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VII SUMMARY

The available historical size composition data for various fisheries are
tabulated by years in terms of length frequencies (5 cm groups) and plotted
in terms of three size groups (small, 2.5-32 kg; medium 70-270 kg; and
large or giant, more than 270 kg).

A table of size for age data is presented.

The bluefin tuna ranges over most of the Atlantic from lat. 40° to lat.
55° (W. Atlantic) - 75° (E. Atlantic) N., and adjacent temperate and tropical
seas. Its distribution varies seasonally, and with size of fish.

Fisheries for bluefin tuna did not change drastically until after 1945.
Until then, the ﬁost productive fisheries were traps and hook and line and
centered in the Mediterranean and fthe eastern North Atlantic. The area and
intensity of fishing have subsequently been greatly increased through the
introduction of the live bait, purse seine, and longline methods, and improve-
ments in vessels and gear used in some of the older types of fisheries. The
use of new and improved methods caused temporary increases in catches, usually

followed by considerable declines.

Canadian sport fisheries for bluefin tuna
exist in Nova Scotia, Prince Edward Island, and Newfoundland. The season
extends from July into October. Medium-sized bluefin were important in the
catches in some years prior to 1964. Catches in subsequent years have consisted
of giants, with increasing modal sizes. The production of the Nova Scotia
fishery has been poor for several years. The Newfoundland fishery peaked in
1968 and 1969 and has since declined considerably. The new fishery at Prince
Edward Island has maintained good catches of extremely large fish, partly

through increased effort.

Bluefin tuna are taken by mixed gears (handline, harpoon, seine, frap,
and rod and reel) off the U.S: coast from Cape Cod to Maine. The season here
also extends from July into October. In the period 1947-1964, smaller or
medium-sized bluefin dominated the catches in several years. Starting in 1965,
however, the catches have consisted mainly of giants and their modal size has
generally been increasing. It is very difficult to assess this fishery. Sport
fishing success for giant bluefin was very high in 1971 and 1872, but declined
considerably in 1973. ©On the other hand, small bluefin have virtually dis-
appeared from the landings, and catches of medium-sized fish have been sporadic.

The smaller bluefin (small and some medium-sized) are fished extensively
from Cape Hatteras to Cape Cod during the warm season by purse seine and sport
fishing gear. It is very difficult to assess the sport fishery, but it has
declined greatly since the advent of the seine fishery in 1962. Seine catches
increased to a maximum of 5,600 tons of bluefin and 5,000 tons of skipjack,

Katsuwonus Eelémis, in 1964. Subsequent bluefin catches have varied from one
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eighth to one half of this figure except in 1970 and 1971, when 4,200 and 3,600 M

tons were taken. Catch per unit of effort has not varied proportionately,
perhaps because of the increased efficiency of the New England based boats and
the absence of boats from other areas except in years of abundance.

Giant tuna are taken in a seasonal sport fishery off the northwestern
Bahamas (Straits of Florida) in May and June. No fish in the smaller size
groups have been taken. Meager data indicate that the average size of the
fish taken has increased notably in recent years, while the numbers of fish
taken in the tournaments have declined. Longline fisheries of several

nations collectively fish nearly all of the tropical and temperate oceanic

waters of the Atlantic. The only adequate catch and effort data available,



however, are for the Japanese fishery. The largest bluefin tuna catches
(22,000 - 67,000 fish per year) were taken in the years 1962-66, with the
highest catch rates occurring off the easternmost part of Brazil and in the
western North Atlantic. In each important fishery area, the catch rates
increased rapidly for three or four years to peaks of 3 or 4 fish per thousand
hooks then fell within one or two years to less than one fish per thousand
hooks. Sparse data indicate that most of the fish taken were large, and the
remainder were of medium-size. More extensive data on United States longline
catches in the western North Atlantic show that all fish taken south of lat. 35°
N were giants, whereas those taken north of that latitude were of mixed sizes.
Medium sized fish predominated in most of the years from 1956 through 1964, but
giants were most important in the last years for which there are data, 1965-
1967.

Following the introduction of the purse seine method in Norwegian waters
in the late 1940's, the yearly catch of bluefin tuna increased from a few
hundred tons to about 10,000 tons in 1951-55. The catches have recently declined
greatly; only 300 fish were taken in 1972, and only 100 in 1973. In the 1950's,
the fishery utilized an early run of very large fish which migrated northward
along the coast from near lat. 62°N, and one or two later runs of smaller fish,
including many of medium size, which migrated southward along the coast from
the same area. Since 1962, the runs of smaller fish virtually ceased, and the
larger individuals switched from their northward migratory pattern to the
southerly ome previously followed by the smaller fish.. No size data are available

for the peaﬁ years of the fishery - 1951-55. Medium-sized bluefin were very

important in the catches of 1956-58, but gradually disappeared in the period 1959-61

due to lack of recruitment.. Catches in subsequent years have consisted entirely

of giant fish, with the modal length increasing to 250 cm in ;971.

German and Danish handline fisheries in the North Sea and in Scandina-
vian waters took from 1,000 to 2,000 tons of bluefin in some years, but
since 1962 the former has been defunct and the latter insignificant. Both
of these fisheries were for giant bluefin. The German fishery took very
large fish in its final years (1960-62), and the sizes of fish taken in the
Danish fisheries have increased considerably over, the past few years.

Following its conversion-from the trolling to the live-bait method
in 1949, the catches of the French-Spanish fishery for small bluefin in the
Bay of Biscay increased rapidly to over 5,500 tons in 1955. Subsequently,
the catches decreased to 1,000 tons in 1960, and have only once, in 1966,
substantially exceeded 2,000 tons. Little data on the size composition of
the catches beyond a division into tons of fish over or under 30 kg, are
available. About 90 percent of the fish caught each year usually weigh less
than 30 kg. The few available size samples indicate that fish of age II are
often most important, followed by ages III and I and some older ages.

Small bluefin are also taken off the west coast of Portugal and Morocco.
The Portugese catches are small, and evidently considt of one~ and two-year
old fish. The Moroccan catches are more numerous, and evidently include con-
siderable numbers of age 0 fish, as well as older ones. The yearly catches
averaged about 2,000 tons in 1963-67, but were less than 1,000 tons in 1969-72.

Spanish, Portuguese and Moroccan trap fisheries have harvested bluefin
of various sizes in spring and early summer in the Ibero-Morroccan Bay, west
of Gibraltar. These traps were very productive, with total annual catches as
high as 100,000 fish weighing over 13,000 tons in the 1950's. The fisheries

have declined rapidly since 1962. Total catches of the few surviving traps
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were less than 1,000 fish in 1972 and.only about. 2,000 in 1973. The traps
nearest to Gibraltar take the fewest small bluefin and produce the highest
average weights, with the Portuguese traps taking more medium-sized and small
bluefin than the others. The size composition of the Portuguese traps has
been variable, with large bluefin predominant in most years, but sometimes
exceeded in numbers by small or medium-sized ones. The Spanish Fisheries
have been dominated by the large fish since 1962, with few medium sized fish
and hardly any small ones. No detailed size data for the Moroccan catches
are available, but their average weights have usually exceeded those of the
Spanish catches.

Moderate catches of bluefin tuna are taken with various gears along
the Mediterranean coasts of 8pain, France and Morocco. Age 0 bluefin are
especially abundant along the coasts of Morocco and southeastern Spain. Large
bluefin are taken in traps near Gibraltar and by hook and line off the mouth
of the Rhone. Elsewhere along the French coast the catches consist mainly of
fish of ages I-IV. An ancient trap fishery on the coast of Provence has dis-
appeared.

Trap fisheries in the central Mediterranean - off mainland Italy, Sicily,
Sardinia, Tunisia, and Libya - were formerly productive, but have evidently
suffered a sudden decline. Very few of the once numerous traps are still in
operation, and these are producing only fractions of their previous catches.
Total yearly catches of the Italian traps which varied between 1,700 and 7,500
tons in 189671914, were only about 600 tons in 1972 and even less in 1973,
Sidi Daoud in Tunisia, formerly the most productive trap in the Mediter?anean,
with an average catch of about 8,000 fish per year for 1863-1923 reportedly
took only 100 fish in 1972. The recent trend in the Italian catches has been

toward exceptionally large fish, with one haul of 111 fish having an average

weight of 470 kg.

Small tuna are taken by purse seine in many parts of the central and
western Mediterranean, including the Adriatic and Tyrhennian Seas. Large
quantities of age 0 bluefin are reportedly taken in some areas. There is
little information on the tonnage and size composition of the seine catches.

Bluefin tuna of various sizes are taken by traps, handlines, and harpoons
in the vicinity of Istanbul, Turkey. Most of the bluefin recorded have been
giants, some of which were extfemely large. Scattered records indicate that
sales of bluéfin tuna in the Istanbul market have varied from 15 to 764 tons
per year.

Small bluefin tuna range over most of the eastern Mediterranean, except
its southeastern corner, but no important fisheries for them exist.

Trap fisheries along the coast of Libya have produced up to 2,000 tons of
bluefin per year, but there is little detailed information on recent catches.
Total bluefin tuna catches for Libya for 1964-71 varied from 300 to 800 tons.

Bluefin tuna spawn fractionally, and fully ripe individuals are rarely
caught. The eggs cannot be positively identified except by hatching them and
raising the larvae to a recognizable size. Bluefin larvae and small juveniles
have been. collected in many parts of the Mediterranean and Black Seas, especially
around Sicily. They have also been collected off the Bahamas, in the Gulf of
Mexico, and off the United States coast from Florida to New York. Studies of
gonad condition indicate that bluefin spawn in these areas, and also in the
Ibero-Moroccan Bay and, possibly, in the Bay of Biscay. Spawning in the latter
two areas has not, however, been confirmed by collections of larvae and small
juveniles. Possibly the products of spawning in the Ibero-Moroccan Bay are

carried into the Mediterranean by the surface currents, or the adult bluefin
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which pass in and out of the Bay at the spawiing season actually enter the
Mediterranean to spawn and then return to the Atlantic. Spawning in the
Mediterranean begins in mid-June and extends to the end of July or later.
Spawning in the western Atlantic probably occurs earlier, with the larger
individuals probably spawning near the Bahamas in May and early June, and
the medium-sized ones spawning further north somewhat later.

Studies of the migrations of bluefin tuna have been based on analyses
of observed distribution patterns, morphological and genetic studies, and
tag returns.

The principal wintering areas for giant bluefin tuna in the western
North Atlantic are off eastern most Brazil and around the Greater Antilles
and in the Gulf of Mexico. Many of these fish migrate northward through the
Straits of Florida and east of the Bahamas in May and June. Their usual des-
tination probably is the summer feeding area off northeastern North America, but
in some years considerable contingents cross the Atlantic tg Norwegian waters.

Medium-sized bluefin tuna in the western North Atlantic evidently winter
between the edges of the continental shelf and the Gulf Stream north of lat
35°N, and spend the warm season on feeding grounds on the continental shelf
from Cape Hatteras to Nova Scotia. They tend to move northeastward within
this area as the season advarces.

The wintering grounds of small bluefin in the western Atlantic are not
known. These fish concentrate on the continental shelf from Cape Hatteras to
Cape Cod, and on some éf the offshore banks, in the warm season. They also
tend to move in a northeasterly direction within this area during the season.
In some years, contingents of these fish have migrated across the Atlantic to

the Bay of Biscay.

No wintering areas of the larger bluefin in the eastern Atlantic are
known. Many small, and some medium-sized, ones winter off the coast of
Morocco. Some of these migrate in spring to the Bay of Biscay or the Ibero-
Moroccan Bay. Others evidently remain off the Moroccan coast. In May and
June, numerous maturing bluefin of all sizes, but chiefly large ones, enter
the Ibero-Moroccan Bay traveling eastward. An undetermined poftion of these
enter the Mediterranean. In July and August, most of these fish depart
from the Ibero-Moroccan Bay in a spent condition, traveling westward.

Evidently many of the largéer individuals go to Scandinavian waters, and many of
the smaller ones, along with others from Moroceo, go to the Bay of Bisday.

The fish remain in these areas through the balance of the summer and the early
fall. Some small bluefin have migrated from Iberian waters to the northwestern
Atlantic during the cold season.

The situation in the Mediterranean is complex, and is probably complicated
by the seasonal. immigration and emigration of large spawners from the Atlantic.
As in the Ibero-Moroccan Bay, there are eastward migrations of ripening fish

in the central Mediterranean (Sardinia, Sicily, southwestern Italy, Tunisia and

Libya) in May and June, and westward migrations of spent fish in July and August.

Bluefin of many sizes occur in these spawning migrations, but the majority are
usually large. There are winter fisheries for bluefin, mostly of small or
medium size, in several areas, in addition to warm season fisheries for bluefin
of all sizes. There is little positive knowledge of migrations within the
Mediterranean.

Considerable evidence supports a theory that bluefin weighing over 100
kg tend to enter the Meditervanean for spawning but spend the rest of the year
in the Atlantic, whereas smaller individuals spend the entire Year in one

habitat or the other.
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There are strong indications that the migratory patterns of

bluefin tuna are subject to changes which cannot be predicted.

ViII DISCUSSION AND CONCLUSIONS
Introduction

Although much information is available, many important questions
about various aspects of the biology of the bluefin tuna remain un-
answered.
Distribution

The year-around distribution of the species is not completely known.
Although there are extensive coastal fisheries for bluefin tuna in the
eastern North Atlantic and the Mediterranean during the warm season,
1ittle is known of its distribution in those waters during the cold
season. There are coastal winter fisheries for bluefin off southern
France, Sicily, Tunisia, and Algeria, and in the Bosphorus. Most of these
depend wmainly on small to medium-sized fish, although large individuals
are élso taken, especially in Turkish waters. The only considerable
coastal winter fishery for bluefin in the eastern Atlantic is off Morocco.
Extensive longline fishing in eastern North Atlantic and Mediterranean
waters during the cold season should greatly increase our knowledge of
the year arouﬁd distribution of the species in those areas.

It also seems remarkable that, although longline records indicate
that the bluefin is widely distributed in the Atlantic down to latitude
209, and it has been recorded as far south as latitude 40°S, there are

no important coastal fisheries for it south of latitude 20°N.

Spawning

There is much to be learned about the spawning of the bluefin
tuna. One very important and hotly-debated question is whether the
bluefin which support the trap fisheries in the Ibero-Moroccan Bay
actually spawn in that area, or enter the Mediterranean, spawn there,
and return to the Atlantic almost immediately. As noted previously,
studies of the gonad condition of fish caught in the Ibero ~Morrocan
Bay and in the Mediterranean indicate that spawning takes place between
the "arrival" run in May and June, and the "return" rum in July and
August. No larvae or small juveniles (less than 10 cm leng) have been
collected in the Ibero-Moroccan Bay or nearby Atlantic waters, but they
are very abundant in parts of the western and central Mediterranean.
Possibly these bluefin actually spawn in the Ibero-Moroccan
Bay but the products are transported into the Mediterranean by the
surface current before they become fully mobile, On the
other hand, evidence of migrations of adult bluefin from the Ibero-
Moroccan Bay into the Mediterranean in this period hab been presented.
Sard (1963) proposed the hypothesis that large (over 100 kg) bluefin
migrate from the eastern Atlantic into the Mediterranean to spawn, and
then return to the eastern Atlantic, while the smaller mature bluefin
spawn in whichever of these bodies of water they inhabit.. This theory
fits well with many of the available facts. 1In any case, there can be

no doubt that large numbers of bluefin tuna from the eastern Atlantic
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concentrate in the Ibero-Moroccan Bay in May-June, spawn either there
or in the Mediterranean near the end of June, and return to eastern
Atlantic waters in July-August.

The central Mediterranean is well established as a prime spawning
area for bluefin tuna, but the proportions of "native' Mediterranean
fish and "transient" Atlantic fish among those spawning there remain
in doubt. Much less is known about actual or suggested spawning areas
in the Black Sea, the western Mediterranean, the Bay of Biscay, and
equatorial waters south of Sierra Leone.

In the western Atlantic, the prime spawning area, as determined
by collections of larvae and small juveniles, is in the Straits of
Florida. Additional larvae and small juveniles have been collected in
the Gulf of Mexico, and off the United States coast from Florida to
New Jersey. Ripe or nearly ripe bluefin have been found in most of
these areas, and also in the northern Caribbean and east of the Bahamas.
Since bluefin between 50 and 185 cm long have rarely been found in North
Atlantic waters south of latitude 35°N and west of longitude 60°W{ most
of the spawning in the areas mentioned is almost certainly by large or
"giant” bluefin. The extent of this spawning area has not been positive-
1y defined, since collecting effort has not been uniformly distributed
ovef the Atlantic.

There are less numerous indications of a secondary spawning area

in the western North Atlantic at the northern edge of the Gulf Stream

east of the Middle Atlantic States. This area 1s frequented mainly by
wedinm (120-185 cm) sized bluéfin, and most of the ripe or nearly ripe
fish captured there have Been in this size range. More information . on
the spawning of these medium-sized bluefin is urgentl& needed.

The age at which bluefin tuna first spawn, and their variations in
fecundity with size and age, are two other important elements which are
not known with certainty.

Some writers have reported that easternm Atlantic and Mediterranean
tunas first spawn in their fourth, or, sometimes in their third, year of
life. Sard (1963), however, reported that the youngest mature bluefin
that he had examined was in its fifth year. No information on this sub-
ject has been published for western Atlantic bluefin., The senior author
has observed virtually no signs of maturity in 3~year-old fish in the
western Atlantic, and only slight signs in 4 and 5-year-old fish.

Frade (1950) calculated that a ripe female weighing 160 kg had
9,360,000 eggs in hexr ovaries, which weighed 7.8 kg. Rodr{guez—Roda
(1964a) showed that the ratio of gonad weight to bod§ weight for ripening
bluefin was generally greater for large bluefin than for small ones.
More exact knowledge in these areas 1s most importamt for proper manage-
ment of the species.

We have found no indications of spawning of bluefin tuna in the

South Atlantic.
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Migrations

Although thousands of bluefin tuna have been marked in several
areas and about 2,500 of these tags have been returnmed, mich remains to
be learmed about the distributional and migratory patterns of the species.
Returns have generally been concentrated in relatively small areas of
intensive fishing, and migratory patterns appear to vary from year to
year. The latter effect has also been deduced from studies of the size
composition of yearly landings in various areas (Hamre et al., 1966;

1968; 1971).

Among the migration problems to be solved are the following:

1. Determination of the processes of recruitment of'nEQ—born
bluefin into the small fish fisheries, and of recruitment from the
small fish fisheries to those for large bluefin,

2. Determination of rates of interchange of fish between the
eastern and western Atlantic, between the Atlantic and the Mediterranean,
and between various fishing areas within all these water masses.

3. Determination of migratory patterns of the groups of tunas
supporting the different fisheries, and their variations with age of
fish and from year to year.

4. Identification of the existing stock (or stocks) of bluefin

tuna, and delineaticn of its (or their) habitat.

&

Perhaps the most important missing link in the known distributional
cycle of the bluefin is the process by which age 0 fish are recruited to
the small fish fisheries, which, in waters north of latitude 35°N at
least, harvest fish one year old and older. Evidently recruitment of
bluefin to the Bay of Biscay and northwestern Atlantic small fish
fisheries usually occurs at age I or age IL. Off Sicily, Moroceo, and
eastern Spain, however, age 0 fish are apparently vulnerable to capture
in quantity.

Age O bluefin are abundant in late summer and fall off the east
coast of Spain, and the Mediterranean and Atlantic coasts of Moroeco.
Tagging of numbers of these fish, which should not be difficult to
accomplish, might solve important problems. One of these is the question
of which fisheries, Mediterranean or Atlantic, these age 0 fish in
various areas eventually recruit to.

Age 0 bluefin are much less available in the western North Atlantic,
but it is most important to mark them there also. Agg O bluefin are some-
times observed in npumbers in the Straits of Florida, and, less frequently,

in the Gulf of Mexico and along the U.S. coast from Florida to Cape

Hatteras. These are presumably the fish which were spawned in the previous

spring by the giant bluefin in the southern spawning areas described above.

It is also presumed that they are recruited to the small fish fishery be-

tween Cape Hatteras and Cape Cod when they attain ages of I or IT years.
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Although this assumption is reasonable, it is wmost importantvto confirm it
by tag returns.

Age 0 bluefin also oceur occasionally off the U.S. coast from Cape Hatteras
to Cape Cod in late summer and early fall. It is uncertain whether these are
recruited from the southeran area where the giant bluefin spawn, from the more
northern area where the medium-sized fish apparently spawn, or from both areas.
Marking them, however, would lead to further knowledge of the life history
of the species, and espeically of the recruitment to the smail fish fisheries.

Tagging of age 0 fish might also contribute importantly to our knowledge
of transatlantic mixing. The most numerous transatlantic migrants, as indi-
cated by tag returns, were I or II years old when tagged. Age 0 bluefin
tuna have crbssed the Pacific (Cleﬁens and Flittner, -1969).

A few age 0 bluefin have been tagged in the Atlantic and in the Mediter-~
ranean. No returns have been obtained in the former area, and only a few in
the latter. large scale tagging of bluefin of this age would be a most promis-
ing undertaking.

Sustained tagging of small (2.5-32 kg) bluefin in the northwestern At~
lantic, and sporadic tagging in the Bay of Biscay and off the western Iberian
coast, have produced interesting but limited results. Sustained tagging in
both areas is needed to monitor transatlantic mixing, which apparently varies
from year to year, the effects of fisheries on the stocks, and the recruit-
ment from the small fish into the large fish fisheries. Sustained tagging of
small bluefin amust also be extended to the small fish fisheries off the Atlantic
coast of Morocco and in the Mediterranean to gain a full understanding of the

stock structure of the bluefin in the Atlantic and adjacent seas.

The tagging of large bluefin is more difficult, but {s essential
to attaining full knowledge of the migrations and stock structure of the
species. Large bluefin marked in the Stgaits of Florida have been re-
captured in the western North Atlantic, western éouth Atlantic, and
Norwegian waters. Large individuals tagged off Norway have been re-
captured off southern Spain, and others tagged in the latter area have
been recaptured in the Mediterranean, and off ﬁorocco and Portugal in
the Atlantic.

These results, and collateral data, suggest that important numbers
of large bluefin tuna are recruited from the western to the eastern North
Atlantic in some years, but not in others, and that the fisheries off
Norway and off southern Spain depend, at least partially, on the same
stock in some, but not all, years. They have also shown movements of
a bluefin tuna from the Atlantic into the Mediterranean, with indications
that some of the fish were returning to the Atlantic when recaptured.

Problems such as rates of mixing between the Atlaﬁtic and the
Mediterrvanean, and between the eastern and western Atlangic remain large-
ly unsolved. There is also little information on the migrations between
the western parts of the North and South Atlantic. Even the generally
assumed migration of giant bluefin from the Straits of Florida to New
England and Canadian coastal waters has not been definitely established.

Unfortunately, the collapse of the eastern Atlantic fisheries has
precluded the tagging of any giant tuna there since 1967, and the extreme-
ly high prices offered for large bluefin in the northwestern Atlantic have

made tagging there extremely difficult.
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The migratory patterns of bluefin tuna appear to be subject to
unpredictable changes. One such change occurred in the Norweglan and
North Sea fisheries in the early 1960's. Throughout the 1950's the
Norwegian fishery consisted basically of two rums of fish, both of which
arrived off the coast at about latitude 62°N. The first rum, of very
large fish, migrated northward along the Norwegian coast, and then
apparéntly went south into the North Sea, where it supported the German
fishery. The second run, of smaller fish, travelled southward along the
Norwegian coast, sometimes entering the Skagerrack. After these smaller
fish disappeared from the Norwegian fisheries in 1962, the larger in-
dividuals changed over to the migration route previously followed by the
smaller ones. Consequently, the fisheries off northern Norway and in

the North Sea collapsed completely.

Changes in the migratory patterns of the bluefin taken off Norway
and off southern Spain were indicated by changes in the size composition
of the catches. 1In 1955-60, the size compositions of the Norwegian and
Spanish catches were quite simflar, but in 1961-64, they were quite dif-
ferent. 1In 1965, they were similar again. Hamre et al. (1968) attributed

these changes to a sub-division of the northeast Atlantic tuna population

into two contingenﬁs with different migratory habits in 1961-64.

Stocks

Obviously, an infinite number of combinations of stocks, and degrees
of mixing between them, might theoretically exist in the Atlantic and
connected seas, but we will consider the following basic combinations
only:

1. A single stock inhabiting the Atlantic and connected seas.

2. Oneistocklzinhabiting the Mediterranean system (including the
Black Sea) and another inhabiting the Atlantic and other connected seas.

3. Omne stocklzinhabiting the Mediterranean system and two or more

inhabiting the Atlantic and other connected seas.

As noted above, varying degrees of mixing, or nome, may occur be-

tween the components of dual- or multi-stock combinations.

1250me authors have maintained that there are two or more stocks of bluefin
within the Mediterranean, whereas others have maintained that there is
only one. The evidence appears to be inconclusive in this regard. For
the purposes of this discussion, we assume that any group stocks which
may exist mainly in the Mediterranean system comprises a single stock.
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We will concentrate most of our discuséion on two questions which
appear to be of paramount importance:

1. The stock structure of bluefin tuna in the Mediterranean and
the eastern Atlantic.

2. The stock structure of bluefin tuma in the Atlantic Ocean.

From the pre-Christian era well into the last century, nearly all
studies of Atlantic bluefin tuna were concentrated on the Mediterranean
system (including the Black Sea) and its Atlantic approaches. Indeed,
the very existence of true bluefin tuna in other parts of the Atlantic
was seriously doubted by some investigators up to the end of the last
century. The early belief was that bluefin tuna from the Atlantic
entered the Mediterranean in May-June to spawn (in the Black Sea, accord-
ing to Aristotle and his followers) then returned to the Atlantic in
July-August, and spent the balance of the year there. Knowledge that
bluefin spawned in the central Mediterranean, and could be caught through-
out the winter in many parts of that sea,vcast doubt on this theory. In
the late 1800's and up to 1930, most investigators believed that the
Mediterranean and Atlantic bluefin tuna were autochthonous stocks,
separated by a thermal or thermo-haline barrier at the Straits of Gibraltar.
Findings of lures and hooks in tuna caught by other means, and, more re-
cently, tag .returns, have indicated that some bluefin tuna do migrate
from the Atlantic into the Mediterranean. Schools of bluefin tuna have
been tracked with echo scunders as they moved through the Straits of

Gibraltar into the Mediterranean in May-June, and out into the Atlantic

in July-August. The "migratory" theory again became widely accepted.

There are several indications that the larger bluefin tuna are the
most apt to migrate from the Atlantic into the Mediterranean. The average
gize of the bluefin tuna taken in the traps on either side of.the Ibero~-
Morxoccan Bay increases with the proximity of the trap to the Straits of
Gibraltar. The largest bluefin are taken at Tarifa and Cape Spartel, at
the very entrance of the Straits. Although bluefin tuna of all sizes are
taken in parts of the Mediterranean throughout the year, large individuals
are rare during the feeding (as opposed to spawning) seasen, except in cer-
tain localities which are rich in suitable food for these fish. As noted in
the part of this section on-spawning, a hypothesis proposed by Sarg (1963)
fits many of the facts. According to his theory large bluefin (over 100 kg)
move from the Atlantic into the Mediterramean to spawn, and then retutn to' the
Atlantic whereas the smaller mature fish spawn in the body of water which they
inhabit. It would seem, however, that, if the smll fish fisheries in the
eastern Atlantic, and the balance in numbers of fish in the respective areas
are maintained, some of the fish spawned in the Mediterranean must move into

the Atlantic early in their life. In additiom, the possibility that eggs and

larvae spawned in the Ibero-Moroccan Bay might be carried into the Mediterranean

by the surface currents before attaining full mobility would also call for

movements of very young bluefin from the Mediterranean into the Atlantic to
maintain a balanace between the groups. Such a migration is, in fact, sug~-
gested by the progression of the dates of catches, and the sizes of fish

caught, in the western Mediterranean and off the western coast of Morocco.
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Hanmpe et al. (19663 1968; 1971) showed that there were considerable

differences, in both the trends of the catches (Fig. 4) and their size composition,

between the fisheries for large bluefin in the eastern Atlantic and those
in the Mediterranean. They concluded tentatively that the respective
fisheries were supported by different stocks. More recently, however,

the catches of many Mediterranean trap fisheries have declined drastically,
dnd the sizes of theé fish gaken have increased markedly. Thus, after a
considerable lag, they appear to have followed the trends of the morth-
eastern Atlantic large fish fisheries.

Biometric studies have indicated differences in external morphology
between bluefin tuna caught in the Atlantic and others caught in the
Mediterranean. Immunological studies also show that some small bluefin
among samples collected off the Mediterranean coast belonged to a different
race or population from specimens collected off the Atlantic coast of France.

Apparently there are considerable movements of bluefin tuna between
the Atlantic and the Mediterranean. For mature fish, these appear to be
related to spawning. For newborn fish, they may reflect passive drift, or
preferences for plankton rich waters in the western Méditerranean in their
earliest stages, and for the sardine rich Atlantic waters off Morocco when
they develop into more active predatoxs.

We can only conclude that some bluefin are resident in the Mediter-
ranean, at‘least for parts of their life span, and that others, possibly
including some of these same individuals, in other parts of their life

span move seasonally between the Atlantic and the Mediterranean. In view

of the present depressed state of the fisheries in these areas, 1t
seems extremely unlikely that this complex problem of stock identifica~

tion will be solved in the foreseeable futtre.

The situation with regard to bluefin tuna in. the Atlantic and
connected seas other than the Mediterranean (North Sea, the Baltic and
its approaches, the Caribbean, and the Gulf of Mexico) is also extreme-
iy complex. There are some arguments for a single stock occupying the
entire ocean, and others for two stocks, with spawning areas on the
east and west sides of the Atlantic.

The arguments for a single stock are as follows:

Fluctuations in catches, and trends in their size composition,
appear to be rather similar throughout the ocean. A correlation analysis,
based on the assumption that the sizes of the fish caught in the two
fisheries were the same, showed a positive correlation in the catch per
unit of effort between the small fish fisheries in the northwestern
Atlantic and in the Bay of Biscay.

Tag returns have traced several transatlantic migrations of small
and large bluefin tuna, as well as several other migrations between widely
separated localities in the Atlantic.

Studies of heart muscle protein from bluefin tuna collected on
opposite sides of the Atlantic showed no differences in the characteristics

which were studied, between the samples from the two areas.
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The arguments for separate eastern and western Atlantic stocks are
as follows:

Bluefin of all sizes are found on both sides of the ocean, with
the exception that very few larvae or small (less than 10 cm) juveniles
have been found in the eastern Atlantic.

Bluefin spawn on both sides of the Atlantic (whether the bluefin
which arrive in the Ibero-Moroccan Gulf with ripening gonads and depart
with spent gonads actually spawn in that area or in the Mediterranean
seems irrelevant in this context). There is no evidence of extensive
spawning in mid-Atlantic. Spawning in the eastern Atlantic (and/or the
Meditérranean) is later than spawning in the western Atlantic.

There 1s no correlation between trap catches in the eastern Atlantic
and Japanese longline catches in the western Atlantic.

The patterns of spring and summer-early fall distribution of

bluefin tuna on the two sides of the Atlantic are quite similar:

Size of Eastern Atlantic Western Atlantic
fish
Spring
Small Morocco; Bay of Biscay ?
Medium Ibero-Moroccan Bay, Medit.? Gulf Stream-Edge of Cont. Shelf
Large Ibero-Movroccan Bay, Medit.? Bahamas~Gulf of Mexico

Early summer

Small Bay of Biscay; Morocco Middle Atlantic Bight
Medium Ibero-Moroccan Bay, Medit.? Middle Atlantic Bight; Gulf of Maine
Large Ibero-Moroccan Bay, Medit.? Cape Cod-Newfoundland

Norway

Mid-summer-early fall

Small Bay of Biscay; Morocco Middle Atlantic Bight
Medium Scandinavia, Bay of Biscay Middle Atlantic Bight; Gulf of Maine
Large Scandinavia , North Sea Cape Cod-Newfoundland

The principal exceptions may be attributed to different spawning
habits. Spawning occurs later in the eastern Atlantic (Ibero-Moroccan
Bay and/or Mediterranean) (about the end of June) than in the corre-
sponding western Atlantic spawning area (Bahamas, Gulf of Mexico) (May,
early June). The "return" (spent fish) run in the Straits of Florida
occurs in May~June, whereas the "return" run off southern Spain and
Portugal occurs in July-August. 'This accounts for the later arrival in
northern summering areas of the medium and large bluefin in the eastern
Atlantic, as against the western Atlantic.

Also, the spawners in the Ibero-Moroccan Bay and/or the Mediterranean,

although predominantly large, include medium-sized and reportedly, even

‘small fish, whereas all of those which spawn in the Bahamas-Culf of Mexico

area are giant fish (over 122 kg).

Tag return data indicates that west to east transatlantic migrations
of small bluefin tuna are the exception rather than the rule. As of the end
of 1972, about 9,700 small bluefin had been tagged in the Middle Atlantic
Bight. Disregarding 1,112 local recaptures within less than 6 months of
release, 1,201 returns were from the release area as against 40 from the
eastern Atlantic.

Recoveries from large bluefin cuma tagged off the Bahamas have been
more numerous in the eastern Atlantic (7) than in the western Atlantic
(5), but, with the collapse of the eastern Atlantic fisheries and in-
creased effort in the western North Atlantic, the trend in recoveries
has reversed itself. As with the transatlantic migrations of small
bluefin, those of large bluefin appear to be important in some years and
negligible in others. There have been mo transatlantic returns from
numerous taggings of large bluefin off New England, Canada, Norway, and

Spain.
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Preliminary comparisons of extensive data on the external morphology
of bluefin tuna from the eastern and western Atlantic indicate that
there are slight differences between fish from the respective areas.

The fish from western Atlantic tend to have longer heads and pectoral
fins, and deeper bodies, than those of similar sizes from the eastern
Atlantic.

There 1s little evidence for a separate stock of bluefin tuna in
the South Atlantic. The oceanic distribution of the species appears to
be continuous from off eastern Brazil to off New England .and eastern
Canada. Also, the more sigpificant Japanese longline catches of bluefin
tuna appear to progress seasonally from off eastern Brazil in March and
April to off Cape Hatteras by the end of June. Furthermore, two bluefin
tuna tagged in the Straits of Florida have been recaptured in the western
South Atlantic, one of easternmost Brazil, and the other off Argentina.

No evidence that bluefin spawn in the South Atlantic has come to our

attention.

The evidence is iﬁsufficient to permit clear cut conclusions.
In our opinion, the most probable combinations are:

1. A single Atlantic or Atlantic-Mediterramean stock and one
or more-essentially Mediterranean stocks.

2. Two Atlantic spawning stocks, one spawning in the western
Atlantic and the other spawning in the eastern Atlantic and/ox the
Mediterranean, with one or more essentially Mediterranean stocks.

The greatest weight of evidence appears to favor the second
arrangement. For management purposes, however, it must be recognized
that important interchanges between the two proposed Atlantic stocks

occur on an apparently erratic and unpredictable basis.

The problem of the stock structure of Atlantic bluefin is one of
enormous complexity. With the present depressed state of most of the
fisheries, and the comnsequent diminution or termination of research on
the species in several nations, there is no prospect that it can be
solved definitively in the foreseeable future. Management of the species
should- be undertaken on the basis of the best information now available

1f its commercial extinction is to be avoided.
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