles revela que existen pruebas contradictorias sobre la
sbundancia de los stocks que impiden formular ahora un programa racional de ordenacidn, basado

en pruebas cientificas sbélidas. Sin embargo, se recomienda que no se promueva una mayor expansiobn
de las pesquerias y que (1) se recojan estadisticas méis exactas sobre capturas, esfuerzo y tallas
de peces capturados en todo el Atlantico, (2) se efectiie un andlisis critico de la estructura del
stock de la poblacidn y (3) se inicien analisis de las medidas de abundancias y rendimiento-por-
recluta con talla especifica F para evaluar la abundancia del stock con més precisidn y para ayudar
a formular un programa racional de ordenacitn.

x Datos reproducidos parcialmente en el Vol. 3 de la Coleccibn de Datos Estadisticos
Y National Marine Fisheries Service



Two species of bluefin tuna are found in the Atlantic Ocean. One is the

bluefin tuna (Thunnus thynnus thynnus) that has a distribution reange from

about 40° S lat. to about 60° N lat. (Figure 1), and the other is the southern
bluefin tuna (Thunnus maccoyii) which is found in the south Atlantic, south
of ebout 30° S lat. The former species, commonly referred to as bluefin tuna,
northern bluefin‘tuna, or Atlantic bluefin tuna is the species dealt with in

this review.

The fisheries for bluefin tuna are divided into the surface fisheries,
which are located close inshore on both the eastern and western sides of the
Atlantic Ocean, and the longline fishery, which is located primarily in the
mid-Atlantic, Handline, pole-and-line (baitboat), purse seine, rod-and-reel
(sport), trap, and troliing gears are used in the surface fisheries to catch bluefin
tuna, generally greater than 50 cm long, that occur close to the surface. Argentina,
Canada, Cuba, Denmark, France, Germany, Morocco, Norway, Portugal, Spain,
Sweden and the U.S.A. have engaged in surface fishing for Atlantic bluefin tuna.
The longline gear is used in the longline fishery to catch deep-swimming bluefin
tuna, usually greater than 122 cm long. Brazil, Canada, Cuba, Japan, Korea,

South Africa, and Taiwan have participated in this fishery.

-

The total catch of bluefin tuna from the Atlantic Ocean declined from a
peak of about 36,800 tons in 1962 to about 18,500 tons or less in 1971 (Table 1).
The decline was accompanied by the demise of several fisheries (e.g., the
German and Danish handline fisheries), substantial reduction in catch and effort
in some other (e.g., the Moroccan and Spanish trap fisheries), and increased

importance of small bluefin tuna (50 to 122 cm) in the total catch (e.g., from the
French-Spanish baitboat and Canadian-U.S.A. purse.seine fisheries).

In view of this situation, the United Nations Food and Agriculture
Organization (FAO) and the International Commission for the Conservation of
Atlantic Tunas (ICCAT) each reviewed the status of the stocks and estimated that the
optimum size at first capture should be at least 10 kg (78 cmm) (FAO, 1968; ICCAT,
1971). They urged that the capture of bluefin tuna less than 10 kg be discouraged
because the capture of these small fish would cause a "loss in sustained yield."

At the same time, ICCAT proposed a thorough Atlantic-wide investigation of the

dynamics of bluefin tuna, to provide a scientific basis for rational management of

19¢

the resource. Because of the U.S.A. commercial and sport fisheries for bluefin
tuna and our vested interest in the rational conservation of the resource, a com-
pilation and analysis of the available data on the dynamics of Atlantic bluefin tuna
is presented in this paper.

Our objectives are to determine the nature of available data, to estimate
some population parameters, to examine trends in production both on a x;egional
and on an Atlantic-wide basis, to draw conclusions, as possible, on the status of
the Atlantic bluefin tuna stocks, and to make recommendations on methods for
improving the quality of the data required for determining the status of the pop-
uletion. These procedures are the first steps toward a better understanding of the
dynamics of the bluefin tuna population, as needed for the rational management of

the resource.



Table 1. Catch (fn thousands of metrie lons) of bluefin tuna [rom the Atlantic Ocean and Mediterranean Sea.
Bources of data are Hamre et al. {1966) and Miyake and Tibbo (1972).
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Analysis of Catch Data

The total bluefin tuna catch from the Atlantic Ocean from 1960-71 fluctuated,

put had an overall downward trend in 1964-69 and an upward trend in 1869-71

(Figure 2). The upward trend is probably an anomaly caused by the increased

Japanese catches of southern bluefin tuna which are reported together with bluefin

tuna statistics (Table 1). If we take this into account, the trend in total Atlantic
bluefin tuna catch appears to have actually leveled off or declined at a slower rate
during 1969-71, with the decline oceurring in the catch from the eastern Atlantic ,

not from the western Atlantic (Table D.

In the Mediterranean, on the other hand, the total catch shows a slight
upward trend. This difference in trends in the Atlantic and Mediterranean
has been used as evidence that independent stocks are exploited in the two
regions (Hamre et al., 1971). However, there is evidence, e.g., from tagging,
sizes of fish, and trap catches, that some mixing occurs between stocks
in the Atlantic and Mediterranean (Aloncle, 1964; Rodriguez-Roda, 1869). In
this review, we have assumed that mixing is negligible, and the stocks are

essentially separate.

Small bluefin tuna (50 to 122 cm) are caught in commercial quantities
off the east coast of the U.S.A. and in the Bay of Biscay and adjacent welters.2
In recent years (1965-71), small bluefin have been increasingly important '
in the total surface catch from the western and eastern Atlantic. Miyake

and Tibbo (1972) reported the total catch of small bluefin caught commercially

in the western Atlentic; we estimated the catch of small Pluefin in the sport

fishery from tagging data (see section on Estimation of Age Composition). The

major portion of the estimated catches of French and Spanish boats are small blue-

fin tuna (Bard et al. (19723). Morocco and Portugal also catch small bluefin

tuna in the eastern Atlantic but the exact quantity is not known. As an approxima-

tion, we estimated the small-fish catch of Morocco by assuming that all bluefin

caught by gears other than traps were small fish., We assumed that the Portuguese

small-fish catch was negligible, althouyt we are uncertain about the validity of

this assumption because the Portuguess report their caich of other species of tuna

with that of bluefin tuna (see Miyake and Tibbo, 1972). We then pooled the small

bluefin tuna catches of all fleets (see Table 7T--French-Moroccan-Spanish baitboat

and troll). The results (Figure 3) indicate that in the eastern Atlantic the catch of

small bluefin tuna has been nearly constant since 1968, whereas in the western

Atlantic the catch of small bluefin tuna has fluctuated. Perhaps part of this

¢9c

difference is attributable to the different histories of the two fisheries. The western

Atlantic fishery is relatively young (peak catch in 1964), whereas the eastern

4
Atlantic fishery is relatively old (apparently peak catch in 1854--Aloncle, 1972 )

Another possible contributing factor to this difference is the transatlantic migration

of small bluefin tuna in certain years (Mather et al., 1872].

Catch-Effort Statistics

Atlantic bluefin tuna have been exploited by several fisheries for many
years, but useful catch-effort statistics are evailable for only a few fisheries
(Table 2). Mlost of the avajlable statistics are inadequate for definitive analysis

of changes in catch-per-unit-of-effort, or of apparent abundance of the bluefin

funa population.



Table 2. Summary of available data on catch and cffort for bluefin tuna from the Atlantic Ocean.

Catch Effort
Nation Gear Area Years Area Years Comments

Argentina Handline none none none none Probably southern bluefin tuna.

Brazil Longline none none none none Catch 1s small

Canada Longline none none none none Catch of longline Is small, mostly
discarded and not landed.

Purse seine 1* x 1* square 1963-71 | 1° x 1° square 1963-71| Effort is in day's fished.
Trap District 1962-71 | none none
Sport District 1962~71 { District 1961-70 | Effort is in number of boats.
Cuba Handline ‘none none none none Catch {s small.
Longline none none none none Catch.ls probably small, None
caught in 1971,
Denmark Handline none none none none _Catch s small.
France Troll Bay of Biscay 1965~71 | Bay of Biscay 1965-71 | Catch and effort Is not separated
Baithoat Bay of Biscay 1965~71 | Bay of Biscay 1865-71 by gear. Effort {s estimated
as days at sea.
Germany Handline Northeast 1952-63 | Northeast 1952-63 | Effort is in fishing trips. Fishery
- Atlantic Atlantic collapsed in 1963.

Japan Longline 5° x 5° square 1967-71 | 5° x 5° square 1957-71 ] Effort {s in number of hooks.

Korea Longline Atlantic 1971 none none

Morocco Purse seine none none none none

Trap East 1927-70 | East Effort {s {n number of traps.
Atlantic Atlantic
Troll none none none none
Baitboat none none none none
Norway Purse seine Northeast 1954-64 | Northeast 1954~64 | Effort is in number of boats.
Atlantic Atlantic Recent catch Is small.

Portugal Trap District 1956-71 | District 1950~62 | Effort is in number of traps.

Fishery collapsed in 1971,
Troll none none none none Catch is small,

South Africa | Longline nope none none none Substantial catch only in 1963
and 1964, Probably some
southern bluefin tuna.

Spain Trap District 1929-72 | District 1929-72 | Effort is in number of traps.
Recent catch is small.

Baftboat Bay of Biscay 1965-71 | Bay of Biscay 1965-71 | Effort is an estmate of days
at sea,

Sweden Handline none none -pone none Catch is small.

Talwan Longline 5°x 5*square 1967-69 | 5° x §° square 1967-63 | Data may not be represcntative

. of the fleet's catch. Effort
1s {n number of hooks.

U.8. A Handline State 1946-71 | none none

Harpoon State 1930-71 { none none
Purse seine 1* x 1* squarc 1962-71 | 1*x 1* square 1262-71 | Effortis in days fished.
Trap State 1929-71 | none none
Sport none none none none

Estimate of Quality of Catch-Effort Data

For the aveilable catch-effort statistics, catch is reported in metric tons, or
in numbers of fish caught. Fishing effort is reported in numbers of traps (#orocco,
Portugal, and Spain); trap days (Spain); numbers of boats (Canada, France
and Norway); numbers of hooks (Japan); numbers of days at sea (France and
Spain); and numbers of day's fishing (Canada and the U.S.A.). Effortin terms
of numbers of traps and boats is imprecise because it does not account for the
length of the fishing season, which can affect the catch, although we found that
catch-per-trip was closely correlated with crude estimates of catch-per-trap
day (Rodrfguez—Roda, 19725) for the Spanish trap fishery, 1966-72. It is
also conceivable that if different sizes of traps and boats are employed during a

season, these measures of effort would not account for differences in fishing power
n

y

owing to size of gear. Competition among traps is another drawback to using =

9

effort measured as numbers of traps: Bluefin tuna apparently approach the trap
fisheries from particular directions. Consequently, the location of a trap in

respect to the migration route and to other traps can influence the effectiveness

of the gear.

Number of hooks is generally a reasonable measure of longline fishing
effort. However, the longline gear is primarily set for other tunas and for billfishes
rather than for bluefin tuna. Thus, in most cases, the nominal effort is only &

gross measure of effective effort.



Bard et al. (19723) estimated fishing effort for the small-fish fishery of
the Bay of Bijscay. Their measure of effort is days at sea, which is only a
crude estimate of eifective fishing effort since it includes time to and from the
fishing grounds as well as fishing time on the grounds. In addition, Bard et al.
based their estimates on data from a small percentage of boats in the fleet. Con-
sequently, their estimates of fishing effort for the Bay of Biscay baitboat fishery

may not be representative of the fleet in general.

Canada and the U.S.A. have reported nominal fishing effort of purse seiners
in terms of days fished. However, they use different sizes (classes) of purse seiners
with different fishing powers, and there has been an evolution towards greater depen-
dence on searching for schools with airplanes, which suggests that their reported
nominal effort is a poor approximation of effective effort. An example of such use
is by the small seiners (< 182 tons capacity), the "local boats,” that regularly
operate out of New England ports. In 1958-71 the "local boats" produced app;‘oxi—
mately 39 to 100% of the total western Atlantic purse seine landings of bluefin tuna
(Table 3). Larger seiners (> 181 tons capacity), on the other hand, generally are

based in California, Puerto Rico, or New Brunswick. These boats fish off the east
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coast of the United States when fishing is reportedly good for bluefin and skipjack
(Katsuwonus pelamis) tunas. Otherwise they proceced to the yellowfin-skipjack

fishing grounds off west Africa. These large seiners also use airplanes for spotting

tuna schools but their catch rates are considerably less than that for the "local boats"

(Figure 4) . The nominal effort of the different classes of seiners is therefore rather

different.

Analysis of Catch-Effort Data

With these inadequacies in the catch-effort statistics in mind, we analyzed
the data shown in Tables 4 and 5. In the eastern Atlantic, the trend in catch rate
is downward for every fishery that exploits medium (123 to 184 cm) and large
(> 184 e¢m) bluefin tuna (Figure 5). The German handline and the Portuguese
trap fisheries have collapsed, and the Norwegian purse seine and Moroccan and
Spanish trap fisheries have substantially reduced fishing effort. The reduction

in effort apperently is a response 1o the unavailability of medium- and large~sized

pluefin tuna, sizes of fish that are primarily harvested by those fisheries.
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Table 5. Catch rate of bluefin tuna caught in three trap fisheries of the eastern Atlantlec. Data are froin Aloncle
et al. (1971, 1972), Dias and Barraca (1972), Hamre et al. (1966, 1568, 1971), Mather (personal communi~
catlon) and Rodriguez-Roda (1964, 1972),

4
Morocco Portugal Spain

Catch Effort Catch Catch? Effort Catch Catch Effort Catch
Year (numbers) (traps) rate {numbers) {traps) rate {numbers) (traps) rate
1927 7,297 1 7,287
1928 7,218 1 7,218
1929 8,959 1 8,959 26,094 2 13,047
1930 9,533 1 9,533 54,183 3 18,061
1931 6,368 1 6,368 43,476 38 14,492
1932 4,755 1 4,755 28,7206 3 9,575
1933 12,236 1 12,238 , 25,104 3 8,368
1934 6,287 1 6,287 18,470 3 6,157
1935 12,769 2 6,384 12,447 3 4,149
1936 3,214 2 1,607 33,889 3 11,296
1937 11,036 1 11,036 70,237 3 23,412
1938 - ] - 56,064 3 18,688
1939 3,407 1 38,407 42,868 3 14,289
1940 14,636 3 4,879 24,256 3 8,085
1941 15,353 2 7,676 27,891 3 9,297
1942 9,963 3 3,321 33, 153 3 11,051
1943 16,5689 2 8,294 €9, 846 3 23,282
1944 6,459 2 3,229 54,499 3 18,166
1945 12,354 2 6,177 46,387 3 15,462
1846 9,590 3 3,197 59,589 3 19, 863
1947 22,480 4 5,620 58,596 3 19,532
1948 17,493 5 3,499 41,341 3 13,38?
1949 17,675 ] 3,535 15,881 3 25,264
1950 21,604 5 4,321 16,879 5 3,376 49,143 3 16,881
1951 14,132 5 2,826 17,549 S 3,510 26,401 3 8, 800
1952 11,180 5 2,236 21,481 5 4,296 38,221 3 12,740
1953 13,369 5 2,674 24,934 5 4,987 84,372 3 18,124
1854 9,428 5 1,886 12,031 5 2,406 40,976 3 13,659
1955 11,839 3 3,946 10,270 5 2,054 47,115 2 15,705
1856 17,576 3 5,859 19,260 5 3,852 47,078 3 15,693
1957 25,125 3 8,375 7,434 5 1,487 47,943 3 15,981
1958 29,038 3 9,679 5,753 5 1,151 44,5631 3 14, 844
1959 15,142 3 5,047 15,844 5 3,169 27,584 3 9,195
1860 17,572 3 5,857 7,702 5 1,540 35,774 3 11,925
1961 5,054 3 1,685 11,514 § 2,303 29,509 3 9, 836
1962 12,713 3 4,238 5, 165 5 1,033 | 27,034 3 9,011
1963 3,316 5 663 .8,802 3 3,267
1964 11,246 5 2,249 12, 117 3 4,039
1965 870 5 ” 14,163 3 4,721
1966 1,695 3 565 7,784 2 3,892
1967 1,651 3 550 14,048 2 7,024
1968 399 2 200 5,360 2 2,630
1969 3,875 2 1,938 7,570 2 3,785
1970 492 2 246 7,119 2 3,559
1971 2,522 2 1,261
1972 ass 3 388

LRodrl’[mczAﬁoda, J. 1972, Las capturas de atin, Thuanus thynmis (1. ), por las almadrabas del sur de
Esrpana en ¢l ano 1972 y variacion de! rendimiento en el periodo de 1962 2 197.. Unpublished manuseript, 3 p.,
5 tables, 1 fig, Instituto de Investigacioncs Pesqueras, Laboratorfo de Cadiz, Cidiz, Spuin.

2Calz:h is primarifly hluefin tuna but also includes other tuna species.

Data are meager on catch and effort of fisheries that primarily exploit small
bluefin tuna in the eastern Atlantic. The cateh of the baitboat and trolling fleets

of the Bay of Biscay which have exploited small bluefin tuna since the late 1940's,

peaked in the mid-1950's (Aloncle, 19724; Bard et al., 19723) . The available catch-

effort statistics for those fleets are poor because data are from only a few boats.
However, the catch rates of the combined French and Spanish baitboat fleets

indicate an upward trend since 1964 (Figure 5).

In the western Atlantic we find a different situation witl{ catch-effort
data. Adequate data are available for small bluefin tuna that are primarily caught
by the purse seine fishery, but such data are meager or lacking for the trap,
harpoon, and sport fisheries that cateh large bluefin tuna. For the purse
seine fishery, the catch rate of Class 3 seiners (92 to 181 tons capacity), which
are mostly "local boats” and which account for most of the recent catch from
the western Atlantic, showed an upward trend in the late 1960's and a downward
trend in 1971 and 1972 (Figure 4). In the early 1960's the catch rate was relatively
low and reasonably constant, but the cateh fluctuated. In the late 1960's, on the
other hand, the catch rate increased and the catch also increased. Since the
fishery first began in the late 1950's and Class 3 boats entered the fishery in the
early 1960's (Squire, 1959; Wilson, 1965), one conclusion is that these boats
became more efficient in their operations. In fact, the upward trend in CPUE
and catch oceurred soon after some operators of the small vessels (<182 tons)
began coordinating their operations. At the same time, the number of small
vessels decreased (Table 3)  Then in 1871 and 1972 the catch rate declined but

not to the low level of 4 tons/day's {ishing of 1966.

4oz



A similar trend in catch rate for the 1960's is not evident for Class 6 seiners
(> 363 tons capacity), which are not "local boats" (Figure 4). Their catch rate has
fluctuated but has remained relatively low and substantially lower than that of Class
3 boats, even though the Class 6 seiners use larger nets and have larger holding
capacities than do the Class 3 seiners. The Class 6 seiners more often search
for both skipjack and bluefin tuna than do the Class 3 boats, and this can partly
account for their Jower catch rate of bluefin tuna in some years. In the 1970's,
however, the catch rate of Class 6 seiners declined to a record low of about

2 tons/day's fishing in 1972.

It is evident from the above discussion that in the western Atlantic purse
seine fishery the efficiency of the different classes of seiners is not identical, nor
is it identical from year-to-year within a class of seiners. If the catch rate of the
western Atlantic purse seine fishery is to be used as an index of year-to-year
fluctuations in abundance of the bluefin tuna stock (s) exploited in the western
Atlantic, it is necessary to adjust the nominal effort to account for differences in
vessel efficiency, or to use a different s;et of effort data that is free of variations
associated with the class of seiners, such as number and size of schools sighted
by airplane spotters within a specific area, catch-effort of one particular class

of seiners, ete.

Mather et al. (1972)V have shown from tagging data that transatlantic migra-
tion of bluefin tuna does occur in some years, suggesting that the fisheries in the
eastern and western Atlantic may be exp.loiting fish from identical stocks. The
apparent abundance of small bluefin tuna from the eastern and western regions were

examined to determine whether they are correlated. For the western Atlantic, the

cateh rate of Class 3 vessels was essumed to be representative of the apparent

abundance of small bluefin tuna from that region, and for the eastern Atlantic,

the catch rate of the French-Spanish baitboat fishery of the Bay of-Biscay (Bard

et al,, 19723) was assumed to be representative-~both fisheries catch fish of about
the same sizes (Bard et al., 1!)723) - The correlation coefficient is 0.73 (Figure 6),
which is marginally significant at P =0.0v. Although there ave imprecisions in

the data, the correlation suggests that a single stock is exploited by the small-fish

fisheries of the eastern and western Atlantic.

There has been speculation (Hamre, undatedG) that recent declines in
the catch of the large-fish fisheries in the eastern Atlantic (e.g., Danish handline,
German handline, Norwegian purse seine, etc.) are the result of poor recruit-
ment into those fisheries, presumably from heavy fishing of the small fish by other
fisheries, such as the French-Spanish baitboat, and Canadian-U.S .A. purse
seine (Figure 7). If this is true and a particular relation (see Ricker, 1958)
exists between the spawning stock (large fish) and recruitment (small fish),
we would expect recruitment to the small-fish fisheries to be also affected by the
decline in large fish. We examined this hypothesis using the catch rates of the
Norwegian purse-scine fishery (Figure 8), Spanish trap fishery, and the French-
Spanish baitboat fishery. We assumed a 2-year period between spawning and
recruitment, because the data of Bard et al, (19723) indicated that age II fish
predominate in the cateh of the baitboat fishery. The results indicated no per-

ceptible relation, at least for the available data,
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The Japanese longline fleet operates throughout the Atlantie, although
fishing effort is concentrated in certain regions during particular mbnths (Hiyasi
et al., 1970; Wise and Davis, 1873). We divided the Atlantic Ocean into seven
regions (Figure 9) for the purpose of analyzing the Japanese longline data. Catch
rates were computed for each region by averaging monthly catch rates of §° x 5°
areas. The time series of catch rates (Figure 10) indicate that since about 1963
the rates have -genel‘ally been low and constant, except in regions II (off Canada
and the U.S.A.) and V (off Brazil) where a peak in catch rate occurred in the
mid-1960's and thereafter dropped off sharply. Regions Il and V are also where
the highest annual catches oecurred and where fishing effort correspondingly
declined with the catch rate (region II--6 million hooks in 1965 to 4 million
hooks in 1970; region V--29 million hooks in 1964 to 6 million hooks in 1970).

It is important to note that while the Japanese were decreasing their longline
effort in the Atlantic during the 1960's, the Korean and Taiwanese longline fleets

were increasing their's (Table 1). How this event, together with fluctuation

in year-class strength, affected the Japanese catch rate of bluefin tuna is uncertain.

Consequently, we cannot state conclusively that the decline and present low catch
rate of the Japanese longline fleet is symptomatic of an unhealthy Atlantic bluefin

tuna population.

Lastly, we examined the relation between the catch rates of the Japanese
longline flecet and the Spanish trap fishery, to determine whether these
fisheries were affecting one another. The catch rate for regions II and V was

considered representative for that of the Japanese longline fleet. Our results

were negative, with no specific relation between the two catch rates being apparent.

Size-Frequency Statistics

Esiimate of Quality of Size-Frequency Data

ICES has regularly published size-frequency statistics for various
Atlantic bluefin tuna fisheries (Hamre and Tiews, 1664; Hamye et al., 1966,
1968, 1971; Aloncle et al., 1971, 19724). The statistics are reported in one
of two forms: (1) smoothed percent frequencies by 5-cm or 5-kg groupings,
or (2) numbers of fish by broad weight groupings that include several age
groups. For most of the major fisheries the statistics are in 'orm 1, but for
others, such as the small-fish fishery of the Bay of Biscay and adjacent waters
the statistics are in Form 2, Because Form 2 groups fish of several year classes

together, it is inadequate for detailed analysis of the catch.

Analysis of Size-Frequency Data

Mather and Jones (19727) compiled a time series of size frequencies
of bluefin tuna caught in the various Atlantic fisheries, which showed that in
fislieries for medium or large bluefin tuna, such as the Spanish trap, Norwegian
purse seine, and U.S.A. fisheries north of Cape Cod, the trend has been for

larger fish in the catch. We estimated the average weight of fish in the catch
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of the various fisheries (Figure 11), and our results show the same trend
observed by Mather and Jones. We also illustrated (Figure 12) one of the
longest time series of catch and average size of bluefin tuna caught by a single
Spanish trap off Barbate, Spain (Rodriguez-Roda, 1964, 19725) . From 1946-61
the trap catch fluctuated around about 20,000 fish, but the average weight of
fish caught increased from 88 kg in 1946 to 145 kg in 1961. From 1961-71, the
catch decreased sharply from 19,000 fish in 1961 to 2,500 fish in 1971 but the
average weight of fish caught increased from 145 kg to 223 kg. The Barbate
trap data thus suggest that the recent increase in average size of bluefin tuna
in the cateh of certain fisheries may be associated with sharb decrease in
recruitiment, a hypothesis proposed by Hamre (1958) and Mather and Jones

9727y,

A list of available data on size-frequency of bluefin tuna by fleets is
shown in Table 6. Fleets for which there are inadequate data are identified.
These are primarily the baitboat and trolling fleets of the eastern Atlantic
and the sport fleet of the western Atlantic that catch small bluefin tuna, and

the longline fleets, mostly in mid-Atlantic, that catch primarily large fish,

Table 6.

Available data on slze-frequency distributions of bluefin tuna from the Atlantic Ocean.

Nation Gear Area Years Comments
Argentina Handline hone nons Catch {s possibly southern bluefin tuna.
Brazil ‘Longline none none Catch is small,
Capada Longline none none Caich is gmall:
Purse seipe 1* x 1° square 1963-71 Form 1.
Trap none none
Sport District 1946-71 Form 1.
Cuba Handline none none Catch is small.
Longline none none Catceh is small.,
Denmark Handline North Atlantic 1962-71 Recent catch Is small. Form 1
Franpce Troll Bay of Biscay 1972 Form 1 and some data for earlier years
are avajluble in Form 2.
Baitboat Bay of Biscay 1949, 1972 | Form 1
Germany Handline North Atlantic | 1951-62 Fishery collapsedin 1963. Form 1.
Japan Longline 5% x 5° square 1965-89 Samples are small and for scattered
years. Form 1.
Korea Longline none none
Morocco Purse seine | none none
Trap i Eastern 1957 Form 1.
Atlantic
froll none none
Norway Purse seine North Atlantic 1956-70 Recent catch is small. Form 1
Portugal Trap Eastern 1930-70 Fishery collapsed in 1971. Form 2.
Atlantic
Troll Easgtern 1960, 1861 § Form 1.
Atlantic
South Africa Longline none none Substantial catch only in 1963-64.
Probably some southern bluefin tuna.
Spain Trap Districts 195C-70 Mostly frem one trap. Form 1.
Troll none none
Baitboat Bay of Biscay 1972 Form 1.
Sweden Handline none none Catch {s small. Form 1.
Talwan Longline none none
U.S.A. Handiine District 1962-71 Samples for some years are small; not a
complete series, Form 1.
Harpoon District 1958-71 Not a complete series. Form 1.
Purse szine 1* x 1* square 1862-72 Form 1.
Trap District 1947-72 Sumples for some years are small; nol a
complete series. Lorm 1.
Sport District 1956~72 Samples for sume yesrs are small. Form 1.
lScc section “Estimate of Quality of Stze~Frequencey Data' for explanntion of Forms 1 and 2.
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Table 7. ~~Summary of catches of bluefin tuna that were used to estimate the age composition, 1960-72

Fighery by reglon Catch
¥ By Unit of measure 1860 1861 1962 1963 1864 1965 1966 1967 1368 1969 1970 1971 1972
and- nation
Zastern Atlantic
Duanish handline Metric tons 47 144 152 3 43 23 - - - - - -
Numbers = - b - = - - 38 28 17 1 8
French-Meroccan= b
Spanish baitboat 1 .
and troil Metric.tons, France 500 900 900 800 400 1,000 1,700 1,100 100 600 800 700
Metric tons, Moroccot - he - 1,500 2,100 1,000 1,300 2,000 500 700 400 72z
Metric tons, Spain 1 500 800 900 800 400 1,100 1. 600 900 1,000 900 1,400 [1,400
German handline Numbers 1,624 1,088 734
Moroccan-Portugucse-
Spanish trap Metric tons, Moroccot 8, 000 2,300 1,600 | 2,400 2, 300 1,900 1,800 1,400 860 100 300 450
Mctric tons, vo«»:WvN— 900 1,500 300 400 400 100 100 ico 100 400 - -
Numbhers, mvw_:w 35,881 29,598 27,198 8,861 12,177 14, 248 7, 785 14,062 5,383 { 7.5T1 7,176 | 2,522
Norweglan purse seine Metric tons - - - - - he - - - 200 - -
Numbers 16,915 38,822 37, 268 621 4, 648 8,385 3,544 8,770 2,274 - 818 |1,637
Canadlan-U.S. A,
pursc seine Metric tons 307 938 3,78t &, 780 §, 592 3,341 1,014 2,318 657 | 1,567 |4,209 [3,746 | 1,364
Canadian~U. 5. A.
handline, harpoon
and trap Metric tons 491 301 325 443 590 478 438 529 363 512 464 412
Canadian sport. Metric tons 40 40 40 90 89 80 102 53 180 170 151 134
U.S.A. sport MMetric tons 2 - - - - 220 230 330 80 110 470 80 110 180
Numbers 23 23 50 86 88 3z 37 82 50 225 250 442 272

i Catches do ot necessarily equzl those io Table 1. See section, Analysis of Catch Data for explanation,

2
Small bluefio tuna were cstimated in metric tons from tagging data; large bluefin tuna were estimated in numbers {from tournament records.
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Eastern Atlantic Surface Fisheries

Danish handline fishery.--The catch of the Danish handline flect has been

small; in 1971, only nine bluefin tuna were reportedly caught (Aloncle et al.,
1972) . A complete set of catch statistics for this fleet was given by Aloncle et al.
(1971, 1972) end Hamre et al. (1966, 1868, 1971). Weight-frequency samples are
available for 1962 and 1964-71 (Aloncle et al., 1971, 1972; Hamre and Tiews, 1964;
Hamre et al., 1966, 1968, 1971): these were used to estimate the age composition of
the cetch for those years (Table 8). To estimate the age composition of the catch
for the remaining years, we assumed that the 1962 weight-frequency distribution
was identical to that of 1960 and 1961 and the 1964 weight-frequency distribution

was identical to that of 1963,

French-Moroccan-Spanish baitboat and troll fisheries.--French and

Spanish catches were reported by Bard et al. (19723) and Moroccan catches
(which apparently include some purse seine catches) by Miyake and Tibbo (1972).
For some years, however, these sources did not give adequate statistics. Missing
data are for the French and Spanish fleets for 1960, 1961, 1962 and 1964. Aloncle
(19724) gave the catches for the French fleet for 1948 to 1970. The accuracy of
Aloncle's data is uncertain, but 1960, 1961, 1962 and 1964 figures were used for
the French flcet and to estimate the catch of the Spanish fleet, by assuming that
the Spanish catches were equal to those of the French fleet. This assumption is

based on the fact that catches of both {leets were nearly identical in the mid-1960's
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(Table 7) Total catch data are unavailable for the Moroccan fleet for 1960-62.

Because the available catch statistics (1963-70) of this fleet are themselves esti-

mates, we did not estimate the catches of 1960-62 by the above procedure, but

assumed that the Moroccan catch for those years was zero. This assumption is’

probably invalid and the 1960-62 estimated total catch of the fishery is conservative.

There are no size-frequency statistics for this fishery for 1960-70. How-

ever, since the sizes of fish caught are about the same as those caught in the
3
Canadian-U.8.A. purse seine fishery (Bard et al., 19727), the length-frequency

samples of the Canadian-U.S.A. purse-seine fishery were used to estimate the

age composition of the catch of the French-Morocean-Spanish baitboat and troll

fishery (Table 9).

We point out that Aloncle (19724) , Bard et al. (19723) ~ ICES (1965-71),

and Letaconnoux (19728) reported the total French landings of bluefin tuna

from the Bay of Biscay and vicinity . For most years, the reported statistics of

these sources do not agree with one another. We used primarily Bard et al's

statistics in our study because they are current estimates and they seem most

reliable. Also, in regard to our assumption of sizes of fish in the French-

Moroccan-Spanish baitbéat and troll fishery, we are aware that this assumption

may be invalid if, as Mather and Jones (19727) hypothesized, two stocks exist

in the Atlantic and substantial numbers of a stock migrate from one side of the

Atlantic to the other in some years. Thus, the estimates in Table 9 may be

imprecise.
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German handline fishery.--The German handline fishery collapsed in

1963. Catch and weight-frequency statistics for this fishery are found in Hamre
and Tiews (1964), and Hamre et al. (1966). They were used to estimate the age

composition of its catch for 1960-62 (Table 10).

Moroccan-Portuguese-Spanish trap fishery.~-Catch data of the trap

fishery of the eastern Atlantic were compiled by Miyake and Tibho (1972) and
Rodri/g‘uez—Roda (19725). Size-frequency samples of bluefin tuna caught by
Moroccean, Portuguese and Spanish fisheries are available (Table 6.) but only data
from the Spanish fishery (Aloncle et al., 1971; Hamre et a1., 1966, 1968, 1971)
are in adequate form for our use. To estimate the age composition of the catch of
this fishery (Table 11) we assumed that fish caught by the Spanish traps were
representative of fish caught by the fishery as a whole. This assumpticn is not
entirely valid, since some crude data suggest that the Morocean and Portuguese
traps caught a larger proportion of small bluefir tuna than did the Spanish traps

(Hamreet al., 1964).

Norwegian purse-seine fishery.--Data o the cuteh (Alonele et al., 1971,

1972; Hamre and Tiews, 1964; Hamre et al., 1966) and on weight frequencies
(Aloncle et al., 1971, 1972; Hamre et al., 1966, 1968, 1971) are available for the
Norwegian purse-seine fishery. They were used to estimate the age composition

of its bluefin tuna catch (Table 12).

Table 10. Estimated ages and numbers of bluefin tuna-caught
by the German handline fishery. !

Approximate :)ers oI I1Sh' By age

Age length «ear of capfure Average
(years) (cm) 1961 1962 196062
10 199-210 2 1
11 211~2238 47 24 14 28
12 224-234 283 189 123 198
13 235-245 544 443 286 424
14+ 246+ 748 432 311 497
Total 1,624 1,088 734 1,148

1 .
See section, "Age
procecdure,

Composition of Catch' for estimiation

h/aA
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Table 11. Estimatcd ages and numbers of bluefin tuna caught by the Moroccan-Portuguese-Spanish trap fishery, 1
Approximate Numbers of fish by age and year of capture
Age length Averago
{vears) {cmy 1950 1961 1962 1963 19064 ‘19G5 1966 1067 1068 1969 1070 31971 10(}0-‘-7’]
1 46- 66 182 15
2 67~ 85 742 62
3 86104 26 11 3
4 10:3—122 41 28 28 201 100 23 0 35
5 123-139 87 56 412 273 281 254 301 111 20 0 2 150
6 140-155 4,258 2730 742 491 506 582 982 554 100 51 26 18 928
T 156-170 5734, 3678 701 465 561 1288 1343 1617 417 153 201 24 1,348
3 .171~184 10,.'339 6631 1031 683 758 1,337 2506 1,285 627 630 481 15 2,171
9 185-198 33199 21283 4330 2867 1713 236 2907 3124 356 1554 1827 238 G, %40
10 199-210 18333 {11756 13647 | 7645 | 4327 | 1214 | 1562 | 3390 | 1783 945 1967 312 | 5,365
11 211-223 11990 7689 16123 1(;67(3 11853 5713 3528 3,/1.11 3065 1961 1856 553 G, 533
12 224-234 2133 1560 4,289 2839 5264 3523 3306 2359 1):1!13 3404 936 372 2,767
3 235-245 603 390 1649 1,092 2308 5131 2146 3’301 1015 1250 737 161 1,680
14+ 246+ 174 112 619 410 843 2,5325 1,062 2703 98G5 L1900 734 349 1,007
Total 87146 55585 141484 27469 23234 25130 20044 221178 9991 10163 8304 2,972 28,314
1
See section, "Age Composition of Catch' for estimatlion procedure.
Table 12. Estimated ages and numbers of bluefin tuna caught by tho Norweglan purse gelne {ishory. 1
Approximate Numbers of {ish by age and ycar of capture Averago
Age length . son
{years) {em) 1960 1861 1962 19G3 1964 1965 1966 1967 1968 1969 1970 1971 1960-71
7 166-170 164 1
8 171-184 2,075 332 201
9 185-108 2,688 2,278 81 412
10 199-210 5,139 6,078 | 1,752 5 10 8 8 1,083
11 211-223 5,569 11,974 8,92G 38 198 370 50 76 4 [ 1 5 2,208
12 224-224 595 ‘10,310 13,390 120 965 1,737 399 493 108 5 7 20 2,353
13 235-245 508 5,491 8,779 198 1,519 3,009 1,115 1,600 374 595 70 100 1,939
14+ 246+ 277 2,369 4,341 259 1,868 3,261 1,972 4,701 1,788 2,250 740 1,503 2,110
Total 10,915 | 38,822] 37,208 621 | 4,518 | 8,335 | 3,544 | 6,770} 2,274} 2,056 818 | 1,037 | 10,350

1Sc0 section, "Age Composition of Catch” for cstimation procedure.




Other fisheries.--South Africa reported landings of 400 and 200 tons of
bluefin tuna in 1963 and 1964, respectively, and it is probable that the landings
consisted of some southern bluefin tuna. Since no size data are available for

the landings, the age composition of the catch was not estimated.

The Portuguese fleet fishes for bluefin tuna with trap and troll gears.
The total landings by trollers are uncertain, so no estimate was made of the age

composition of the troll catch.

Western Atlantic Surface Fisheries

Canadie

+-1.8,A. purse-seine fishery.--Catch and length-frequency
samples for the Canadian-U.5.A. purse«sei.ne fishex.'y are available for most
years, 1560-72. Inciuded in the caich are small amounts (£ 5%) of biuefin tuna
caught by miscellaneous gears, i.e., troll, trawl, and gill nets. .The data were
used to estimate the age composition of the catch for 1960-72 (Table 13) based on
the following two assumptions: (1) the 1961 length-frequency sample was assumed
to be representative of the 1960 and 1961 catches; (2) in 1965, 1966, 1968, 1971,
and 1972, some large bluefin tuna were caught by purse seiners that in most
years concen‘trated on only small- and medium-sized bluefin tuna. Length-
frequency samples for those years were from the catches of only small- and
medium-sized fish. To convert the tonnage of large fish caught to numbers
cought we assumed that the size-frequency distribution of large fish in the
purse scine catch is identical to that for the U.S.A. trap fishery, a fishery for
which we have length~-frequency samples and that currently cetches primarily

large bluefin tuna.

1
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Canadien-U.S.A. handline, harpoon and trap fisheries.-~Dataon

Canadian and U.S.A. catches of bluefin tuna by handline, harpoon, and trap are
availeble. However, the Canadian trap catch data are available only for 1962-71

and were reported with the longline catch data by Aloncle et al. (1972) . The longline
ﬁ’acﬁon of the Canadian catch, however, is small and presumably negligible (Franik J.
Mather, I, Woods Hole Oceanographic Institution, Woods Hole, Massachusetts,

pers. comm) . We assumed that the Canadian irap caich for 1960 and 1961 was the

same as in 1962,

These gears are somewhat selective in the sizes of fish they capture. All
three generally take large bluefin tuna (> 184 cm) but the trap fishery takes a larger

proportion of smaller fish (about 123 to 185 cm). Length-frequencies of bluefin tuna

caught by all three gears are unavailable for every year in the 1960-71 period (Table 6).

Consequently, in estimating the age composition of the cateh (Table 14) when a
length-frequency sample was unavailable, we made the assumption that sizes of
fish caught umong gears within a year are not different and substituted a length-

frequency sample from another gear, usually that for trap, in our calculations.

Canadian sport fishery.--Catches of bluefin tuna caught by the Canadian

sport fishcry have been reported by Aloncle et al. (1972). To estimate the age
composition of the catch (Table 15), we used weight-frequency data that were
provided by James S. Beckett (Fisheries Research Board of Canada, St.

Andrews, N. B., pers. comm.).

U.S.A,, sport fishery.--The total catch of Atlantic bluefin'tuna caught by

the U.S.A. sport fishery is not compiled by afy agency. Some data on large

(> 184 cm) bluefin tuna are available from tournament records, but no data are
available for the bulk of the catch, which are mostly smaller fish, less than

123 em. Moss (1967) reported that the sport catch of small bluefin tuna (50 to 122
cm) probably exceeded 2,268 tons per season. However, the sport catch is
probably quite variable and dependent on availability and fishing intensity of

the purse-seine fleet (Mather, pers. comm.), which competes with the sport fleet.

We estimated the sport catch of small fish for those years, 1964-72, in
which there were tag returns (Table 16) from fish tagged in previous ygars by
the Woods Hole Oceanographic Institution and the Canadian Fisheries Research

Board of Canada. The estimation procedure was by proportion, based on the

B

ratio of tag returns from sportsmen to tag returns from seiners, and the Canadian-
U.S.A. purse seine catch of small fish. This procedure assumes that the small
fish are equally available to both fisheries and that the tags are returned in pro-
portion to the total number recovered. The assumption may not hold because

a larger number of sportsmen than commercial fishermen apparently do not

return tags they recover (Mather, pers. comm.).

Length-frequency data are also unavailable for the sport catch of small
bluefin tina, but some data are availzble for large fish caught in tournaments.
To estimate the age composition of small bluefin tuna caught by sportsmen, we

used length-frequency samples of the purse-~seine catch. Presumably, this is

Lz
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aTable 14, Estimated ages and numbers of bluotin tuna caught by the Canadirn-U.S, A, handiine, harpoon and {rap ﬂshorlos.l

Approximale L Numbers of fish by age and year of capture

Age length - Average
(years) | {cmy 1960 { 1361 1962 1963 1964 1866 1066 1967 1968 194890 } 1870 1971 1960-71
2 67~ 85 : . 19 }
a 86-101 656 413 127 38 b 4 15 104
4 103-122 277 1,241 . 187 207 18 18 10J 113 174
5 123-139 1,141 48 174 257 144 96, 5 8 in4 !
6 140-155 16 55 375 ‘577 99 i3] 45 9 4] i IORY
? 156-170 1,268 206 0 269 412 289 99 8 28 17 a0 200
8 171~284 0 143 . 240 150 407 290 115 83 31 9 5 30 1
2 185~198 187 267 283 802 236 144 80 a9 91 - 7 12 15 134
10 109-210 107 335 233 109 261 188 70 107 31 35 23 e 1o
11 211-223 464 221 271 69 607 400 150 190 238 400 350 203 207
12 224-234 -1 290 143 617 597 432 203 551 163 431 330 424 » 374
13 235=215 ll35 Q 174 22 287 . 303 233 . 681 158 449 318 300 207
11+ 246+ 163 90 258 163 367 317 317 632 771 661 621 466 RER
Total 4,714 3,399 2,485 3,349 3,410 2,812 1,827 2,109 1,510 2,037 1,683 1,874 2,604
lScc goction, "Age Composition of Catch™ for estimation procedure,
Table 15. Estimated ages and numbors of blusfin tuna caught by the Canadian sport fishery. !
Approximate Numbers of fish hy age and year of capture
(32;::5) . h(::rit)h 1960 1961 1962 1963 1964 1966 1566 Iﬁ 1967 1968 10069 1970 | 1071
4| 105-122 100 s
5 123-139 29 2
G 140-155 29 10 3
7 156-170 : 78 1 18 8
8 171-184 | a3 0 - 18 6
9 185-198 13 14 1 1 1 8 3
io 1:90-,210 0 14 52 8 ] 2 1 8 7
11 211-223 0 [ 87 108 20 43 8 17 28 36 12 42 49
12 201-234 25 43 18 167 110 83 141 41 202 88 | 54! 11 00
13 235~-245 ¢ 29 48 68 196 119 124 73 246 ‘ 169 123 1z 109
1d+ 216+ : io02 20 13 55 23 75 88 173 315 314 203 122
Tolal 140 378 171 398 387 353 -a21 210 718 608 507 | 540 _402

ISCo sectlon, "Ago composition of catch™ for estimation procedure.



reasonable because the sport fishery operates in the same area as the purse-

seine fishery. However, this assumption may be unreasonable because fish
Table 16. Estimated U.S.A. sport catch of small bluefin tuna

{approximately 50 to 122 cm) from tag returns. of ages I and I (46 to 85 em) seem to be more vulnerable to the sport fishery
i than older fish (Mather, pers. comm.). If this is true,-then our estinfate of the
Catch (1,000's metric tons) of small
Numbers of tag returns bluefin funa from western Atlantic age composition of the catch underestimates the numbers of ages I and II fish and
: : . Sport fishery
Sport Purse-seine Rat Purse-seine A R X
Recovery fisphery fishery alo fishery (EStlmaated) overestimates the numbers of older fish.
year a b Total b ¢ °b Total
1964 . 101 105 0.040 5.6 0.22 5. 89 The age composition of the sport catch of large fish, from tournament
1965 15 177 199 0.085 ‘ 9.7 0.93 2.93 records, was then added to the estimated age composition of the sport catch of
1966 169 406 575 0.416 0.8 0.33 1.13 small fish to get a fotal age composition of the catch by sportsmen (Table 17).
1967 23 674 697 0.034 2.3 0.08 2.38 In Table 17, the data for age composition are incomplete because the sport catch
1968 20 169 199 0.178 0.6 0.11 0.71 of small fish is not known for 1960-63 and only some of the sport catch of large
fish is shown.
1969 12 41 53 0.293 1.6 0.47 2.07
1970 3 156 159 0.019 4.2 0.08 . 4.28 Other fisheries.--We were unable to estimate the year-to-year age
0.030 3.6 0.11 3.71 ‘s i : .
1971 4 135 139 composition of the Argentinian and Cuban fisheries because: (1) the amount of
' 0.099 . 0. 18 1.98 - . .
1972 7 1 78 1.8 1 bluefin tuna caught by these two countries is uncertain and probably is less

than values given by Miyake and Tibbo (1972) , and (2) there are no published

- accounts on the sizes of fish caught.

6ée



Longline Fishery

Japan, Korea and Taiwan have published estimates of bluefin tuna caught
by their Atlantic longlince fleets (see Miyake and Tibbo, 1972). However, data on
the sizes of fish caught are scarce. Hayasi and Shingu (undatedg) gave length- '
frequencies for samples collected in the 1860's. The sample sizes were all less

than 12 fish except for a 1966 sample of 68 fish. To estimate the age composition of

the Japanese, Korean and Taiwanese catches, we assumed that the 1966 sample was,

on the average, representative of sizes of fish caught by the longline fleets during
1960-71. .We are aware that this estimation procedure is crude at best, since
Hayasi and Shingu's data for some years suggest that a higher proportion of

medium-sized fish was caught in years other than 1966.

Summary of Age Composition of Catch--All Fisheries

All Atlantic fisheries for bluefin tuna can be divided into two general
types, based on sizes (ages) of fish caught from 1960-71 (Figure 13). - One type
captures primarily small fish (46 to 122 cm--ages I to IV) and the other captures
primarily large fish (> 184cm--age IX+). Neither type of fishery currently
catches significant numbers of medium-sized fish (123 to 184 cm—ages V to VIII).
It has been suggested (Hamre, undatede; Mather and Jones, 19727) that the
lack of medium~sized fish in recent catches (since the early 1960's) is the
result of heavy exploitation on the small fish, thus reducing the number of fish
surviving to larger sizes. Consequently, only large fish of year classes that

were not exposed to the recent heavy exploitation are currently caught by the
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large-fish fisheries, accounting for the increase in average size of fish in the

catch (Figure 11). It is also conceivable that the medium-sized fish are less
vulnerable to the gears, or that the present fisheries are not fishing in areas
where the medium-sized fish are available. Mather (pers. comm.) believes that
these possibilities are remote, since medium-sized fish were caught by present
gears in fair numbers in the 1950's and early 1960's (Mather and Jones, 19727)(

An examination of the Barbate (Spanish) trap catch of medium- (ages V to VIII)

and large- (ages IX to XII) sized fish, however, indicates that relative vulnerability
of the medium-sized fish does vary markedly in some years (Figure 14). The
1956-58 year classes, for example, as compared to the 1951-55 and 1959 year
classes, were considerably less vulnerable as 5- to 8-year old fish than as 9- to
12-year old fish. This suggests that changes in vulnerability might have caused
the apparent disappearance of medium-sized fish from the surface catch. Variation
in year-class strength and possibly increased catches of medium-sized fish by the

longline fleets might have also contributed to the apparent disappearance.
ESTIMATES OF SOME POPULATION PARAMETERS
Growth

Several studies have dealt with growth of bluefin tuna (see Tiews, 1962;
Rodriguez-Roda, 1964). Mather and Schuck (1960) ]described growth of bluefin

tuna from the western Atlantic and developed a length-age key. Recently, Mather

7 o4 :
and Jones (1872") gave a slightly different version of the key . We used both
sets of data to estimate parameters of the von Bertalanffy growth equation,

Iit = I-iw [1-exp- (X ¢~ Eo)] , with E‘T = length at'age t, Ew = asymptotic length,

K= the rate at which,& is attained, and 10 = theoretical age at which Iit = 0.
[=s]

Source of data and parameter estimates
Parameter | Mather and Schuck (1960) | Mather and Jones (1972)7
K (yvearly) 0. 055 0,053
Lo (cm) 437.46 ° 447. 68
Io (years) -1.489 -1.592

Rodriguez-Roda (1971) has studied growth of bluefin tuna caught in traps

off southern Spain. He gave the following estimates for parameters of the growth

equation:
K =0.09
L =355.84cm
t® =0.89 year
RN

His estimates were based primarily on large fish that were aged by enumerating

rings on vertebrae.

A comparison of these three growth curves (Figure 15)shows that they
ave not too different. The little difference that does exist could easily be
attributed to differences in the samples of fish used. Thus, it appears that
growth of bluefin tuna from the eastern and western Atlantic is similar. For

pur purpose, we used the Mather-Jones curve.
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Weight-length relations are available for Atlantic bluefin tuna (e.g., Mather Table 18. Age-length-weight key for Atlantic bluefin tuna
Data are from Mather and Jones (19727)

7 I . . L
and Jones, 1972°; Rodriguez~Roda, 1964, 1971). For fish from the western Atlantic, and Mather (pers. comm. ).
Mather (pers. comm.) calculated the following relation: Age Fork length Weight
(years) (cmy) (kg) Size groups
o 2.90444
W =0.0000317L 1 46- 66 2.1~ 6.2
where W = weight in kilograms and L = fork length in centimeters. Although this 2 67~ 85 6.3~ 12.% mall
o = s
) o ) . 3 86-10 .0~ 23.
relation is subject to seasonal variation, especially for large fish as reported by ) 6 4 18.0- 23.2
) 4 105-122 23.3- 36.8
Rodriguez-Roda (1964), it was used in our study to convert length measurements 5 128-139 36.9- 53.6
to weight measurements. Table 18 is the age-length-weight key used in our 6 140-155 53.7- 73.6 a4
medium
study. 7 156-170 78.7- 96.2
8 171-184 96.3-120.9
Mortality 9 185-198 121.0-149.5
10 199-210 149.6-177.4
1 - -
Instantanecus Coefficient of Total Mortality (Z) 1 211-223 177.5-211.0 large
12 224-234 211.1-242.7
Estimation procedures and results.--Two methods were used to 13 235-245 242.8-277.2
14+ 246+ 277.3+

c8e

estimate Z. The first method (Method 1) was based on the average age composi-
tion of the catch of each fishery (Figure 13) and the assumptions of exponential
decline in numbers of fish with age, constant Z with age and constant fishing

effort and recruitment. The results from this method is a Zof 0.5t0 1.3 (Table 19).
If we disregard the Z of 1.3 on the basis that it was estimated from an imprecise

set of data (see section on French~Moroccén—Spanish baitboat and troll fisheries),

Z ranges from 0.5 to 0.7.
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Table 19. Mortality estimates for Atlantic bluefin tuna.

Instantaneous coefficient of mortality
Natural Fishing Disappearance Total
Source Fishery Ages (M (F) X+ M) (%)
Leparz (1972) Atlantic-wide I-XIV+ | 0.2-0.4 - - -
Mather et al, (1972)> | Northwest Atlantic| II-IV - 0.28-1.00 0.30-1.11 0.59-1.75
Present study Atlantic-wide I-XIV+ | 0.1-0,2 ~ - -
Method 1 Canadian-U.8.A.
purse seine
(1960-72) I-XIV+ - - - 0.66
French-Moroccan~
Spanish baitboat
and troll (1971) O-vI - - - 1.33
Longline (1960-71){ XI-XIV+ - - - 0.74
Moroccan-Portu-
guese-Spanish
trap (1960-71) XI-XIV+ - - - 0.61
U.S.A. sport I-XIV+ - - - 0.48
Method 2 Canadian-U.S.A.
purse seine 1-X - - - 0.68-2.96
Norwegian trap XI-XIV+ ~ - - 0.21-0.82
Spanish trap VII-XIV+ - - - 0.29-1.03

1Lenarz, w. H.

in the North Atlantic Ocean.
Fisheries Service, La Jolla, Calif.

1971.

Estimates of biomass
Unpublished manuscript, 6 p.
92037.

per recruit of an unfished population of bluefin tuna
Southwest Fisheries Center, National Marine

2
Mather, F. J., OI, B. J. Rothschild, G. J. Paulik and W, H. Lenarz. 1972. Preliminary analysis
of bluefin tagging data. Unpublished manuscript, 25 p. Woods Hole Oceanographic Institution, Woods Hole, Mass.

Table 20. Apparent abundanc? of bluefln tuna by year classes.

Canadlan-U.S.A, purse gelne (catch In numbers/day's fiahing)

Aco . Year claas
(years) 1950 1951 19852 1953 1954 1955 1956 1957 1958 1059 1960 1961 1062 1963 1964 1965 19646 1967 1208

1 0,91 [187.124% 173.811 ©00.17|651.37 ] 55.87 [ 52,52 11. 14
2 3.52 110.86 { 99.39{ 330,27 | 151.83 | 760. 43 | 434,08 | 3.3.08 512,73
3 532.28 90,83 156.93 095.52 33.51  316.24 | 101,23 | 583.04 | 827,71
4 130.06 80.56{ 55.03 2.14 0.01 13.24 3.81 ] 29.39{ 48.23
5 86.23 62.41 38.92 16,31 0,02 § 18.89 0.3%{ 63.91} 77.68
8 1.87 | 56.16 10.27 26,88 0.12 0 ¢} 27.06} 12.18
7 2.92 1.78 17.69 2.18 0. 14 ¢ 0 o ¢
8 4.55 1.85 0.39 2.84 0.20 0 0.08 2.66 Q.15 0.26
9 3.09 .98 0 0.38 0.17 o 0.25

10 0.80 0.42 | o 0.g0 0.14 [ 6,16

11 0.29 2.38 0 0.74 0.28 0 6,55
2 0.02} 0.19 o 0.82 0.23 o 0.37

13 0.05 o 124 0.35 0 0.37

14+ 0.40 .20 1.65

Spanish {EBarbate) trap (crich in numbera/trap)
Age Yeor class
(years) 1944 1945 | 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1858 1987 1358 19569 1980 1961 1962 11963

1 2,780
2 110 0
3 85 0 ] 8
+ 128 482 65 552 0 0 13 & 9 20 22 10
5 1,043 1,874 1,486 33 18 13 132 57 91 83 80 48 8
s 1,298 {2,463 2,945 748 BG4 914 238 103 164 224 218 241 421 28
7 3,447 | 6,633 | 3,633 2,274 1,163 1,231 225 98 182 423 296 704 176 84.4 128
8 4,043 | 6,692 14,706 | 2,492 2,098 2,220 330 144 246 340 562 859 263 346 306§ 22
9 7,022 2,436 | 4,486 3,663 | 6,734 7,126 1,389 604 556 307 610 1,350 401 854 1,162 117

10 3,022 | 2,142 1,431 .| 2,291 § 2,719 | 3,236 3,703 1,610 1,403 398 244 1,475 ey 519 1,25 154

11 . (L2908 1,301 | 3,220 {2,392 {2,423 | 2,574 | 5,171 2,248 3,849 1,873 777 1,485 1,287 | 1,078 | 1,167 273

12 21 562 1,156 1,003 494 522 1,375 628 1,706 2,171 728 1,157 606 821 595 183

13 589 G605 836 123 131 $29 230 684 1,682 539 1,436 426 87 500 227

1+ 853 368 35 37 198 8¢ 274 762 234 1,176 408 633 467 469
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Table 21, Total mortality coefficient (Z) for bluefin tuna estimated

. from catch-per-unjt-of-effort data of three fisheries.
The second method (Method 2) was based on catch-per-unit-effort

(CPUE) data of a year class and assumptions of exponential decline in

Canadian-U,.S. A, Norwegian
numbers of fish with age, constant Z during all years in which the year class purse seine purse seine Spanish trap
was exploited, and CPUE as a reasonable measure of apparent abundance. Year class Ages | % Ages z Agas z
This method was applied to data from the Canadian-U.S.A. purse-seine, 1944 12-14+ 0.82
45 11-14+ 0.61 11-14+ 0.37
Norwegi et ani £ es. : .
orwegian purse-seine and Spanish trap fisheries. Only fish that were fully 46 1114+ | 0.64 10-14+ | 0.97
recruited were considered. A description of the data and results based on this 47 11-14+ 0.21 9-14+ 1.03
method follow 48 11-14+ | -0, 101 8-~14+ 0.57
49 11-14+ 0.30 8~14+ 0.67
) 1950 11-14+ 0.33 7-14+ 0.48
Full recruitment in the Canadian-U.S.A. purse-seine fishery varies between 51 11-13 0.84 9-14+ 0.52
ages I and IV (Table 20). Because in only some years the fishery caught medium- 52 1 9-14+ 0.56
53 11-14+ | 0.49
and large-sized fish, sizes that are not the mainstay of the fishery, a measure of
54 11~14+ 0.39
apparent abundance is missing for some ages (Table 20). Consequently, to 55 12~14+ 0.29
minimize sources of error owing to availébility and/or vulnerability of medium- 56 6-10 | 0.68 1i-14+ 0.33
57 5-9 | 1.37 10-14+ | 0,32
and large-~sized fish to this fishery, we estimated Z for only the ages from age
- 58 4-8 1,63 9-13 0.36
at first full recruitment to age with zero CPUE, or to age with a higher CPUE 59 57 1.86
than the CPUE of the previous age. The range of Z estimates was 0.68 to 4,48 1960 3-6 | 2.11
) 61 3-5 | 4,481
(Table 21). Since a Z of 4.48 (for the 1961 year class) is unusually large when com-
. - 62 1-4 2.96
pared to the other estimates, it was considered unrepresentative. It is possible 63 9.5 5.12
that this high Z was caused by an unusually high emigration of the 1961 year 64 - -
65 24 | 1.63
class to the eastern Atlantic in 1965-66, years in which Mather et al. (1972)
Average 1.79 0.46 0.52
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recorded high emigration, but this is uncertain. The average of the remaining
Z's is 1,79 (vange 0.68 to 2.96), which is for ages I to X. This average estimate
applies for the years 1962-69 during which the year classes were exploited by

the fishery.

In the Norwegian purse-seine fishery, first full recruitment occurs at
about agn XI. Estimates of Z were calculated for fully recruited fish of the 1944-51
year classes. One estimate gave an increasé in ebundance which is impossible
with the mortality model. The remaining estimates ranged from 0.30 to 0.82
with an average of 0.46 for ages XI to XIV+ (Table 21). This average Z is for

1956-64, years in which the year classes were exploited.

The catch and sizes of fish from the Spanish Barbate trap fishery were

recorded for a series of years by Rodri/guez-Roda (1964) . We estimated the age

o

rg

composition of the catch from those data and calculated the apparent abundance
of year classes (Table 20). Although the age at first full recruitment is

quite varieble, ages VII to XII, estimates of Z were based only on ages that were
fully recruited. For the 1945-58 year classes, Z ranged from 0.29 to 1.03 with

an average of 0.52 (ages VII to XIV+--Table 20). This average Z is for the 1956-71

fishing seasons.

Discussion.~~The Canadian-U.S.A. purse-seine fishery exploits pri-
marily small bluefin tuna of ages I to IV, whereas the Norwegian purse-seine
and Spanish trap fisheries exploit primarily lerger fish of presumably one stock,
judging from tag returns off Spain of fish tagged off Norway (Mather et al., 1972).
Thus, the Z estimales for fish caught by these latter two fisheries are more similar
to each other than they are to the Z's for fish caught by the Canadian-U.S.A. purse

seine fishery (Table 21).

The high Z's for fish caught by Canadian-U.S.A. seiners are not unexpected,

since exploitation in this fishery is high and has possibly increased since the mid-
1960's over that of early years. For example, the average Z for the 1956-60.year

classes is 1.53, whereas the average Z for the more recent 1962-65 year classes is

2.24, Of course, this example is not free from error since it compares the Z's of fish

of different ages. Also, it is known that migration behavior, which affects the

estimate of apparent Z, varids with age.

It is important to note that our estimates of Z are approximations only,
because of deficiencies in the data from which they were derived. One significant
deficienéy is the weakness in the measure of fishing effort, which was discussed
in an earlier section. A bias in this measure would affect the CPUE and the esti-
mate of Z with Method 2. Another deficiency is in the fluctuating availability of
bluefin tuna, which can vary from year-to-year and thus affect the measure of

apparent abundance (Hamre, 1958). Still another deficiency is that the mortality

models assume constant mortality for all ages, although in reality mortality probably

varies with age. Finally, our aging technique is inaccurate, although this
inaccuracy is generally not a serious problem in bluefin tuna smaller than about
120 cm long. Nevertheless estimates of Z from data with inaccurate aging informa-

tion are biased (Robson and Chapman, 1961),

¢ge



Published estimates of Z range from 0.59 to 1.75 (average 1.25) for
bluefin tuna exploited off the U.S.A. east coast in 1964-68 (Mather et al., 197210)
These estimates are somewhat similar to ours although they were based on tagging
data. There are no published estimates of Z for the Atlantic bluefin tuna population
as & whole, and it is difficult to obtain such an estimate because the different
fisheries exploit different sizes of fish. A best guess, however, would be a 2 of
about 0.8, based on the fact that Z's obtained from Method 1 (Table 18) are near
0.7; elso, if the Z's from the Spanish trap and the Canadian-U.S.A. purse seine
data for the year classes, 1956-58 (Table 20) are averaged (admittedly a dubious

procedure) a Z = 0.8 is obtained.

Instantaneous Coefficient of Natural Mortality (M)

Bluefin tuna older than 14 years were reported by Mather and Schuck
(1960) . In view of the relatively long life-span of this species, it has been
assumed that their natural mortality is low, with an M of about 0.2 to 0.4

(Lenarz, 197111) .

We used two procedures to estimate M. The first was developed by
Beverton and Holt (1959) who examined the ratio of M to K (parameter of.the
von Bertalan{fy g;*owth equation) for a number of species and concluded that
a commor.ratio may exist within related species groups. A species related to
Atlantic bluefin tuna, for which estimates of M (Hennemuth, 1961) and K
(LeGuen and Sakagawa, 1973) were made, is the yellowfin tuna of the eastern

Pacific, For this species, M/K = 0.80/0.36, or about 2. With K of 0.05 to 0.09

for bluefin tuna and M/K =2, Mis 0.1 to 0.2 which seems reasonable.

The second, also a procedure developed by Beverton and Holt (1956), was
simplified by Paloheimo (1961). The procedure uses estimates of Z and average
fishing effort (_—f) » fitted to the equation, Z =M + g_'t_"where q is the coefficient of

catchability and is assumed constant during the period for which 2's and Z’s are

estimated. Applying this procedure to data from the Canadian-U.S.A. and Norwegian

purse secine fisheries, M = 1,91 and 0.01 respeetively (Figure 16). Both estimates
are unreasonable, and their large 95% confidence interval--0 to 4.07 for M=1.91,
0to 0.40 for M = 0.01--places doubt as to their accuracy. Also, since both
fisheries underwent changes in fishing operations, it is probable that q varied

enough to affect the analysis.

10
An interesting quasi-M was estimated by Mather et al. (1972 ) based on

te New England coast. They estimatad a "rate of disappearance

a3
e

a3
1

(M + X)," or mortalities owing to natural causes and changing migration patterns
with age, of 0.68 (range 0.30 to 1.11). IfMis 0.1t0 0.2, then X is 0.48 to 0.58.
This indicates that about 38 to 44% of bluefin tuna, ages II to IV, become unavail-
able annually to the fisheries along the New England coast because of changing
migration patterns. If this fraction is completely unavailable to all fisheries of the
Atlantic, then "natural mortality" is essentially M+ X, or 0.68 for the stock

exploited along the New England coast.
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Instantaneous Coefficient of Fishing Mortality (F)

Mather et al. (197210) estimated F to be 0.28 to 1.00 for the New
England bluefin tuna fishery of 1964-68. This corresponds to an annual fishing
mortality rate of 24 to 63% (average 43%), which is primarily exerted on ages Il

and IIf.

An estimate of exploitation rate, perhaps imprecise, can be calculated

from tag return rates. FAO (1968) estimated an exploitation rate of at least 28%
for 2 years for the fisheries along the New England coast. Mather et al. (1972)
reported the number of tag returns for fish tagged off New England in 1954-71.
Return rates were calculated from releases made in 1964-69 and from returns

made in the first 3 years during which the bulk of the releases was aveilable to
the fisheries (purse seine and sport). The rates are 15 to 44% (average 29%)

for 3 years, or gbout 5 to 15% (average 10%) annually . These underestimated

the true tag return rates for the population of the western Atlantic because they
were not adjusted for initial tag loss and shedding which are known to oceur

(Lenarz et al,, in press a), and for tag loss due to transatlantic migration

(Mather &t al., 1972).

Another method of estimating fishing mortality is to assume that a
reasonable estimate of M is 0.1 t0 0.2, and that F = Z -'M (Ricker, 1958). Z for
the Norwegian purse seine fishery averaged 0.46, to give an F = 0,26 to 0.36.
Similarly, for the Spanish trap fishery average Z ='0.52, to give an F = 0.32 to
0.42. These results indicate that, on the average, bluefin of ages 7 to 14+ years
experience an annual fishing mortality rate of about 23 to 34%. It is interesting
that these older fish experience about the same fishing mortality rate, 24 to 63%
(Mather etal., '197210) , as the younger fish that are exploited along the New

England coast.

Size at Recruitment

A review of methods of estimating size at recruitment was made by

Lenarz et 2. (in press b). In their review, the equation

L 7

1, -I- [*L—w'-”’]

which is similar to that of Beverton and Holt (1956), was proposed-as a means

of estimating the effective length at recruitment Qr) from an estimdte of average

length Zl:) of fish in the catch. Thus, given an estimate of K, L and 1—, the
L 2

effective size at recruitment can be easily estimated for a fishery. With parameters

of the weight-length relation (see Growth section),’l <can be converted to weight at
T

recruitment (w ):
-

w =0.00003171 2.00444
'y ~r
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Estimates of 1 were caleulated for bluefin tuna from the Atlantic Ocean L _ _
- Table 22, Estimated average length (L in cm) and average weight (w in kg)

(Teble 22); we assumed that the average size of fish caught by the Japanese of bluefin tuna caught in the Atlantic Ocean, 1960-70.

longline fleet in 1966 was representative for the longline fleet as a whole and for - - -
Surface fisherics Longline fishery| All fisheries
all years. Since Z varied and most likely increased in 1960-71, we estimated Western Atlantic! | Eastern Atlantic Mid-Atlantic?
lr for a range of 2's (0.5 to 1.7), given our most reasonable estimates of Year ¥ 1 W 1 w 1 w 1
K =0.053, L =447.88 cm, and1's (Figure 17). 1960 45 11 110 | 179 181 |212 105 | 176
= 2 k4
1961 64 148 147 {197 181 [212 138, 192
For the Atlantic bluefin tuna population as a whole, we assumed a 1962 35 120 136 | 192 181 {212 112 174
. 19638 23 104 46 | 132 181 [212
gof 0.8 (see page ). With Z=10.8, the effective weight at recruitment in 49 135
1964 21 101 49 | 136 181 [ 212 48 134
1971 was about 9 kg (76 em--Figure 17),-which is slightly less than 1965 16 91 37 | 123 181 [212 42 | 128
the 10 kg suggested by FAC (1968, page 23) as an interim minimum size lmit 1966 8 71 91 78 181 {212 12 84
1967 16 92 30 | 114 1 : )
to stem the loss in sustained yield. We note that this weight of 10 kg, sug- ) el 26 109
1968 21 102 26 1109 181 {212 26 108
gested by FAO, was based on a model with knife-edged recruitment and is not 1969 94 (106 38 | 124 181 | 212 54 119
directly comparable to estimates of “!r (see Lenarz et al., in press b). 1970 19 97 26 | 109 181 [212 22 103
- 1971 14 88 17 94 181 [212 20 99

PRODUCTION AND SIGNIFICANCE OF RESULTS

L. ..
Estimates for 1960-63 are too high because they do not include small

. . bluefi ol g i .
Trends in Production uefin tuna caught by the U.S.A. sport fisher Y.

2., .
Estimates are assumed constant for all years and are based on 1966

In the foregoing review of catch and effort statistics of Atlantic bluefin samples from the Japanese longline fleet.

tuna, we prescnted a summary of available statistics, and identified those fisheries
with adequate statistics. In order to forecast trends in production, we examined

the relation between total catch and total nominal fishing effort for fisheries with
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adequate statistics. These fisheries are: German handline, Norwegian purse
seine, Portuguese trap, and Spanish trap (Figure 18); Japanese longline

(Figure 19); and Canadian-U.S.A. purse seine (Figure 20).

Estimates of total catch of the Japanese longline, Poriuguese trap and
Spanish trap fisheries are reported in numbers of fish. Ideally, analysis of
the relation between total catch and fishing effort should be based on catch in
weight rather than in numbers of fish, in order to account for changes in sizes
of fish caught. We examined the bias with estimated weight of the Spanish trap
catch, based on numbers of fish and average weight of fish caught in the Barbate
trap. The relation was not significantly different for catch in numbers or catch
in weight. Thus, at least for the Spanish trap fishery, analysis of total catch

and effort is not affected by the unit measure of catch.

The German handline, Norwegian purse-seine, Portuguese trap and
Spanish trap fisheries caught primarily medium and large bluefin tuna (> 122
cm) during the years of high production. The cateh is a linear, incressing
function of fishing effort in each of these fisheries (Figure 18). Since. the early
1960's, the catch— and effort of these fisherics decreased to a negligible or low
level and the catch was primarily large fish (> 184 cm). Apparently, these

fisheries have responded to the low availability of fish by decreasing their

fishing effort proportionately to the caten.

Since 1956, the Japanese longline fleet operated in the mid-Atlantic.
The trend of Japanese longline cateh as a function of effort for two regions in
the western Atlantic (Figure 9, regions II and VII) is somewhat a curvilinear,
increasing function (Figure 19). In 1967-70, the catches were only a few hundred
fish per region as compared to several thousand fish per region during the peak
years, 1965 in region Il and 1964 in region VII. Fishing effort in 1967-70 was also

low, compared to that of the peak years (Figure 19).

The trend in CPUE for different classes of seiners in the Canadian-U.S.A.
purse-seine fishery was very different. To estimate total fishing effort for this
fishery, we used the total catch divided by (1) the CPUE of Class 3 seiners and

(2) the CPUE of Class 6 seiners.

The Canadian-U.8.A. purse-seine fishery began essentially in 1958 with
one vessel of 41 tons capacity (Squire, 1959; Wilson, 1965)=~Table §. Four years
later, the first Class 3 seiner (92 to 181 tons capacity) appeared in the fishery and
5 years later the first Class 6 vessel (> 363 tons capacity) appeared. Figure 20

shows that the catsh is a linear, increasing function of estimated total fishing effort

based on Class 3 CPUE's and that apparent fishing intensity has decreased since 1266

from a high level of about 520 days fishing in the early 1960's. With total fishing
effort based on Class 6 CPUE's, the plot of catch against estimated total-effort shows

that the 1972 point is at the right-hand corner of Figure 20. This suggests that the

stock (s) is being excessively exploited. Not accounted for in our analysis are changes

in fishing cfficiency of the fleet, especially in Class 3 seiners during recent years

(as discussed in an earlier section). In addition, in 1964—71', the fishing area
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expanded and the center of fishing shifted from Cape Cod Bay to an area south
of Cape Cod, to Cape May-Martha's Vineyard (Figure 21); the period of
intensive fishing, July and August, remained the same. Fishermen claim that
very few schools of small bluefin tuna are now sighted north of Cape Cod. This
was not the case in early years when most small bluefin tuna were caught in Cape
Cod Bay and off Maine (Squire, 1959; Wilson, 1965). Apparently the seiners are
now catching a large portion of the available fish before they get past Cape Cod.

It thus seems that in our analysis, total fishing effort for about 1966-72 is under-

estimated relative to that for earlier years.

Our results do not provide firm clues for forecasting trends in bluefin
tuna production, but they indicate that as production decreases nominal fishing

effort decreases proporticnally.
Age Groups and Year-Class Strength

A number of characteristics are prominent in the historic record of bluefin
tuna eatches; one is the change in age composition of the catch. In the western
Atlantic, prior to 1963, the cateh was composed of primarily ages IV and older fish
(> 104 cm‘_)——l‘?igure 22, In 1963 and 1964, signiﬁcént numbers of younger fish
were caught, together with ages IV and older fish, and the catch reached a high
of 6,000 tons (Table 1). In 1965-72, the catch was dominated by fish of ages 1 to Il
(46 to 104 cm), and the annual catch fluctuated beh;leen 1,000 and 5,000 tons.. In

short, prior to 1963 the fisheries of the western Atlantic were supported by several

age groups of old fish, in 1963 and 1864 they were supported by significant numbers

of both young and old fish, and in 1965-72 only a few age groups primai‘ily of
young fish supported the fisheries. The transition from older to younger fish in

the catch occurred shortly after the introduction of purse seine fishing in 1958,

Another characteristic of the cateh is variation in recruitment strength.
The index of abundance of the 1961~66 year classes (Table 18) during their first
4 years (ages I to IV) in the Cenadian-U.S.A. purse-seine fishery was summed

and divided by four The results are as follows:

Index of abundance by year class

1961 1962 1963 1964 1965 1966

68 86 115 140 408 280
They show ihat the 1965 year class was apparently considerably sironger than the
other year classes andiftltcontributed substantially to the purse seine and total
westé‘n Atlantic catch (Figure 22). The ratio of the strongest to the weakest year
ciass is 6.0. Although this ratio is a erude estimate of variation in year-class
strength and is probably affected by variation in migration pattern with the
fish's age (Mather et al., 1972), it is considerably higher than that for yellowfin
tuna of the eastern tropical Pacific (Davidoff, 1969), a species with a much

shorter life-span (5 to & years).

On an Atlantic-wide basis, our data similarly indicate that changes in age
composition and year-class strength have affected the catch (Figure 23). How-

ever, because data from fisheries in the eastern and mid~Atlantic are limited,
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the estimated age composition of the entire Atlantic catch is imprecise. On the
other hand, other investigators (e.g., Hamre, 1958; Rodriguez-Roda, 1964)
analyzed detailed data from individual fisheries of the eastern Atlantic and con-
cluded that variation in year-class strength, changes in fishing effort, and changes

in migration patterns of blucfin tuna seriously affected the catch.
Exploitation and Size of Fish

Since the introduction of purse-seine and live-bait fishing, exploita-
tion of small bluefin tuna has increased. As result, the average size of fish in
the total catch has decreased (Table 22). The current effective minimum size at
recruitment, however, is about the same as the absolute (knife-edged) minimum
size at recruitment of 10 kg, which was proposed by FAO (1968) as an interim
minimum size limit. It seems more likely though that because of the Atlantic bluefin
tuna's long life-span, a more rigorous analysis than the FAO analysis of yield
per recruit will result in finding that there is an optimum minimum size at recruit-
ment greater than 10 kg. To obtain an optimum minimum size greater than 10 kg,
the average size of fish in the catch would have to be increased. This might be
accomplished by a decrease in the catch of small fish and/or an increase in the
cateh of large fish. Since it appears that large fish are becoming scarce and
medium-sized fish are either scarce or unavailable, the obvious course would
be to reduce the catch of small fish. It is not clear, however, how much reduction
is necessary, since the amount is dependent on several factors, foremost being

the number of stocks in the Atlantic. For instance, if there are several stocks of

bluefin tuna in the Atlantic, and fish of the western stock are not-completely
available at medium and large sizes, and exploitation is high, then not much
reduction in catch of small fish may be necessary In this case, natural mor-
tality would be equal to the high quasi-M of Mather .et al. (197210) , and the
optimum size at recruitment would be close to the current size at recruitment.
On the other hand, if there is only one stock in the Atlantic and once recruited -
into the small-fish fisheries a cohort remains fully available for capture, a sub-
stantial reduction in cateh of small fish may be necessary to obtain the maximum

yield per recruit. In this case M would be about 0.1 to 0.2,
Summary of Results
The results of our study are summarized as follows:

(1) Statistics on the total Atlantic bluefin tuna catch are incomplete owing to
poor reporting ‘or inclusion of unknown quantities of other species of tunas by
some countries. The available statistics, however ., indicate that the total Atlantic
catch has declined markedly from a peak of about 36,800 tons in 1962 to 18,500
tons or less'in 1971, and the decline has occurred primarily in the catch of the

eastern Atlantic and in the large-lish fisheries.

(2) The.trend in cailch rates is downward for fisheries that explbit medium (123

to 184 em) and large (> 184 em) bluefin tuna, and upward for the French-Spanish

baitboat fishery that exploits small bluefin tuna (< 123 em) in the castern Atlantic.
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The trend in catch rates is downward since 1970 for the Canadian-U.S.A. purse-

seine fishery that exploits small bluefin tuna in the western Atlantic.

(3) Correlation analyses suggest that the catch rates for the Canadian-U.5.A.
purse-seine fishery are pesitively correlated with those of the French~Spanish
baitboat fishery; the catch rates for the Norwegian purse-seine fishery and

Spanish trap fishery are not correlated with those for the French-Spanish bait-
boat fishery; end the catch rates for the Japanese longline fishery are not cor-

related with those of the Spanish trap fishery.

(4) Adequate size-frequency statistics for population analyses ave available for
most of the major Atlantic bluefin tuna fisheries, except for the surface fisheries

of the Bay of Biscay, the longline fisheries of the mid-Atlantic, and the surface

(5) The average size of fish in the catch of the large-fish fisheries has increased

owing to reduction in medium-sized fish in the catch.

(6) Fluctuations in vulnerebility of medium-sized bluefin tuna (123 to 184 cm)

probably have affected the Spanish trap catch of this size group.

(7) Two general types of Atlantic fisheries for bluefin tuna can be identified,
based on sizes (ages) of fish caught from 1860-71. One type captures primarily
small fish (50 to 122 cm-~ages | to IV) and the other captures primarily large

fish (> 184 cm--age IX+).

(8) Growth of bluefin tfuna from the eastern and western Atlantic is similar.
(9) Estimates of Z range from 0.21 to 1.33.
[¢11)) I}lprobably ranges from 0.1 to 0.2 for the Atlantic pppulation as a whole.

(11) The effective size at recruitment has decreased since the introduction of
purse-seine and live-bait fishing for small fish. W, was about 9 kg (75 em) in
1971, which appears to be below the optimum minimurm size on a yield-per-

recruit basis.

(12) 'The relation between bluefin tuna production and nominal effort is a linear,
increasing function for most fisheries; that is, as production has decreased

nominal fishing effort has decreased proportionately.

(13) The dominate age groups in the total catch from. the western Atlantic
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have changed since introduction of purse-seine fishing. Prior to 1963 the

catch was composed of primarily ages IV and older fish. In 1963 and 1964,
significant numbers of ages I to IIl fish were first caught together with significant
numbers of ages IV and older fish. Since 1964, ages I to III have dominated

the catch.

(14) Crude estimates of year-class abundance indicate that there was a six-
fold difference in apparent abundance between the weak year-class of 1962

‘and the strong year-class of 1965.



Recommendations

We recommend four actions, implementation of which would improve
our present understanding about the population dynamics of the bluefin tuna

and lead to more rational management of the resource. These actions are:

(1) Accurate statistics on catch, effort and size frequencies must be collected
and made available on a timely basis. It is imperative that this collection be
instituted on an Atlantic-wide basis if the fisheries are to be monitored and the
stocks rationally managed. As yet; there is no uniformity in the quality and
quantity of statistics on bluefin tuna being collected on an Atlantic—wide basis.
It is important that those nations that are engaged in fishing for Atlantic bluefin
tuna strive towards improving their procedures for collecting and reporting
fishery statistics. We recommend tha: ianding and catch-effort statistics be
reported accurately and broken down by species, gear, country and ocean
region or area of capture and that size-frequency statistics be compiled by 5~-cm
or smaller groupings and by month and 5° x 5° area of capture. The need for

more accurate statistics from especially the Bay of Biscay fleets, the North

African fleets, -the longline fleets and the sport fishing fleets is critical. Examina-

tion of Tables 2 and 6 will be helpful in identifying deficiencies in'the statistics
of each fleet. ICCAT's Field Manual (Miyake and Hayasi, 1872) should be con-

sulted for data collection procedures.

(2) The stock structure of the bluefin tuna population in the Atlantic must be defined.
Mather and Jones (19727) recently reviewed the stock structure of bluefin tuna,
and concluded that available evidence best supports a two-stock (eastern and
westgrn stocks) hypothesis. Our results and evidence from other sources, on
the other hand, show a positive correlation in apparent abundance of small fish
from the eastern and western Atlantic (Figure 6), an increase in average size of
large fish in the catch of the large-fish fisheries on both sides of the Atlantic
(Figure 11), the transatlantic migration of small and large bluefin tuna (Mather
et al., 1972), and a similarity in heart-muscle protein of fish from the Bay of
Biscay and the western Atlantic (Edmund and Sammons, 1973), all suggesting,
for management purposes, that only one stock is exploited in the Atlantic. The
question of how many stocks of bluefin tuna are exploited in the Atlantic Ocean
is therefore still unanswered. This pointis important since the optimum size

at recruitment on a yield-per-recruit basis is likely to be largely dependent on
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the number of stocks being exploited. If there is only onestock in the Atlantic,
the aavice. perhaps, might be to reduce the number of small fish currently being
caught in order to improve the yield on a yield-per-recruit basis. "If several
independent stocks are being exploited, then the advice might be to retain the
high exploitation of small fish, such as in the western Atlantic. In addition,
although vre have treated the Atlantic population separately from the Mediterranean
populstion, the interaction between the two should be investigated since there
appéars to be some mixing between the two populations (Aloncle, 1984; Bellon,

1954; Mather et al., 1972), and this might affect & management strategy.



(3) Further expansion of the fisheries must be discouraged, until the health

of the stock (s) is assessed more accurately. In view of the marked decline

in total catch of Atlantic bluefin tuna, the increase in numbers of small fish in

the catch, the apparent reduction in abundance of medium.— and lérge—sized fish,
and the high rate of tag returns in the western Atlantic (Mather et al., 1972),
regulation of the smail—ﬁsh fishel‘.ies has 5een suggested. However, an argument
against regulation of the small-fish fisheries at this time - at least in the
Canadian-U.S.A. purse-seine fishery - is based on the 1970 and 1971 high
catches of small fish (Figure 3),. the high CPUE's of Class 3 seiners (Figure 4),
the increase in CPUE's of French-Spanish bagtboats (Figure §), the location of
the 1966-72 catches at the lower left-hand corner of the production graph, based
on Class 3 CPUE's (Figure 20) , and the iarge variability in apparent year-class
sirength. We point out, however,A that although on the surface these résults would
indicéte that the bluefin tuna stocks are healthy, t.he evidence may be misleading
because of inaccuracies\ in our data. Other indices suggest th‘at, contrary to this
appearance of a healthy state, the stocks have been adversely affected by exploita~
tion. For example, in the western Atlantic, Z is high and appears to have
remained cc‘)nstantv or increased, although the number of vessels (Table 3) and
nominal fishing effort’have decreased. With increased cooperatioﬁ among small
seiners of the Canadian-U.S.A. purse-seine fleet in the mid-1960's, fishing
efficiency apparently improved and the catch rate iﬁcreased, although actual

ebundance of bluefin tuna might have decreased. Currently, commercial fishermen

have reported seeing fewer and smaller schools than in the 1960's, and the
schools that they spotted were almost always caught (Mather, pers. comm.).

In other words, fishing efficiency, includihg_searching efficiency, might have
improved. Other signs that suggest the stocks are being Heavily exploited

are the apparent downward trend in CPUE's in the 1970's for the Canadian-
U.S5.A. purse seine fishery (Figure 4) and the location of the 1972 catch at the
lower right-hand corner of the production graph, based on Class 6 CPUE's
(Figure 20) . Thus, there is opposing evidence as to thé health of the Atlantic
bluefin stocks, and there appears to have been no spawning failure to date.
Further analyses on the measures of apparent abundance of bluefin tuna on both
an Atlantic-wide basis -and a regional-basis are recomménded as a step towards

determining the true health of the stock(s).

(4) Finally, an analysis of yield per recruit with size-specific F (Gulland,
1965; Murphy, 1965) must be undertaken immediately, to gain insight into the
optimum size at recruitment (Lenarz et al., in press b) and into year-class
variation. Such an analysis could‘serve as a basis for devising management

strategies.
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