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I. INTRODUCTION

The objective of this worlc is to

review and summarize available infor-

mation on the fisheries, distribution,

and other aspects of the Hfe history of

the Atlantic bluefm tuna, Thunmts

thynnus thyimus (Linnaeus 1 758) (Fig-

ure 1). The need for such a review is

emphasized by the concern over the

staUis ofthe Atlantic bluefin tuna stocks

and the recent enactment of measures

for the conservation of this species by

the International Commission for the

Conservation of Atlantic Tunas

(ICCAT).
The wastefulness of harvesting

Atlantic bluefin tuna at extremely small

sizes was recognized intuitively by

d'Amico ( 1 8 1 6, cited by Pavesi 1 887).

Sicilian laws of 1 796 and 1 80 1 prohib-

ited the catching of small bluefin tuna

(Avolio 1805 in Parona 1919). This

restriction was apparently dropped dur-

ing revisions of Italian fishery regula-

tions in 1877 and 1882 (Pavesi 1887),

but a minimum size limit of60 cm was

imposed in 1927 (Mussolini and

Belluzzo 1927). In the 1960s, a mini-

mum size limit of 90 cm was in effect

in Italy (Sara 1968, Miyake 1976,

Maldura 1965).

The effect of harvesting bluetln

tuna at small sizes was estimated theo-

retically by Shingu et al. (1975) and

empirically by Mather (1974). Both

works indicated that the capture ofone

thousand tons of young bluefin tuna

precluded the subsequent capture of

many thousand tons of larger individu-

als.

Action in 1 975 by ICCAT in regu-

lating the bluefin tuna fisheries finally

recognized in principle the need to man-

age the fisheries for this economically

important species. The regulations

which became effective August 10,

1975, are as follows (Miyake 1975):

First— That the contracting par-

ties take the necessary measures to pro-

hibit any taking and landing of bluefin

tuna (Thunnus thynnus thynnus) weigh-

ing less than 6.4 kg. Notwithstanding

the above regulation, the contracting

parties may grant tolerances to boats

which have incidentally captured blue-

fin tuna weighing less than 6.4 kg, with

the condition that this incidental catch

should not exceed 15% of the number

offish per landing of the total bluefin

tuna catch of said boats or its equiva-

lent in percentage by weight.

Second — That as a preliminary

step, the contracting parties that are

actively fishing for bluefin tuna

( Thunnus thynnus thynnus) or those that

ment (National Marine Fisheries Ser-

vice, 1975, 1976) Canada, France, and

Japan have also put the ICCAT regula-

tions into effect (Caddy and Burnett

1976, Kume 1976, 1977).

Whether these regu lations were en-

acted in time, and are adequate to re-

store the Atlantic bluefin tuna fisheries

to their potential and former impor-

tance, is questionable. It is certain, hovy-

ever, that better knowledge of the life

history of the bluefin tuna is a prerequi-

site to effective management of its fish-

eries. By general consensus, knowl-

Figure 1. Atlantic bluefin tuna {Thunnus thynnus thynnus).

incidentally catch it in significant quan-

tities shall take the necessary measures

to limit the fishing mortality of bluefin

tuna to recent levels for a period of one

year. At the 1975 meetings of the

ICCAT Commission, this second item

was extended for an additional two

years, with provision for its review at

the 1976 meetings ofthe ICCAT Coun-

cil.

The member nations are respon-

sible for enforcement ofICCAT regula-

tions within their territorial waters. For

the United States, the Atlantic Tunas

Convention Act of 1975 empowered
the Secretary of Commerce to imple-

ment regulations established by ICCAT.

The National Marine Fisheries Service

(NMFS) drew up a set of regulations,

and is responsible for their enforce-

edge of stock identity and migratory

patterns is of prime importance.

The aspects of the fisheries and

life history herein discussed include:

age and growth information; catch sta-

tistics; size, sex, and age composition

ofthe landings in various areas; spawn-

ing and development; migration; and

stock identification. Environmental pa-

rameters and their possible influences

on the distribution, migrations and

spawning of the species are also con-

sidered. Hypotheses on the migrations

of bluefin tuna and stock identity are

discussed. Finally, we state our own

conclusions in regard to these matters

and make some recommendations for

future research.

1



II. METHODS AND DEFINITIONS

A. METHODS AND MATERIALS

Personal research by the authors

during 1950-1976 has produced much

ofthe knowledge which is summarized

herein. Extensive additional informa-

tion was obtained from the literature,

by participation in meetings, and

through correspondence and conversa-

tions with scientists, fishery experts,

and fishermen.

The authors and their colleagues

obtained a great mass ofdata and infor-

mation on the species and its fisheries

directly. They examined the landings

and often observed or participated in

the operations of various commercial

and recreational fisheries over a great

geographical range. They also partici-

pated in many exploratory fishing

cruises of U.S. and foreign research

vessels.

The Cooperative Game Fish Tag-

ging Program of the Woods Hole

Oceanographic Institution (a joint pro-

gram with the National Marine Fisher-

ies Service since 1973), initiated by the

senior author in 1954, has provided

much of the information on migrations

and mortality rates of Atlantic bluefm

tuna. Exchange of information and co-

operation with marking programs of

other nations has been extensive.

Also, much information has been

obtained through participation in meet-

ings of a variety of groups. These in-

clude international regulatory agencies

and advisory groups, such as ICCAT,

the Panel ofExperts for the Facilitation

ofTuna Research of the Food and Ag-

riculture Organization (FAO) of the

United Nations, and national, regional

and state fishery agencies. We have

also attended numerous meetings of

non-governmental research and fish-

ery groups or associations.

Further knowledge was obtained

by correspondence and conversations

with representatives of agencies of the

types mentioned above, and with indi-

viduals concerned with the Atlantic

bluefm tuna in many areas and several

nations.

An important additional source of

information was a thorough search of

the literature. This was most intensive

B. DEFINITIONS

1. Bluefm Tuna

The subject of this paper is the

Atlantic bluefin tuna, Thunnus thynnus

thynnus, as distinct from the southern

Fork Length

Figure 2. Fork length measurement.

at the initiation of our studies and has

been continued since then to the extent

that time has permitted. This experi-

ence has enabled us to locate many

important and little known references.

Our extensive contacts and data

sources, increasing over the years, have

enabled us to maintain close connec-

tion with the entire Atlantic bluefin

tuna situation.

In the course ofour investigations

it became increasingly apparent that

this species cannot be studied success-

fully on a piecemeal or limited area

basis. Our approach, therefore, has been

an attempt to observe and describe the

species and its fisheries over its entire

geographic range and during each stage

of its life cycle. Our methodology has

been a combination oforiginal research

and a review of the findings of other

investigators in all the nations con-

cerned with Atlantic bluefin tuna.

bluefin tuna, Thunnus maccoyii

(Castelnau 1872) and the Pacific blue-

fin tuna, Thunnus thynnus orientalis

(Temminck and Schlegel 1844). The

ranges of the Atlantic and the southern

bluefins overlap off South Africa and

in the South Atlantic, whereas those of

the Atlantic and the Pacific bluefins are

apparently separate (Gibbs and Collette

1 967, Talbot and Penrith 1 968, Fisher-

ies agency of Japan 1974, 1975, 1976,

1977).

Throughout this report, the terms

Atlantic bluefin tuna, bluefin tuna, blue-

fin, tuna, fish, and individual refer to

Thunnus thynnus thynnus unless other-

wise identified.

a. Length

The most widely used measure-

ment of length for bluefin tuna over 1 2

cm is fork length (FL). This is the

straight line length, measured by cali-

pers or equivalent instruments, from



Table I. Size-age groups used to discuss much of the biological and fisheries data

for Atlantic bluef'in tuna in this report.

Group Length Weight Approximate Age

(cm) (in) (kg) (lbs) (years)

Very small < 50 <20

Small 50-120 20-48

Medium 120-185 48-76

Large or Giant >185 >76

<2.5



erally traveling westward in July, Au-

gust, and early September. Some ofthe

younger spawners, which have not yet

discharged their eggs, are sometimes

taken with the return fish. The arrival

fish are not only more robust than the

return ones, but their flesh is fattier and

usually commands a higher price.

In most areas, traps were fished

for only one run— either as arrival or

return traps. However, along the south-

em Atlantic coasts of Portugal and

Spain, many traps were altered to fish

for each season, and in this way they

fished both runs.

Smaller and less important traps

take bluefin tuna throughout much of

the year, but these fish are mainly im-

mature individuals or larger ones which

have completed their spawning cycle

and are more widely dispersed, pre-

sumably in search of food.

Roule (1914a, 1914b) proposed

the terms "genetic" for maturing blue-

fin tuna, and "erratic" for those which

had spawned and whose behavior was

dominated by search for food. These

terms occur in many works on these

fisheries. A brief glossary of some of

the more important terms, in English,

French, Italian, Portuguese, and Span-

ish is listed in Table 2.



III. AGE AND GROWTH

A. INTRODUCTION

Knowledge of the age-size rela-

tionship is not only important from

the biological viewpoint but is also

essential for effective management
of a fishery. Until recently, there has

been general agreement on the sizes

of Atlantic bluefin tuna at ages up to

12-14. Preliminary results for ages

up to 26 have been presented in 1975

and 1976, but these are controver-

sial.

B. METHODS OF
DETERMINING AGE AND
GROWTH AND THEIR
APPLICATION TO BLUEFIN
TUNA

1. Size Frequencies

Age groups show up as modes

when the sizes of sufficient numbers

of bluefin tuna are plotted. These

modes are usually distinct for small

individuals (up to 125-150 cm long),

but become less distinguishable with

larger fish. The length-weight ratio

of large bluefin fluctuates greatly with

the seasons (Tiews 1963). Therefore

length measurements are more suit-

able for size frequency analyses than

weights. Growth may be estimated

fi-om the progression of modes in

plots of size data for consecutive time

intervals.

Size-frequencies were evidently

used, although the methodology was

not described, by d'Amico (1816, in

Heldt 1930) and Bourge (1908, in

Roule 1917), in estimating the sizes

of juvenile Mediterranean bluefin

tuna in their first four months of life.

Piccinetti and Piccinetti-Manfrin

( 1 970) presented a more detailed and

precise study of their growth through
this period, describing the methods

they had used.

Westman and Gilbert ( 1 94 1 ) and

Westman and Neville (1942) were

evidently the first to study the growth
of larger bluefin tuna by this method.

They traced the growth of young in-

dividuals taken off Long Island, New
York, in the summers of 1938 and

1941 by analyzing their length fre-

quencies. They established the age in

years of each size group by counting

annuli on scales.

Buser-Lahaye and Doumenge
(1954) and Doumenge and Lahaye

(1958) likewise analyzed length fre-

quencies to estimate the ages of small

bluefin tuna caught off the Mediter-

ranean coast of France during 1953

and 1954. They used Sella's (1929a)

data, however, to establish the esti-

mated age of each size group.

More extensive studies of the

summer growth of western Atlantic

bluefin tuna, using counts of annuli

on hard parts as well as size frequen-

cies, were presented by Mather and

Schuck(l960).

Furnestin and Dardignac (1962)

were the first authors to trace the

growth of 7". ihynnus ihynniis through

most of the first two years of its life.

They used size frequencies of young
fish taken off the Atlantic coast of

Morocco, where, after attaining a

length of about 32 cm, they are avail-

able throughout the year.

Tiews (I960) used the frequen-

cies of eye diameters, which he as-

sumed to be related to the age of the

fish, as well as to its length, to esti-

mate the ages of large bluefin tuna

caught in the North Sea in the sum-

mer and fall of I95<).

2. Counts of Marks on Hard

Parts

Ages of bluefin tuna have been

estimated by counting marks, usu-

ally called annuli. which were thought

to have been laid down annually, on

certain hard parts of the fish. The

parts used included scales, vertebrae,

and otoliths (Figure 3).

The relative merits of these meth-

ods were extensively discussed at the

"conference d' experts pour I'examen

des melhodes scientifiques et tech-

niques ^ appliquer a I'etude des

poissons de la famille des Thonides"

(hereafter referred to as "Conference

of experts") held at Madrid and Cadiz,

Spain, 16-22 May 1932 (Anonymous

1932b), and by others as cited here.

a. Scales

Age determinations from scales

are based on counting the "checks"

or areas where two or more circuli

are close together, instead of being

more widely and evenly spaced as

they are on most of the scale's sur-

face.

Corson (1923a, 1923b) presented

the first age determinations for Atlan-

tic bluefin tuna of which we have

knowledge. These were based on

scales taken from a small number of

young fish caught off Long Island,

New York, in September 1923. He

used scales from the posterior part of

the fish, having found those from the

shoulder to be unreadable because of

streaks and globules of oil within

them.

At the "Conference of experts"

(Anonymous 1 932b), F. de Buen and

Sella said that scales did not furnish

Figure 3. Bluefin tuna vertebra

showinsi two annuli.



interesting information on the age of

tiie biuefin tuna, but Frade showed

that growth lines were clearly indi-

cated on scales ofyoung individuals.

The experts concluded that scales

were not useful for determining

growth in this species, except for

young individuals.

Spagnolio (1938) estimated ages

of from 3 to 6 years from scales of

biuefin tuna caught in traps offsouth-

em Italy and northeastern Sicily. She

presented illustrations ofthese scales

but did not report the sizes of the

fish. She concluded that readings

from scales should be checked against

readings from vertebrae of the same

individual. She maintained that if the

method were validated, scales would

be preferable to vertebrae for deter-

mining ages of small biuefin tuna, up
to 40-58 kg or 5-6 years of age, since

scales were easier to collect and to

examine than vertebrae. Spagnolio
used scales from the caudal and lat-

eral parts of the body, rejecting those

from the corselet because they were

too thick and opaque. The scales

which she used were preserved in

formalin, and later were soaked in

water or an alcohol solution or glyc-

erine before examination. She found

no marked advantage in using either

of the last two fluids instead of wa-

ter.

Westman and G ilbert ( 1 94 1 ) and

Westman and Neville (1942) used

readings of annuli on scales, as well

as analyses of length frequencies, to

determine ages of young (1-7 year

old) biuefin tuna taken off Long Is-

land, New York, during the summers

of 1938 and 1941. These authors also

offered tentative age determinations

from scales for a few much larger

biuefin tuna, up to 250 cm and 275

kg, with an estimated age of about 1 8

years. They used carefully selected

thin and round scales from the side

of the body, just below the lateral

line in the area below the base of the

second dorsal fin. Projected impres-

sions of the scales facilitated their

readings ofthose with more than five

annuli.

Mather and Schuck (1960) esti-

mated ages of 0-4 years from scales

of biuefin tuna taken off the north-

eastern United States during several

summers. They relied more heavily

on length frequencies for studying
the growth of young individuals,

however, and on vertebral annuli for

the older ones. These authors used

scales from the general part of the

tuna's body where Westman and Gil-

bert ( 1 94 1 ) and Westman and Neville

(1942) collected theirs. They made

impressions of the scales on cellu-

loid (Arnold 1 95 1 ), and counted an-

nuli on magnified projections of these

impressions.

None of the above authors used

the large and thick scales ofthe corse-

let for age determinations, but F.S.

Russell mentioned (personal commu-

nication) that he had found a pos-

sible method of determining ages

from these scales. He found that they

were built up of lamina, like the pages

in a book, which might represent

years of growth. These lamina could

be separated after the scales had been

soaked in a weak solution of acetic

acid.

The most important use of scale

readings in aging biuefin tuna has

been in validating determinations

made by other methods (Westman
and Neville 1942, Mather and Schuck

1960).

b. Vertebrae

F. de Buen (1925) estimated, by

counting its vertebral rings, that a

male biuefin tuna 206 cm long (from

snout to tips of caudal) and weighing
1 19 kg was 12 years old. This fish

was caught July 4, 1923. in the

Barbate trap near Cadiz, Spain.

Sella (1929a) presented mean

lengths and weights of Mediterranean

biuefin tuna for ages 1-14, as esti-

mated by counting the rings in the

centra of vertebrae. This was the first

study which described the growth of

biuefin tuna through most of the size

range ordinarily encountered

At the "Conference of experts"

(Anonymous 1932b), Sella and the

other experts discussed the use of

vertebrae forage determination. Sev-

eral methods of preparing vertebrae

for examination were described, and

it was noted that they could be exam-

ined without special preparation. He
described three instruments which he

used in the study of vertebrae and

stated that the annuli were generally

better defined in vertebrae from the

caudal trunk. Heldt reported that, in

each of five biuefin tuna of different

sizes which he had examined, the

number of annuli on each of the ver-

tebrae was the same. He also noted

that double rings, which should not

be counted as two years, sometimes

occurred. Sella and F. de Buen main-

tained that the vertebral rings repre-

sented years of age, but the latter

noted that, because of the time of

spawning, the first ring did not cor-

respond exactly to one year. Frade

reported finding 16 vertebral annuli

for a 263 cm fish, which exceeded

the maximum age reported by Sella

(1929a).

Several workers reported on the

growth ofbiuefin tuna from different

areas as determined from readings of

vertebral annuli in the period 1956-

1962. These include Hamre (1958,

i960) (Norway), Rodriguez-Roda

(1960) (Spain), Vilela and Pinto

( 1 958), Vilela ( 1 960), and Frade and

Vilela (1962) (Portugal), and Mather

and Schuck (1960) (northeastern

United States). Mather and Schuck

used the technique of Galtsoff ( 1 952)

to stain many of the vertebrae which

they used for age determinations.

Rodriguez-Roda (1964a) presented

thorough mathematical interpreta-

tions of his I960 results.

Butler ( 1 97 1 , 1975) counted the

rings in the vertebrae of large biuefin

tuna taken in Canadian waters in 1 966

and in 1974 and estimated their ages

as 1 1 to 22 or more years. Myklevoll
used this method to determine the

ages of biuefin tuna taken in Norwe-

gian waters in 1974 (Caddy and But-

ler 1976). These estimates ranged
from 1 4 to 2 1 years.



Butler and Myklevoll were the

first investigators to estimate the ages

of significant numbers of bluefm tuna

more than 14 years old.

Berry et al. (1977) discussed in

great detail the techniques of aging

bluefin tuna by reading annuli on

vertebrae and otoliths. They de-

scribed methods of storing, staining

and examining vertebrae, and their

interpretation of the markings on

them. They found that immediate

freezing and freezer storage produced
better results than the other methods

of preservation which they tested. Im-

mediate staining and reading, how-

ever, was probably the most satisfac-

tory procedure. They noted that stain-

ing time varied with the size of fish,

and that the inner rings, particularly

in large fish, stained before the outer

ones.

Their interpretation of marks on

vertebrae was complex. It involved

ridges, grooves, fimbriated lines, and

stained and unstained rings. They
noted that several stained rings might
occur early in the staining process

within an annular zone, and that these

might coalesce in various ways as

staining progressed.

Berry et al. (1977) did not in-

clude size-for-age data or age data

for individual fish, but they presented

extreme and average vertebral ages,

determined from readings of verte-

bral annuli, for bluefin tuna in vari-

ous weight ranges. They tentatively

recommended the use of vertebrae

for estimating ages up to about 10

years for this species.

From 1932 until 1974, counting

vertebral annuli was generally re-

garded as the most satisfactory

method of aging large Atlantic blue-

fin tuna.

c. Otoliths

The use of otoliths in determin-

ing ages of T. Ihvnnus ihynnus was

first investigated in the 1920s, bul

important results did not appear until

1975.

Despite the fact that F. de Buen

(1925) had been discouraged by the

difficulties encountered in extracting

otoliths, Frade ( 1 925) described pro-

cedures for their relatively rapid re-

moval, and the nature of the growth
zones on them. These descriptions,

accompanied by excellent illustra-

tions, suggested that this was a prac-

tical method of age determination.

At the "Conference of experts"

(Anonymous 1 932b), however, Frade

reported that, although he had found

zones of growth in thin sections of

otoliths, he was not sure that these

sections included all of the years of

growth. He attributed his uncertainty

to the irregular shape of the otoliths.

The experts concluded that growth
zones were laid down on otoliths, but

that it was difficult to assign absolute

ages by counting these zones. They
therefore recommended that this tech-

nique be used mainly to confirm age
determinations obtained by other

means.

Frade and Vilela ( 1 962) referred

to age determinations from otoliths

by Frade (1950), but we have not

seen the latter work. No further ref-

erences to Frade's early work with

otoliths have come to our attention.

The next attempt to determine

ages of bluefin tuna from otoliths

was by Nichy (Nichy and Berry
1 976). They developed techniques for

estimating the ages of bluefin tuna

similar to those of Frade ( 1 925). They
used otoliths from large individuals

caught off Prince Edward Island in

the Gulf of St. Lawrence, Canada, in

1974. Caddy and Butler (1976) clas-

sified large bluefin tuna taken in Ca-

nadian waters in 1974 and 1975 by

yearclasses, using Nichy and Berry's

techniques and some of their deter-

minations in addition to their own.

They did not report the sizes of these

fish.

Caddy et al. (1976) present the

most complete study available on the

growth of bluefin tuna as determined

from otoliths. They used this method

to determine the ages of large indi-

viduals (age 10 and over) caught in

Canadian waters during the summer
and fall of 1975. They calculated pa-

rameters for von Bertalanffy growth

equations for males and females, us-

ing their data for fish of ages 10 or

greater and Mather and Schuck's

(1960) results for fish of ages 1-4.

Their work was the first to indi-

cate different growth rates for the

two sexes. Butler et al. ( 1 977) repro-

duced the above material with the

addition of preliminary age data from

the otoliths of 60 large bluefin taken

in Canadian waters in 1976, and pre-

sented some modifications of the

Nichy and Berry (1976) and Caddy
and Butler ( 1 976) techniques.

Berry et al. ( 1 977) discussed the

removal, storage, measuring, mount-

ing and sectioning of otoliths. They
described the sections and their in-

terpretation of the markings on them.

They found that, at ages greater than

10 or II, hyaline bands occurred in

pairs which represented a single an-

nular zone.

They discussed definitions of annuli

on vertebrae and otoliths, and pro-

posed the following tripartite hypoth-

esis:

a) Major discernible markings on ver-

tebrae and otoliths of Atlantic blue-

fin tuna do nol have to be pre-

sumed to be annuli.

b) Within each year of life, multiple

markings are successively formed

on vertebrae and in otoliths. These

multiple markings may appear in

prepared specimens of vertebrae

and otoliths as irregular combina-

tions Single markings that repre-

sent the end of a year of life (an-

nuli) may be distorted by varia-

tions of the within year multiple

markings.

c) Annuli may he deciphered by con-

sidering the nature in which they

form and by interpreting the varia-

tions that may exist within and be-

tween individual prepared samples.

Berry et al. ( 1 977) did not present

age data based on readings of annuli

on otoliths.

3. Release-Recapture Data for

Tagged Fish

When size data at release and

recapture of a given fish are avail-



able, its growth during the period at

liberty is established. If age at the

time of release can be determined,

age at the time of recapture can like-

wise be calculated. Positive age and

growth information thus obtained can

provide a valuable check on estimates

based on indirect methods (Mather

1980).

C. RESULTS

1. Sizes of Fish at Determinable

Ages

The first objective of most age

and growth studies is to determine

the mean sizes offish at each year of

age for which this is possible. Ideally

the sizes should be determined at one

year intervals after the date of spawn-

ing. This was done by Sella (1929a)

and Rodriguez-Roda (1960, 1964a),

but most other investigators have

been limited to seasons in which suf-

ficient material was available.

Sella (1929a) presented the first

important study ofthe age and growth
of bluefin tuna. This was based on

counts of annuli on veilebrae from

more than 1,500 bluefin tuna caught
in June, during the spawning season.

The individuals whose ages were as-

sessed as 3 or more years had been

taken off Tripolitania (western

Libya). Sella noted that these results

did not differ noticeably from those

for bluefin tuna taken in other parts

of the Mediterranean. He assessed

ages of 1 and 2 years for individuals

which had been captured in the

Adriatic Sea, since fish of these sizes

were not available off Libya. He pre-

sented his results in terms of mean

length and mean weight for each year

of age from 1 through 14.

Westman and Gilbert (1 94 1 ) and

Westman and Neville (1942) pro-

duced the first important informa-

tion on the growth of bluefin tuna

taken in the western Atlantic. Their

works provided well supported
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Caddy et al. (1976), using otoliths

from 225 large (over 220 cm long

and 230 kg in weight) bluetm tuna

taken in Canadian waters in the sum-

mer and fall of 1975, produced pre-

liminary size for age data for fish up

to 15 years old. They also calculated

the following parameters for von

Bertalanffy growth curves (Figure

5) for males and females:

Males Females

K 0.134 0.116

L 286.64 277.315
CD

t 0.3278 0.7999

Additional growth and size at

age data have been obtained from the

lengths at release and recapture for

three tagged fish which had been at

liberty for periods of 13-14 years.

(Table 3) (Mather 1980). Points cor-

responding to these sizes have been

plotted with the growth curves of

Butler et al. ( 1 977) (Figure 5). All of

the points lie very near the curve of

Butler et al. (1977) for male bluefin.

Although the sexes of these recap-

Table 3. Growth and sizes of three tagged fish recaptured after periods of 13-14

years at liberty.

Return

Number

Release

Length

(cm)

Age"

(years)

^ears at

Liberty

Recapture

Age

(years)

Length

(cm)

Weight

(kg)

197"



Table 4. Sizes of Atlantic bluefin tuna at ages as determined by various authors.



results apply to the fastest growing,
rather than the average, individuals.

Rivas (1954) and Mather and

Schuck (1960) presented very simi-

lar curves of estimated linear growth
for the first eight months of life of

bluefin tuna collected in the western

North Atlantic. Mather and Schuck's

curve (Figure 7) was based on a lim-

ited number ofmeasurements, includ-

ing those of Rivas, from various ar-

eas along the Atlantic coast of the

United States and in the Gulf of

Mexico. The date of spawning was

assumed to be May 15. Although

spawning probably occurs earlier in

the western Atlantic than in the Medi-

terranean (see Section V), the esti-

mated mean sizes attained by the

young of the year by mid-October

are about the same in both areas—38

cm or 1 , 1 00 g. Data for age bluefin

caught off the Atlantic coast of Mo-

rocco (Fumestin and Dardignac 1962,

Aloncle 1964) are similar. Individu-

als taken in the first half of October

were 3 1 to 34 cm long, in November,
39 to 43 cm, and at the end of De-

cember, 44 to 45 cm.
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Table 6. Factors derived from the length-weight formula for Area 1 (north of

latitude 35°N and west of longitude 50°W) and Area 2 (Straits of Florida and

adjacent waters).

Season



lier age determinations had ascribed

fish smaller than 245 cm to age group

8, whereas their own determinations

indicated that 245 cm was roughly

equivalent to ages 14-15 for males

and age 18 for females. They also

asserted that apparent underestimates

of the ages offish more than 240 cm

long had resulted in estimates of L^
based primarily on data from fish

less than 12 years old, which were in

excess of any sizes recently recorded

for Atlantic bluefin tuna. If their re-

sults should be validated, consider-

able revisions of recent estimates of

the age composition of the Atlantic

bluefin tuna stocks (Sakagawa and

Coan 1974) would be required.

Berry et al. (1977) questioned

previous age determinations for large

Atlantic bluefin tuna. In the size

ranges for which they provided aver-

age ages (136-181 kg, 181-226 kg.

227-272 kg, 272-317 kg and 318-

362 kg), their ages were 2-3 years

less than those of Mather and Schuck

(1960), 3-4 years less than those of

Butler ( 1 975), and 4-5 years less than

those of Caddy et al. (1976). They
attributed these discrepancies to the

interpretation ofgrowth marks on oto-

liths and vertebrae, mainly in fish

more than 10 years old. In these older

fish, they often found double or mul-

tiple markings which, they believed,

represented subdivisions of a single

year's growth. They assumed that

other workers had counted each such

mark as representing a year's growth,

resulting in a tendency to overesti-

mate ages.

It is most important that the ac-

tual age composition of the "relict"

population (as described by Caddy et

al. 1976) of giant Atlantic bluefin

tuna be determined.

It is also important that the lin-

ear growth rate of the early stages of

bluefin tuna be determined for the

various spawning areas. This infor-

mation is needed in terms of length,

rather than weight, to permit better

estimates of spawning dates and lo-

calities from the collection data for

these stages of the bluefin tuna.

Seasonal variations in the growth
rates of bluefin tuna up to 4 years old

are reasonably well known (Mather
and Schuck 1960, Furnestin and

Dardignac 1962), but the data now
available should permit extension of

this knowledge to older ages. The

possibility that the growth rate of the

Atlantic bluefin tuna has increased

as the size of the stock has decreased

should also be investigated. This pos-

sibility is suggested by the remarkable

number of extremely large bluefin

caught since 1970 (see Section IV).
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IV. DISTRIBUTION AND FISHERIES

Figure 1 1. Bluefin distribution (longline catches oft' southwestern Africa probably

consisted mainly of southern bluefin, Thumms maccoyii).

90° 75" SO" 45" 30" 15*

Figure 12. Bluefin regions of capture by seine, live bait, and trap

15

A. GENERAL DISTRIBUTION

The bluefm tuna has been re-

ported at one season or another over

an extraordinarily large area of the

Atlantic and the adjacent seas, and in

a wide variety of water types (Fig-

ures 11 and 12) In recent years it

has ranged off the Atlantic coasts of

Fvurope and Africa, from the North

Cape, inside the Arctic Circle, to the

Cape of Good Hope, and off the

American coasts from Newfoundland

to 40°S latitude, and also in most of

the intervening oceanic areas. It also

has been present in most of the adja-

cent seas, the North, Mediterranean,

Black and Caribbean Seas, and the

Gulf of Mexico.

The distribution of the bluefin

tuna has vaned greatly with the sea-

sons and with the size of fish (Fig-

ure 13) Seasonal variations are in-

fluenced by the requirements of

spawning and feeding, and by water

temperature. Tiews ( 1 963) concluded

that distribution was limited by the

\2°Q (surface temperature) isotherm.

Distributional changes with size of

fish are probably related to the change
from a planktonic diet to one of small

fishes during its first few months of

life, to its first spawning at 3 to 5

years of age, or, possibly, to the fijll

development of its swim bladder at

ages 8 to 10 years (Sella 1929b, Sara

1973) Year-to-year changes in dis-

tributional and migratory patterns are

frequent Variations in environmental

conditions and the availability of food

are regarded as the major causes of

these changes

B. DEVELOPMENT OF THE
MAJOR FISHERIES

Large scale fisheries for bluefin

tuna have existed in the Mediter-

ranean and its approaches for centu-

ries, but those in the remainder of

the Atlantic are of more recent ori-

gin Several methods and gears have

been used The oldest large scale

method is the tuna frap, which has

been used through most of the Chris-

tian era and perhaps much earlier



(Pavesi 1889, Parona 1919). These were set near the

coasts and the more important ones depended on the

spawning migrations of the bluefin in the Medi-

terranean and its approaches. An eastward or "arrival"

run of prespawming fish occurs in May and June in

many localities, and a westward or "return" run of

spent fish occurs in July and August in some of these,

and in some other locations. Most of these tuna traps

were designed to catch fish coming from one direc-

tion only, but a few were reversed between the sea-

sons and fished both runs. Less elaborate traps have

taken bluefin tuna in many localities during other

seasons.

Handline and harpoon fisheries have existed in

many areas, in some cases for centunes, taking rela-

tively small catches. Specialized gears, such as the

"thonaille" (a drifting entangling net) and "seinche"

1—
90 too

LCNGTtltcml

Figure 13. Lengths of bluefm tuna by region ("+" on graph

means less than 0.5%).
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(a complex multi-boat seine) of south-

em France (Doumenge 1953) and the

"cianciolo" (a modified seine) of Sic-

ily (de Gaetani 1948), have been used

locally, and generally on a small

scale.

Since World War II, great

changes have occurred in the Allan-

tic and Mediterranean bluefin fisher-

ies through the mtroduction of three

much more productive methods: live-

bait, pelagic longline, and purse seine

In addition some fisheries using the

older methods were initiated or ex-

panded.
The traditional trolling fishery

for small bluefin and albacore,

Thunnus alalunga (BonnaievTC 1788),

in the Bay of Biscay was largely con-

verted to the much more productive

live-bait method between 1947 and

1949 (Navaz 1950a, 1950b, de la

Tourrasse 1951) The French catches

increased from 600 tons in 1948 to

from 1 ,900 to 3,500 tons per year in

1950-1959 In 1960-1970, however,

they declined to between 400 and

1 ,600 tons, exceeding 1 ,000 tons only

once (Aloncle 1972). The 1970 and

1 97 1 catches were also below 1 ,000

tons (Bard et al. 1972) The live-bait

method has also come into use in the

fishery for small bluefin off the At-

lantic coast of Morocco (Lamboeuf

1972).

The highly effective purse seine

method has also been widely intro-

duced in the Atlantic and the Medi-

terranean. The first important step

was the development of a seine fish-

ery for medium sized and giant blue-

fin off Norway in the late 1940s fhe

annual Norwegian bluefin catches

increased from a few hundred tons in

the middle 1940s to about 10,000

tons in the middle 1950s (Hamrc

1971). Catches declined greatly after

1952, varying from 200 to 2,500 tons

per year in 1963-1971, collapsing to

about 100 tons in 1972 and 1973,

and rising to 800 tons in 1974

(Miyake and Tibbo 1972, Miyake and

Manning 1975).

A handline fishery for giant blue-

fin tuna in the North Sea was origi-

nated by German and Danish fisher-

men in 1950. Catches peaked at 2,400

tons in 1952 and amounted to 1,800

tons in 1959 (Tiews 1975) Thus two

virtually new fisheries began to take

great quantities of large bluefin in

the northeastern Atlantic at the same

time that the only important fishery

in the area for small bluefin, in the

Bay of Biscay, greatly increased its

catches by adopting the live bait

method The German handline

catches declined to 200 tons by 1962

and the fishery was abandoned after

the 1963 and 1964 seasons produced

only one fish each

Purse seining for bluefin tuna

also became widespread in the

Mediterranean. Yugoslavian fisher-

men evidently introduced the method

in the Adriatic in 1929 (Tilic 1954)

Joined later by Italian fishermen, they

have seined small bluefin extensively

in the Adriatic (Scaccini and Bian-

calana 1959, Morovic 1961) Sein-

ing of small bluefin has also been

carried out by Italian fishermen in

the Tyrrhenian and Ligunan Seas,

but with less modem equipment Very

small bluefin arc seined by sardine

boats with "cianciolo" In 1972 Ital-

ian fishermen began to take consid-

erable quantities of giant spawning

bluefin in the Tyrrhenian Sea and the

Sicilian channel with large modem

purse seiners (I'aini 1975)

The seining of bluefin tuna off

the Mediterranean coast of France

was authorized in 1960 and devel-

oped rapidly (di Meglio 1962). Sar-

dine boats occasionally seine bluefin

tuna, including extremely small ones,

off the Mediterranean coasts of Mo-

rocco and Spain (Rodrigucz-Roda

1964a, 1964b) Small bluefin tuna

are also seined otV the Atlantic coast

of Morocco (Aloncle 1964,

Lamboeuf 1972) by .sardine vessels,

sometimes with the assistance of

chumming by live-bait boats

Purse seine fishing for bluefin

tuna, practiced in Cape Cod Ray by

only one or two very small vessels in

1958-1961 (Squire" 1959), expanded
to an oceanic fishery ranging from

Cape Hatteras, North Carolina, to

Cape Cod, Massachusetts, in 1962

(Wilson 1965) The catch of small

bluefin rose to 5,600 tons in 1964,

along with an almost equal quantity

of skipjack tuna, Katsuwnnus pelumis

(Linnaeus 1758). The largest fleet in

the history of the fishery, 2 1 vessels,

including some of the world's larg-

est, was responsible for this catch.

Subsequent annual catches have var-

ied considerably between a low of

600 tons in 1966 and a high of 3,600

tons m 1 97 1

The Japanese longline fishery en-

tered the Atlantic in 1956, and subse-

quent expansion was rapid (Shiohama
et al. 1965). By 1962, most of the

ocean between latitudes 25°N and

25°S was being fished by Japanese

longliners In 1969, the fishery had

expanded so that most of the waters

between 40°N and 40°S were being

fished (Wise and Davis 1973). The

catches of bluefin tuna were small

(less than 7,000 fish per year) in 1956-

1961, but increased to 53,000 to

67,000 fish per year in 1962-1965.

They then declined to less than 1 ,000

per year in 1969 and 1970. The 1971

catch was 8,000 fish, however, and

tlie catch had risen to about 46,000

fish by 1974 (Fisheries Agency of

Japan 1 976). This was due mainly to

the entry of the fishery into areas

which had formerly been unexploitcd,

or exploited only by inshore gears
—

the oceanic eastern Atlantic, the Bay
of Biscay, the Ibero-Moroccan Gulf

and the Mediterranean

Japanese longliners entered the

bluefin tuna fishery in the Bay of

Biscay in 1974, reportedly affecting

the operations of the local Spamsh
fleet (Cort and Cendrero 1975). Their

catches in the area in that year to-

talled about 11,215 fish (Fisheries

Agency of Japan 1976).

Japanese longliners entered the

Mediterranean in 1972 Their total

catch that year included 1 12 tons of

Atlantic bluefin tuna. This increased

to 246 tons m 1973 and 2,1 95 tons in

1974 (Miyake and Manning 1975).

Much of this catch was taken in the

vicinity of Sicily in June and July,

during the spawning sea.son (Shingu

et al. 1975, Shingu and Hisada 1976,

Fisheries Agency of Japan 1975,

1 976) 1 he concentration of longlines

around Sicily reportedly made it al-
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most impossible for the Italian sein-

ers to set their nets (Paini 1975). In

1975 the Japanese government pro-

hibited their longliners from fishing

in the Mediterranean as part of its

compliance with the ICCAT regula-

tions (Kume 1976).

Numerous longline vessels of

South Korea, Nationalist China,

Cuba, Venezuela, and the Soviet

Union ha\e also caught bluefin tuna,

along with other species, in the At-

lantic in recent years (Miyake and

Tibbo 1972).

Offshore big game fishing for

bluefin tuna and other large oceanic

fishes (chiefly billfishes) became

popular in parts of the northwestern

Atlantic during the 1 930s (Farrington

1939) and expanded to a highly de-

veloped pursuit after World War II

(Farrington 1949) Centers of in-

tensive sport fishing for bluefin tuna

have been off the northwestern Ba-

hamas in spring, and along the United

States coast from Virginia to Maine

and in Canadian waters off south-

western Nova Scotia, eastern New-

foundland, and in the Gulf of St

Lawrence in summer and early fall

Thousands of private and charter

boats have participated in this fish-

ery, with as many as a thousand an-

glers in two hundred boats entering a

single tournament. Sport fishing for

bluefin tuna has also been popular in

eastern Atlantic and Mediterranean

waters. Centers have been the

Oresund off Denmark, the North Sea

off England, the Canary Islands, the

Bav of Biscay oft' northern Spain, the

Italian Riviera, and the Mediterra-

nean coasts of France and Spain Re-

cent low availability of fish has re-

duced interest in sport fishing lu sev-

eral of these areas

The northeastern Atlantic fish-

eries for large and medium sized blue-

fin tuna began a decline in 1963

which reduced several of ihcm to ex-

tinction bv 1973. Bluefin tuna pro-

duction in the Japanese oceanic

longline fisher> peaked rapidly in

1 962- 1 965 but declined to a low level

by 1967

The reported total catches of the

Mediterranean fisheries, on the other

hand, appeared to be maintaining

themselves satisfactorily as iccenlly

as 1971. Apparently, however, cen-

tral Mediterranean (Italian. Tunisian,

and Libyan) trap fisheries, have re-

cently undergone a collapse similar

to that experienced by those in the

eastern Atlantic. Catches were fairly

good through 1969, but in 1972 and

1973 traps which had fonnerly pro-

duced thousands of fish per year

yielded only a very few hundred

Only a handful of the once numerous

Italian traps survive. This decline has

been offset recently by the entry of

the Japanese longline fisher^' into the

area and the development of the Ital-

ian purse seine fishery for giant blue-

fin in the central Mediterranean. It

should be noted that both of these

fisheries also use spawning concen-

trations

Another notable trend in nearly

all of the Atlantic and Mediterranean

fisheries for large bluefin for vhich

data are available has been the \irtu-

allv complete absence of medium

sized (32-122 kg, ages approximately

5-8) and a marked scarcity of small

giant (123-200 kg, ages approxi-

mately 9-11) bluefin from the catches

This trend has been reversed in the

central Mediterranean fisheries in

1975 (Miyakc 1976)

In the following section, we will

discuss the distribution of Atlanfic

bluefin tuna and the fisheries for it in

detail.

C. DISTRIBUTION AND
FISHERIES BY AREAS

1. Introduction

In this section we will discuss

the following information, bv area;

1 ) Times and locations of occur-

rences of bluefin tuna, ar.d Ihcir \ ana-

tions with size of I'ish

2) Fisheries and fishing meth-

ods.

3) fhe volume and si/e compo-
sition of the catches, and their trends

The size composition by years

of samples of the catches of most of

the ma]or fi.shcnes is illustrated b\

histograms. The tables from which

most of these histograms were plot-

ted have been reproduced, with the

sources of the data, m ICCAT Data

Record, Vol. 3, Madrid. 1974

2. Western Atlantic

fhc maior fisheries for bluefin

tuna on the western Allanlic conti-

nental shelf are concentrated between

Cape Hatteras, North Carolina, and

Newfoundland, Canada (Figure 14).

The small fish have been predomi-

nant in the area between Cape
Hatteras and Cape Cod, Massachu-

setts, but medium sized and giant

fish have also occurred there in num-

bers on occasion. Giant fish have been

predominant m the region between

Cape Cod and Newfoundland in re-

cent years Until 1966, medium sized

bluefin were often abundant between

Cape Cod and Nova Scotia. In some

years during the 1950s, small bluefin

were the most numerous size group

in northern Massachusetts waters, but

wc have nc\'er heard of their occur-

rence in significant numbers off

Canada
The gears used for bluefin tuna

in this area include harpoons, hand

lines, traps, rods and reels, and purse

seines

Some giant bluefin have also

been taken by sport gear oft' the north-

western Bahamas and by small-scale

commercial fisheries off some Cu-

ban ports Captures of bluefin tuna

elsewhere in western Atlantic coastal

waters have been insignificant.

a. Newfoundland to Cape Cod

i. Newfoundland

There has been little commer-

cial fishing for bluefin tuna off the

Canadian island of Newfoundland

(Figure 15), but good sport fishing

for the species was enjoyed there from

1961 through 1972.

This fishery was initiated at Con-

ception Bay in 1956. and was .veil

developed there by 1961. Another

productive ground, Notre Dame Ba\ ,

was opened in 1967, with most of the

boats ba.sed at Lcwisporte 'fhc fish-

ing usuallN extended from mid-July

to mid-October from 1961 through

1972. catches of up to 635 fish were

taken in Newfoundland waters each

season Many of these fish were

tagged and relea.sed. The catch has

declined drastically since 1972, with

less than 100 fish being taken each

season Nearly all of the catch con-

sisted of giants, and their modal

18
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methods in the New England area

(Figure 22) (Bigelow and Schroeder

1953, Wilson 1965). The traps, which
were formerly numerous in Cape Cod

Bay, took considerable quantities of

these tuna m years of abundance, but

the fishery there was termmated in

1975. Operators of various types of

commercial fishing craft, such as lob-

ster boats and small trawlers, occa-

sionally harpooned bluefin or caught
them with handlines. This activity

was usually incidental to their nor-

mal pursuits or undertaken tempo-

rarily during periods when tuna were

readily available and commanded a

reasonable price.

Sport fishing for bluefin tuna

developed in the area in the 1930s

(Farrington 1939) and increased in

popularity after World War II

(Farrington 1949). Pre-war activity

centered in Ipswich Bay, Massachu-

setts, and Casco Bay, Maine. After

the war the popularity of sport tuna

fishing spread into Massachusetts and

Cape Cod Bays as well. Some of the

most successful giant tuna tourna-

ments ever held have taken place in,

effort to capitalize on the high late

season prices, two impoundment nets

were constructed in the Bay in 1975.

Each impoundment measured about

100 m X 50 m, and was in water about

20 m deep. Fifty bluefin were trans-

ferred from neighboring traps to the

pounds. They were fed on trash fish

and held for a period of two or three

months. Then they were killed in

small batches, to avoid depressing the

price, and sold on the Japanese mar-

ket. The experiment was so success-

ful that nine impoundments were con-

structed m 1976, and about 300 blue-

fin were held and fattened.

Butler (1977) showed the loca-

tions of the traps and impoundments
in St. Margaret's Bay and discussed

past and proposed research activities

in this unique situation

iv. Cape Cod to Maine

Bluefin tuna have occurred in

many sizes and been fished by many
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Figure 18 Lengths for bluefin tuna captured off Prince Edward Island (1969-

1971).
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Figure 19. Geographical references of Nova Scotia.

these waters in the years 1972-1976

Large bluefin were remarkably avail-

able in those years, and their average
size was increasing steadily.

The purse seine fishery for blue-

fin t\ma off the east coast of the United

States onginated in Cape Cod Bay
and its vicinity (Wilson 1965) After

initial expenments in 1951 and 1954,

a continuing purse seine fishery be-

gan in 1958 with a single small ves-

sel operating out of Provincetown,

Massachusetts. Very high catch rates

were obtained from the schools of

medium sized bluefin which were

then abundant in the Bay (Sakagawa

1975) In 1962 the carrying capacity

of the fleet was greatly increased by
the purchase of additional vessels by
local fishermen and visits by larger

ones from other areas, and the fish-

ing area was expanded southwest-

ward to include the New York Bight
and more southerly areas The large

fleets which entered the fishery in

1963 and 1964 made considerable

portions of their catches of small and

medium bluefin in Cape Cod Bay
and vicinity, especially toward the

end of the season. Very few small or

medium fish have been found in the

Gulf of Maine since 1964, For sev-

eral years thereafter, seining in the

area was limited to occasional trips

by one or two vessels after the sea-

son for small bluefin southwest of

Cape Cod had terminated This situ-

ation was altered by the high prices

oftered fi-om 1972 on by Japanese
interests for the fat bluefin which

were caught late in the season A
local seiner, who specialized m catch-

ing giant fish, had fished in the Bay
for the Japanese market toward the

end of each season since 1972 In

1976 a second vessel joined the fish-

ery.

The prices offered for large blue-

fin tuna also caused a dramatic in-

crease in fishing effort by the har-

poon, handline and sport fisheries

The "sport" fishery differed only in

the gear used, since virtually all of

the anglers were fishing for the mar-

ket Boats of all types and sizes, from

small outboard motor boats to large

trawlers and party fishing boats, par-

ticipated

Mather and Mason attempted to

gather catch records during the be-

ginning of this period of increased

effort and estimated catches of 3,000
and 3,500 fish in 1972 and 1973,

respectively
In 1974, the Commonwealth of

Massachusetts regulated the fishery

for large bluefin in its waters and

collected data on the landings. The

National Marine Fisheries Service

also initiated a data collection pro-

gram for the fishery. The resulting

data are shown in Table 7 (F. H.

Berry, personal communication). The

data for the rod and reel and harpoon
and handline catches were estimated

Since 1975 quotas have been im-

posed on these fisheries to control

the number of large fish taken each

year and to prevent the capture of the

surviving small fish (National Ma-
rine Fishenes Service 1975, 1976),

Under the 1975 quotas, the recorded

catch by hand gears (harpoon,
handline and rod and reel) was 2,277

fish weighing 693.5 tons, with an

average weight of 305 kg. The re-

corded seine catch was 1,017 fish

weighing 267.2 tons with an average

weight of 263 kg (Aloncle et al 1976,

ICCAT 1976)

The time of the best fishing in

Cape Cod Bay has vaned consider-

ably
—

partly according to the sizes

of the fish which entered the area.

The giant fish usually amved early,

in June or early July, and stayed into

September or October. Peak fishing

was usually in August or September.
Medium sized fish have usually

arrived later, and also stayed in the

Bay later than the others, being abun-

dant in August-October. Exceptions
occurred when the smaller (age 5)

individuals of this group accompa-
nied early summer runs of small (age

2-4) bluefin Small bluefin were un-

predictable Some strong runs peaked
in early summer, as in 1 95 1 and 1953,

but others ha\'e occurred in late sum-

mer, as in 1950

As noted above, fishing tech-

niques in the area have changed over

the years Also, catch records have

not been kept in a consistent manner

We do have sporadic records of the

sizes of fish landed for Ipswich Bay
and the Maine coast for 1947-1951

(Figure 23) and more comprehen-
sive ones for Cape Cod Bay and vi-

cinity (including Ipswich Bay Irom
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1960 on) for 1947-1975 (Figure 24).

As the latter figure shows, the size

composition of the samples has var-

ied drastically over the years. In 1947,

giants were dominant, with a fair pro-

portion of mediums m Cape Cod Bay.

The mediums, mainly the year class

of 1943, which was also outstanding

in the Nova Scotia catches of 1949-

1950 (Mather and Schuck 1960), be-

came dominant in Cape Cod Bay in

1948 and 1949. They would have

been dominant in 1950 also but for

an apparently unprecedented inlTux

of small bluefin. 'I'his 1948 year class

remained dominant through 1957.

The mediums became dominant again

in 1958-1960, mainly because of the

progression of the veiy strong year

class of 1952 through this size cat-

egory. This year class was also promi-
nent in the 1959 Nova Scotia catches.

In 1961, small, medium, and giant

bluefin were all represented, but an-

other strong year class (1957) had

become dominant fhe progression
of this class made the medium group
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preponderant in 1962-1963. Giant

tuna have dominated the catches in

all the subsequent years (1 964- 1 975),

with only negligible numbers of small

and medium sized bluefin being re-

corded between 1966 and 1970 As
in Newfoundland, the modal lengths
of the giant bluefin taken in this area

in the late 1960s reached high val-

ues, over 220 cm, and the size of the

smallest fish taken increased signifi-

cantly. The latter trend changed in

1970-1971, indicating some recruit-

ment of younger fish. In subsequent

years, however, the catches have con-

sisted almost entirely of very large

fish, and the mean size has been

steadily increasing. Catches of blue-

fin less than 8 years old have been

insignificant.

The available data for 1973-1975

show a continuing increase in the

size of the fish taken, especially by
the hook and line and harpoon meth-

ods The average weights of fish

caught by nets (traps and purse seines)

are somewhat lower, possibly because

of the tendency of smaller fish to

school together in greater numbers

than the larger ones

There has been a fairly close re-

lationship between the occurrences

of medium sized bluefin in Cape Cod

Bay and off Nova Scotia, but the

important runs of small fish which

have occurred in the former area have

had no counterpart m the laUer

The runs of small bluefin in Capo
Cod Bay have comprised ages 2-4,

and we are aware of only one indi-

vidual of age 1 having been reported
from this area The age composition
of these size groups has often over-

lapped, with age 4 fish associating

with runs of medium fish, and age 5

fish with runs of small bluefin

b. Cape Hatteras - Cape Cod

(Coastal Waters)
The "Middle Atlantic Bight"

(Figure 25) is the usual summer habi-

tat of the small (age 1-4) bluefin of

the western North Atlantic, although

they have occasionally ranged into

the Gulf of Maine (chiefiy Cape Cod

Bay) as noted above Many traps in

this area took bluefin tuna occasion-

ally, but very few of these are now in

operation The bluefin tuna has been
one of the most abundant and popu-
lar big game species supporting the

offshore sport fishery of this area,

particularly in its northeastern part.

Since 1 961 it has also been the object
of a seasonal purse seine fishery
which also takes skipjack tuna in

some years. Bluefin usually arrived

in the area in late June or early July

and departed in the early fall, but

they sometimes departed as late as

November. The size composition data

available to us for this area (Figure

24) are mainly from the sport fishery

for years before 1961, and from the

purse .seine fishery for later years.

As indicated by these histograms,
the sport catches ha\e consisted al-

most entirely of small bluefin, mostly
of ages 1-3 Sport fishing for these

bluefin has been very successftil in

some years off New York Harbor

(Wcstman and Neville 1942, Moss

1967) and elsewhere between New
Jersey and Cape Cod (Farrington

1939, 1949). The best season is un-

predictable. Sometimes the early sea-

son produces the best fishing, whereas

in other yeais there is excellent fish-

ing in late summer and early fall,

particularly in the grounds off New
York Harbor.

The purse seine fishery began to

harvest this stock in 1962 In the first

three seasons (1962-1964) consider-

able quantities of medium sized blue-

fin were taken, but in subsequent

years, fish of this group have been

rare in this area, as well as in the

more northerly waters which they

formerly frequented (see above).
Trends in the catches are shown in

Figure 27 Wilson (1965; and

Sakagawa (1976) give details of this

fishery and its catches

The size composition data (Fig-

ure 26) suggest some variation in the

sizes taken by the various gears In

the years when most of the data were

from rod and reel catches. 1 94 1
-

1 960,

age 1 fish were often important. In

the years from 1962 on, when the

seine fishery was the chief harvester

of young bluefin in this area, age 1

fish were important only in some

years, notably 1 966 In the first three

years (1962-1964) of intensive seine

fishmg, fish of ages 4 and 5 were
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important Many additional fish of

ages 5 and over were taken in thiis

period but were discarded because

they were not acceptable to most of

the canneries (several eyewitness re-

ports, personal communications).
Also many fish were lost when nets

burst, or were discarded when the

catch exceeded the remaining carr)'-

ing capacity of the vessels (the data

sources are the same as above, in

addition to incidents witnessed by
some of the authors and their col-

leagues) After 1966, fish of age 2

usually dominated the catch. Since

1974 the New England based seiners

have generally avoided age 1 fish as

a voluntary conservation measure
Since midsummer 1975, their cap-
ture has been prohibited in conform-

ance with the ICCAT regulations It

appears, however, that in most years
full recruitment to the fishery does

not occur until age 2.

The size composition data give
indications of strong-year classes

The year class of 1938 was dominant

in the New York Bight in 1941 in

1 95 1 the year class of 1 950 showed

up very strongly in the catches, but

no sampling was earned out It was

very prominent, however, in the 1952

sample. The class of 1958 was con-

spicuous in the 1960 and 1962

samples The class of 1 965 was domi-

nant in the 1966 seine fishery, and

showed up strongly in 1 967 and 1 968

Data for 1974, 1975, and 1976 indi-

cate a very strong year class of 1973.

Sport fishing for giant bluefin

off New York Harbor was fruitftil in

the 1930s (Farrington 1939), but de-

clined after World War II Late in the

1940s, a new giant tuna ground was
discovered near the western coast of

Rhode Island (Farrington 1949) This

was productive for some years, but

after 1960 successfiil seasons became

infrequent More recently, giant tuna

have been caught farther off the

Rhode Island and eastern Long Is-

land shores, in areas where the tunas

follow the nets of trawlers as they are

being hauled to the surface This fish-

ing has usually been most successful

in late summer and early fall After

being absent for many years, some

giant bluefin have been taken off

northern New Jersey or during the

later part of some recent seasons.

Table 7. Landings data from the Commonwealth of Massachusetts in 1974.
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Figure 25. Cicographic references for the Cape Hallaas to Ca|K; Cod areas.

mean length of the females which he

had measured mcreased by 20 cm
Similar fishmg occurs, with fewer

boats participatmg, along the west-

em edge of the Little Bahama Bank

(West End to Malanilla Shoal).

Giant bluefm have also been
taken off the eastern Bahamas, from
Cat Island to Walker Cay (Anony-
mous 1962), in the same season. A
few have been taken off southeastern

Florida on rare occasions during the

winter and spnng
Small and medium sized bluefin

are very rare or nonexistent in the

vicinity of the Bahamas, but runs of

very small (less tiian 2 kg) fish some-
times occur off southeastern I'lorida

in July-September, and individuals

are sometimes taken through the fall

and into early winter (Rixas 1954,
Mather and Schuck 1960, Mather

1963)

c. Gulf of Mexico and
Caribbean Sea

Bluefin tuna are caught b)

longline, and occasionally bv sport

fishing, in the Caribbean Sea and the

Gulf of Mexico (Figure 31) Catch

records, aside from those of the Japa-
nese longline fisheiy, and size data

are sparse, but sulTicient to give a

good idea of their distributional pat-
tern Most of tlie catches ha\e been
m the first two quarters of the year
United States exploratory catches

(Wathne 1959, Anonymous 1962)
and commercial catches (H R Hullis.

.Ir
, personal communication) ha\e

been mamly in the Gulf of Mexico
and the northwestern Caribbean The

Japanese effort, which has been much
more extensive, has shown that the

species occurs occasionally through-
out most of the Canbbean (Fisheries

Agency of Japan 1967a)
A small scale Cuban longline

fishery for giant bluefm has operated
in the spring, over the Bartlett Deep
between Cuba and Jamaica. This fish-

ery was initiated in 1 969 and the larg-
est catch of about 360 tons (includ-

ing incidental catch of other species)
was taken in 1 970 The landmgs were

smaller, but good, in the next three

years, but the 1974 catch was ex-

tremely poor (Ubeda 1974). Cuban
handliners occasionally catch giant
bluefin off Havana in the spring
(Rivas 1954),

All of the longline catches in the

Gulf of Mexico and the Caribbean
Sea for which we have size data were

giants, over 185 cm long. Similar

size fish have been encountered oc-

casionally by sport fishermen be-

tween Cozumel Island and the

Yucatan Peninsula and off the Mis-

sissippi delta in late spring on the

surface, sometimes in large schools

(Nakamura and Rivas 1972).
We had \'irtually no records of

occurrences of medium sized or small

bluefin tuna in these waters until

Shingu et al. (1975) reported catches

of bluefin tuna weighing less than 10

kg b\' Japanese longline vessels in

the Gulf of Mexico in June and July
1973. We have had several reliable

reports and records, however, show-

ing that very .small (age 0, 2 kg or

less) individuals have occurred in the

Gulf of Mexico from July mto No-
vember

3. Atlantic Oceanic Waters

Hx tensive data on the seasonal

distribution of bluefin tuna in the oce-

anic waters of ihc Atlantic have be-

come available from the records of

the Japanese longline fishery
(Shiohama et al. 1965, Fisheries

Agencv of Japan 1965, 1966, 1967a,
1967b. 1968, 1969, 1970, 1971, 1972,

1973, 1974, 1975, 1976, Wise and
Lc Guen 1969; Wi.se and Davis 1973)
as well as from exploratory fishing

(Wathne 1959, Anonymous 1962,
Wilson and Bartlett 1967). The gen-
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era! seasonal distribution pattern,
based on Japanese catch rates for

1956-1969, is illustrated by Figure
32 (Wise and Davis 1973). This fig-

ure, however, includes southern blue-

fin, Thunnus maccoyii, as well as the

Atlantic bluefin, 7" thynnus thytmus.

The records south of latitude 2()°S,

and perhaps also the one in the first

quarter centered at 12°S, 2°E, are

probably of southern bluefin. Catch

rates for individual years and areas

(Table 8, Figure 35) (J P Wise,

personal communication. Wise and

IDavis 1 973) suggest that the abun-

dance has varied considerably over

the years. The catches declined pre-

Figure 28. Lengths of bluefin tuna captured in the Atlantic tail.sidc the 2(K) meter amtour north of 35°N and west of 40° W
("+" on graph means less than 5%)
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Figure 29. Geographic references for the Bahamas and southeastern Florida.

cipitously from 1965 through 1970
but have risen rapidly since then (Fig-
ure 33).

The following description is

based on the 1 956-1 968 catches (Fig-
ure 32):

In the first quarter of the year,

the highest catch rates occurred
around the easternmost part of Bra-

zil, and the greater Antilles

In the second quarter, the area of

relatively high catch rates off Brazil

extended farther to the northwest, and

catch rates were high in the northern

Gulf of Mexico, and off the Bahamas
and the eastern United States north-

ward to latitude 40°N and eastward

to longitude 65°W. The concentra-

tions off easternmost Brazil and off

the Bahamas appeared to be con-

nected (Figure 32, Appendix Figure
62 in Fisheries Agency of Japan
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Figure 31 Geographical references for the Gulf of Mexico and Caribbean Sea

1967a) Small areas of high catch

lalcs also occurred about midway be-

tween easternmost Soiiih America
and westernmost Afhea

In the third quarter, the only ar-

eas of high catch rates were off New
England and the Grand Banks of

Newfoundland, and again in the nar-

row part of the Atlantic, midway be-

tween the most western part of Af-

rica and the most eastern part of South

America

In the last quarter, the concen-

tration south of the Canadian banks

was farther west and extended south-

ward to latitude 30°N. The concentra-

tion between South America and Af-

rica had moved northward to 20°-

32°N The concentration off eastern-

most Brazil had formed again, and

4*-

' ' I I I I

Figure 32 Distribution of oceanic catches of bluefin tuna (per 1(),(K)0 hcx)ks) in the lour quarters of the year, 1956-1968
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extended northward to 1 6°N, almost

joining the mid-ocean one men-

tioned above.

Considerable size data are avail-

able from exploratory fishing and

commercial catches in the western

North Atlantic These records indi-

cate that most of the bluefin taken in

oceanic waters south of 35°N and

west of70°W (catches north of 35°N

and west of 40°W have been dis-

cussed in a previous section) were

giants.

Unfortunately, little size data

are available for the much more ex-

tensive Japanese catches. Hayasi et

al. (1970) reported that the Japa-

nese longline fishery took "small"

bluefin off Flonda (25°-35°N, 70°-

80°W), but no size data have been

provided. Hayasi and Shingu (1972)
and P. C. Wilson (personal commu-

nicafion) provided lengths for about

220 Atlantic bluefin caught in oce-

anic waters Most of these were gi-

ants, but a considerable number were

medium sized, although mostly of

the larger sizes (ages 7 and 8) oc-

curring in that group. It appears that

nearly all of the bluefin over one

year old taken in the westernmost

part of the North Atlantic south of

35°N, and in the Gulf of Mexico and

the Caribbean Sea, were giants, but

that there have been considerable

numbers of medium sized, as well as

giant, bluefin in mid ocean catches in

the 1960s (Shingu et al. 1975).

After the decline of their Atlan-

tic bluefin tuna catches in the late

1960s and early 1970s, the Japanese
shifted much of their effort to the

eastern Atlantic and the Mediterra-

nean. The remaining effort in the

western Atlantic was concentrated in

the northern Gulf of Mexico in May
and June, when giant bluefin spawn
there, and in the area south of the

Grand Banks through much of the

year (Shingu et al. 1975).

The move into the eastern At-

lantic brought new pressure on stocks

of larger fish which had previously

been fished mainly by the declining

trap and seine fisheries, and on me-

dium sized fish which had been pre-

viously fished mainly by the Spanish
and French bait boats in the Bay of

Biscay. The fishery also provided in-

dications of a previously suspected

wintering ground around the Canary
Islands (Aloncle 1964) for the large

bluefin which were fished in Euro-

pean waters in the waim season.

The effect of these shifts in ef-

fort was to restore the catches to

levels approaching those of the mid
1960s. Whether they will follow the

pattern of rapid rise and rapid de-

cline illustrated for other areas by
the combination of Figures 34 and
35 remains to be seen.

Shingu and Hisada (1976)
showed the length compositions of

samples from longline catches taken

in waters west of Gibraltar in May-
August 1973 and Apnl-June 1975.

The former was dominated by large
fish 1 90-240 cm long with a mode
at 205-215 cm, but also included a

significant number of medium sized

fish 135-155 cm long. Larger fish,

185-300 cm long with a broad mode
at 225-255 cm, were even more pre-

ponderant in the latter sample, with

only a scattering offish 1 10-175 cm

long.

4. Eastern Atlantic Islands

Bluefin tuna occur in the vicin-

ity of the Azores, Madeira, and the

Canary Islands (Figure 36), but

there has been little information on

the fisheries and the sizes of fish

until recently.

a. Azores

Ferreira (1932) reported on the

tuna fisheries of the Azores for the

years 1924-31. The principal catch

was bigeye tuna,
"
Paratlmnnus

obesiis", with bluefin tuna being
much less frequent.

Seven of 219 tunas caught in

1930 and 5 of 1404 caught in 1931

were bluefin. The fishing seasons

usually extended from mid-April or

early May until July or August.
Ferreira docs not state the sizes of

fish taken, but mentions that very

small (50 cm) tunas occurred, as

well as adults. Figure 5 in his work,

which is described as a young
''Parathitmnis obesus" of 51 cm,

shows, in our opinion, a young blue-

fin tuna.

During cruise 63-4 of the Bu-

reau of Commercial Fisheries M/V
"Delaware", six giant bluefin were

taken by longline off the Azorean

Island of Santa Maria in May 1963,

and another was lost alongside the
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Tabic 8 Catch rates (numbers of fish per 1 ,0()0 hooks) for bluefin tuna of the Japiincsc Atlantic longhnc fishciy, 1 956-7 1 ,

by year and area The BEN and RIO areas arc not included since it is believed that the bluclin caught in them were

predominantly southern bluefin. Note: 0.00 = O.005 but > 0, U = effort but no catch, - = no effort
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Figure 34. Areas of the AUanlic Ocean (Wise and

Davis 1973).

vember, peaking in August and September In

1 976, howe\'er, Santos reported that catches were

frequent in the first four months, but dechned

during the summer. The estimated catch through

September was 641 mt. L. F de Gamboa (per-

sonal communication, November, 1976) m-

formed us that the sport fishing off Tenenffe

followed the same trend, and that the excellent

fishing which had occurred in the fall of 1975

had not materialized in 1976

5. Eastern Atlantic

Bluefin tuna fisheries in the eastern Atlantic

(Figure 36) have been distributed in a manner

somewhat similar to those in the western Atlan-

tic. Large and medium-sized individuals have

been taken during summer and early fall in Nor-

wegian waters and the North Sea 'Ihc largest

fishery for small bluefin, with some mediums,

has been in the Bay of Biscay, mainly in sum-

mer Less important fisheries for small bluefin

occur off Portugal in the fall, and off Morocco

during much of the year. 'I'rap fisheries in the

Ibero-Moroccan Bay have taken important

catches of large bluefin, along with usually lesser

amounts of medium and small indniduals, in

late spring and earh' summer

The fisheries in Norwegian waters and the

North Sea are of comparatively recent origin, as

IS the one for small bluefin off Morocco. The

Bay of Biscay fisheiy is over a centun' old, but

was modemized about 1950 The trap fisheries

in the Ibero-Moroccan Bay, on the other hand,

arc of extremely ancient origin.

The Japanese longline fisheiy has become

active in the Bay of Biscay and the waters olY

Gibraltar and northwestern Africa since 1 970
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20° 0'

Figure 36. Geographic references in the eastern Atlantic

a. Northeastern Atlantic

Le Gall (1927, 1929) described

the distribution of bluefin in the north-

easlcm Atlantic and the North Sea

(Figure 36) The species was re-

corded in abundance off the south-

west coast of Ireland in July and off

the north coast in July and August
They were also observed off the west

coast of Scotland in July, and off the

south and west coasts of Norway,
and in the Skagerrak and the Kattegat
from July to October Hemng boats

encountered them in July and Au-

gust east and south of Fair Isle, then

north and west of Dogger Bank In

late September and October, bluefin

were observed on the west edge of

Dogger Bank In November and De-

cember, trawlers on the Great Sole at

the edge of the continental shelf en-

countered schools of them surfacing
l.e Gall related the occurrences of

bluefin in the North Sea and its tribu-

taries to the seasonal "transgressions"
of Atlantic and Atlantic slope wa-

ters, with salinities of about 35 o/oo

b. Norway
Bluefin tuna have been taken by

harpoon and angling gear in Norwe-

gian waters for many years, but the

introduction of the purse seine

method in the late 1940s greatly in-

creased the catch The fishen', includ-

ing the catch and its size composi-
tion (Figure 37), has been described

by I lamre ( 1 97 1 ). The catch increased

from a few hundred tons in the 1 940s
to over 1 1 ,000 tons in 1952, but de-

creased after 1962 to 2,500 tons or

less per year. Hamre attributed the

decrease to lack of recruitment, lie

showed that the seasonal movement
of bluefin tuna through the fishery
varied with age of fish. The largest
fish (age 7 and older) arrived off

Bergen in early July and migrated to

the northern Norwegian coast. After

feeding there for three or four weeks,

they migrated southward into the

bank area of the North Sea Fish of

ages 6-12 arrived in mid- July south

of 62°N latitude, and migrated south-

ward along the coast. Catches of fish

of this size in late autumn by Swed-
ish and Danish fishermen in the

Kattegat, including one fish which
had been tagged earlier in the same
season in Norwegian waters, indi-

cated that the migration continued to

that area Five and six year old blue-

fin arrived in the southern area in

September and migrated to the east

coast of Norway (Skagerrak).
I'his general pattern was fol-

lowed as long as new vear classes

were recruited. Since 1958, when the

1952 year class was recruited, there

has been no recruitment of younger

age groups to the stock (Figures 37-

39) This resulted in a decline in the

annual catch, and a change in the

migration pattern of the fi.sh after the

1 962 season. The largest bluefin now

rarely migrate to the northward, but

usually follow the southerly route pre-

viously travelled by the intermediate

size (6-12 year old) fish A fev/ large

fish, however, were taken in the

northern area in 1967-1969 (Figure
38) No bluefin have been caught in

the German North Sea fishery since

1 962, probably because of this change
111 migratoiy pattern, but a few have

been caught in the Kattegat. Medium
sized bluefin have failed to appear in

the Norwegian fishery since 1962

(Figures 37-39) The annual catch

since 1 967 has been less than 1 ,000
tons. It fell to a low of 90 tons in

1972 and even less in 1973. An in-

crease in the modal and minimum
sizes of fish taken since 1 957 is evi-

dent for botli the northern and south-
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em Norwegian areas, but is espe-

cially striking for the soutiicm area

(Figure 39)

c. North Sea

The German bluefin tuna fish-

ery in the North Sea was carried out

by handline, with the capture some-

times facilitated by an electrocuting

system (Meyer-Waarden 1951) The

landings reached a maximum of

1,286 tons in 1957 but declined to

194 tons m 1962 (Tiews 1975). The

fishery was then abandoned because

of lack of fish. The catch consisted

entirely of giant fish (Figure 40) An
increase in the modal size of the fish

taken since 1952 is apparent A simi-

lar Danish fishery' took catches of

from 800 to 2,100 tons in the years

1950-1955, but became negligible

after 1959 (Tiews 1975).

Small catches of bluefin tuna

ha\'e been taken in the approaches to

the Baltic by Danish fishermen using

various gears Yearly catches since

1960 have been less than 200 tons.

The fish taken have been large, with

the modal size increasing in recent

years. Sport fishing in the Oresund

near Elsinore, Denmark, in 1948-

1954 and 1960 produced yearly

catches of from 18 to 119 fish with

average weights of from 120 to 260

kg (L. R. Crandall, personal commu-

nication).

English sport fishermen have oc-

casionally taken giant bluefin tuna m
the North Sea. The British 'funny

Club (Anonymous 1937) reported
that tuna appear off the Shetland Is-

lands in June and between

Scarborough and the Dogger Bank

off the Yorkshire coast from July to

October. Sport catches in the latter

area from 1932 to 1936 were listed

as 21, 80, 54, 53, and 33, respec-

tively. The veiy difficult conditions

for this sport, combined with the lack

offish in recent years, have prevented
its growlh.

d. Bay of Biscay
The most imporlaiU fislicry for

small (2.5-35 kg) bluefin tuna in the

eastern North Atlantic has been in

the Bay of Biscay (Figure 36). fhis

Bay is therefore, prcsuiiiubly, the

major nursery ground for yi)ung blue-

fin in the region and is a major source

of recruitment to the fisheries for mc-
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Figure 38. Lengths of bluefin tuna captured off Norway (north of 63°N) ("+" on graph means less than 0.5%).

dium sized and large bluefin in the

eastern Atlantic Considerable num-

bers of medium sized (32-122 kg)
and some large bluefin have also been

taken in the Bay of Biscay (Le Gall

1954, Shinguet al 1975)
French tuna landings from this

bay began about 1840, when pilot

boats from La Rochelle began taking
considerable catches of tuna by tioll-

ing while waiting for ships Tuna fish-

ing did not become important there

commercially, however, until a crisis

in the sardine fishery about 1860

caused the French fishermen to turn

their attention to tuna. The success of

the trials exceeded expectations, and

the fleet of sailing trollers increased

year by year (Grandbesan(;on 1 909)
The major catch of this fishery was

albacore, Thunnus alalunga, with

bluefin usually being taken inciden-

tally. The introduction of the live bait

method in Spain and France in the

years 1947-1949 (Navaz 1950a,

1950b, dc la Tourrasse 1951), how-

c\cr, resulted m a specialized fishery

for bluefin The catches of this spe-

cies consequently increased greatly

in the 1950s, but were much lower

through most of the 1 960s and have

remained at intermediate levels in the

1970s (Figure 41) Statistics for this

fishery are VC17 confusing, but it ap-

pears that the landings varied between

1,000 and 1.500 tons m 1945-1949,

then rose to between 2,700 and 5,500
tons in 1949-1959. The catches in

the 1960s were much smaller, gener-

ally varying between 1 ,000 and 1 ,900

tons, but attained 2,100 and 3,300
tons in 1965 and 1966, respectively.

Catches in the early 1 970s have evi-

dently been somewhat over 2,000
tons per year.

Bluefin tuna apparently occur in

the Bay of Biscay in every month of

the year (J. LeGall 1950. 1954;

Navaz 1950b), but the active fishing

season has usually extended from

May or early June into October or

November Individuals weighing
more than 30 kg are usually taken

between mid-July and early Septem-
ber (llamre and Tiews 1964, Hamre
et al. 1966, 1968, 1971, Aloncle et

al, 1974),

Research on bluefin tuna m the

Bay of Biscay has been divided be-

tween two periods
—

1 949-1 954 and

from 1972 to the present This divi-

sion of research effort leaves a gap of
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total French and Spanish catches of

1972 and 1973 consisted of fish

weighing less than 30 kg, whereas

67% and 80%, respectively, of the

French catches for those years were

offish weighing less than 30 kg. They
found two apparent causes for this

difference
— the French sought out the smaller

fish, which command a higher

price,— the baits used by tire Spaniards
were larger than those used bv the

French.

In view of the virtual disappear-
ance of medium sized bluefin tuna

from the landings of the Nonvcgian

fishery since 1962, and their rela-

tively poor showing in the trap fish-

eries ofthe Ibcro-Moroccan Bay (sub-

part g of this section), it is unfortu-

nate that size composition data for

Spanish landings prior to 1 972 are

not available.

In addition to the commercial

fisheries, there has been an active

sport fisher}^ along the north coast of

Spain for bluefin tuna and albacorc.

Reportedly (L. F de Gamboa, M R.

Borrell, personal communications)
this fishery has declined greatly in

recent years because of lack of fish-

ing success In addition, giant blue-

fin have been taken by Michael and

Helen Lerner in August 1947 off

Trehurden (Normandy, France)

(Famngton 1949) and in the Bay of

Biscay by the late Cleneralissimo

Franco and Max Borrell (Max Borrell.

personal communication).

e. West Coast of Portugal
Small bluefin w ere taken by troll-

ing in the vicinity of Cape Espichel

(south of Lisbon), Portugal, in late

summer and early fall. The season

usually started m September-Octo-
ber (Vilcia and Monteiro 1961,

quoted in fiews 1963) In 1960 the

entire catchof5,500 fish (34 65 tons),

awraging 6 3 kg, was taken m No-
vember The 1961 catch was 7,859
fish totalling 36.01 tons (4 6 kg aver-

age) (Hamre and Tiews 1964) Both

years" catches consisted of a large

group of age 1 fish (50-70 cm) and a

smaller group of age 2 fish (75-85

cm), as shown by histograms for each

year and a sample of 128 fish from

September 1961 catches presented by

Hamre and I'lews (1964).

The 1965 catch is illustrated by
the length hequencies of a 363 -fish

sample tabulated by week of capture
(weeks 40-46, September 26-Novem-
ber 1 3), All of the 363 fish measured

were age 1; their total weight was

2,047 kg and the average was 5 6 kg
The total catch of about 13,000 fish

weighing 75 tons was taken mainly
between early October and early No-

vember The 1966 catch was small

and irregular and was not recorded

(Hamre el al. 1968) In l')68, 26,199
fish averaging 5 kg were taken

(Hamre ct al. 197] )

f. West coast of Morocco
Small bluelin are taken olT the

west coast of Morocco hy hook and

line, live bail, and .seine fisheries (ihc

trap fisheiy will be discussed sepa-

rately). Catches ranged up to 2,000

tons in the mid 1 960s, but have been

less than 1000 tons in recent vears

(Figure 43). Fish are present during
most of the year, but the largest

catches occur in autumn (Aloncle

1964)
Aloncle (1966) gave the length

composition of a 9 1 -fish sample from

a purse seine catch of 700 kg of blue-

fin taken September 9, 1967, at

30M0'N, 10°05-W (off Cape Ghir).

The lengths ranged from 50 to 67

cm, with nearly all tlie samples in a

modal group extending from 56 to

65 cm, and having its main peak at

62 cm. This indicates that nearly all

the fish were age 1 Aloncle stated

that bluefin of this age were common
in the region at this season. I'his catch

was made duung a .series of experi-

mental cruises of the seiner

"Danguy,"" which extended from Sep-
tember 1964 to July 1965, and cov-

ered the area bounded by the African

coast from Tangier to Cape Bojador,
the south coasts of Spain and Portu-

gal, the Canary Islands, and the Ma-
deira archipelago

I'he first lew weeks of the cruise

resulted in the capture ol age and

age 1 bluefin and sightings of age 2

and possibly age 3 bluefin The few

bluefin taken by trolling during the

winter were in the 62-cm class In

late April and early Ma\' two indi-

viduals, one 70 em and one 4 v5 cm

long, were taken northeast of the Sal-

vage Islands These wouki ha\e been

ages 2 and 1
, respectiveh . in the en-

suing summer
In Novcmbei and December

1960, fishing boats from Barbate,

Spain, seined a great quantity of blue-

fin about 42 cm long and 1.7 kg in

weight, along with young albacore

of about the same size (Rodriguez-
Roda 1964a) A histogram of a

sample of 100 of these showed a

range from 38 to 45 cm, with a mode
at 419 cm. This author slates that the

fishermen ofBarbate often .seine blue-

fin of 40 to 60 cm in length off the

Moroccan coast from Larache to

Casablanca and even to Safi and

Agadir in October, November and

December

g. Ibcro-Moroccan Bay Trap
Fisheries

As noted previously, trap fisher-

ies for bluefin tuna have existed in

the Ibero-Moroccan Bay (Figures 44

and 45) for centuries. The recorded

histories of the Spanish and Portu-

guese fisheries date back to the 1 5th

and 16th centuries, respectively

(Pavesi 1889) On the other hand, we
have found no records of Moroccan

Atlantic traps prior to the 20th cen-

tury The Phoenicians and

Carthaginians who fished intensively

for bluefin in all these areas in the

pre-Christian era (Parona 1919), how-

ever, probably operated traps similar

to those still in use (Thomazi 1947).

The specialized tuna traps are

very large and complex structures,

with a leader extending up to 5 km,
and sometimes e\en more, from the

shore to the bod\' of the trap. In many
cases an additional leader extends

diagonally up to 2 km farther off-

shore (Figure 46) Traps have been

described and illustrated by several

authors (Pavesi 1889, Parona 1919,

Rodriguez-Roda 1964a, Sara 1964,

de Cristofaro 1970). Two basic types

of tuna traps have been used exten-

sively, the "Atlantic" or "Spanish"

trap and the "Mediterranean" or "Si-

cilian" trap Fodera (1964) and de

Cristofaro (1970) described the de-

sign, construction and relative advan-

tages and disadvantages of each r\pe.

fhe traps in the Ibero-Moroccan Bay
were of the Atlantic type

Most of the traps along the Span-
ish and Portuguese coasts faced west

and fished the "arrival" (eastward)
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Figure 41 Annual catches by Bay of Biscay fisheries for small and some medium
size bluefin tuna in hundreds of thousands of fish and in tlioasands of tons.

run from late April through June.

Some of these were reversed at the

end of June and fished the "return"

(westward) run in July and August.
The Moroccan traps faced southwaid

and fished the "arrival" run, which
was northward in that locality, only
After the 1976 season it appeared
that, of all these traps, only one or

two located off the Spanish coast

would continue to operate
These fisheries, and the biology

of the fish which supply them, have

been the subject of a great many in-

vestigations and scientific papers.
There are two maxima in the

fishery, one near the middle of the

"arrival" run, and the other near the

middle of the "return" run Spawn-
ing is presumed to occur between
these maxima (Sella 1929a, 1929b;
Vilela 1960) Sella (1929b) provided

generalized diagrams showing the

variation of the catches with dates

and the movements of the fish in the

vicinity of the traps during the spawn-

ing cycle (Figure 47)

For fish of the same length, those

taken in the "arrival" run average
about 15% heavier than those taken

in the "return" run (Rodriguez-Roda
1964b) (data from fish taken at

Barbate, 1956-1961) Vilela el al

(1960) found that females lost about

21 percent of their weight between
the two runs, when most of the spawn-
ing takes place, while males lo.st only
about 10 percent of their weight

Length frequency data for the

Spanish fishery for the vears 1956-

1959, 1961 and 1963-1975 are pre-
sented (Figure 48) 'fhe catch con-

sisted mainly of medium and giant

30 r

fish, with small ones (ages 1-2)

significant in 1958 and 1959 only.

Medium sized bluefin were domi-

nant in 1957 and important in

1 956, 1 958, and 1 959. Since 1 960.

however, giants have constituted

over 70 percent of each year's

sample One year class, probably
that of 1954, dominated the

samples for the years 1963-1965

(Rodriguez-Roda 1969b). Length

frequency data are not available

for the Portuguese trap catches,

but the yearly catches for the years

1931-1972 (Vilela and Cadima

1961, Hamre and Tiews 1964,
Hamre et al 1966, 1968, 1971)
are shown in the size groupings

traditionally used in this fishery

(Figure 49)

Fish of the "atuns" size were

usually dominant, but in three

years the cachorretas, nearlv the

same sizes as our "small" group,

considerably outnumbered them.

The.se fish were generally most
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Figure 42, Lengths of bluefin tuna captiued fi-om the Bay of Biscay ("+" on graph
means less than 5'Mi)
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Figure 43 Number and weight of fish tor Ihc Morocco fishcnc

medium size bluefin tuna.

for small and

numerous m late August (Vilcla

1960) The albacoras and atuarros

(ages 4-7, mcluding most of our "me-

dium" group) were important in some

years but, as has happened with the

medium group in most other areas,

have generally decreased in impor-
tance in the most recent years

Size composition data for Span-
ish trap catches by week (Rodriguez-
Roda 1964b) showed a tendency for

the largest individuals to be taken

near the beginning of each "run."

Aloncle (1964) observed the same

tendency m the catches of the Mo-
roccan tiaps. Similarly, Vilela (1960)
showed that the smaller tunas tended

to be most important in the catches

toward the end of each iiin, but espe-

cially in the "return" run.

Vilela (1960) found 300 males

(38.1%) and 487 females (61.9%) m
a sample of the bluefin taken in the

Portuguese fishery in the years 1958-

1960. There was little year-to-year
variation from this proportion There

was also little difference between the

sex ratios for the "aiTival" and "re-

turn" runs, except in 1960, when the

sample from the "arrival" run con-

sisted of 44 4%) males and 55.6% fe-

males. Rodrigucz-Roda (1964b) pre-

sented the figures for the sexes deter-

mined from samples of the 1 956- 1 96 1

catches of the Barbate trap, and the

1961 catches of two others (Tabic 9)

Lozano Cabo ( 1 958) pointed out

that the average size of the bluefin

caught in the Portuguese and Span-
ish traps increased according to ho\\

far east (near Gibraltar) the traps were

located The average was smallest m
the Portuguese traps, and the greatest

in the trap at Tarifa, near tiihraltar

He reported that the average si/.e of

the bluefin taken in the Moroccan

traps was even greater than the aver-

age of those taken at Tarifa. Aloncle

(1964) showed that in Morocco the

average weight of the fish caught also

increased with the proximity of the

traps to Gibraltar The largest fish

were taken at Cape Spartel. at the

entrance to the Strait and opposite
Tarifa

Statistics for most of the Ibero-

Moroccan Bay trap catch are shown
m Figure 50 These do not include

all of the Moroccan catch We were

unable to obtain continuous data for

the important trap at Cape Spartel (in

the former International zone of

Tangier) for 1933-1953, or for the

three more ephemeral traps near

Kenitra (in the former French Pro-

tectorate) for 1939-1955. Therefore

we have omitted their catches and

used those of the Larache group (in

the fonncr Spanish Protectorate) to

represent the Moroccan catch. The

catches of this group, which varied

from one to five traps in the years
1927-1954 and stabilized at three

from 1 955- 1 966. have been recorded,

in numbers of fish, for 1927-1962

(Lozano Cabo 1958, Hamre et al.

1 966) Data for subsequent years are

available, in various forms, in Aloncle

( 1 964), Collignon ( 1 964, 1 965, 1 966,

1967, 1968, 1969, 1972), Lambeouf

(1 972), and personal communicafions

fromM l.amboeuf and R. Sara Since

1 966 only one or two of the Larache

traps, if any, have been set. Data for
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about 20,000 fish per year from 1 946-

1961 (Sakagawa and Coan 1974),

took only 388 fish and the company
which had operated the Spanish traps

since 1929 was dissolved (Rodriguez
Roda 1973) Barbate took 1,952 tuna

m 1973 (Rodriguez Roda 1974). Two
Moroccan traps, the only others set

in the Atlantic in that year, caught 12

fish (R. Sara, personal com-

munication). Two Moroccan traps
were also set in 1 974, but took only
seven bluefin (M Lambt)euf per-
sonal communication). The situation

had become such that when Baibate,

which had not been set in 1974, took

1,842 fish (less than one tenth of the

1946-1961 average) in 1975, it was

regarded as encouraging (Aioncle et

al. 1976)!

The decline in the Barbate
catches was accompanied by a

marked increase in the average

weight, indicating that poor recruit-

ment to the fishen,' was a major cause

of the decreased catches Although
the annual catch fell from 1 9,000 fish

in 1 961 to 2,500 in 1 97 1
,
the average

weight per fish increased from 145

kg to 223 kg. (Sakagawa and Coan

1974). Rodriguez-Roda (1964a) had

already noted the drastic decrease in

the numbers of the smaller bluefin

taken in the Spanish traps since 1953,

and attributed it to either a high mor-

tality on young fish in previous years,

or unknown variations in oceano-

graphic conditions which might have

caused them to go elsewhere

h. Trends in Eastern Atlantic

Fisheries

The decline in the northeastern

Atlantic fisheries for large and me-

dium bluefin tuna is illustrated in Fig-
ure 51 This trend has been re\ersed

to some extent by improved catches

off Norway, and more significantly

by the entry of the Japanese longline

fisher}' into the area in 1971 (Shingu
and Hisada 1976) Concern has been

expressed o\er hea\y calchcs of \ci\

young bluefin as a possible cause for

the decline in the fisheries for larger
individuals (Rodriguez-Roda 1964a,

1964b, 1969d)

6. Mediterranean and Black Seas

The fixed trap has been the prime

producer of bluefin tuna in the Medi-
terranean Sea (Figures 52 and 53)

Table 9 Sexes dcteiTnined liom samples of 111e 1956-1961 catches from the

Barbate trap, ;uid the 1 90 1 calchcs of two others

Trap Barbate Sancti-Pctri Isia Cristina

Males

Females

403

756

123

215

46

66

for centuries. The most important

traps were the large ones in the cen-

tral MediteiTanean. Ihe majority of

these fished the "anival" run in May
and June, the remainder fished the

"return" run in July and August Some
of the smaller traps also fished these

migiatopj' passages and similar runs

m the Bosphorus between the Sea of

Marmara and the Black Sea The ma-

jority of the smaller traps, howeser.

fished mainh' for bluefin which were
too young to spawn, or which were
in the feeding, rather than the spawn-
ing, phase of their annual cycle.
I'herefore the fishing seasons of these

traps were not limited to the May-
August spawning cycle, and extended

through much of the year. These
smaller traps for non-spawnmg tuna

were widely distributed along the

coasts of the Mediterranean, but were

PERIOD OF REPRODUCTIVE BEHAVIOR

EMISSION & FERTILIZATION

ARRIVAL
IN THE ZONE

OF MATURATION

I

DEPARTURE

100

-SO

MAY a JUNE JULY A AUGUST

^^NING

RETURN
TRAP

JULY - AUGUST

Figure 47 Schematic tiiagram of bluefin luna niowmcnts in the vicinity of traps

during tlie spawning cvcle
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Figure 49 Annual catches of the Portuguese trap fishery (Hamre iind Ticws 1964, Hamrc ot al 1966, 1968, 1971)

most concentrated off France and

what is now Yugoslavia (Pavesi 1889,

Parona 1919, Belloc 1961).

The history of the Mediterranean

tuna U'aps dates to the pre-Chiistian

era. Thomazi (1947) believed that

the Phoenicians introduced this

method throughout their colonics, and

that some of the French traps had

probably operated continuously from

pre-Christian times until their demise

near the end of the 20th century He

thought that the Sicilian traps were

of equally early origin, but had fallen

into disuse during the Arab occupa-
tion The Normans revived the fish-

ery soon after their conquest ot' the

island toward the end of the 1 2th

century (Pavesi 1889, Parona 1919,

Thomazi 1947). The numbers of tuna

traps operating in the Mediterranean

declined greatly during the 19th niui

20th eenUiries (Pavesi 1 889, Parona

1919), and especially since 1950 (de

Cristofaro 1970).

Until recently, the inaior tuna

traps in the central Mediterranean

have been of the "Sicilian" type
Since World War II. however, chang-

ing conditions ha\'e caused the aban-

donment of many traps and the con-

version of others to the "Spanish"'

type, usually with modifications

(Gaudilliere 1954, Fodera 1964, Sara

1964, de Cristofaro 1970).

Various types of nets, hook and

line gears, and haipoons ha\e also

been used for bluefm tuna in many
parts of the Mediteiranean-Black Sea

system (Pavesi 1889, Parona 1919,

Doumenge 195."^, lyigungor 1957).

Until recently, however, their catches

were small in comparison with those

of the traps.

Developments after World War
II have altered this situation drasti-

cally While the trap catches have

declined catastrophically (Sara 1973),

catches of small (I'ilic 1954, Scaccini

and Biancalana 1959, di Meglio
1962) and large (Paini 1975, Mivake

1 976) biuefin by purse seine ha\e

become important Also, Japanese

longliners took increasing quantities

of biuefin in the Mediterranean m
the \ears 1972-1974 The catch de-

clined in 1975, when the .hipanese

government prohibited their longline

vessels from fishing in the Mediter-

ranean during the spawning season

as a conser\'alion measure

Meanwhile, promising sport fish-

eries for biuefin tuna ha\e developed

along the French and Spanish coasts

from the mouth of the Rhone to

Castellon and along the French and

Italian Rivieras (Ligurian Sea'), where

albacore arc also taken iCiianelli

1969, Cesarco 1972. M R. Horrell.

A. Cesarco, I. F. dc Gamboa. and H
K llarn-, personal comniunicalums')

a. Western Mediterranean

Although located between the

fonneriy important trap fisheries of

the Ibero-Moroccan Bay and the cen-

tral Mediterranean, the biuefin tuna

fisheries of the western Mediterra-

nean ha\'c produced modest tonnages

(Miyake et al. 1976). consisting

mainly of small and medium fish

Various gears have been used, some
of which are of ancient origin. Oth-

ers have been introduced recently.

Among the most ancient are the traps,

which were formerly wide-spread but

now survive in a few locations off

Spain and Africa only (Parona 1919,

Belloc 1961) Hook and line gears
and specialized nets have also been

in use since long ago Purse seine

and longline fishing have been intro-

duced in tlic area since World War II.

Sport fishing has also developed there

in this same period
'I'he iTcnch traps are of histori-

cal interest only, Thomazi (1947)
slated that they reached their apogee
in the 17ih century Gouiret (1894)

reported those traps near Marseille

took biuefin tuna from late July to

late November, in 1851 there were

10 traps in the area, but in 1891 only

three were operating. Their catch of

biuefin in 1891 and 1892 (1,500-

2,000 fish, 41-4."! tons) was about

hall' of the total catch in the same
area bv other gears Parona (1919)
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Figure 50. Annual catches of Ibero-Moroccan Bay trap fisheries lor blucfin tuna in lens of thousands of fish and in

thousands of tons.

showed locations for 23 traps, of

which eight were active, along the

coast of Provence (France) between

the mouth of the Rhone and Monaco
Thomazi (1947), however, reported
that the last of the French traps dis-

appeared between 1 892 and 1 900

The Spanish and Moroccan
Mediterranean traps have taken only
small catches of blucfin tuna in re-

cent years Parona (1919) showed 23

trap locations, of which nine were

active, along the Spanish coast east

of La Lmea. Belloc (1961) listed five

in that area, with maximum annual

catches of 60 tons of all species com-

bined for a single trap m the years

1954-1958. In 1975 only one of these

traps was set, and it took no bluefin

tuna (Rey el al, 1977), Most of these

traps fished from early February to

mid October, and took feeding (non-

spawning) tuna Other species were

more important in their catches

(Belloc 1961)

Return traps have been set at La

Lincu, on the Spanish coast near

C'libraltar; at Ceuta, a Spanish city on

the opposite side of the Strait of

(libraltar, and at three nearby loca-

tions on the Mediterranean coast of

Morocco (Belloc 1961, Sara 1964)

These traps take blucfin in .kily and

August, but again they depend mainly
on other species

Yearly catches of bluefm tuna at

La Lmea since 1961 have ranged
from in 1 968 up to 2,400 fish weigh-

ing 340 tons in 1965 Their average

weights have varied from 128 to 186

kg, probably excluding the numer-

ous age (1 kg) fish which are taken

in some years (Rodriguez-Roda
1964a, 1964b, 1969d, 1973; Rey et

al. 1977).

The trap at Ceuta and those along
the Medilcnanean coast of Morocco

may bo considered together Only one

or two of the Moroccan traps have

fished in most recent years The blue-

fin tuna catches have ranged up to a

maximum of 1 72 tons for a trap, but

have usually been 50 tons or less

49



(Collignon 1964, 1965, 1966, 1967,

1968, 1969, 1972, Lambocuf 1972,

Crespo and Rey 1976, M. R. Horrell,

personal communication) Little

information is available on the sizes

of bluefm taken. F. de Buen (1927)

stated that 4-5 kg bluefin were taken

in the Ceuta trap in early winter.

Rodriguez-Roda (1964b, 1969c) es-

timated that 500,000 age bluefin

were taken by the traps at Ceuta and

Mediterranean Morocco and the

Ceuta fishing fleet in September-Oc-
tober 1963, but stated that such ex-

tremely numerous catches of these

fish were exceptional. Crespo and

Rev (1976) showed that the catches

of age bluefin were much greater

numencally than all other sizes com-

bined in eight of the 14 seasons from

1961-1974, with significant highs in

1963, 1967 and 1973 Rey el al.

(1977) reported that 22 bluefin were

caught in the Ceuta trap in 1975

Twenty of these were reportedly more

than 4 years old, and weighed 12,50(1

kg. Perhaps there is an enor in these

figures, as the average weight would

be 625 kg.

We have little information on

the bluefin tuna trap fisheries of Al-

geria. Heldt (1932a) listed six traps

set in 1 930 and two in 1 93 1 , but with

little success in most instances. Belloc

(1961) named three in the vicinity of

Oran, and listed their individual

yearly catches for 1953-1958. The

largest such catch was 69 tons (all

species) and the average was about

30 tons (all species).

Specialized nets used off the

French coast, and their catches, have

been described by du llamel de

Moneeau (1769-1782), Doumenge
(1953), di Meglio (1962) and

Farrugio ( 1 977). These included fixed

and drifting gill nets and beach and

pelagic multiboat seines, called

n NUMBER OF FISH/10^

METRIC TONS/IO'

r20

-15
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Figure 51. Annual catches of norlheaslem Alhuilic fisheries I'oi large and

medium size bluefin tuna (Scandinavian and Noilli Sea seine and liiHik-and-line

fisheries and Ibero-Moroccan Hay trap lisheiy) in lens of thousands of li.sh and lu

thousands ol' ions

"thonnancs" or "thonaires,"

"eombriercs," "eourantilles." and

"scinches
"

In some cases the same
name was applied to \arious gears,

according to the locality. The name
"thonnaire" appears to have been used

for several types of gear
Hook and line gears used off the

French coast were described or men-

tioned by du Hamel de Moneeau

(1769-1782), Doumenge (1953), di

Meglio (1962) and Farrugio (1977),

These included longlines, trolling

gear, poles, and sport gear. Dieuzeide

(1931) described handline fishing for

large and medium bluefin in the Bay
of Castiglione, Algeria Thomazi

(,
I 947) and Dicuzeide (1 949) detailed

an interesting method of hook and

line tuna fishing utilizing small fishes,

which had gathered around a moored

branch of a tree, as live baits. They

reported that this method was used

off the Mediterranean coasts of Spain
and Morocco, as well as off Algeria

Recreational fishing for bluefin

tuna has been de\eloped off the Medi-

terranean coasts of France and Spain.

Commercial fishermen have been

catching medium and giant bluefin

by trolling with rod and reel gear off

Port de Bouc, at the mouth of the

Rhone, since 1959. The season ex-

tends from late June into early No-

vember, Annual contests, in which

sport as well as commercial fisher-

men participate, have been held. In

one which took place August 27-31,

1 969, 1 5 boats landed 40 tuna with

an a\eragc weight of 105 kg, even

though the weather permitted fishing

on only two days. The largest bluefin

taken weighed 220 kg. The above

information is from Gianelli (1969)
Another French port where recrea-

tional fishing is developing is La

Grand Motte, on the Gulf of Lions,

where tuna up to 30-40 kg are taken

(Cesarei) 1972). Sport fislimgofi'the

French Riviera will be discussed in

the folkwing subsection

Recreational fishing has also be-

come popular on the Spanish
Mediterranean coast at Rosas, near

the French frontier, and at Castellon

Catches at Rosas include small tuna

and giants of 150-180 kg (Cesareo

1972) Tuna tournaments are held

annuallv at Castellon in late August
and earh September Catches totaled
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Figure 53. Geographic references for the northwestern Mediterranean Sea.

47 fish weighing 4,536 kg with maxi-

mum, average and minimum weights
of 161, 96.5 and 38.2 kg, respec-

tively, in 1 973, and 32 fish with maxi-

mum, and minimum weights of 180

and 37.8 kg, respectively, in 1974

(M. R Borrcll and \l. K Harry, per-

sonal communications). In 1976,

however, only one fish was caught

(I. F dc Gamboa, personal com-

munication) Tuna of the abo\c sizes

were taken ni August and early Sep-

tember, but after they disappeared,

great quantities of age bluefin

(about 1 kg) were taken from late

September to early November (J.

Hcxnat Orti/, personal communica-

tion)
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The authorization of seining for

blucfin tiinn in iTcnch Mediterranean

waters in 1960 brought about a eon-

siderablc increase in the catches of

the species The development of the

fishery in the Gulf of Lions was de-

scribed by di Meglio (1962) and

Farrugio (1977). Some old boats,

mainly trawlers, were fitted with this

gear The first seines, "cinciole", were

derived from the Italian type and the

second, "cerco", from the Portuguese

type used off Morocco The annual

catch in the Gulf of Lions immedi-

ately increased from about 500 tons

in the years 1 950- 1 96 1 to about 1 ,000

tons in 1 96 1 and 1 962 (Maurin 1 964)

Most of the 1 962 catch was taken in

the beginning of the year in the re-

gion of Marseille and Rousillon The

French seine fishery for blucfin off

Pro\ence and in the Gulf of Genoa

began in 1967 (Patania 1967) and

has produced more than half of the

total French Mediterranean catches

of this species since then (Farrugio

1977). Hamre et al. (1971) reported
that from July 1969 through Januan,'

1970 purse seine catches off the

Mediterranean coast of France to-

talled 1,500 tons, with most catches

occumng in October and No\'ember.

Catches have fluctuated around 1 ,500

tons since 1966 with lows of 1,100

tons in 1970 and 1972 and a high of

2,200 tons in 1971 (Farrugio 1977).

Miyake et al. (1976) reported gener-

ally smaller catches in this period

For some years, their figures differed

considerably from those of Farrugio

(1977).

The best pre-seining fishing in

the Gulf of Lions was from earl}'

April to mid-June and from late July

to the end of September, with a lull

from mid-June to mid-July. Scattered

fish were caught in hitc Februai-y and

March, and from October into early

December. Late December and Janu-

ary were periods of scarcity

(Doumenge 1953) Data on the 1963-

1965 catches (Mamie et al 1968)

showed minor peaks in March and

major peaks in Scplembcr-October

Farrugio (1977) reported that the

seine fisheiy was active in the Gulf

of Lions from early March to late

May and from October into Decem-
ber and in the eastern area (St Trope/

to Capo delle Melc) from .luly to late

September or early October

Farrugio (1977) described the

seine fishing areas. In the Gulf of

Lions, fish were taken in September
and October in two areas, one be-

tween Port Vendrcs and Leucate and

the other between Sete and Marseille

Beginning in November or Decem-

ber, they tend to concentrate in the

northern part of the Gulf between

Sete and the mouth of the Rhone At

all seasons, the fish are generally less

than 20 miles (33.3 km) from the

coasts, in waters whose depths rarely

exceed 100 m OlT Provence and in

the Gulf of Genoa, the fishing occurs

from 5 to 50 miles (8.3 to 83 km) off

the coast between Cap de S. I'ropez

and Capo dellc Melc

Until recently, little information

on the sizes of fi.sh taken in these

fisheries has been available. Gounet

( 1 894) showed that the average sizes

of blucfin taken near Marseille in

1891 and 1892 by traps and other

gears ranged from 18 to 28 kg.

Samples of catches taken in the Gulf

of Lions (off Languedoc, l-rancc) in

1953 and 1954 consisted of blucfin

of ages 1, 2, 3, and 4 (about 48, 80,

97 and 119 cm long, respectively)

(Doumenge and Lahaye 1958) Little

variation in sizes offish with method

of capture was indicated by cither of

these studies. Samples of the 1968

and 1969 catches showed that most

of the fish were in the "small" size

group, with age 3 dominant in both

years (Figure 54). Since then, this

predominance of age 3 fish has re-

mained relatively constant (Figure
55) In 1970 and 1971 a significant

showing of medium (ages 6-8) and

small giant (ages 8-10+) blucfin oc-

curred but this has not happened since

(Farrugio 1977) The 1971 catch con-

sisted partially of 120 tons of blucfin

weighing from 100 to 150 kg (ages

8-10), which were reportedly taken

o(\' Sete, France, in April by three

sardine-tuna seiners (Anonymous
1971). fhc possibilities of seining
blucfin off the Meditenanean coast

of Spain were mentioned by Hcllon

( 1954), but, apparently, they have not

been developed significantly In their

review of the fisheries for tunas and

related s|iecies m the Mediterranean

and Atlantic waters off southern

Spain, Laboratono Oceanografico
I'alma cl al (1976) do not mention

seining, c\'en among the minor gears.

Rodrigucz-Roda (1964a), however,
noted that considerable numbers of

age blucfin (0.5 kg in September,
October, 1 kg in November, and 2 kg
in December) were often taken by
sardine .seiners off Alicante, Spain,
mixed in with the sardines Consid-

erable catches of age blucfin in the

same season during 1976 were also

reported (F L de Gamboa and J

Hexnat OrUz, personal communica-

tions). Rodriguez-Roda (1964b) also

reported considerable catches of age
blucfin m the fall of 1963 off the

Mediterranean coast of Morocco by

Spanish seiners based at Ceuta.

Spanish and Japanese longlinc
\essels ha\e also taken bluefin tuna

in the western Mediterranean An-

nual catches of the Spanish Mediter-

ranean longline ficet, which fishes

primarily for broadbill swordfish,

Xipluas gladius Linnaeus (1758), in-

cluded from 16 to 274 tons of bluefin

in the years 1968-1974 (Laboratorio

Oceanografico Palma et al 1976)

Japanese longhners took 238, 427

and 7,980 bluefin tuna in Mediterra-

nean waters west of longitude 10°E

in 1972, 1973, and 1974, respectively.

Fish were caught from April into

October, with the highest catch rates,

up to 24 fish per 1 ,000 hooks, occur-

ring in June. Good catch rates were

also attained in May and August

(Fisheries Agency of Japan 1974.

1975, 1976).

Rodriguez-Roda (1969d) ex-

pressed concern over massive catches

t)f very N'oung blucfin in the western

Mediterranean, as w ell as off the At-

lantic coast of Morocco, which he

had described previously (Rodrigucz-
Roda 1964a, 1964b) He reported
catches of large numbers of age

fi.sh in the fall by seiners off Alicante

and the trap at La Linea in Spain, and

by .seiners and Irajis off the Mediter-

ranean coast of Africa ]ust east of

Gibraltar He reported that, in the

period September 15-October 19,

1963, about 500.000 age bluefin

were taken by the Ceuta seiners and

the traps in the \icinity This was.

however, an exceptional year, accord-

ing to his infomiant. Wc have been

advised that comparable catches of
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age bluefin were taken off

Castellon, Spain, in the fall of 1976,

mainly by sardine seiners, but also

by sport fishing boats. Rodrlgucz-
Roda (1969d) believed that the de-

cline in the Spanish Atlantic trap fish-

eries for larger bluefin might have

been caused by excessive fishing of

immature fish.

Bluefin tuna catches in the west-

ern Mediterranean were evidently un-

important prior to the development
of the French seine fishery' in 1960

Combining the data of Miyake et al.

(1976) and the Fisheries Agency of

Japan (1974, 1975, 1976), it appears
that the total western Mediterranean

catches varied between 1 ,000 and

2,500 tons (approximately) in the

years 1965-1973, but rose to about

4,200 tons in 1974 The latter figure

was due mainly to exceptionally large

catches by the French purse seine

and Japanese longline fisheries. The

fishing of age bluefin in this area,

which apparently is very poorly re-

corded, appears to be a cause for

concern.

b. Central Mediterranean

The central Mediterranean (Fig-

ure 56) has traditionally been the

area of the major bluefin tuna catches

in that Sea. The tuna trap has been

the dominant gear in the area until

recently The oldest trap fisheries

were around Sicily and Sardinia, and

off the southwestern coast of Italy

itself Additional traps were subse-

quently installed off Tunisia and

western Libya. All of these traps were

originally of the Sicilian type (Fodcra

1964). Changing conditions have ne-

cessitated their modernization

through the use of better materials

and the adoption of the Spanish de-

sign. This process began in Tunisia

in 1950 (Anonymous 1952) and in

Sicily in 1956 (de Cristofaro 1970).

In addition to the ancient trap fisher-

ies (Pavesi 1889,Parona 1919,Belloc

1961, Sara 1964), bluefin tuna are

taken in the central Mediterranean

by purse seine (Scaccini and

Biancalana 1959, Paini 1975), hook

and line (Scordia 1931, 1932;

Genovese 1965, Cesareo 1967) har-

poon (Scordia 1932, Sara 1968) and

longline (Sara and Arena 1967,

Shingu et al. 1975). In the early
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1970s, the traps were failing (San'i

1 973) and the purse seiners were be-

coming dominant (Paini 1975,

Miyake 1976) Catches of the Japa-

nese longline fishery' increased from

1972 through 1974, but conservation

measures which were introduced in

1975 curtailed the catch in that year

(Kume 1977). Italian longliners
whose primary catch is broadbill

swordfish al.so take some bluefin tuna

(Sarii and Arena 1967).

Most of the major traps, located

off the coasts of southwestern Italy,

Sardinia, Sicily, Tunisia and Libya,

fished the arrival (prespawning) run

of maturing bluefin in May and June,

A few, along the eastern and south-

ern coasts of Sicily, fished the return

(postspawning) run of spent fish in

July and August Most of the smaller

traps fished "erratic" or feeding blue-

fin at various localities otTlhe Italian

mainland and Yugoslavia The Medi-

terranean trap fisheries have been de-

scribed and discussed by Ceiti ( 1777),

Pavesi (1889), Parona'(1919), Sella

(1929a, 1929b, 1932a, 1932b),Belloc

(1961), Sara (1964), de Cristofaro

( 1 970) and others Parona (191 9) (this

work was actually completed m 191 4)

showed locations for some 100 traps

in Italian waters These included

many which were inactive or unim-

portant, or did not fish specifically

for bluefin tuna (Sara 1 968). By 1950,

only 30 real tuna traps were active,

only 14 m 1965 (de Cristofaro 1970)

and just seven in 1973 (Miyake 1976;

R. Sara, personal commumcation).
Catches of the Sicilian and

Sardinian traps for 1938-1939 and

1946-1973, based on statistics from

the Instituto Centrale di Statistica

(1949, 1951, 1954, 1957, 1960, 1963,

1966, 1969, 1972, 1974) are shown

in Tal)lc 10. Although data from

sources which are probably more ac-

curate are available for certain years,

this extensive series of records seems

most suitable for illusU'ating the long-

term trends in the catches. A few

traps in the Culf of Sant' Eufemia,

Calabria, (Figure 56) also caught

prespawning tuna. Three of them for-

merly took very large numbers of

small fish Pavesi's ( 1 889) data show

that the average annual catch per trap

for two of these was 4,674 fish with

an average weight of 44 4 kg, or 208

tons, in 1879-1883. Parona (1919)
listed seven annual catches of over
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Figure 55. Estimated age composition of samples of bluefin tuna taken in France

in 1964-1965, 1967, and 1969-1975.

100 tons (129-260 tons) for one of

them m the period 1896-1914. One
or two of these traps were set in each

of the years 1938-1939 and 1946-

1963 (Annuano Statistico Italiano).

Their annual catch per trap varied

from 25 to 1 ,329 fish, averaging from

16 to 65 kg each, or 0.4 to 75 tons.

The numbers of fish caught by the

more important traps in recent years
are compared with their average pro-

duction in the years 1879-1883 in

Table 11. Pavcsi (1889) used the lat-

ter figures as a basis for classifying

the Italian traps in orders as shown in

Table 12

The trap catches have been di-

minishing gradually over a long pe-

riod, but this decline became cata-

strophic m the 1970s. Pavcsi (1889)

reported the average annual catch of

these traps in the years 1879-1883, a

good period, as 68,029 tuna, prob-
ably at least 6,000 tons. The catches
for 1894-1914 varied between 1,624
and 8,160 tons, with an average of

4,643 tons (Parona 1919). Roule

(1917a) showed that the Sicilian and
Sardinian traps took totals of from

2,342 to 5,329 tons per year m 1909-
1913. Sella (1927) listed the Sicilian

and Sardinian catches in 1926, in a

period which was then regarded as

disastrous, as 9,800 fish.

The catches in 1938-1939 and
1 946- 1 969, while not approaching the

pre-World War I levels, were gener-

ally better than those of the crisis

period in the late 1920s and early
1930s. The catch did not decline in

proportion to number of traps fish-

ing, partly because the least efficient

traps dropped out, and the most pro-
ductive ones were improved (de
Cristofaro 1970). The catches dete-

riorated drastically after 1969. Fig-
ures for the Sicilian and Sardinian

traps for 1970-1975 provided by P.

Arena and R Sara (Miyake 1976)
and for the Sicilian traps in 1 976 (P.

Arena, personal communication),
which differ considerably from those

in the Annuano Statistico Italiano for

1970-1972, are shown in Table 13.

These data show considerably smaller

catches than those indicated in Table

10, especially in numbers offish for

1970-1972, and correspondingly

higher average weights in those years.

These figures indicate that the great-

est decline in the Italian trap fishery
was accompanied by a great increase

in the average weight of the fish

taken, just as it was in the Spanish

fishery.

The failure of the Italian trap

fisheries (Table 12) has followed a

rather distinct geographical pattern,

moving from east to west. The first

order (Table 11) trap of Pizzo, the

last one set in the Gulf of Sant'

Hufemia (compartment of Calanzaro,

Calabria), was abandoned after 1963.

Another previously productive group
in the Gulf of Patti (compartment of

Messina, northeastern Sicily), virtu-

ally ceased operating after 1967. One
of them, San Giorgio, was set for the

last time in 1973, after nine years of

inactivity, but took only five fish (R.

Sara, personal communication). The

group of return traps off the east coast
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Figure 56. Geographic references for the central Mediterranean area

of Sicily also became extinct after its

two most productive ones, including

the first order trap of Marzamcni,
took little or nothmg m 1969. Less

important return traps on the south-

em coast of Sicily had failed in the

1950s. One at a new location offCape
Granitola, at the southwestern comer

of Sicily, fished successfully through

1966. After poor seasons in 1967-

1969, it was set for the last time in

1972 with no success (R. Sara, per-

sonal communication) Its failure

marked the end of the Sicilian retum

fishery. The last traps in the Palermo

(northwestem Sicily) district were

also abandoned after the 1972 sea-

son (R. Sara, personal communica-

tion). This left two or three traps be-

ing set each yeai" in the Trapani dis-

trict at the westem tip of the island.

and two in the Acgadcs Islands west

of there, as the on!\' sui"vivors of the

once flourishinjz Sicilian trap fish-

ery In Sardinia, the first order trap

of Saline (compartment of Sassan, at

the northwestern tip of the island)

took very poor catches (1-366 fish

per year) in 1967-1972. and evidently

has not been set since. The three first

order traps of the Carlofortc group

(department of Caglian, southwest-

cm Sardinia) averaged about 1,000

fish each per year through 1971, but

took only 1,174 tuna in all in 1972

In 1973, only two were set, and they

caught only 295 fish The first order

trap (5,000 fish per year) of

Favignana m the Aegades Islands is

the only one in Italy which has even

come close to a second order perfor-

mance (2,000 fish per vear) (Pavesi

1889) since 1970 (Tabic II)

Pollution and the disturbing ef-

fects of increased coastal traffic and

other fi.sheries (trawling and fishing

with lights) are regarded as contrib-

uting factors, along with reduced

numbers of fi.sh, in the decline of the

Italian tuna trap fishenes (Sara 1969,

1973, de Cri.stofaro 1970, Cesareo

1973) This fits in with the progres-

sive decline of the fisheries from

Calabria and eastern Sicily to west-

em Sicily, while the traps in Sar-

dinia, perhaps less subject to these

effects until recently, continued to

produce good catches The produc-
tion of the Sardinian traps, however,

has also collapsed since 1972 (Table

11) Sara (personal communication)
advised us that the 1974 catch of the

three southwestem Sardinian traps

was only 300 tuna He noted that the

entire coast had been contaminated

with the wastes of an aluminum plant

The sizes of fish taken varied

with the location of the traps, or with

the water temperature at the traps

during the fishing season (Sella

1 929a) as well as fi-om year to year.

Sella (1929a, 1932a) considered the

traps off westem Sicily and those off

southwestern Sardinia as "cold" traps

(surface temperature 18 0-19 0°C,

salinity 37.37-37.65 o/oo) and pro-

ducers of large fish, and those off

Calabria and Tripolitania as hot"

traps (surface temperature 20.8-

21.8°C, salinity 37.48-37.66 o/oo)

and producers of medium sized and

small fish The relationships between

occurrences of tuna in traps and en-

vironmental conditions are discussed

in detail in section VI

The numbers and weights of the

bluefin tuna taken by traps in each

compartment of Italy in each of the

years 1951-1957 were presented by

de Cristofaro (1970) The mean

weights of the fish taken in each

compartment in each year were cal-

culated from these data The maxi-

mum, minimum and average of these

mean weights over this period, for

each compartment which contained

important tuna traps, are shown in

Tabic 14

fhcse data support Sella's

( 1 929a) findings in regard to westem

Sicih and Calabria, but the traps off

55



Table 10. Number and weight orblucfin tuna caught in traps dlTSicilv ami Saniinia by ycai as reported bv the Institute

Centralc di Statistica.

Year
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Table 12. Pavesi"s( 1889) classification of Italian traps.

Order Number of Tuna per Year Number of Iraps

First 5,000 or more, sometimes 10,000 7

Second 2,000 or more, sometimes 5,000 3

Third 1 ,000 or more, sometimes 3,000-4,000 6

Fourth 500, not exceeding 1,500 1 1

Fifth Rarely exceeding 500 12

Table 13. Catches for the Sicilian and Sardinian traps for 1970-1975, as reported

by Miyake (1976) and P. Arena (personal communication).

Year



Adriatic Seas in 1950 (Scaccini and

Biancaiana 1959). These authors in-

dicated that the early fishing occurred

mainly along the Tyrrhenian coast

from Salerno to Gaeta and along
much of the Adriatic coast between

Barletta and Trieste. They reported
that the season extended from the

end of March to mid-November, and

that the bluefm tuna taken weighed
from 4 to 30 kg. Their statistics

showed that the total Italian purse
seine catches from 1950 through 1957

ranged from 35 1 to 722 tons per year,

amounting to from 23 to 72 percent
of the corresponding catches of the

traditional trap fishery.

Purse seines, including a modi-

fied type called the cianciolo (de

Gaetani 1948) have also been used

extensively to catch small fishes, in-

cluding young bluefm tuna, in Sicil-

ian waters. This seining often takes

place at night, with the aid of a light

to attract the fish. Despite the regula-

tion prohibiting the capture of blue-

fin tuna less than 90 cm long (Sara

1968), great numbers of bluefln less

than a year old (55 cm long) have

been caught (Sara 1965c, 1968; de

Cristofaro 1970, P. Arena, personal

communication). Sari (1973) attrib-

uted the decline in the numbers of

large bluefin to the heavy fishing of

young individuals.

The French seiners which began

fishing small bluefin and aibacore in

the Ligurian Sea (see subsection a)

in 1967 were soon joined by their

Italian counterparts (Cesareo 1973,

1974a). According to Cesareo, these

vessels had reduced the stock to such

an extent by 1970 that there was no

incentive to fish in the area for the

next two years. The stock apparently

recovered, or returned to the area, in

1973 and the seiners were present in

1974.

A most important innovation in

the central Mediterranean tuna fish-

ery was the creation of a tleet of

modem Italian seiners which began

fishing for large spawning and

postspawning bluefin in 1972 (Paini

1975, Miyake 1976). According to

Paini, these vessels fished for two
months off the Aeolian Islands and

for one month in the Sicilian Chan-

nel. Afterward, they went north and

fished for small tuna and aibacore.

Miyake (1976) stated that the season

started in May and peaked in June-

July, He indicated that the fishing

area was in the southwestern

Tyrrhenian Sea, from the north coast

of Sicily to Salerno. Data for the

catches in 1972-1976 are shown in

Table 15. P. Arena also furnished

data (Miyake 1976) on the size com-

position of the catches, as shown in

Table 16.

The seine catch in 1975 thus ap-

proached that of the traps in their

better years early in this century. It is

uncertain whether the concentration

of large tuna in offshore waters is a

new phenomenon, or one which sim-

ply had not previously been observed

and used. Tlie decline of the trap

catches encouraged the exploration
of offshore waters, and the use of

active gears. The development of the

modern purse seine and iongline pro-

vided the necessary equipment. It had

been generally agreed that the blue-

fin move offshore from the area of

the traps to spawn (see Section VI),

and the use of pelagic gears to in-

crease the catch had been advocated

many years ago (Scordia 1942).

The average weight and size

composition data provided b>' Arena

confirm the indications, also noted in

the average weights of the trap

catches, that there was a substantial

recruitment of younger fish to the

central Mediterranean spawning stock

in 1975. The size composition data

suggests a strong influx offish in the

40 to 1 00 kg class in that year. This is

most encouraging, but whether the

stock can withstand the massive im-

pact of the new seine fishery remains

to be seen.

As noted above, Paini (1975) re-

ported that the large seiners, after

completing their fishing in the

Tyrrhenian Sea and the Sicilian Chan-

nel, moved north to fish small tuna

and aibacore. P. Arena (personal
communication ) advised us that sein-

ers had taken about 2.600 tons of

bluefm weighing from 10 to 100 kg
in the northern Tyrrhenian and

Ligurian Seas in September and Oc-

tober 1976. Thus very heavy pres-

sure is also being put on the stock of

young fish just as it appeared to be

furnishing urgently needed recruit-

ment to the spawning stock of large
bluefin.

Although Ninni (1921a) and

Scordia (1939) had reported occur-

rences of bluefin tuna off the Italian

Adriatic coast near Venice and near

Manfredonia and Molfetta, respec-

tively, it was not until 1950 that an

Italian Adriatic tuna fishery was ini-

tiated (Scaccini and Biancaiana

1959). This purse seine fishery has

been described by Levi (1977). The
season extended from the end of

March to mid-November, and the

tlshing area covered most of the coast

between Barletta and Trieste (Fig-

ure 58). The most successful fishing

occured in March-April off Pescara

and Punta Penna, in the central

Adriatic, for fish between 10 and 50

kg and in August-October, to the

north, off Porto Garibaldi and

Cattolica-Cesenatico for 6 to 10 kg
fish. The fishing originally took place
about 15 miles (24 km) or less from

the coast, but this distance has gradu-

ally increased to 30-40 miles (48-64

km). The yearly catches have varied

between 83 and 434 tons, with an

average of 186 tons, from 1955

through 1971. Levi (1977) reported
that two of the larger and more mod-
ern Italian seiners had entered the

Adriatic fishery in 1976. P. Arena

(personal communication) advised us

that the 1976 Italian seine catch in

the Adriatic had reached about 1 ,000

tons in October

Hook and line fisheries have ex-

isted in several parts of the central

Mediterranean, but the most impor-
tant was in the Strait of Messina.

Scordia(1931, 1932, 1934, 1935)and
Genovese ( 1 965) have described this

fishery, which embraced two distinct

seasons. The fall-winter fishery (Sep-

tember-March) occurred in the north-

em part of the Strait of Messina, and

took small or medium sized fish be-

tween spawning seasons. TTie sum-

mer (late June-August) fishery oc-

curred in the southern part of the

Strait, and took giant fish which were

maturing or recently spent. Scordia

believed that the winter fish came
from the Tyrrhenian Sea, and the

summer ones from the Ionian. She

provided extensive data on the

catches for 1 928- 1 935. Genovese pre-

sented the size composition, by
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weight groups and months, of the

catches for most of 1948-1950 and

1953-1954, with the sex ratios for

some samples. The bluefin taken in

the winter fishery were mostly in the

medium size group, but with many
small t'lsh and a few giants. The in-

troduction of live-bait chumming in

1950 increased the catch from a few

hundred fish per year to as many as

1,500 in a montlr, but after 1953 the

catch declined. The summer catches

were nearly all giant fish, with a few

mediums. Only from 23 to 44 fish

per year were taken in 1948-1950,

and none were caught in 1953-1954.

The sex ratios of the tuna taken

in these years showed a veiT slight

predominance of females (about 52%
females), which did not van,' greatly

between months and years. Arena

(1959a) described a productive line

fisher)' off tiie Aeolian Islands (north

of eastern Sicily). Up to 27 fish were

taken per boat day under favorable

conditions. It was necessary' to use

fine lines baited with sand launces,

Ammodytes cicirella. The fish taken

generally ranged from 30 to 40 kg.

Much larger individuals, 200 kg and

over, were often hooked, but usually
broke the light lines. The Italian

longliners fished primarily for

broadbill swordfish, but caught blue-

fin tima incidentally (Sara and Arena

1967). Their tuna catches have not

been recorded in (he statistics. R. Sara

(personal conimunicalion) estimated

that the swordfish longliners might
have captured "not over 500" tima

with an average weight of about 1 50

kg during the 1972 season. Sara and

Arena (1967) noted that smaller

longlines used primarily for dolphin

(fish), Coiyphaena hippurus
Linnaeus (1758), also took

unrecorded numbers of small blue-

fin.
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The Japanese longline fishery en-

tered the Mediterranean in 1 972, tak-

ing 459 bluefin between IO°E longi-

tude and 20°E longitude. Its catches

in this area increased to 748 fish in

1973 and 4,914 in 1974 (Fisheries

Agency of Japan 1973, 1974, 1975).

Assuming that the weight of these

fish was the same as the average for

the entire Mediterranean, the cor-

responding tonnages would be about

74 in 1972, 156 in 1973, and 835 in

1974. The numbers offish taken in

1975 are not available, but the total

Japanese Mediterranean catch de-

clined from 2,192 tons in 1974 to

1,100 tons in 1975, because of con-

servation measures (Kume 1976).

The largest catches were taken south

of latitude 40°N in May and June,

corresponding to the "arrival" run of

maturing bluefin in the area. Catch

rates, in fish per thousand hooks, var-

ied from to 12.8 in May, 7.8 to 14.6

in June, and to 19.5 in July. Thus

the most consistent catch rates were

obtained in June, during the arrival

run when the maturing bluefin are

believed to be reluctant to feed (see

Section VI). The highest catch rates,

14.6 and 19.5 fish per thousand

hooks, were obtained in the Ionian

Sea in June and July, respectively.

Sport fishing for small bluefin

tuna and albacore ( Thunmis alalimga)
in the Ligurian Sea was initiated by
French and Italian anglers in 1962

and 1963. This fishery was very suc-

cessful in the years 1964-1968, with

daily catches in 1964 averaging 30

timas a day for a well crewed boat

with expert anglers. This average de-

clined to in 1971, reportedly be-

cause of heavy fishing by Sicilian

and French seiners in 1968-1971.

Some improvement in the fish-

ing was noted in 1972 and 1973, af-

ter the seiners had left the area. The

schools were much less numerous

than before the seining, however, and

were present for a much smaller por-

tion ofthe year (Cesareo 1973,"A.C."

personal communication). This im-

provement has evidently continued;

nine boats took 680 kg of bluefin and

albacore in a day and a half in a

tournament off San Remo, Italy, in

September 1975 (di Sant' Ignazio

1975). Friction between seiners and

recreational fishermen was also men-

Table 15. Catch data for the Italian purse seine fishery in the southeastern

Tyrrhenian Sea and the Sicilian Channel (Miyake 1976, P. Arena, personal

communication).

Year



Figure 58. Geographic references and movements of bluefin tuna along the

Italian Adriatic coast.

A Yugoslavian purse seine fishery

for bluefin tuna was introduced in

1929 (Tilic 1954), with seven ves-

sels fishing in the period 1936-1940

and 1 1 in the period 1 947- 1 95 1 . Like

the trap fishery, this occurred mainly
off the northern coasts and the adja-

cent islands (Morovic 1961). Total

yearly bluefin tuna catches in Yugo-
slavia averaged 127 tons for 1936-

1940 but increased to 468-873 tons

in 1947-1951 (Tilic 1954). In 1952-

1974, the total yearly catches varied

from less than 100 to 700 tons, but

have not exceeded 350 tons since

1959 (Hamre et al. 1966, Miyake et

al. 1976).

Trap fisheries have long been

important in Tunisia (Figure 56). Al-

though as many as 1 1 traps have op-
erated in some years (Gaudiiliere

1954), Roule (1924) recommended
that studies of the bluefin tuna stocks

in the area be concentrated on the

catches of the Sidi Daoud trap on the

west side of the Cape Bon peninsula.

This trap has been by far the most

productive in Tunisia, and has fished

almost continuously since 1 863 (Fig-

ure 59). The other traps have fished

intermittently and their catches

seemed to follow the same trends as

those of Sidi Daoud. Its catches for

1863-1923 (excepting 1874 when it

was not set) averaged about 8,000

bluefin tuna per year (Roule 1924).

In the years 1928-1937, regarded as

a period of crisis, its annual catches

ranged from 1,000 to 3,400 fish

(Heldt 1932, 1934, 1937. 1938). In

1955 it took 3,600 fish with an aver-

age weight of 128 kg (Postel 1956).

In the period from 1962 through

1976, its approximate average an-

nual catches declined from 1 ,500 fish

weighing 180 tons in the first five

years to about 300 fish weighing 40

tons in the last tlve (M. /aouali, per-

sonal communication), fhus, the Tu-

nisian trap fishery for bluelln has

apparently suffered a collapse simi-

lar to that of the Italian trap fisheries.

Sella (1929a) pointed out that the

trends of the Sidi Daoud catches were

remarkably similar to those of the

important traps off southwestern

Sardinia. Roule ( 1 924) concluded that

the Sidi Daoud catches varied in-

versely with the amount of rainfall in

the area. He felt that the runoff from

the Lake of Bizerte reduced the sa-

linity of the waters around the trap,

making the area less attractive to the

bluefin.

Total catches of the Tunisian

traps in 1 9 1 0- 1 923 ranged from 4,300
to 34,400 fish with the larger catches

being taken before 1916 (Roule

1924). In 1927-1938 catches ranged
from 2,200 to 9,000 fish weighing
200 to 800 tons with yearly average

weights of 7 1 to 1 08 kg (Heldt 1 932,

1934, 1937, 1938). The three traps

operating in 1955 caught 3,985 blue-

fin averaging 1 19 kg (Postel 1956).

This constituted only 47 percent of

the total catch of the traps, by weight.
The annual total catches of all spe-

cies by the three Tunisian madragues
active in 1 952- 1 958 ranged from 677

to 1,013 tons(Belloc 1961). Postel's

( 1 956) data suggest that about half of

these tonnages might have been blue-

fin. Total Tunisian bluefin catches

for 1964-1974 ranged from 200 to

900 tons with smaller catches occur-

ring since 1970 (Miyake et al. 1976)

but no breakdown by gear is avail-

able. Heldt (1932. 1934, 1937) re-

ported that catches of up to 40 tons a

year were taken in the "winter fish-

ery", mainly with seines.

The Tunisian traps all fish in the

"arrival" run, except for some ex-

perimental fishing of the "return" run

by the Cap Zebib trap in 1 924 (Gruvel

1926) and an experimental trap at

Ras Mustapha (Bellon 1954). For

1931-37, the first trap catches were

from Ma\ 19 to June 9, and the last

from .lune 20 to July 6 (Heldt 1932,

1934. 1937, 1938). Heldt(1929)sup-

plied average weights of the bluefin

caught by the Sidi Daoud and Ras el

Ahmar traps and tor all the Tunisian

traps for 1904-22. The average for

all traps ranged from 50 to 89 kg.

The average for Ras el Ahmar (59-

126 kg) was higher than that for Sidi

Daoud (50-89 kg) in every year but

two. Since Ras el Ahmar is situated

north of Sidi Daoud, nearer the tip of

the Cape Bon peninsula, Heldt con-

cluded that the larger bluefin trav-

elled farther offshore than the smaller

individuals. Heldfs (1932, 1934,
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1937, 1938) data for individual Tu-
nisian traps showed that those on the

north coast (Cap Zebib, Sidi Daoud,
Ras el Ahmar and El Aouaria) caught

larger fish than those on the east coast

(Monastir, Kuriat, Conigliera, and

Bordj Kadidja). Yearly average
weights for the western traps varied

from 42 to 246 kg, whereas those for

the east coast traps ranged from 47 to

62 kg. Posters (1956) data for 1955

catches showed the same trend: 125

and 115 kg for Sidi Daoud and El

Aouaria, respectively, and 52 kg for

Kuriat.

Sella (1912a) reported that there

were quantities of bluefin tuna along
the Lib_\an coast, and the installation

of traps began in 1914 (Parona 1919,
Ninni 1921b). Data are available for

the catches in Tripolitania (western

Libya) in 1915, 1919-1936, 1939,

1951, 1955, 1959, 1972, and 1973,
but not all on a comparable basis.

The most complete data are for 1 92 1
-

34 (Anonymous 1928a, 1929a,
1932a, 1934a, 1934b, 1935a, 1935b,

1936). In 1915 and 1919-20 from
one to three traps were set each year,
and annual catches ranged from 1 , 1 60
to 6,206 fish per trap. In 1921-34,
from six to 13 traps were set each

year, and annual catches varied from

285 to 1 ,200 tons per year, consist-

ing of from 547 to 2,067 fish per trap
with average weights of from 56 to

1 10 kg per fish. In 1935, 1936 and

1939 from seven to 10 traps fished

each year and took from 1,133 to

1 ,737 fish per trap year. The average

weight of the fish caught in 1 936 was
75 kg. Catches totalled 1 , 1 20 tons in

1951 (Anonymous 1952), 6,403 fish

averaging 86 kg in 1955 (Postel

1962), and 1,950 tons in 1959

(Anonymous 1960). Recent landings
have been considerably smaller, with

four traps taking 1,550 fish in 1972,
and three taking 2,360 in 1973 (R.

Sara, personal communication). The
total yearly bluefin tuna catches of

Libya for 1964-1974 varied between
300 and 2,000 tons (Miyake et al.

1976), with the largest catches oc-

curring in 1968 and 1969.

The Tripolitanian traps fished the

"arrival" run only, although evidence
of a potential "return" fishery has

been noted (Anonymous 1932). First

catches for 1927, 1928, and 1931

occurred between May 29 and June

23 (Anonymous !928a^ 1929a, 1932).
Belloc (1961) reported that the fish-

ing began at the end of May, peaked
in the first half of July and ended

during the last half of July. Sara

(1964) stated that the Libyan traps
fished about 15 days later than those

of Sicily, Sardinia and Tunisia. In

1964, the fishery extended from the

22nd to the 26th week (about May
25-June 23) (Hamre et al. 1966).

The only size sample available

for the Libyan fishery is for the 1964

catches (Figure 60). About three-

quarters of the fish were in the "me-
dium" category, with the remainder
in the "large" group.

Except for an ephemeral attempt
near Tobruk (Sella 1932a), the east-

ernmost tuna trap which fished

spawning bluefin in the Mediterra-

nean was at EI Mongar near Bengasi
in Cyrenaica, Libya. Information on
this trap is meager. In 1924-27, it

took from 1 ,039 to 3,286 bluefin tuna

per year (Anonymous 1928b). The
latter figure, attained in 1927, was

reportedly the highest for any trap in

the Mediterranean in that year. In

1928, only 197 tuna were taken

(Anonymous 1929b). Catches of from

1 12 to 436 tuna per year are listed for

Bengasi or Cyrenaica for 1930-33

(Anonymous 1932a, 1934a).

In 1 927, the first and last bluefin

catches at El Mongar were on May
31 and July 18, respectively (Anony-
mous 1928b), and in 1928, on June

26 and July 14 (Anonymous 1929b).
The latter season was regarded as

unusually late in starting.

No quantitative data arc avail-

able on the sizes of the fish taken, but

Sella (1932a) stated that they were
small or medium size, and that their

gonads were ripe. Anonymous
( 1 929b) reported that the tuna caught
in 1928 were very small.

Because of the irregularity of its

catches and the small size of the fish

taken, Sella (1932a) did not regard
El Mongar as a true "arrival" trap.

Since it did not catch large spent fish,

he also felt that it did not qualify as a

"return" trap. It appears to have been

abandoned soon after this information

was published. He pointed out that

this trap was east of the 38 o/oo

isohaline, which he regarded as the

upper limit of salinity for large "ar-

rival" (maturing) bluefin. He added
that, had he known what he then did

about the sensitivity of maturing blue-

fin to salinity, he would not have

attempted to establish a trap east of
El Mongar (in water of higher salin-

ity) near Tobruk.

c. Eastern Mediterranean and
Black Sea

Bluefin tuna are extensively dis-

tributed over the eastern Mediterra-

nean (Figure 52), except its south-

east corner, but the only fisheries of

any importance are those of Greece
and Turkey. Annual catches reported
for Greece since 1952 have ranged
from less than a ton to 1,220 tons,

and those for Turkey since 1 957 from
less than a ton to over 1,500 tons.

Catches in Greece since 1968 and in

Turkey since 1970 have been negli-

gible (Hamre etal. 1966. Miyake and

Manning 1975. Miyake and Tibbo

1972).

Eleven traps were active in

Greece in the period 1954-1958

(Belloc 1961). The maximum annual

catch (all species) per trap was 21

tons; few catches exceeded 10 tons

and many were less than one ton. All

of the traps were located on the

Aegean (eastern) coast of Greece

(Figure 61). with al I but two on the

Peleponnesus. Ninni (1922) quoted

Vinciguerra (1 896) to the effect that

the only bluefin tuna fisheries in the

Aegean were at Melina in the Gulf of
Volos and Gialtra on the island of

Euboea. Ninni concluded that in

spring bluefin tuna migrated north-

ward in two groups through the

Aegean from a wintering area around

Crete. The major group skirted the

coasts of Asia Minor and the adja-
cent islands and a smaller one tra-

versed the channel between Euboea
and the mainland to enter the Gulf of
Volos. Athanassopoulos(l923, 1924,

1926) considered the bluefin to be a

rare fish in Grecian waters, particu-

larly off its western (Ionian Sea)
coast. Oren et al. (1959) reported

trolling catches of very small (45-53
cm total length) bluefin tuna in sev-

eral parts of the Aegean during an

exploratory fishing cruise Septem-
ber-December 1952.
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Turkish fishing for bhietln tuna

is by trap, handlinc and harpoon
(Ninni 1922. Dcvcdjian 1926,

Hovas.se 1 929. Lebederfl9.-^r,.Akyuz
and Artuz 1957. lyigiingiir 19,^7.

Belloc 1961). Lebe'deff (19.16) de-

scribed sport fishing near Istanbul in

the winter of 19.15-.16. The favorable

situation for developing a sport llsh-

ery there was also mentioned by

lyigilngor (1957), but we have no

further information on this subject.

I'arona (1919) showed 26 loca-

tions for traps in the easlem .Sea ol'

Mannoia and the Bosphorus. 13elloc

(1961) noted that Devedjian (1926)

showed 225 emplacements lor 1 urk-

ish traps in the Black Sea. Bosphorus.
Marmora and Dardanelles, but his

charts show only I 9 in the Bosphorus
and eastern Marmora and 1\\() m the

Dardiuielles. Only a few of these were

noted for catching bluelln tuna. Ninni

(1922) noted that there were .some

"summer" and .some winter' traps.

but lyigiingor (1957) said that the

traps fished from early April to the

end of August. He estimated the av-

erage season's catch per trap at 100-

150 mna. Opinions al.so dlifered as

to the periods of pa.ssage. Ninni de-

scribed an "arrival
"

(northward) run

from late March to mid-August and a

"rctuni (soullnvard run from early

Augiisl lo December or even I''ebru-

ary. llo\asse (1927). on the basis of

catch records for the years 1915 and

1921-192''. Ibund three maxima in
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on graph means less

the landings: one with maturing fish

in February, March and April, one

with spent fish in July and August,
and a lesser one in December.
Hovasse believed that the first run

was an "arrival" migration into the

Black Sea, where spawning took

place and the second was a "return"

run fi-om the Black Sea. He did not

understand the significance of the

third maximum. lyigUngor (1957)
listed three rather similar runs:

March-April, July-autumn, and No-

vember-January. Akyuz and Artiiz

(1957) specify an "arrival" run simi-

lar to Ninni's, from April to early

August, and a "return" run from late

October into December. These au-

thors show the average volume of

bluefin tuna sales in the Istanbul mar-

ket, by month, for 1935-1955. These

show a maximum in March and an-

other in July, with good volume in

April, February, and August and a

minimum in June. The yearly vol-

ume of bluefin tuna sales in the

Istanbul market varied from 85 to

537 tons in 1909-1916 (Ninni 1922),

from 15 to 112 tons in 1928-1938

and from 40 to 764 tons in 1953-

1955 (Akyuz and ArtUz 1957) The
allocation of catch by gears is not

shown.

Harpooning is practiced both

from the shore and from small boats

(Devedjian 1926). Handlining is also

practiced from small boats

(Devedjian 1926, lyigUngor 1957).

The hook-and-line fishing seasons are

November-Januar>- and March-April;
the fish do not take bait July-October

(lyigUngor . 1 957). Both of these fish-

eries are centered around Istanbul.

Ninni (1922) concluded that the

quantity of bluefin tuna available was

much greater than was indicated by
the catches of the traps, since the

latter did not extend into sufficiently

deep water to fish tuna effectively,

and also were too weak structurally

to hold any considerable quantity of

bluefin. He noted that a trial setting

of an Italian style trap at Touz
Bumum in 1913 had not produced

satisfactory results, but did not con-

sider this experiment conclusive.

Evidently most of the bluefin

taken near Istanbul are large. Most of

the fish examined by AkyUz and

Artuz (1957) at the Istanbul market

(1955-I956)wereinthe 170-280 cm

range, with the smallest 120 cm and

the largest 330 cm. Samples exam-

ined there in 1967 and 1968 (Hamre
et al. 1971) ranged from 85 to 320

cm, with most of the fish from 155-

290 cm (Figure 62). Lebedeffl 1 936)
mentions that hook and line catches

in 1 936 included 40 bluefin over 400

kg, 10 over 600 kg, and some from

700 to 775 kg. He noted that fish

over 200 kg were taken only in the

fast current, whereas 100 yards away
only individuals of 20-50 kg were

caught. In early April, the large and

small bluefin left, but medium sized

ones stayed near Prince's Island. Dur-

ing a few days of sport fishing, from

December 25, 1935 to late March

1936, Lebedeff caught tuna of 120,

230, 350, 380 and 400 kg. He also

lost several large bluefin which broke

his lines or leaders. One of these,

which was later caught in a net and

identified by the hook and leader

which had remained attached to it,

weighed 450 kg.

Hovasse (1927) noted that blue-

tin tuna occurred in the Aegean Sea-

Marmara-Black Sea area in waters of

extrenicK different salinities, from

1 8.3 o/oo in the Black Sea to 39 o/oo

in the southern Aegean. In the vicin-

ity of Istanbul tuna are found simul-

taneously in deep waters with salin-

ity of 38 o/oo and shallow waters

with only 17 o/oo to 18 o/oo. He
stated that tuna in the area were found

in considerable ranges of tempera-
ture—as low as 14°C to 19°C, ac-

cording to depth
—in the Black Sea

at the time of the "arrival." These

findings conflicted with Roule's

(1924) hypothesis of a stenothemiic

and stenohaline tuna.

Small bluefin tuna range along
the Mediterranean coasts of Turkey
and Syria, and occasionally occur off

Cyprus (Carp 195 1. Oren et al. 1959,

Sara 1904). Carp reported a Turkish

fisher) for bluefin (apparently 10-30

kg) along the Anatolian coast and in

the Gulf of Mersin. Oren et al. ( 1 959)

reported captures of very small (45-
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53 cm) individuals in various locali-

ties in the northeastern corner of the

Mediterranean in November and De-

cember. They also noted catches of

young tuna off Haifa, Israel, in wa-

ters with salinities of 39.58 o/oo or

more. Sara (1964, Figure 1) indicated

that the northeastern comer of the

Mediterranean (Haifa. Israel, to the

Gulf of Mersin, and around eastern

Cyprus) is a year-around habitat of

5-25 kg bluefin and an August-No-
vember habitat of 0.2-3 kg bluefin.

The southeastern corner of the

Mediterranean (coasts of Egypt and

southern Israel is evidently devoid of

bluefm tuna. The stranding of a single

bluefm near Alexandria (Heldt 1937)

was regarded as an extraordinary

event.

d. Summary.
Sara (1964, 1973) summarized

the distribution of bluefin tuna in the

Mediterranean Sea. From August

through November, almost all of the

Mediterranean is filled with large

schools of very young tuna born in

the year. After November, when they

have attained a weight of about 2 kg,

few are taken, probably because of

bad weather rather than because of

their absence. With the return ofgood
weather in late winter, they are found

in practically the same places, weigh-

ing 4-5 kg. These young tuna remain

in the areas where they were born,

making small movements in response

to changes in environmental condi-

tions, and in search of food, until

they reach sexual maturity. Sara's

(1964) distribution chart indicates

scattered concentrations of bluefin

weighing 5-25 kg near most of the

islands and coasts in the western and

central Mediterranean, except the Af-

rican coast between Morocco and Tu-

nisia. In the eastern Mediterranean,

concentrations are shown in the

Aegean Sea. around the Bosphorus.

and off the northeastern coasts.

Medium-sized tuna (30-100 kg)

are found off many of the coasts

throughout the year. Sara's (1964)

chart locates these fish along the Af-

rican coast from Gibraltar to Bengasi

(mainly from Tunisia to Cape
Misurata). along the Spanish and

French coasts and around the Balearic

Islands, in the central, eastern and

southern Tyrrhenian Sea, along the
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east coast of Sicily and around the

islands in the Sicilian Channel, in the

Adriatic Sea and in the northwestern

Aegean Sea. Sara (1973) said that

these fish are especially visible in

late summer and autumn, when they
chase prey relentlessly on the surface

near the coasts.

Large tuna (over 150 kg) are

abundant, except in certain local ar-

eas, only from April to September

(Sara 1964, 1973). The principal ar-

eas of abundance indicated in Sara"s

(1 964) chart are off western Sardinia,

Sicilv, Tunisia and western Libva.

Other occurrences are shuwn near

Gibraltar, in the Gulf of Lion, in the

Bosphorus, and off Bengasi. Sara

(loc. cit.) believed that the major oc-

currence of large bkiefin in the Medi-

terranean is the spawning run from

the Ibero-Moroccan Bay, whose vol-

ume and movements are greatly in-

fluenced by the inflowing Atlantic

Current. Occurrences in other sea-

sons consist of relatively small num-
bers offish which stay in areas where

food is plentiful, such as the Gulf of

Lion (off the mouth nf the Rhone),
the Tuscan Archipelago, the Aeolian

Islands, the Strait of Messina and the

Dardanelles.

I'lie fisheries for large biuefin

were historically the mo.st important
in the Mediterranean, and laws pro-
hibited the capture of young fish in

Italian waters more than a century

ago. Catches of young biuefin have

increased since 1920, and this ten-

dency has accelerated after World
War II. Perhaps in consequence of

this, the landings of large biuefin by
the traditional trap method declined,

especially in the 1970s. The intro-

duction of longline and purse seine

fisheries for large bluetln in this pe-

riod, however, had restored the

catches of large fish to their earlier

level bv 1974.
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V. SPAWNING

A. INTRODUCTION

Considering the amount of re-

search which has been devoted to the

Atlantic bluefin tuna, positive informa-

tion on its spawning habits is surpris-

ingly incomplete. ITie earliest and most

extensive information on this subject is

from the Mediterranean, but even there

much remains to be learned. The situa-

tion is far worse in the important east-

em North Atlantic region, since, to our

knowledge, no larvae or small (less

than 12 cm) juveniles have been col-

lected in any of its areas which have

been assumed to be spawning grounds.
Greater advances have been made in

the western North Atlantic, but posi-

tive information there is limited to rela-

tively small areas. Aside from a few

larvae collected near the Equator, wc
found no information whatsoever on

the spawning ofthe species in the South

Atlantic. The paucity ofknowledge con-

cerning this vitally important phase of

the life of the bluefin tuna may be

attributed to the serious limitations in-

herent in the methods used to obtain

this information.

B. DEFINITIONS

Larva: Matsumoto et al. (1972)
stated that the larval stage of nearly all

tuna species ends when the larva has

attained 1 to 13 mm standard length

(SL) (Figure 63). We have arbitrarily

selected 12 mm SL as the size at which
the bluefin tuna passes from the larval

to the juvenile stage.

Juvenile: Postlarval fish may be

regarded as juveniles until they reach

maturity— a considerable size, in the

case of the bluefin tuna. In this section

on the spawning of this species, how-

ever, we have arbitraril> limited the

tenn "juvenile" to include individuals

from 12 to 120 mm. Bluefin tuna only

slightly larger than 1 20 mm are active

predators and are taken in some fisher-

ies.

Index of Maturity: The numeri-

cal index of maturity most frequently
used in this section is the weight of the

entire fish divided by the weight of the

gonads. This index is therefore inversely

proportional to the maturity ofthe fish.

Other indices are defined where they
first occur in the text.

C. CRITERIA FOR
DETERMINING SEASONS
AND AREAS OF SPAWNING,
AND THEIR LIMITATIONS

1. Presence of Ripe Adults

The evaluation of the condition,

or degree of maturity, of the gonads of

adult fish is one of Iwo approaches

used to determine the spawning sea-

sons and areas of the bluefin tuna. The

presence of fully ripe adults is assumed
to indicate spawning.

Stages of maturity have been
evaluated by several methods, some

subjective and some objective. The ap-

pearance and physical characteristics

of the ovaries and the ovarian eggs are

among the subjective criteria used for

this purpose. Visual diagnosis may be

based on the color of the ovaries and

the extent and color of their external

veining. Their consistency (hardness
or softness ) and their size and shape are

Figure 63. Early life history stages of TImnmis ihynnus of the western central

Atlantic (Richards 1089).
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important physical factors. The size and

consistency of the ovarian eggs, and

the tenacity of their adhesion to one

another and to the wails of the ovaries

also provide indications of maturity.

The more objective criteria include

indices of maturity, usually expressed

as a relationship between the weight of

the ovaries and some measurement of

the fish from which they were taken.

Examination ofhistological sections of

gonads permits more exact assessment

of stages of maturity, but few such

studies on bluefin tuna have been pub-
lished.

Estimates of spawning areas and

seasons from gonad condition are sub-

ject to many limitations. Unless the

specimen is fully ripe, serious errors

may be involved, as these fish can travel

great distances in short periods (Mather

1962, 1969). Also, frilly ripe bluetln

tuna are difficult to catch on hook and

line as they are reportedly reluctant

Sara to feed (Sella 1929a, Rivas 1954,

Sara 1964, 1973). Their capture in traps

is extremely rare. Sanzo ( 1 9 1 Oa) found

a ripe female in a trap near Palermo,

Sicily, in 1908, but had not encoun-

tered another when he produced his

final (1932) work on the eggs and lar-

vae ofthe bluefin. Likewise Rodriguez-

Roda ( 1 964a, 1 967a) had observed only

one ripe female in his extensive studies

at Barbate, the most productive tuna

trap in this century, and other sites. He

remarked that the oviduct of this indi-

vidual might have been obstructed. The

recently developed purse seine fishery

in the central Mediterranean spawning

grounds (Section IV) has made more

mature bluefin available (R. Sara, per-

sonal communication), but no studies

based on these catches have appeared.

Bluefin tuna spawn fractionally,

by several separate emissions of eggs
over a period of several days, rather

than by a single emission (Sanzo 1910a,

Frade and Mana9as 1933). Thus, even

when ripe fish are taken, the localities

of capture may not indicate the total

area over which the fish have spawned.
The fractional nature of their

spawning also adds to the difficulties

in determining when bluefin tuna are

frilly ripe. As noted above, many of the

criteria used to determine stages of

maturity are subjective. In addition,

even the seemingly objective indices

of maturity may be subject to error.

Maturing and post-spawning fish

may have the same indices as the size

of their gonads increases and then de-

creases. Also, maturing fish are con-

siderably heavier than spent ones ofthe

same length. This fact introduces er-

rors when indices for fish in these dif-

ferent phases are compared. In addi-

tion, the testes ofmales decrease in size

much more than tlie ovaries of the fe-

males after spawning has been com-

pleted. Thus comparison of indices for

fish of different sexes may be mislead-

ing. Frade (1937) pointed out these

sources of error and used corrections

for the differences in gonad weight be-

tween sexes and in total weight be-

tween maturing and spent individuals

of the same length. These refinements

in the method, however, have appar-

ently been ignored. We have observed

another possible source oferror in indi-

ces of maturity for bluefin tuna in the

western North Atlantic. When large

bluefin tuna arrive in New England
waters in July (Section IV), they are

spent and their gonads are small. To-

ward the end of their feeding season, in

late summer and early fall, their go-

nads become almost completely en-

cased in adipose tissue. If this tissue is

not removed before weighing the go-

nads, the maturity index may be almost

as high as for a ripe fish, even though
the gonad proper is small and dormant.

Baglin (1976) noted that the average

weight of the adipose tissue attached to

the ovaries of six giant bluefin taken

offNew England in August 1975, was

1,152 g, while the average weight of

the gonads themselves was 1,1 14 g.

Tlie well documented presence of

fully ripe fish may therefore be a good
indication of a spawning area, but con-

clusions based on nearly ripe fish may
be very misleading.

2. Presence of Pelagic Eggs and

Larvae

The times and locations of collec-

tions of pelagic eggs and larvae form

another basis for the detemiination. or

estimation, of the seasons and areas of

spawning. When eggs or extreme!)

small larvae can be identified, it may
be assumed that spawning occurred not

very long before ihe time of collection

and not ver>' far from the collecting

locality. Estimating the time and place

of spawning when larger larvae or ju-

veniles are collected, however, requires

knowledge of their growtli rate, and

also of the currents in the collecting

area.

Although this approach is very

logical, its execution has not proved to

be easy. The collection and identifica-

tion ofeggs and larvae is difilcult. Blue-

fin eggs cannot be positively identified

unless they are hatched and the larvae

are reared to an identifiable size

(PiccinettiandPiccinettiManfrin 1970),

which is a most difilcult process. The

identification of larvae has been con-

troversial (Sella 1924,Dieuzeide 1951,

Duclerc et al. 1973, Richards 1976).

Sella and Richards questioned
Ehrenbaum's (1924) tentative identifi-

cations of "Orcyniis ihynnus L.'\ and

Richards reidentified several of

Ehrenbaum's larvae of tunas and tuna-

like species. Duclerc et al. ( 1 973) found

it impossible to distinguish eggs and

larvae oVThunnus ihynmus L.", from

those oV'Aitxis lhuzard\ even after the

eggs had been hatched and tlie larvae

reared to lengths of 5.0 mm. Duclerc et

al. (1973) and Richards (1976) ques-

tioned Sanzo's (1932) descriptions of

the egg and larval stages ofOrcyims
t/iynnus Ltkn.", and felt that they should

be verified. Some encouraging progress

has been made recently, however.

Duclerc et al. (
1 973) and Scaccini et al.

(1975) have reared larval bluefin tuna

for periods of up to eight days from

eggs collected at sea. Richards and

Potth off (1974) have produced a most

thorough description of larval bluefin

tuna more than 3.0 mm (SL) long.

The accuracy of estimates of

spawning seasons and areas based on

the collection data for young stages,

their length and growth rates, and cur-

rent systems in the collecting area, de-

clines rapidly with the passage of time

from the hatching of the specimen. Not

only does the error in calculating pas-

sive transport increase, but juvenile

bluefin tuna become active swimmers

at a surprisingl\ early age. Tlie\ attain

their full complement of caudal rays at

about ! 6 mm SL (PotthofiF 1 975). Sella

(1929a) stated that the bluefin tuna

could already be considered an active

fish at the age of 1 5 days.

Most of the available data on the

growth of the early stages of the blue-

fin (Section 111) have been presented in

terms of weight. Growth data in terms
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'* Minor, Onavaluatad or Hypothetical

Spawning Jlreas

Figure 64. Bluefin spawning areas in the Mediterranean and Blaclc Seas and tlie

eastern Atlantic.

of length would be much more useful

for back-calculating the localities where

larvae or juveniles had probably been

spawned.
Collection data for eggs and small

larvae which have been reared to iden-

tifiable sizes furnish good indications

of spawning dates and areas. Estimates

based on collection data for larger lar-

vae or juvenile stages, however, must

be regarded only as approximations.

Unfortunately, most of the avail-

able data on the growth of early stages

ofbluefin tuna(d'Amico 1816, Bourge

1908, Heldt 1930, Piccinetti and

Piccinetti Manfrin 1 970) were presented

in terms of weight (a characteristic

which is seldom reported in this size

range), rather than length. Length-age
data for early stages of bluefin tuna are

needed to reduce the error in estimat-

ing the probable date and location of

hatching from the collection data of

early stages.

D. SPAWNING AREAS AND
SEASONS

1. Mediterranean and Black Seas

a. General Information

The spawning habits of T. ihynnus

thynnus have been more extensively

studied and are better known in the

Mediterranean than elsewhere.

Bluefin tuna spawn over exten-

sive areas of the Mediterranean and

Black Seas (Figure 64). The larger in-

dividuals, to which most ofthe research

has been devoted, spawn mainly in the

last half of June and the first half of

July. There is considerable evidence

that the smaller bluefin which have

reached maturity (the older small blue-

fin and the medium-sized fish) spawn

later, throughout July and into August,

and occasionally even into September.
The principal known spawning ar-

eas were in the southern central Mediter-

ranean, around Sicily, off western

Sardinia, and off northeastern Tunisia.

Additional reproduction has occuned

around the Balearic Islands, off

Tripolitania (western Libya), off Alge-

ria, and in the Black Sea. It is believed

that additional research would show

that the species spawns over a much

broader area.

The relationship between eastern

Atlantic and Mediterranean bluefin tuna

has been debated for centuries. An an-

cient theory, proposed by Aristotle

(circa 325 B.C.), has been believed for

centuries by the Mediterranean fisher-

men and repealed by many authors.

His hypothesis was that the bluefin tuna

lived in the Atlantic for most of the

year, but entered the Mediterranean in

the spring, travelled along its northern

shores to the Black Sea to spawn, then

returned to the Atlantic, following the

southern coasts of the Mediterranean,

in the summer. Scientific findings in

the sixteenth and seventeenth centu-

ries, however, raised questions about

this theory and from 1 875 to 1 925 most

authorities believed that spawning blue-

fin did not pass through the Strait of

Gibralter in numbers. They felt that the

Mediterranean bluefin tuna comprised
an autochthonous population, which

made only limited local movements to

and from the spawning areas. Since

1925 evidence of migrations from the

Atlantic into the Mediterranean has re-

opened the question.

A recent hypothesis (Sara 1964,

1973) satisfies many of the arguments
used by both sides in this debate. Sara

maintains that most of the large bluefin

which spawned in the Mediterranean

were migrants from the Atlantic and

spent the rest of the year in that ocean,

but that most of the medium sized and

small fish which spawned in the Medi-

terranean had been bom in that sea and

had remained there until they attained

about 1 50 kg. These problems are dis-

cussed in detail in Sections IV and VI.

b. Specific Occurrences

The first positive indication that

bluefin tuna spawned in the Mediterra-

nean was presented by Cetti (1777)

from observations made along the

coasts of Sardinia. He found eggs,

which he believed to be those of blue-

fin tuna, on the ropes of the traps, and

also in the water around the traps. He

also stated that the ovarian eggs offish

taken in the traps in May were very

well developed, but that those of fish

taken in June had degenerated. He con-

cluded tentatively that more large blue-

fin tuna spawned in the Mediterranean

than in the Black Sea. Even though his

data are questionable, in view of present

knowledge, his conclusions were cor-

rect. His work eventually led to the first

doubts about the Aristotelian theory.

This was followed by d'Amico's

(1816) revelation that bluefin spawned
off Sicily. He noted that juveniles of

the species weighed about 42 g in June,

122 g in August and 840 g in October.

These data and those of Sella (1929a)

enabled Heldt (1930) to present the

first growth curve for the early stages
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of this species. Sanzo (1909, 1910b)

described eggs taken from ripe bluefin

caught off Sicily. Later Sanzo (1929,

1932) described pelagic eggs which he

collected in the Strait of Messina in

May and June, and larvae which were

hatched from these eggs and reared for

six days. Sanzo concluded that these

were the eggs and larvae of bluefin

tuna, because the eggs matched those

taken from a ripe female, and the six-

day-old larvae hatched from them

matched the smallest ofthe identifiable

bluefin tuna larvae which he had col-

lected offMessina. More recently, how-

ever, several authors who have exam-

ined Mediterranean material have con-

cluded that bluefin tuna eggs could not

be identified positively unless they were

hatched and the larvae were reared to

an identifiable size (Piccinetti and

Piccinetti Manfrin 1970, Duclerc et al.

1 973, Scaccini et al. 1 975). Collections

of larger larvae and juveniles were also

reported (Sella 1924, 1929a; Sparta

1933, Padoa 1956, Scaccini 1965,

Piccinetti and Piccinetti Manfrin 1970).

Although Sella (1924) explained the

differences betweenjuvenile T. rliynnus

Ihynnus, T. alalimga and Auxis bisus,

these early collections were not thor-

oughly described or illustrated. Recently

Scaccini (1961) and Scaccini et al.

(1975) published a photograph ofsome

of Sella's material and reproduced

drawings of larvae 4-12 mm long pre-

pared under his guidance as well as

their own photographs of eggs, larvae

and juveniles.

Watson identified and described,

with illustrations, larval and juvenile

bluefin from 11.4 to 37.8 mm long

collected off Messina, Sicily, during

the summer months of 1958, 1959 and

1 960 (Watson and Mather 1 96 1 ). These

identifications, based on external char-

acters (Sella 1924) and osteological

characteristics examined by radiogra-

phy, were subsequently verified by T.C.

Potthoff (personal communication) of

the Southeast Fisheries Center of the

National Marine Fisheries Service, who
examined additional vertebral charac-

teristics after clearing and staining the

specimens.

Many additional identifications of

juvenile Mediterranean bluefin tuna

were obtained after the Woods Hole

Oceanographic Institution collection

was donated to the Southeast Fisheries

Center of the National Marine Fisher-

ies Service at Miami, Florida. TC.
Potthoff (personal communication)
identified 60 of the specimens which

had been collected in Sicilian waters

during the months of July, August and

September as Thunmistlwrmusthyiimis.

The lengths and the dates and localities

of capture of these specimens, which

include the four largest ones reported

by Watson and Mather (1961), are

shown in Table 16.

The most numerous records of lar-

val and juvenile bluefin tuna are from

Sicilian waters, but these forms have

been encountered in several other parts

of the Mediterranean.

Roule (1917) cited Bourge's

(1908) records which showed the ap-

parent growth of juvenile bluefin col-

lected off Tunisia. These young fish

weighed about 150 g in August, at-

tained 900 g in September, and ex-

ceeded 1 kg in October.

Richards (1976) reidentified two

of Ehrenbaum's (1924) larval speci-

mens, originally identified as

''Eulhynniis alliteratus Raf (?)", taken

near the Balearic Islands in late August
1910, as Thunnus thynnus ihynnus.

Roule (1917) had tentatively listed these

islands as a spawning area for this spe-

cies. In 1972 Duclerc etal. (1973) col-

lected eight bluefin tuna larvae near the

Balearic Islands between June 20 and

July 7. They also collected pelagic eggs
which fitted Sanzo's description of

those of bluefin tuna, but, even after

hatching some of these and raising the

larvae for periods of up to four or five

days, they were unable to distinguish

eggs of T ihynnus ihynnus from those

of ".4!tY/.v ihazard\

Dieuzeide (1951) listed the cap-
tures of three bluefin tuna larvae offthe

coast of Algeria June 7-8, 1940. He

provided drawings of two of these,

which were 5 and 6 mm long.

Table 16. Collection data and lengths of bluefin tuna from Sicilian waters. M.E.

Watson originally identified most of the specimens. T.C. PotthofT subsequently

confirmed her determinations and identified the remaining individuals.

Collection Area

Collection Date Standard Length (mm)

I. Straits of Messina

July, 1949

July 15 -Aug 31, 1958

July- August, 1959

June 30 -July 1, I960

July 18-20, 1960

July 24 -25, 1960

July 26 -27. 1960

August 20 -21, 1960

August -
September, 1 960

August 10-20, 1963

Unknown

2.Palermo

August 1963

17.4, 19.4,24.9,34.3.36.8,37.1

33.7

30.5,31.0,31.0,32.0,34.2

16.9

17.0, 17.7, 19.5,22.5,24.8,25.1,26.3.26.9

1 7.7, 1 8.9, 20.9, 2 1 .0, 25.9, 28.0. 28.9

32.4,33.4,34.5,38.5

45.3, 50.4 50.5

17.6

62.0, 64.6, 66.4, 7 1 .3. 74.0, 76. 1 . 87.5. 99.6

12.6, 15.5, 16.7

16.9, 16.9, 17.1, 17.3, 18.7. 19.5. 20.1,

20.3.20.5,27.3,30.4

107.8, 117.5

The Messina specimens were purchased by the Woods Hole Oceanographic Institution

from G. Arena of Messina. I he Palermo specimens were donated to the Institution by P.

Tarantino of Dorclicslcr. Mas.sachusctts. .All ofthc specimens ucrc subsequently donated

to the Southea.st 1 Ishcries Science Center. National Marine Fisheries Service, Miami,

Florida, and arc now in its Lollection.



Recently, Piccinetti (1973),

Piccinelti and Piccinetti Man frin ( 1 973 ),

and Piccinetti et ai. (1976b) reported

on occurrences of larval and juvenile

Thunnus thynnus thynnus in the Adriatic

Sea, the first positive indication that the

species reproduced there.

Richards ( 1 976) thought that a lar-

val specimen collected off Cape

Matapan, Greece, on August 26, 1911,

and originally identified by Ehrenbaum

(1924) as "'Orcynusgermo Lacep. (?)"

was probably Thunnus thynnus thynnus.

Richards agreed with Sella ( 1 929a)

that the specimens identified by Ehren-

baum (1924) as '"Orcynus thynnus L.

(?)" were not of that species.

Several scientists have reported on

eggs and larvae of bluefm tuna col-

lected in the Black Sea in mid and late

summer. Vodyanitskii and Kazanova

(1954) reported that eggs and larvae

were encountered there repeatedly in

the second half of the summer, but

mainly in the beginning of August.

Vodyanitskii (1936) and Oven (1959)

described eggs found in the latter part

of July and in early August, off

Sevastopol and Karadag, respectively.

Oven hatched some eggs and reared

the larvae for up to eight days.

Many authors have presented in-

dices ofmaturity for bluefin tuna taken

in the Mediterranean traps; we cite those

of Sara (1964, 1973) because they are

among the most recent. He found that

the first maturing fish taken in the Si-

cilian "arrival" traps in early May had

maturity indices of70-60, whereas those

taken toward the end of this fishery in

mid Jime had indices of about 25. An
index of about 40 was the most fi-e-

quent within the entire period. The fe-

males were generally in a less advanced

state of maturity than the males in this

period. During the "return" run of pre-

sumably spent fish, the first captures,

in eariy July, were of fully mature fish

with indices of about 50. By late July,

this had increased to 9 1
,
and in early

August, to 198. This decrease in matu-

rity was much more regular than the

increase during the "arrival" run. Sella

(1929a), as well as Scordia (1932) and

Sara (1973), noted that small maturing

or ripe fish were sometimes taken in

the Sicilian return traps, along with the

spent large ones, in July and even in

August. Sella and Sara also pointed out

that the "arrival" traps in Tripolitania

took relatively small maturing fish for

a considerable period after the conclu-

sion of the "arrival" fisheries for larger

maturing individuals in the Italian and

Tunisian traps.

Heldt (1938) summarized the re-

sults of Frade's histological studies of

gonads of bluefin tuna taken in various

Tunisian traps. Heldt had collected this

material and furnished it to Frade. Frade

concluded that, if this small sample
was representative, the various groups

of tuna which frequent the Mediterra-

nean do not mature simultaneously. The

fish taken off Tunisia were, in general,

less mature than those taken in the east-

em Atlantic at the same time.

Gonad studies related to the spawn-

ing of bluefin tuna in tlie Black Sea

depended mainly on material collected

near Istanbul, Turkey. Hovasse ( 1 927),

af^er analyzing statistics of landings at

that city in 1915 and 1921-1923, found

two significant maxima in the catches,

one in the spring (March-April) and

one in the summer (July). There was

also a minor maximum, whose signifi-

cance Hovasse did not understand, in

the winter (December). He believed

that the spring peak corresponded to a

northward migration into the Black Sea

and the summer one, to a southward

passage back from the Black Sea into

the Sea of Marmara. He found that the

ovaries ofthe females taken in the spring

were full, whereas those taken in July

contained no eggs. Akyiiz and Artuz

(1957) stated that bluefin started to run

through the Bosphorus into the Black

Sea in April, and that this run peaked in

July and ended in September. The re-

turn migration occurred from late Oc-

tober to November. Their studies of

gonad condition indicated that spawn-

ing occurred in late July, August, and

possibly September, ly igiingor ( 1 957),

however, listed three periods of pas-

sage: November-January, March-April,

and July-autumn. Thus there are con-

siderable differences in the interpreta-

tions of the catch records in regard to

migrations and spawning.
The above research shows clearly

that spawning in the Mediterranean by

large bluefin tuna starts about mid-June

and ends about mid-July. The repro-

duction of the smaller (the medium-

sized and some of the larger "small"

individuals) fish has not been investi-

gated as thoroughl) . The a\ ailable evi-

dence indicates that tiiey begin to spawn
later than liie large ones, and that their

spawning extends through July well

into August, and sometimes even into

September. This information is based

mainly on observations made in the

south-central Mediterranean. The

spawning periods in other parts of the

Mediterranean and in the Black Sea,

are not as clearly defined. Reproduc-
tion off the Balearic Islands evidently

extends from mid-June at least to late

August. Collections of eggs and larvae

indicate that spawning in the Black Sea

is at its maximum in the second half of

July and eariy August, but conclusions

based on catch records and gonad con-

dition are inconsistent.

The most completely documented

bluefin tuna spawning areas in the

Meditertanean are offnortheastern and

western Sicily, and off the Balearic Is-

lands. Another apparently well docu-

mented area is in the Black Sea. There

are also strong indications ofspawning
off western Sardinia, northern Tunisia,

and Tripolitania. More fi^gmentary data

suggest reproduction in the Adriatic

Sea, off Algeria and Greece, and in the

Aegean Sea. Scaccini et al. ( 1 975) con-

cluded that additional intensive research

will show that the spawning areas of T.

thynnm thynnus cover much more of

the Mediterranean than was then be-

lieved.

2. Eastern and Central North

Atlantic and the South Atlantic

a. General Information

Many experts have assumed that

the Ibero-Moroccan Bay (west of

Gibraltar) contains the major, or the

only, spawning grounds for T thynnus

thynnus in the eastern Atlantic. Exten-

sive research in this area, dating from

the late nineteenth century, has pro-

duced much information on the condi-

tion of the gonads of the bluefin tuna

taken in the once flourishing trap fish-

eries in this bay. As noted in Section

IV, this fishery was divided into nvo

periods, the "arrival" (late April, May
and June) and the "return" (July and

August). During the "arrival" period,

the fish are apparently travelling along

both coasts of the bay in the general

direction of the Strait of Gibraltar. In

the "return" fishery, which occurs only

along the Iberian coast, they seem to be

travelling westward. The "arrival" traps



which have been used within recent

years were distributed from Cabo de

Santa Maria in Portugal to Tarifa, Spain,

and along the Moroccan coast from

Kenitra to Cape Spartel, Morocco (Fig-

ure 44). It should be noted that the two

latter localities are at the very entrance

of the Strait of Gibraltar. Some of the

Portuguese and Spanish traps were re-

arranged at the end ofJune to fish in the

"return" period.

The gonad studies showed that the

"arrival" fish were maturing and that

their indices of maturity became lower

(indicating more advanced maturity)

as the season progressed. On the other

hand, the "return" fish were generally

spent, with their indices of maturity

increasing (indicating shrinking of the

gonads) toward the end of the season.

Since the more mature ovaries were an

important by-product of the fishery (F.

de Buen 1 928), these facts were known
to the fishermen for centuries before

the scientists arrived on the scene. In

fact, they may have played a role in the

development of Aristotle's migratory

theory.

This simple combination of cir-

cumstances was interpreted in opposite

ways by the proponents of the "Atlan-

tic-Mediterranean migration" or "mi-

gratory" theory and the advocates of

"separate Atlantic and Mediterranean

populations" or "sedentary" theory. The

former maintained that these facts indi-

cated that many of the "arrival" tuna

entered the Mediterranean to spawn,
and that the "retum" run included many
individuals which had spawned in the

Mediterranean and were returning to

feeding areas in the Atlantic. The latter

believed that few, if any, of the "ar-

rival" fish passed through the Strait of

Gibraltar and that most of them

spawned in the Ibero-Moroccan Bay.

Despite the many decades of in-

tensive research on bluefin tuna in the

area, however, no identifiable eggs, lar-

vae or juveniles (as defined here) of

bluefin tuna have been collected in tlie

Ibero-Moroccan Bay.
In addition to the gonad studies, a

great deal of other biological informa-

tion pertinent to the possible spawning
of the species in this area has been

published. Extensive data on the prop-
erties ofthe environment are also avail-

able.

Evidence of reproduction of the

species in other parts of the eastern

Atlantic, and in the central and the South

Atlantic (Figure 65), is ver> meager.
Some larvae have been collected in the

eastern equatorial Atlantic. A few oc-

currences of ripe bluefin in the Bay of

Biscay have been reported. Spawning
in the vicinity of the Azores has been

suggested. A spawning area between

Lanzarote, one of the Canary Islands,

Conception Bank, and the Moroccan

coast has been hypothesized, but not

investigated.

b. Specific Occurrences

From numerous studies ofthe con-

dition of the gonads of bluefin tuna

caught in the Ibero-Moroccan Bay, we
have selected for discussion those of

Frade and Manai;as (1933) and Frade

( 1 937a) for Portugal, F. de Buen ( 1 927)
and Rodriguez-Roda ( 1 964a) for Spain,

and Lozano Cabo (1957, 1958) and

Fumestin and Dardignac (1962) for

Morocco.

Frade and Mana^as (1933) pre-

sented one ofthe few histological stud-

ies on the stages of maturity of the

gonads of bluefin tuna which are avail-

able. Their observations confirmed the

fractional nature ofthe spawning ofthe

species. This accounts for the lack of

completely ripe fish in the traps, be-

cause all the eggs destined to be emit-

ted in a given season do not mature

simultaneously. A large number of the

individuals entering the traps in the

"arrival" period may have already emit-

ted part of their spawning products. In

addition the small bluefin I m long

(about 3 years of age) behave differ-

ently according to their sex. The males

are in active or terminated spermato-

genesis, whereas the females are in very
retarded ovulation.

Later Frade (1937a) described a

simple method for determining stages

of maturity consistent with the abso-

lute ones established by his histologi-

cal studies (Frade and Mana^as 1933).

To offset the effect of seasonal varia-

tions in the length-weight ratio, his in-

dex of maturity was the quotient of the

weight of the head, rather than the total

weight ofthe fish, divided by the weight
of the ovaries. He also used a factor K
(the ratio ofthe weight of ovaries to the

weight of testes at the same stage, as

determined by histological studies, usu-

ally about 1.5, to make the indices for

males comparable to those for females

at the same stage of maturity. Even

though these corrections did not pre-

vent the occurrence of similar indices,

in the intermediate stages, for pre-

spawning and post-spawning fish, he

felt that this procedure clearly showed
the progressive emptying of the go-

nads, or the fractional emission ofthe

spawning products. His stages are

shown in Table 17.

Frade (1937a) presented the indi-

ces obtained for 171 bluefin tuna ex-

amined at Vila Real de Santo Antonio,

Portugal, from May 31 to August 18,

1933 (Table 18). These same values

are shown graphically in Figure 66.

Frade leached the following conclu-

sions:

1) Ripe and intermediate stages (A-

D) of both sexes are represented in

June, but in decreasing frequen-
cies.

2) In July intermediate stages (C and

E) predom inate among the females,

and in the males, late intermediate

and spent stages (E and F) appear.

3) In August intermediate stages (D
and E) are predominant for the fe-

males while ripe and intermediate

stages (B and C) are still pre-

dominant among the males. Some
fish of both sexes have attained the

fully spent stage (G) and females

in the fiilly ripe stage (A) have

disappeared from the catches.

F. de Buen ( 1 927) noted that blue-

fin tuna which had arrived to spawn
were caught in the southern Spanish
Atlantic traps in April, May and June,

and that they also entered these traps

beginning in July, after spawning. Af-

ter examining a large number of speci-

mens from these traps in 1923, he con-

cluded from the data that in 1923 the

bluefin spawned in the Ibero-Moroc-

can Bay in the months ofJune and July,

and that the males had attained sexual

maturity before the females (Table 1 9).

In one of his major works on the

biology ofthe bluefin tuna taken in the

traps off the southern coast of Spain,

Rodriguez-Roda (1964a) provided
much infonnation on the variations in

gonad condition through the spawning
season. He set up the following scale
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Figure 65. Bluefin spawning areas in the Eastern Atlantic and the Mediterranean

and Black Seas.

for stages of maturity, based on the

color of the ovaries:

I. Immature: Gonads of rosy color.

II. Prematuration: Male gonads of a

violaceous color, and female of a

rose color.

III. Maturation: Male gonads of a

rose or a rosaceous white color,

and female yellow rose or yellow-

ish.

IV. Prespawning: Male gonads of a

milky violaceous color.

V. Spawning.

VI. Postspawning: The male and fe-

male gonads are of a violet color.

Very swollen ovaries with most of

the eggs transparent were considered

to be in stage V, Only one such female

was observed during the "return" pe-

riod and it was concluded that its ovi-

duct was probably obstructed.

During the "arrival" run in May
and June the bluefin tuna appeared with

turgid gonads in a state ofprematuration
or maturation and in the "return", in

July and August, the gonads were al-

ready flaccid and with obvious signs of

having emitted the eggs. Between these

two phases, at the end ofJune and early

in July, when spawning should actu-

ally occur, the bluefin disappeared from

the coast and its captures were very

limited.

To define the spawning period,

the monthly percentages of the sexual

stages for 779 males and females ex-

amined at the Barbate trap from 1956

to 1959 are shown in Table 20.

The majority of the fish were in a

prespawning state (stage III) in May
and June and in the post-spaw ning stage

(stage VI) in July and August. The

small percentage of tuna ol'both sexes

which were in stages I and II were not

large individuals. Those in stage I in

June were ^5 and 80 cm long, res-

pectively. Those of both sexes in stage

II were 1 15 to 140 cm long, excepting

two females 170 and 175 cm long. In

July and August a few bluefin were in

the prespawning state. One male 135

cm long was in stage II in July. Males

and females from 125 to 220 cm long

in July, and 125 to 135 cm long in

August, were in stage III. The onl\

specimen in stage IV was a male 170

cm long taken in June.

Rodriguez-Roda ( 1 964a) also used

an index of maturity, the "gonosomatic

relation", equal to 100 times the ratio

of the weight of the gonads to the total

weight of the fish, to evaluate relative

fecundity. He also provided plots and

formulae showing the relationships be-

tween the weight of the gonads and the

fork length of the fish for bluefin tuna

during the "arrival" and "return" peri-

ods.

He tabulated the gonosomatic re-

lation for males and females, by 5-cm

length groups and 10-day periods, for

260 "arrival" and "return" fish exam-

ined in 1956, and also for 198 exam-

ined in 1958 (Tables 21a and 21b).

This index generally increased with

size of fish. Its mean value also in-

creased during the "arrival" period in

June, for both sexes, then descended

abruptly in the months of July and Au-

gust, in the "return" period. All this

confirmed spawning in early July. In

general, the index was higher for fe-

males than for males.

The condition of the gonads of

bluefin tuna taken offthe Atlantic coast

of Morocco was examined by Lozano

Cabo (1957, 1958) and Furnestin and

Dardignac ( 1962). Lozano Cabo( 1958)

tabulated, by sex and 10-day period,

the minimum, mean, and maximum
indices of maturit}' of samples of blue-

fin tuna taken in 1955 by the trap at Los

Cenizosos (near Larache) in 1^)55

(Table 22)

The mean index for females de-

creased from 80.8 in the last ten days of

May to values between 46.2 and 40.0

in the three ten day periods in June. In

the second ten days of May a few fe-

males with very low maturity (indices

averaging 105.3) were examined. When
these fish were being taken, the catch

was very small. The fisher) did not
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Table 17. Indices of maturity and condition of gonads (Frade 1937a).



Table 19. Bluefin maturity by month from the trap fishery along the southern

Atlantic coast of Spain (F. de Buen 1^)27).

Males Females

Month

% Not % Fully %
Mature Mature Spent

%Not % Fully %
Mature Mature Spent

May



Table 21a. Variation of gonosomatic relation* with length offish and period of capture for male and female bluefin tuna

taken in the Barbate trap in 1 956 (Rodrlguez-Roda 1 964a).

Fork Length: 95-99.5 100-104.5 105-109.5 110-114.5 115-119,5 120-124.5 125-129.5 130-134.5 135-139.5

June MO
June 11-20

June 21-30

July 10-20

July 20-30

June 1-10

June 11-20

June 2 1-30

July 10-20

July 20-30

0.11

Males (Arrivals)

Males (Returns)

Females (Arrivals)

1.14

Females (Returns)

0.55

1.37

0.33

1 44



Table 21b. Variation of gonosomatic relation* with length offish and period of capture for male and female bluefin tuna

taken in the Barbate trap in 1958 (Rodriguez-Roda 1964a).

Fork Length: 120-124.S 125-129.5 I30-I34.S 135-139.5 140-144.5 145-149.5 150-154.5 155-159.5 160-164.5

June MO
June 11-20

June 21-30

July 20-20

June 1-10

June 11-20

June 21-30

July 20-30

Aug l-IO

Aug l-IO

0.95

2.67

1.54

0.77

Males (Arrivals)

190 148 154

2.58 1.92

Males (Returns)

Females (Returns)

0.77

1.29

0.81

1.6.1

0.69

1.39

-



Table 22. Indices* of maturity for 140" bluefin tuna taken in the Los Cenizosos

trap (near Larache. Morocco) in May and June 1955 by sex and 10-day period

(Lozano Cabo 1958).



areas. They include several medium-

sized (32-125 kg) bluefin as well as a

few larger individuals, in the area

bounded by latitudes 37°30'N to

40°30'N and longitudes 66°20'W to

70°00'W, well north of nearly all ofthe

recorded captures of larvae and small

juveniles in the western North Atlantic.

Nearly ripe large bluefin tuna have also

been encountered in the northwestern

Caribbean Sea and northeast ofthe Ba-

hamas, where no larvae or small juve-

niles have yet been found.

The capture of larvae depends not

only on their abundance but also on the

intensity and seasons of the collecting

effort. Additional planktonic surveys

in the proper seasons would probably

have extended the areas of known oc-

currences of larvae and small juveniles

considerably.

b. Specific Occurrences

The most numerous and wide-

spread collections of larval and juve-

nile bluefin tuna fi-om the western North

Atlantic area were taken in the Gulf of

Mexico. During extensive

ichthyoplankton surveys ofthe Gulfby
the Centro de Investigaciones Pesqueras

of Cuba in April to May 1973, and in

May to June 1974, numerous bluefm

tuna larvae were taken over extensive

areas (Juarez, M. 1 974b, Montolio and

Juarez, M. 1 977) (Figure 68). The rela-

tive abundance of larvae per 1 00 m^

was calculated by the formula:

NT/V X 1 GO

where:

N is the number of larvae per tow,

T is the depth of the thermocline and

V is the volume of water filtered in

m'.

In the 1973 cruise, which covered

the eastern halfofthe Gulf, larvae were

taken in varying numbers at 13 of the

46 stations which were occupied (Juarez

1974a, 1974b). Most of the larvae were

captured in the north central Gulf at 1 1

stations within the area bounded by
latitudes 25°N and 30° N and longi-

tudes 87°W and 9rw, Others were

taken at a station at about 26°N latitude

and 84°30'W longitude, and another at

about 24°N latitude and 88°W longi-

tude.

The April to May collection data

indicated relative abundances of blue-

fin larvae of up to 2,000 per 100 ml
Relative abundance of larvae

(number per 100 m^ of sea surface)

were 2,000 for one station, 649 at an-

40" LEGEND
o LARVAL <13mm
+ JUVENILE 13-120 mm

MONTH- N = NUMBER CAPTU)

30*

20-

100'

Figure 67. Collection locations for larval and juvenile bluefin nina in the western

North Atlantic.

other, 101 to 33 1 at three stations, and

1 00 or less at eight stations. No bluefin

were captured at the other 33 stations.

The estimated number of larval T.

thynnus thynnus in the area, on the

basis of Juarez's (1974b) data, was

3 1,442 X lO^Richards 1976). Bluefm

tuna constituted 24.6 percent of all of

the larvae of the family Scombridae

collected during this cruise (Juarez

1974b).

Bluefin tuna larvae were much
more available during the May to June

1974, cruise, which sampled nearly all

of the deep (over 200 m) waters of the

Gulf Larvae of this species were col-

lected at 23 of the 61 stations occupied

(Montolio and Judrez 1977). All of the

successful stations were between lati-

tudes 23° and 28°30'N, and longitudes

84°30' and 94° 30'W. Nearly all of

them were between 40 and 140 nauti-

cal miles (74 and 140 km) from the 200

m contour. Five stations yielded more

than 1,000 bluefin per 100 m^ each.

These stations were rather scattered,

with one at 24°N, 87°W, another at

28°N, 87°W, one at 27°30'N, 90°W,
and two near 26°N, 94°30'W. From

501 to 1,000 per 100 m' r thynnus

thynnus larvae were taken at five sta-

tions well spread over the area. Ten

stations produced 1 1 -500 per 1 00 ml
and only two of the successflil stations

yielded 1 00 or less. Results at one posi-

tive station were not reported. No blue-

fin larvae were collected at the 38 re-

maining stations. The larvae of 7".

thynnus thynnus constituted 47.7 per-

cent of all of the larvae of the family

Scombridae which were collected dur-

ing this cruise (Montolio and Jaurez

1977).

The May to June 1974 cruise

showed that the spawning of bluefin

extended over much of the deep water

of the Gulf of Mexico north of 23°N

latitude in that period. Comparisons
with the results of the April to May
1973 cruise suggest that bluefin tuna

larvae are much more available in the

Gulf in May and June than in April and

May, and consequently that spawning
is more intense in June than in April.

This is in agreement with other avail-

able indications, but this comparison

might have been biased by better spawn-

ing success in one year than the other.

"Numerous" bluefin tuna larvae

4.2-10.2 mm SL were collected at
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23°50'N latitude, 88°40'W longitude
on May 17, 1972 (Judiez 1972).

Considerable quantities of these larvae

were also collected near this location in

the subsequent surveys of April to May
1973 and May to June 1974.

T.C. Potthoff (personal communi-

cation) reported the collection of one

larval T. thynnus tliyrmns 5.5 mm SL
June 29, 1969, and four larvae 3.6-4.2

mm SL on July 6, 1 969, in the northern

GulfofMexico near 29°N latitude and

87°W longitude. Thus, these were cap-

tured near the northeastern boundary
of the area where Juarez (1974) and

Montolio and Ju^ez (1977) took most

of their specimens, but the dates of

capture extend the time of occurrence

ofthe bluefin tuna larvae in the Gulfof

Mexico into July.

Richards (1977) provided addi-

tional data on occurrences of bluefin

tuna larvae in the GulfofMexico. Nine-

teen larvae ranging from 3.9 to 7.4 mm
SL were collected near 27°N latitude,

96°W longitude, on May 6, 1975, and

May 30-June 6, 1976.

Another important series of col-

lections of bluefin larvae was made off

Miami, Florida, witli surface tows (fi-om

1 969 to 1 97 1 ) and on a transect from

Miami to Bimini, Bahamas, with sur-

face tows and oblique tows to 200 m
depth (in 1975) (Richards 1976). The

cumulative numbers of surface tows

and captures of larval bluefin tuna are

listed by half-month periods in Table

24. In total, 93 tows were made, and

1 64 identifiable bluefin tuna larvae of

3.3 to 7.2 mm SL were collected, an

average of 1 .8 larvae per tow. The tows

extended over a period from April 2 to

July 8, but bluefin larvae were taken

between April 22 and June 26 only.

The number of larvae per tow was only
0. 1 in the second haH of April, but rose

to 1.8 to 3.5 in the half month periods

of May and June, with maxima in tlie

first half of May and the last half of

June.

During the transects in 1975, 39

larvae 3.4-7.3 mm SL were collected

in 61 surface tows at five stations, and

23 were collected in 47 oblique tows at

35" -

30" -

25" -

20" -

15



failed to collect a single larva of this

species (Judrez 1974b). Threejuveniles
21-33 mm long collected offMaryland

(37°42'N latitude, 73°10'W longitude)

and New Jersey (38°45'N latitude,

71''00'W longitude) July 27-28, 1959,

have been identified as bluefin tuna by
Watson (Watson and Mather 1 96 1 ) and

this identification has been verified

(T.C. Potthoff, personal communica-

tion). These records are the most north-

erly in the western Atlantic for small

juvenile bluefin. They are of special

interest because they are from the area

where medium-sized bluefin may
spawn (Matiier l974,Baglin 1976). The

spawning habits of these fish in the

western Atlantic are little known, but

they do not occur in numbers anywhere
near the known spawning areas of the

large bluefin (Madier 1963a; also see

Section IV).

Examinations of gonads suggest

that the spawning grounds of the blue-

fin tuna in the western North Atlantic

may be much more extensive than is

indicated by the distribution of catches

of larvae, or even ofjuveniles (Mather

1974, Baglin 1976).

Rivas ( 1 954) examined the gonads
of95 large ( 1 99.7-255.0 cm long) blue-

fin tuna caught near Bimini, Bahamas,

all in the month of May, but in three

different years, 1952, 1953 and 1954.

He classified the specimens, by the color

and consistency of the gonads, the na-

ture ofthe ovarian eggs, and the amount

ofmilt present, as recently spent, partly

spent, or ripe.

All ofthe 29 males examined were

classed as recently spent. He also con-

sidered that 6 1 ofthe 66 females exam-

ined were recently spent, but one was

j udged to be partly spent, and four were

considered ripe.

The smaller eggs of ripe females

were non-spherical, opaque and mea-

sured 0.4 to 0.7 mm in diameter, with a

mode at about 0.6 mm. The larger eggs
were spherical, translucent, yolk-filled,

and measured 0.7 to 1.1 mm in diam-

eter, with a mode at about 0.9 mm.
Rivas ( 1 954) offered two possible ex-

planations for the small number of ripe
individuals (about 4%) found in com-

parison with the larger number (about

96%) of spent individuals. Since the

fish which are observed in the area are

nearly always travelling northward, it

was possible that they had spawned in

an area south, or southwest, of the fish-

ing area near Bimini and were caught

when spawning had been nearly com-

pleted. He assumed that they had mi-

grated to this area through the Straits of

Florida, passing close to Havana, Cuba,

and the western edge of Cay Sal Bank.

The other possible explanation which

Rivas offered was that the rod and reel

fishing method used at Bimini selected

spent rather than ripe fish. He quoted

previous authors on the reluctance of

spawning fish to feed.

During cruise 57-5 of the Bureau

of Commercial Fisheries M/V "Dela-

ware", R. H. Gibbs and B. B. Collette,

then of Woods Hole Oceanographic
Institution, macroscopically examined

the gonads of 48 bluefin tuna caught

during the period June 8-14, 1957, in

the area between latitudes 37°30'N and

40°30'N and longitudes 66°W and

70°W. Their observations were repro-

duced by Baglin (1976). Two age-3

(95-105 cm) individuals were consid-

ered immature. The testes of one male

of age 4(121 cm) contained abundant

milt. Two other males and two females

of this age group were classed as im-

mature, but the ovaries of another age-

4 female were "much vasculated," a

sign of ripening. Milt was squeezed
from the testes of a 5-year-oid (140

cm) male. The ovaries of a female of

the same age-size group were preserved
for laboratory examination, presumably
because of signs of maturity. Six males

and six females, probably 6 years old

( 143.5-1 57.2 cm), were examined. The

testes ofall ofthe males contained abun-

dant sperm; those of one individual

were much enlarged, and another was

classified as ripe. One female was

classed as "near ripe." The ovaries of

another contained eggs which seemed

to be nearly ripe, but were not loose.

Those of two others were well devel-

oped and loose, indicating imminent

spawning. The ovaries of the last two

females ofthis group contained no eggs,

and were believed to be spent.

These observations, and less nu-

merous ones from later catches of the

Table 24. Number of surface tows and number of larvae collected 25 nautical miles (4.0 km) from the Miami harbor

entrance (Station 1) (1969-1971 and 1975) and additional stations (2-5) completing a n-ansect of the Straits of Florida from

Miami to Bimini, Bahamas, in 1975'. Data are from Richards (1976).



"Delaware" in this area and season,

indicate that at least some of the me-

dium-sized and the larger "small" blue-

fin have spawned in May and June in

the waters north of the Gulf Stream off

the northeastern United States. We have

noted (Section VC 1 ) that ripe or nearly

ripe bluefin may have travelled consid-

erable distances in short periods before

their capture. In this case, however,

Wathne (1959), Wilson and Bartlett

(1967), and all the additional data we
have been able to collect on bluefin

tuna catches in the western North At-

lantic, indicate that medium-sized blue-

fin have occurred north of the Gulf

Stream during the winter and spring

but have been only rarely captured south

of it and west of 60^W longitude. It

therefore seems unlikely that these fish

had migrated from southerly areas im-

mediately before their capture.

Baglin (1976) presented a histo-

gram showing the "gonadal-somatic in-

dex" (the "gonosomatic relation" of

Rodriguez-Roda 1 964a) by months for

67 bluefin tuna weighing over 100 kg

(Figure 69). The specimens were from

various areas, but nearly all of those

captured in May and June, when the

index was at its maximum, were from

the vicinity of Bimini and Cat Cay in

the Bahamas. The mean gonadal-so-
matic indices were about 1.5 in May
and 1.0 in June, as against values of

from 0.25 to 0.5 in other months.

The sex ratio for 237 large bluefin

tuna which had been captured near the

Bahamas in the years 1950-1966 and

examined by Woods Hole Oceano-

graphic Institution and National Ma-
rine Fisheries Service personnel (un-

published data) and Rivas (1954) was

72% females and 28% males.

Baglin ( 1 976) also showed the fre-

quency distributions of ovum diam-

eters for bluefin taken at various dates

and in various conditions. He found no

developing eggs in bluefin tuna less

than 10 years old. He set up a maturity

scale based on the gonadal-somatic in-

dex, the diameter and morphology of

the ova, and the appearance and physi-
cal properties of the gonads. He con-

cluded that the bluefin spawned in May
and June, and probably in April also.

He observed that spawning must start

south of Bimini and, on the basis of the

data from "Delaware" cruise 57-5,

might extend as far north as off New

England, and might involve smaller

fish.

Characteristics of the gonads of

giant bluefin tuna collected during ex-

ploratory fishing cruises of United

States and Russian research vessels in-

dicate that these fish may spawn in the

northwestern Caribbean, the Windward

Passage, the old Bahama and Santaren

Channels, and a large area east and

north ofthe Bahamas (Figure 70). Their

presence in numbers in the latter area

during the spawning season is con-

firmed by catches of the Japanese

longline fishery (Fisheries Agency of

Japan 1971, Wise and Davis 1973).

The collection data and sizes of the

fish, and their gonad weights and ma-

turity indices are shown in Table 25.

Zharov ( 1 965) observed that large

bluefin taken by longline in late May
and early June 1963 north of the Baha-

mas and east of central Florida (near

29°00'N, 79°00'W, and 30°00'N,

77°30'W) were "typically spawning,
since their sexual products were in

stages IV to VI-II" (these stages were

not defined). The fish were from 1 98 to

238 cm (average 219.4 cm) long, and

weighed from 140 to 220 kg (average
177.5 kg).

The information summarized
above defines some positive locations

and periods of spawning of the bluefin

tuna, and more extensive tentative ones.

The best documented spawning
area is in the Gulf of Mexico (Figure

68). Bluefin larvae have been collected

over much of the deep (more than 200

m) area of the Gulf north of 25°N, and

also off the northern edge of the

Campeche Bank, near 23°30'N and

94°30'W, and at 23" 30'N, 85°W. The

most thorough and extensive surveys
of the area were carried out in April-

May 1973, and May-June 1974 (Juarez

1974b, Montolio and Juarez 1977). A
few specimens have been collected in

early July, and one, reportedly, in Au-

gust. The last specimen, a 17.1 mm SL

juvenile collected in the northern Gulf

in August, almost certainly represented
an aberrant occurrence, or a case of

incorrect collection data, since the

northward migration ofspent adult blue-

fin through the Straits of Florida ceases

before the end of June (Rivas 1954,

Mather 1 963a), and no adults of the

species have been recorded in the Gulf

ofMexico in late July or August, to our

knowledge. These same considerations,

and the fact that the authors did not list

the characters on which they based their

larval identification, also cast doubt on

Gorbunova and Salabarria's ( 1 967) re-

ports of bluefin tuna larvae in the Gulf

5'^Q 14

^ 1.0

§0.8
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§04
§0.2
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MONTH

Figure 69. Seasonal variation in mean gonadal-somatic indices of western

Atlantic bluefin tuna greater than 100 kg (number offish indicated above bars)

(Baglin 1976).
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ofMexico in September, and in Cuban

waters in September and October

(Potthoffand Richards 1970, Richards

1976). The major spawning of giant

bluefln in the Gulf of Mexico most

probably takes place in May and June,

with lesser occurrences in late April

and early July.

The distribution of catches of lar-

val bluefin tuna along the transect of

the Florida Straits from Miami to

Bimini, with the largest catches at the

western and central stations, and none

in the station off Bimini, seems very

significant. It suggests that the majority

of the larvae have been transported by
the Florida current from areas in the

southwestern part of the Straits, and

possibly even in the southwestern Gulf

of Mexico. Conversely, it does not in-

dicate extensive spawning in the area

of the fishery for adult bluefin along
the northwestern edge of the Great

Bahama Bank. This in turn strongly

supports the belief that the majority of

the large adult bluefin which pass
Bimini in May and June have spawned
before arriving there, as did the studies

of their gonads (Rivas 1954, Baglin

1976). Rivas' (1954) alternative sug-

gestion that the northward migration

might include schools of spent fish,

which may take bait, and schools of

ripe fish, which do not, seems less prob-

able in view ofthis new information on

the distribution of larvae. It thus ap-

pears that this migratory passage off

the northwestern Bahamas is actually a

spent fish run, analogous to the "re-

turn" runs which occurred regularly

along the north coast of the Ibero-Mo-

roccan Bay and in some Mediterranean

localities. Rivas (1954), Potthoffand

Richards (1970), Richards (1976) and

Baglin (1976), on the basis of their

studies of gonads, larvae and juveniles
collected in or near the Straits of Florida

and the occurrences of spent adults

along its eastem edge, reached slightly

different conclusions about the prob-
able dates of spawning in that area. All

of their estimates, however, fell within

the months of April, May and June.

The total evidence suggests that some

spawning may have occurred in late

April, but that the bulk of it has taken

place in May and June. The termina-

tion of spawning may well have coin-

cided with the disappearance of the

adult fish, which has usually occurred

during the last half of June.

As noted above, the collections of

bluefin larvae in the central and west-

em parts of the Straits of Florida off

Miami suggest that spawning may have

occurred in the Straits south and west

of there, off the Florida Keys or possi-

bly in the southwestern GulfofMexico.

Bluefin tuna have very rarely been ob-

served off the Florida Keys (Section

IV), but, as Ju^ez ( 1 974b) pointed out,

the species tends to spawn in offshore

waters. Most of the very large sport

fishing effort exerted off the Florida

Keys has taken place on or close to the

continental shelf This might explain
the scarcity of observations of bluefin,

even if they had been spawning in the

deep waters off the Keys.

E. RELATIONSHIPS BETWEEN
ENVIRONMENTAL FACTORS
AND SPAWNING BEHAVIOR

1. Introduction

Biologists agree that the spawning
behavior of bluefin is strongly affected

by environmental factors and that its

sensitivity to these factors is intensified

during the reproductive period. Opin-
ions as to the importance and the nature

of the effects of various conditions,

however, are extremely diversified.

Among the environmental factors

most frequently considered are the tem-

perature, salinity, density, transparency
and oxygen content ofthe water, winds,

tides, currents, atmospheric pressure,

rainfall, and abundance of plankton.
Most of this research has centered on

mature individuals. Less attention has

been paid to the effects ofenvironmen-

tal conditions on the hatching of eggs
and the survival of the early stages.

With the present decrease in the spawn-

ing stocks, however, knowledge ofthese

factors may also be very important.

2. Mediterranean Sea

Since the ancient trap fisheries in

the Mediterranean Sea depended on

the spawning behavior of the bluefin

tuna, much attention has been paid there

to the effects of environmental factors

on this behavior.

Roule(1914a, 1914b, 19I7),apio-
ncer in these studies, concluded that

the bluefin tuna was "stenothermic"

and "stenohaiine." These beliefs were

the basis of his "halo-thermic" theory.

Roule did not specify the limits, or

averages, of the temperatures and sa-

linities which were suitable for the blue-

fin. He did, however, note that the sen-

60'

BERMUDA

t2:>

Figure 70. Collection locations for the large, mature bluefin tuna collected during

exploratory fishing cruises of United States and Russian research vessels (see

Table 25).
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sitivity ofthe fish to these properties of

the water were heightened during the

period of gonadal maturation. He con-

cluded that, in this period, the bluefm

sought the warmest and most saline

waters of the western Mediterranean.

This conclusion is somewhat inconsis-

tent with his use of the terms

"stenothermic" and "stenohaline."

In support of his "halo-thermic"

theory, Roule (1924) showed that the

direct route from a wintering area for

bluefin tuna offthe Mediterranean coast

of France to a spawning area off Tuni-

sia followed the path ofmaximum ther-

mal increment, crossing isotherms of

successively higher temperatures at

right angles. The isotherms at a depth

of lOm had been traced during an

oceanographic survey made in the

spring of 1923.

Roule ( 1 924) also studied the rela-

tionship between the bluefin catches of

the trap at Sidi Daoud, Tunisia, and the

rainfall in spring at Bizerte, over a 35

year period. He found that tlie trap

catches generally declined in years of

heavy rainfall. He attributed this to the

decrease in the salinity of the waters

near the trap caused by the increased

outflow of fresh water from the large

Lake of Bizerte. He used these two

examples to demonstrate the

stenothermic and stenohaline charac-

teristics of the bluefin.

Roule ( 1 9 1 4a, 1 9 1 7) believed that

the relatively cold waters of the Strait

of Gibraltar prevented the passage of

any significant numbers ofbluefin tuna,

particularly during the spawning sea-

son when their sensitivity was increased,

from the Atlantic into the Mediterra-

nean. He therefore strongly supported
Pavesi's (1887) and de Bragan^a's

(1899) opinion that the Mediterranean

bluefin constituted an autochthonous

stock, completely independent of the

Atlantic bluefin which spawned very

near the Strait of Gibraltar.

The influence of winds on the

movements of the fish near the

Sardinian traps was slight, according to

Roule (1914a). He concluded from his

observations there, however, that in-

creases in the density of the water fa-

vored increased catches. Roule (191 4a)

stated that all of the traps for spawning
bluefin were designed to capture fish

which were swimming against the fish-

able current.

Sella (1927, 1029a, 1929b, 1932a,

1 932b) disputed the almost unanimous

views on the movements and effects of

environmental factors by the scientists

who studied the biology of the eastern

Atlantic and Mediterranean bluefin

tuna. Most ofthese supported the views

of Pavesi (1887), de Bragan^a (1899),

Sanzo, (19 10a) and Roule (19 14a, 1917,

1924). Sella traced migrations of blue-

fin tuna by a new method. He collected

many hooks and lures which had been

found in fish caught in traps. He then

determined the areas where the hooks

and lures, which were then handmade

in distinctive local patterns, were in

use. His findings indicated that several

bluefin tuna had migrated from the At-

lantic into the Mediterranean, and that

others had made extensive migrations

within that sea.

Sella also disagreed with Roule's

view that the species was absolutely

stenothermic and stenohaline. He

pointed out that feeding bluefin tuna

occurred in numbers in many localities

whose waters included a very wide

range of temperature and salinity. He

agreed with Roule in regard to the in-

creased sensitivity to environmental

factors of maturing bluefin tuna, but

showed that even these fish did not

seek maxima oftemperature and salin-

ity. As an example, he pointed out that

no spawning occurred in the eastern

Mediterranean, where the salinity was

the highest. He supported this state-

ment by pointing out that all of the

"arrival" traps, whose catch consisted

almost entirely of maturing fish, were

west of the 38 o/oo isohaline, where

the salinity was lower, whereas only

"return" traps, whose catch consisted

mainly of large spent fish, were east of

it, where the salinity was higher. He
felt that, instead of maxima, the matur-

ing bluefin tuna sought specific hydro-

logical conditions. He maintained that

maturation occurred in the period of

the most rapid thennai increment. He
also showed that the larger maturing
bluefin evidently favored somewhat

colder and less saline water than the

smaller ones. The important Favignana

trap off the western end of Sicily, and

the group of three equally productive

traps off southwestern Sardinia, where

the water temperature (about 18.0-

1 8.8°C) and salinity are relatively low,

took mainly large maturing fish. The

traps off Calabria (southern Italy) and

Tripolitania, where the water is warmer

(about 20.8°C -
21.8°C) and more sa-

line, caught mainly small and medium-
sized fish.

Sella (1027) refuted Roule's

(1924) hypothetical migration of blue-

fin tuna along the line of maximum
thermal increment from off southern

France to off Tunisia. He showed that

the tuna taken in the former area aver-

aged less than 20 kg, whereas those

taken in the Tunisian traps averaged 70

kg. Sella also differed with Roule

(1914a) in regard to the influence of

currents. Sella ( 1 932b) showed that suc-

cessful fishing of the very productive

traps off southwestern Sardinia de-

pended on having their leaders reach

beyond the local northeasterly counter-

current into the main southwesterly cur-

rent, which was farther offshore. This

main current was deflected upward by
the bottom topography, resulting in

colder water at the traps than elsewhere

in the vicinity. Sella offered the hy-

pothesis that the tuna followed this deep
current from a distant area, and favored

its water over the local waters with

different characteristics. He emphasized
the importance of studying currents in

research on the behavior of the species.

Scordia(1937, 1938, 1942) con-

ducted extensive studies at the traps off

eastern Sicily and Calabria, and also of

the hook and line fishery in the Strait of

Messina (Scordia 1932, 1934). She

maintained that density in situ was an

important factor in controlling the

movements of spawning bluefin tuna.

She also found that atmospheric de-

pressions and "zoo currents" (currents

containing large quantities ofzooplank-

ton) and water temperature strongly

influenced local movements of matur-

ing fish in the vicinity of the traps. A
requirement for successflil fishing of

the traps in the Tyrrhenian Sea was the

presence of a "hypothermia barrier" of

water with a temperature of I4°C at

depths of 35-40 m. Although she did

not believe that bluefin from the Atlan-

tic spawned in the Mediterranean, she

concluded (1938) that the arrival

("transgression") of Atlantic current

waters was the deteiTnining cause of

the reproductive migration of the blue-

fin tuna, and consequently of their en-

try into the traps. In Scordia's opinion

environmental conditions, rather than
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the state of the gonads, determined the

movements of the species during the

spawning season.

Sar&(1964, 1973) also maintained

that the entrance of bluefm tuna into

the traps depended greatly on the posi-

tion of the Atlantic currents, which in

turn was influenced by the prevailing
winds before and during the spawning
season. He believed, however, that most

of the large maturing bluefin taken in

the traps had followed the Atlantic cur-

rent from the ocean into the Mediterra-

nean. He found that layers of water

with temperatures of 16°C to 19°C, at

suitable depths, were most favorable

for the approach of maturing bluefin

tuna to the traps. The depth of the suit-

able layer varied, in different parts of

western Sicily, from 5 to 25 m. Sar^

felt that the vertical thickness of the

17°C layer was a determining factor.

He agreed with Scordia that the 1 5°C

isotherm, which usually occurred at

depths of 50-60 m in the areas which

he studied, constituted a barrier to the

maturing fish. He further noted that the

bluefin in different groups, usually con-

sisting of individuals of the same, or

neariy the same, size, tended to remain

together in the traps, with each group

staying at a depth where a favorable

environment existed. He believed that

the conditions selected by each group

depended on the conditions in the area

from which it had come to the trap, and

the degree of acclimatization it had un-

dergone during this migration and while

being held in the trap. Sara also studied

the fransparency of the water in the

vicinity of the traps. He found no rela-

tionship between this factor and the

occurrences of bluefin tuna, despite the

firm belief of the local fishermen that

clear water was a prerequisite to their

presence.

Arena (1964) also made detailed

studies of the behavior of bluefin tuna

in and around the traps, and of related

environmental factors. His research was

conducted at traps at Milazzo (Gulf of

Patti, northeastern Sicily) in 1 96 1
-

1 962,

and at San Cusumano (near Trapani,
western Sicily) in 1958. He found that

the fish entered the traps at various

depths (40 meters to the surface) and in

waters of various temperatures, rang-

ing from 1 5.5 °C to 2 1 .5°C. In general,

however, his findings supported Selia's

(1929a) view that the larger fish pre-

ferred the cooler waters. Like Sara

(1964, 1973), he noted that groups of

tuna which entered the traps at differ-

ent times sought different depths and

temperatures. There was some ten-

dency, however, for the groups to ac-

climate to warmer waters nearer the

surface as their period of confinement

increased. He did not note any relation-

ship between the occurrences of the

bluefin with tlie salinity, density' in situ,

or transparency of the water.

As noted above, little research on

the important subject of the effects of

the environment on eggs and early

stages of bluefin tuna has been carried

out. The difficulty in collecting these

early stages at the tuna traps led Roule

(1923) to conclude that they were pho-

tophobic and occupied abyssal waters.

He extended his hypothesis to the pos-
sible passive transport of larval bluefin

from the Mediterranean into the Atlan-

tic by the deep outflowing current. Sella

(1929a) refuted this idea, pointing out

that larval and Juvenile bluefin were

photophilic and that he had collected

thousands of them at the surface with

the aid of lights. He believed that, if

there was any passive transport ofearly

stages of bluefin through the Strait of

Gibraltar, it would be from the Atlantic

to the Mediterranean, with the inflowing
surface current. Sparta ( 1 933) and Sar^

(1973) supported Sella's opinion that

juvenile bluefin were attracted to light.

Scaccini et al. (1975) concluded

that the eariy stages of the bluefin tuna

could withstand a wide range ofhydro-

logical conditions, even when changes
occurred rapidly. They believed that an

abundant supply of food, consisting of

zooplankton, was the prime requisite

for the survival of the larvae and small

juveniles.

3. Eastern Atlantic

a. Distribution, Objectives and

Nature of Research

Environmental research related to

the spawning behavior of bluefin tuna

in the eastern Atlantic has been inten-

sive in the Ibero-Moroccan Bay, espe-

cially at the sites of tuna traps, and in

the Strait of Gibraltar, but sporadic in

the remainder of this large area.

Some of these studies were of a

local nature, in the vicinity of particu-

lar traps, but others covered most or all

of the Ibero-Moroccan Bay, or even

extended eastward into the Mediterra-

nean Sea or southward to the Canary
Islands.

The immediate purpose of these

investigations was to determine the en-

vironment in which the tuna matured

and presumably spawned, and the ef-

fects ofthe various factors on the spawn-

ing behavior and related movements of

the tuna. The ultimate objective was to

improve the fisheries, or at least to per-

mit better estimates of their potential

and predictions of their fluctuations.

The eflects of the environment on the

early stages of the bluefin tuna were

also investigated.

Frade and Vilela (1962) summa-
rized the environmental factors consid-

ered by various authors as follows:

Intrinsic factors: Temperature ofthe

water at various depths and

themioclinal topography, density

of the water, salinity, pH, transpar-

ency, currents, etc.

Extrinsic factors: Air temperaUire,

atmospheric pressure, irradiation,

light intensity, wind, rain, etc.

Other factors considered include

dissolved oxygen and tides (Lozano
Cabo 1957, 1958, 1970) and chloro-

phyll productivity (Rodriguez-Roda

1963).

b. Portugal
Don Carlos de Bragan^a, king of

Portugal, conducted what was prob-

ably the first methodical study of envi-

ronmental conditions, the spawning be-

havior of the bluefin tuna, and the

catches of tuna traps in the eastern At-

lantic. We have not seen his report (de

Bragan9a, 1 899) but have found quota-
tions from it, and discussions of its

contents, in Pavesi (1889), Roule

(1914b, 1917), Parona (1919). F. de

Buen ( 1 925) and other sources.

During the fishing season of 1 898,

de Braganfa collected hydrological and

meteorological data, and attempted to

observe the behavior of the tuna them-

selves, from his yacht "Amelia" in the

Ibero-Moroccan Bay. He also had de-

tailed data on the catches of the Portu-

guese tuna traps collected concurrently.

These traps were located in the prov-

ince of Algarve on the country's south

coast, which forms the northwestern

boundary of the Ibero-Moroccan Bay

(Figure 44). He examined the com-
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bined information in an effort to deter-

mine the spawning beiiavior and the

related movements ofthe tuna, and the

influences of environmental factors on

them.

De Bragan^a concluded that varia-

tions in meteorological conditions-

waves, strength and direction of wind,

barometric pressure, and air tempera-
ture-had no effect on the movements of

the tuna during the trap fishing season

(May-August). He believed that varia-

tions in their displacements in this pe-

riod were caused by changes in the

marine environment itself, mainly in

its temperature. He observed that the

bluefm tuna was not found in waters

with temperatures of less than 13°C,

and believed that the tunas' choice of

limited areas in the trap fishing and

spawning season was explained by
variations in the temperature of the

water.

He also concluded that the same

groups of tuna which had passed the

Algarve coast in the "arrival" fishery

re-appeared there from 50 to 32 days
later in the "return" fishery. In the mean-

while, he believed, they had spawned
in the eastern part of the Ibero-Moroc-

can Bay, with only insignificant num-

bers of them entering the Mediterra-

nean. He noted that, although some
bluefln tuna occurred in Portuguese
waters throughout the year, the

Algarvian trap fishery was the only one

in which these fish were abundant and

followed a regular migratory pattern.

Vilela and Pinto (1958) presented

monthly maximum, minimum and av-

erage sea surface temperatures and sa-

linities taken near the tuna trap offCabo
de Santa Maria, on the southern or

Algarve coast of Portugal during the

trap fishing season, from April 24

through August. Although this was not

specified, we presume from the con-

text in which they were presented that

these determinations were made in

1958. They also listed the portion of

the 1958 catches of the Algarvian traps

which was used by the canneries (about

80 percent of the total) by months in

numbers and weight of fish in each of

the traditional Portuguese size groups.
These data are shown in Table 26.

c. Spain
From April to August 1923, an

extensive dual survey of the oceanog-

raphy and the tuna fisheries ofthe Ibero-

Moroccan Bay (westward to Cape St.

Vincent and southward to Casablanca,

Morocco) and the western Mediterra-

nean, or Alboran Sea (eastward to Cape
de Gata, Spain, and the Mulaya River,

Morocco) was carried out (F. de Buen
1 924, 1 925, 1 927; O. de Buen 1 924; R.

de Buen 1927). The most important of

these reports, from the biological point

of view, is that of F. de Buen (1925).

This work was conducted under the

terms of intemational accords reached

at the meetings of the International

Commission forthe Scientific Explora-

tion of the Mediterranean Sea in Paris,

January 1 1, 1923 (O. de Buen 1924, F.

deBuen 1925).

A general oceanographic survey
of the area, including 540 operations,

was conducted under the direction of

Dr. O. de Buen on the Spanish naval

transport "Almirante Lobo." A party

on the smaller vessel "Principe Alberto

de Monaco" concurrently collected bio-

logical and statistical data from the tuna

fisheries in the area. Dr. F. de Buen w as

in charge of the biological work of the

entire campaign.
To determine the causes of the

arrival ofthe tuna on the Spanish coasts,

data were gathered on the winds, the

surface currents, and the transparency

of the water. F. de Buen (1925) main-

tained that the general oceanographic
conditions were the unique local causes

ofthe spawning concentration of tunas

offthe Atlantic coast ofsouthern Spain.

Water transparency was a ver>' impor-
tant factor, as was demonstrated by the

catches of two traps near the mouth of

the Guadiana River at the Portuguese
border. About 90 percent of the fish

were caught in clear water. The re-

mainder were taken in "regular" or

"dirty" water, without a consistent dif-

ference between the catches in these

two types. The clarity of the water,

however, seemed more critical during
the "return" (westward) movement than

during the "arrival" (eastward) transit.

It was difficult to find a definite rela-

tionship between winds, or wind-driven

currents, and the catches of the traps.

De Buen concluded that the direction,

intensity and frequency of the winds

might act as a secondarj' factor influ-

encing the local movements of the tuna

by altering the temperature of the sur-

face waters.

In discussing the results, F. de Buen

(1925) stated that the bluefin tuna was
a typically stenothermic fish, whose

disffibution was exactly limited by tem-

perature. In the spawning season, its

sensitivit) to temperature increased. In

his opinion, the tuna was a surface-

dwelling fish, submerging occasionally
to depths of only a few meters. He

rejected the abyssal winter habitat pro-

posed by Pavesi ( 1 887) and supported

by Sanzo ( 1 910a). He believed that the

adult tuna which inhabited the western

Mediterranean basin were altogether

independent of those occupying the

adjacent parts of the Atlantic. He pos-
tulated that the colder waters of the

Strait of Gibraltar separated the two

basins oceanographically and prevented
the interniinghng of these two groups
of tuna.

De Buen concluded, from his own

observations, that the water tempera-
ture was the main factor infiuencing

the movements of the tuna, and pro-

posed a thermic theory, as opposed to

the hydrodynamic theory of Bounhiol

(191 1) and the halothermic theory of

Roule (1914a).

F. de Buen (1925) found, by com-

paring the Spanish trap catches ofMay
1923 with oceanographic observations

made concurrently in the same area,

that the maturing "arrival" tuna pre-

ferred the warmer and less saline wa-

ters near Cadiz to the adjacent colder

and more saline waters, which are typi-

cal of the open ocean to the west and

the Strait of Gibraltar to the east.

After the peak ofthe "arrival" fish-

er) along the coast, the fisher> dimin-

ished. This coincided with the greatest

intensity of spawning In general, the

conditions causing variations in the wa-

ter temperature, such as the persistence

of certain winds and the influence of

coastal currents, were secondary fac-

tors atTecting the local movements of

tuna.

Fresh waters carrying suspended
materials might have caused the tuna to

leave the coast and temporarily pre-

vented their capture by certain traps.

The spawning areas coincided with the

centers of high temperature, varying

constantly under the effect of coastal

factors on one side, and the high seas

on the other.

F. de Buen stated that affer spawn-

ing, the tuna, no longer subject to such

88



close constraints in regard to tempera-

ture, dispersed in the Ibero-Moroccan

Bay, contributing another period of

great catches for the traps (the return).

The maximum catches in the "return"

fishery, however, were concentrated at

the western and eastern ends of the

southern Spanish Atlantic coast, at or

near areas where the temperature and

salinity were considered the least fa-

vorable during the "arrival" period.

O. de Buen (1924), in a prelimi-

nary report on this survey, presented

the following conclusions:

The moment ofspawning changed
from year to year according to changes
in environment.

Increases and decreases in water

temperature exercised a great influence

on the development of the gonads.

High temperature, high salinity and

agitated waters with high dissolved oxy-

gen content were sought by the tuna for

spawning.
The temperature ofthe surface wa-

ter in the Strait of Gibraltar was 3°C

lower than that of the coast of Cadiz,

and 5°C less than that ofthe Mediterra-

nean coast ofMorocco from Ceuta east-

ward. These conditions were unfavor-

able for spawning tuna, and constituted

an obstruction to their migration

through the Strait. On the other hand,

the currents and winds in the Strait

increased the dissolved oxygen in its

waters, a favorable factor for such mi-

grations.

The tuna spawned west ofG ibraltar

before reaching Tarifa, where the sa-

linity became lower.

The next important survey of the

environment in relation to the occur-

rences of spawning bluefin tuna in

Spanish waters was by Lozano Cabo

(1957, 1958). He studied oceanographic

conditions at the Barbate trap east of

Cadiz and the biology of its catches

during the 1954 fishing season. He
made similar studies in the Moroccan

trap fishery (Section VE3d) in 1954,

providing the basis for interesting com-

parisons of data from the two areas.

The surface temperature at Barbate

in June and July varied from 1 7°C to

2 1 °C ( 1 8.9° +/.0.089°), increasing pro-

gressively despite small local alter-

ations. There were greater fluctuations,

from 14°Cto 19°C (16.83° +/-0. 146°),

in the temperature at a depth of 35 m,

which decreased, instead of increasing

as did the surface temperature, in the

final days. The water was colder at 35

m than at the surface.

Lozano Cabo found a negative cor-

relation index of -0.29 with a probable

error of +/-0. 1 1 between the surface

temperature and the catch. There was

no correlation between the temperature

at 35 m and the catch. The "arrival"

tuna preferred water temperatures from

18°C to 21.5°C off southern Spain and

Morocco, with a more specific prefer-

ence for 18.2°C to 18.7°C at Barbate.

The transparency of the water,

measured by Secchi disc, varied from 5

m to 17 m, with a mean of 13.04 m, at

Barbate. There was a correlation index

of 0.40, with a probable error of +/-

0. 1 0, between the transparency and the

catch. The best catches occurred at

transparencies of more than 13 m and

especially over 15 m. Minimal catches

always occurred at transparencies of

less than 14 m.

The fishermen believed firmly that

the catches of the traps depended inti-

mately on the lunar phases and the

tides. Lozano Cabo could not confirm

this, except that, when tuna were

present, they tended to enter the trap

with rising tides. Tliis might signify a

negative rheotaxis, at least during their

pre-spawning migration. The correla-

tion coefficient of +0.10 with a prob-

Table 26. Surface temperatures and salinities at the trap offCabo de Santa Maria

and catches of the traps in the Algarve (southern Portugal) in the period from late

April through August by month.

TEMPERATURE AIVD SALINITY OF THE
SURFACE WATER OFF CABO DE SANTA MARIA

Month

Temperature (°C)

Min. Max. Avg.

Salinity (VJ
Min. Max. Avg.

April"



able error of +/-0. 12 between the state

ofthe tide and the catch of Barbate was
not significant.

Salinities and dissolved oxygen
were also observed at Barbate by
Lozano Cabo. Although measurements
of both were taken from the surface

and at depths of 30 m or 35 m, he did

not study the correlation with the

catches. He had found no correlation

between salinity and catch at the Los
Cenizosos trap in Morocco. Salinities

at Barbate fluctuated between 35.39 o/

GO and 35.53 o/oo at 35 m. Dissolved

oxygen levels were abnormally high

varying from 6.9 to 8. 1 cc/l at the sur-

face and 5.0 to 9.0 cc/l at 30 m.

Rodriguez-Roda (1963, 1965,

1969c, 1970a, 1970b) collected envi-

ronmental data at the Barbate trap from
1961 to 1969, and discussed their pos-
sible relationships to its catches and the

movements of the maturing and post-

spawning bluefm tuna. His 1963 publi-
cation presented monthly values of the

temperatures, phosphate production,
and salinity, of the water at various

depths from the surface to 30 m, and its

transparency and optical absorption.

Rodriguez-Roda (1969c) pre-
sented the mean temperatures at 1 m
intervals from the surface to 30 m in

the Barbate trap in August 1967.

Rodriguez-Roda ( 1 970a) collected daily

temperature measurements of the wa-
ter temperature at 10 m intervals from
the surface to 30 m for the months of

May through August 1968. He com-

pared the weekly averages ofthese tem-

peratures graphically with the corre-

sponding numbers of tuna caught in

the trap. He (1970b) collected corre-

sponding data and presented a similar

graphical comparison for the same pe-
riod in 1969. In that year he also mea-
sured the transparency ofthe water each

day, and he compared these values

graphically with the daily catch of the

trap in numbers of tuna.

The temperature during the most

productive months. May to July in 1 96 1

and 1962, ranged from I8.0°C to

2 1 .4°C at the surface and 1 6.5°C to 1 8°

C at a depth of 30 m. During the "ar-

rival" run in May and June 1968, the

highest catches occurred with mean
surface temperatures of I7.2°C to

18.9°C and temperatures of I6.6°C to

17.6°C at 30 m. The best catches dur-

ing the 1 969 arrival run were taken in a

week with mean temperatures ofabout
1 8°C at the surface and 1 6°C at 30 m.

During the "return" period in July and

August 1 968, the best catches took place
with temperatures of I9.5°C to 19.9°C
at the surface and I6.3°C at 30 m. In

1969, the best "return" catches were
taken with mean surface temperatures
of 21.0°C to 22.5°C, and temperatures
of 1 8.5°C to 20.2°C at 30 m. Rodriguez-
Roda noted (1969a), that the August
temperatures in 1961, 1962 and 1967
were about the same, and that the total

production ofthe Spanish Atlantic traps
in those years did not vary greatly. In

his 1 970b publication, he obser\ ed that

the catch of these traps was greater in

1 969, when the water was wanner, than

in 1968. Rodriguez-Roda (1971) con-

cluded that the maturing "arrival" pe-
riod begins at temperatures of 16°C to

1 7°C, and is most productive at tem-

peratures of 18°C in the upper 10

meters, 17°Cat20mand 16°Cat30m.
In the post-spawning "return" period,

optimum temperatures are 20°C to 2 1 °C
in the upper 10 m and I9°C at 30 m.

The average salinities during the

monthsofMay, June and July in 1961

and 1962 varied from 35.88 o/oo to

36.34 o/oo at the surface and 36.01 o/

00 to 36.21 o/oo at 30 m (Rodriguez-
Roda 1963).

The transparency of the water

ranged from 1 1 m to 2 1 m in May and
June of 1961 and 1962, and from 2 m
to 25 m in May-August 1969,

(Rodriguez-Roda 1963, 1970b). The
author found a high positive correla-

tion, during intensive periods of the

fishery, between the transparency and
the catches of the trap.

Phosphate production in May, June
and July, the months ofma.ximum tuna

catches, varied from 0.54 to 0.59 mg/l
at the surface.

Chlorophyll production was gen-

erally greater in the cold months than

the warm ones, with a large maximum
in October and lesser ones in January'
and April.

Zooplankton was predominant in

the wami months, although undergo-
ing many variations during the year,
due to the influences of Atlantic wa-
ters.

Rodriguez-Roda ( 1 963) concluded
that the Barbate area, in regard to its

oceanography and the plankton in gen-
eral, could be said to be under the influ-

ence of Atlantic waters, especially in

its surface layers.

d. Morocco
Lozano Cabo (1957, 1958, 1970)

conducted thorough studies of the en-

vironment at the Los Cenizosos trap,

north of Larache, Morocco. Our ac-

count generally follows his 1970 sum-

mary, with some details added from
the earlier reports.

The water temperature varied from
1 7°C to 22°C at the surface, from 1 5°C
to 20°C at 15 m, and from 14°C to

1 8°C at 35 m. The correlation between
the surface temperature and the num-
bers of flsh caught was negative (-0.72

+/-0.06). Fish were caught at tempera-
tures between 17°C and 21°C, but

mainly between l8°Cand 19.7°C.

The transparency of the water

ranged from 8 m to 19 m, with an

average value of 13.7 m. A high posi-
tive correlation, + 0.59 +/-0.08, existed

between the transparency and the num-
bers of flsh caught in the trap. The
catches were poor when the franspar-

ency was less than 13 m and good
when it was over 1 5 ni, especially at 1 5

m to 16 m.

The salinities were between 36.00

o/oo and 36.34 o/oo at the surface,

36. 1 1 o/oo and 36.33 o/oo at 1 5 m, and
36.06 o/oo and 36 25 o/oo at 35 m. The
correlation between surface salinity and
the numbers oftuna caught in the trap.-

0.078 +/-0.13, was not significant.

Likewise, no correlation was found

between the height of the tide (above
the daily low water level) and the num-
ber of tuna caught, even though the

captains thought that the tides strongly
influenced the catches. There was a

clear relationship, however, between
the velocity ofthe tidal currents and the

presence of tuna. Good catches coin-

cided with tides of large amplitude,

during which the coastal currents were

stronger and farther from shore.

The dissolved oxygen content var-

ied from 5.9 to 7.9 cc/l at the surface,

from 5.7 to 7.9 cc/l at 15 m, and from
5.5 to 7.7 cc/l at 30 m.

Alone le ( 1 964. 1 969) developed a

hypothesis on the migrations and

spawning of bluefln tuna, and the in-

fluences of water temperature upon
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them, in the waters between the south-

em Iberian coasts and the Canary Is-

lands. This hypothesis was derived froni

studies of the tunas and their fisheries

off the Atlantic coast of Morocco, and

a hydrographic survey of the above

waters. In early June 1964, tuna were

found between Lanzerote Island (Ca-

naries) and the African coast in water

with a temperature of 20.06°C and sa-

linity of 36.40 o/oo at the surface, and

18.37°C and 36.56 o/oo at a depth of

50 m. Aloncle believed that these tuna

were pushed northward with the sea-

sonal warming of the water, and kept

away from the Moroccan coast by iso-

therms of temperatures greater than

2I°C. In the course of this movement,
he believed that they spawned in the

area between Lanzerote, Conception
Bank and the Moroccan coast.

e. Other Eastern Atlantic

Areas

The only other parts of the eastern

Atlantic where bluefin tuna are believed

to spawn are in the vicinit>' ofthe Azores

(Ferreira 1932) and in equatorial wa-

ters south of Sierra Leone (Richards

1969, Richards and Simmons 1971,

unpublished data reports for Geronimo

cruises 3, 4 and 5).

In May and June, the months in

which bluefin reportedly spawn around

the Azores, the surface temperature in

the area varies between about 1 7.0°C

and about I9.7°C, while the salinity

remains at about 36. 1 o/oo.

In the area bounded by latitudes

7°N and 8°S, and longitudes 1 3°W and

15°W, three larval T. ihynnus thynmis
were collected in March 1963, in wa-

ters with surface temperatures exceed-

ing 27°C and surface salinities of from

36.4 o/oo to 38.8 o/oo (Richards 1 969).

These temperatures are much higher
than those in other reported spawning
areas of the species in the eastern At-

lantic and the Mediterranean.

4. Western Atlantic

a. Introduction

In comparison with what is avail-

able for the eastern Atlantic and the

Mediterranean, ver>' little has been pub-
lished on the relationships between the

spawning of bluefin tuna in the western

Atlantic and environmental conditions.

Therefore our discussion of this corre-

lation depends almost entirely on ob-

servations which weie made concur-

rently with investigations, but have not

been synthesized or analyzed, and data

in atlases or survey reports.

b. Gulf of Mexico

The best documented spawning of

bluefin in the western Atlantic takes

place in the Gulf of Mexico in from

late April to early July (Section VD3).
Tlie heaviest concentrations of larvae

evidently occur in the deep (more than

200 m) area behveen latitudes 23°N

and 30°N and longitudes 84°W and

94°W (Figure 68) (Juarez 1974b,

Montolio and Juarez 1977). During

April, May and June the surface tem-

perature of these waters increases from

between 22°C and 24°C to a little over

2TC (Galtsoff 1954). The temperature
in the upper layer is fairly constant

down to 30 m. TTie salinity in the upper
50 m layer is typically 36.00 o/oo. In

contrast, the salinity of this layer over

the Campeche and Florida Banks,
where few larvae have been collected,

is 36.25 o/oo, possibly because of up-

welling.

c. Straits of Florida

The Straits of Florida at the Mi-

ami-Bimini line present an unusual situ-

ation in that adult bluefin are found in

numbers, and almost exclusively, on

the eastern (Bahamas) side (Section

IVC2), but the abundance of larvae is

minimal on the eastern side and maxi-

mum near the Florida side (Section

VD3). Most of the fish examined at

Bimini were spent, with a very few ripe

ones among them (Rivas 1954). Evi-

dently most of the spawning occurs

south of this line.

The surface water temperature
across the Straits of Florida between

Miami and the Florida Keys and the

Bahamas (25°N to 26'N and 79°W to

80°W) is fairly unifomi in the deeper
central area. On the edges of the Strait

where the bottom rises sharply tem-

peratures are cooler (Sverdrup et al.

1942). The surface temperature in the

deep water is about 26°C to 26.5°C in

April, increasing to about 27°C in May
and about 28°C in June (Pyle 1962).

'

Nearly all ofthe catches of bluefin

tuna in the Straits of Florida have been

taken by rod and reel from schools

traveling close to the surface (Rivas

1978). The fish are seen near the sur-

face in this area only under certain con-

ditions of wind and cuiTL-nt, however,

and it is presumed that the\, must spend
much of the migrating period at deeper
levels. A male with milt was taken by

longline at an estimated deptli of 55 m
on the eastern side of the Straits just

north of Bimini (Mather and Bartlett

1962). The water temperature at the

location was 26.7°C at the surface and

25.7°C at 55 m. The salinity in the

upper 50 m layer in this region ranges
from 35.5 o/oo to 37 o/oo, with an

average of about 36.2 o/oo, from April

through June 1977. The average phos-

phate and oxygen levels in this period

were about 0. 1 and 4.65 ppm, respec-

tively.

d. East and North of the

Bahamas
In the waters east of the Bahamas

the research vessel Crawford caught
bluefin with maturity indices from 28

to 126 (mostly 60-90) at several loca-

tions in May 1961 (Figure 70, Table

25). Fhe surface water temperatures

ranged from 23.6°C to 26.5°C, but most

of the fish were taken in waters of

25°C. At 55 m the temperature range

was 22.4°C to 25.3°C, but most of the

fish were taken where the temperature
was about 24°C.

A little north of the Bahamas the

Crawford caught eight fish with matu-

rity indices of 21 to 98 (Table 25) in

water with surface temperature beUveen

24.2°C and 25.6°C and temperature at

55 m between 20.8^C and 24.1 T.
Zahrov (1965) reported that spawning
fish caught north of the Bahamas (Fig-

ure 70) at the end of May and the

beginning of June were in water with

surface temperature of25°C to 26.4°C.

e. Northeastern United States

The bluefin showing signs of

spawning taken by the M/V Delaware

about 500 km off southern New Jersey

and the Delmarva Peninsula during
cruise 57-5 (Section VD3) were gener-

ally in cooler waters than were any of

the previous fish. These catches were

made in waters of surface temperatures
between 1 8.3X and 25.5°C. The most

successful catches were in water w ith a

temperature around 20' Cor 2 rC. Fish-

ing depths were estimated to be 52 m to

57 m and most of the fish were taken

where the water temperature at this

depth ranged from 1 5 .5 "C to 2 1 . 1 °C.
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F. Feeding Activity During the

Spawning Season
Different opinions have been ex-

pressed in regard to the feeding activity
of bluefin tuna during the spawning
season. Many of the studies used indi-

viduals caught in traps. It has been

argued that the lack offood in the stom-
achs of "arrival" fish might have been
caused by digestion while the fish were

awaiting removal from the trap, or by
regurgitation resulting from their

struggles during this removal. Food is

frequently found in the stomachs of
"return" fish, however, even though
they undergo the same treatment.

F. de Buen (1925) and Sella

(1929a) were of the opinion that tlie

bluefin continued to feed during their

period ofmaturation and spawning, but
at a reduced rate. De Buen believed
that they ate food which they happened
to encounter, and could catch without
undue effort, but seldom exerted them-
selves in the pursuit of difficult prey.

Rodrfguez-Roda (1963, 19643,
1 969) found that stomachs oftuna taken
in the Spanish "arrival" traps were usu-

ally empty. Some contained a few

swimming crabs, Polybins hens/owi

Leach, which they had presumably con-
sumed before entering the trap. Small
fish which had been caught in traps
with the tunas were occasionally found
in their stomachs. He emphasized the

limitations of his findings because of
the possible losses ofstomach contents
of trapped fish mentioned above.

Sara's (1964, 1973) studies of
stomach contents of"arrival" fish taken
in the fraps off western Sicily and ob-

servations of their behavior when con-
fined in the traps with species on which

they normalK fed, led him to believe

that maturing bluefin mna abstained
from eating. He found increasing
amounts of food in the stomachs of

post-spawning fish, however, as the

season advanced and their gonads be-
came smaller.

Arena ( 1 964) found stomachs of
"arrival" fish caught in the western Si-

cilian traps to be empty, or nearly so.

Those of others caught off the eastern

part of the island, however, contained
considerable quantities of food. A large

quantity of swimming crabs, Polybhis
henslowi Leach, was found in the stom-
ach of the first group of bluefin tuna

caught atMilazzo in 1 96 1 . Several other

authors have reported observations of
food in the stomachs of maturing blue-
fin caught off eastern Sicily (Genovese
I960, Genovese and Alonzo 1961 Li
Greci 1961).

The considerable longline catches
of bluefin tuna in the central Mediter-
ranean during the spawning seasons of
1973 and 1974 (Fisheries Agency of

Japan 1975, 1976) prove that signifi-
cant numbers of these fish feed during
the spawning season. As Sara (1973)
noted, the trophic (feeding) tendency
may on occasion overcome the tenden-
cies which are usually dominant dur-

ing the spawning period, including the

tendency to reduce, and finally stop,

feeding as the volume of the gonads
increases.

G. The Spawning Act
The only published accounts of

the actual spawning of bluefin tuna
which we have encountered described

occurrences in the central Mediter-
ranean. Some of these activities oc-
curred while the fish were being held in

traps, but others, probably more im-

portant because the fish were under no
constraint, took place in the open sea.

Sella (191 1) and Held! (1932) de-

scribed the spawning actions of fish in

traps off Sicily and Tunisia on the basis

ofaccounts which they considered reli-

able. Sara (1964) personally observed
the reproductive acts of tunas in the

vicinity oftrapsofifSicily. Arena (1964)
likewise witnessed the spawning of
bluefin tuna in the open sea off Sicily.

These accounts show that spawn-
ing occurs at the instant when a pair of
fish turn on their sides and make con-

tact, or appear to, with their ventral

surfaces. This refutes the previous sup-
position (Tiews 1963) that tuna

spawned by saturating an area with

randomly discharged eggs and milt.

Arena and Sara, however, reported
that small groups of tuna sometimes

engaged in communal mating. In a spec-
tacular observation, Arena (1964) saw
files of 10-12 giant fish overtake other
files of about the same number, with
the fish ofone file mating with those of
the other as they passed.

P. Arena (personal communica-
tion) provided the following informa-
tion on spawning, based on his more
recent observations. The mating offish
in large schools may involve nearly all

of the fish in the school at the same
time. This causes an enormous bright
flash under the surface, with a very
spectacular effect. The school, which

usually travels at from 2 to 7 knots (3.7
to 1 3 km/lir), leaves a rather milky trail

behind it, due to the emission of sexual
products.

H. Maturity and Fecundity
The ages at which bluefin tuna

spawn, and the variation in the fecun-

dity of females with their size and age,
are two elements of the biology of the

species which are especially important
for the management of its fisheries.

1. Age and Size at First

Maturity:
Research on bluefin tuna in the

eastern Atlantic and Mediterranean in-

dicated that they first spawned at ages
2-4 (lengths of about 75-125 cm,
weights of about 12-40 kg). Sella

(1929a, 1929b) reported that the spe-
cies usually spawned first at age-3, or
at a weight of about 15 kg. He added
that a few age-2 fish which had at-

tained weights of 12 kg through rapid
growth might also spawn.

Frade and Manafas (1933) found
that young bluefin 1 m long taken in

the "arrival" (May-June) fishery off
southern Portugal developed difterently

according to their sex: the males were
in active or completed spermatogen-
esis, whereas the females were In a

very retarded ovogenesis. Arena ( 1 964)
and Sara (1973) have ob,served that

bluefin tuna school by size, even dur-

ing the spawning season, and that fer-

tilization is accomplished by paired
emissions within these schools. There-
fore the reported difference in the times
of maturity of 3-year-old males and
females implies that their spawning ef-

forts might be ineffective. Rodriguez-
Roda (1929a) concluded from his fe-

cundity studies that females attained

their first maturity at a length of about
97.5 cm, and males at about 105 cm,

corresponding to ages of 3 Nears. Frade
and Vilela (1962) concluded that first

maturity usually occurred at age 3, but

occasionally at ages 2 or 4.

Scaccini et al. 1975) reported the

smallest mature bluefin tuna observed

by any ofthem was an individual weigh-
ing 27 kg (4 years old) examined by
Sara at the Solanto trap in Sicilv in

mid-June 1959.
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Less information is available on

the age of first spawning of western

Atlantic bluefin, but these fish have

apparently been less precocious than

their eastern Atlantic and Mediterra-

nean counterparts.

Westman and Neville (1942) ex-

amined many small and medium sized

bluefin tuna landed by the coastal sport

fishery at Freeport, Long Island, New
York. They reported that nearly all of

the "school tuna" (fish averaging less

than 30 kg) were immature. They found

some evidence of approaching matu-

rity in a few tuna of the 3 -year-old age

group, and signs ofmaturity in a larger

percentage ofthe 4-year-olds. They con-

sidered all of the fish of both sexes

which were 5 years old (about 1 30 cm

long and weighing about 40 kg) or

older to be adults, but found no indica-

tions of eggs or sperm in their gonads.
The present authors have con-

ducted macroscopic examinations of

the gonads of numerous small bluefin

tuna caught in traps or by sport fishing
in southern New England coastal wa-

ters and by purse seines in coastal wa-

ters between southern New Jersey and

New England in the summers of 1 950-

1975. We concur with Westman and

Neville's conclusions. We found signs

of maturity in less than 1% of the 3-

year old fish but in a considerably larger

percentage of the tuna of age group 4.

Nearly all age 3 fish, like all the 0, 1
,

and 2 year-old individuals examined,
had very small gonads which were al-

most uniformly slender throughout their

length, like very flat shoestrings. The

gonads of the older fish which were

considered to show signs of maturity
were distinctly enlarged for at least part

of their length. The testes of a few age
4 males taken in Cape Cod Bay, Mas-

sachusetts, in early July 1953, contained

milt. Those of a 4-year-old specimen,
110 cm long and weighing 25 kg,

weighed 27.5 g and contained milt. A
photomicrograph (970x) taken by R. F.

Vaccaro, an Associate Scientist of

Woods Hole Oceanographic Institution,

showed that this milt contained fully

developed sperm. The gonads of most

of the 5-year-old tuna (about 133 cm

long and weighing about 45 kg) were

generally better developed, and most
of these fish had probably spawned.

We believe that the mature mem-
bers of the "small" bluefin group (less

than 120 cm long) spawn in ofTshore

waters north of the Gulf Stream, along
with fish of the "medium" size group,
in May and June. As noted in Section

VD3, a few small bluefin and several

medium sized ones taken by longline
in this area and season were examined.

The results of macroscopic examina-

tions of their gonads were as follows:

Age III. Two fish were examined. Both

were classified as immature.

Age 4. Three males and three females

were examined. One fish of each sex

showed definite signs of maturity.

Age 5. One male was examined. Some
milt was squeezed from its testes.

Age 6. Twelve fish (six of each sex)

143.5-157 cm long and probably of

this age were examined. Two of the

females were classified as spent. The
other ten fish appeared to be ap-

proaching spawning condition.

We conclude tentatively from all

of these data that the first spawning of

bluefin tuna in the eastern Atlantic oc-

curs at age 3, in exceptional cases, and

more frequently at age 4. By age 6 all,

or nearly all, of the fish are spawners.

Probably the first spawning of western

Atlantic bluefin tuna occurs most fre-

quently at age 5, but more research is

required to establish this.

2. Fecundity

Rodriguez-Roda (1967a) found

that the estimated fecundity of bluefin

tuna caught near Cadiz, Spain, in May
and June generally increased with size

offish, from 5.2 x 10" for an individual

130.5 cm long and weighing 54 kg to

32.2 x 10'' for one 230 cm long and

weighing 235 kg The minima and

maxima, however, were 5.0 x 1 0'' for a

fish 160 cm long and weighing 96 kg,

and 45.9 X 1 O*" for one 214cm long and

weighing 191 kg. He calculated the

following relationships between F, tlie

fecundity or number of maturing eggs,

and (1) L, the length of the fish in cm;

(2) and (3) P,,
the weight of the fish in

kg; and (4) P^,
the weight ofthe ovaries

in kg:

(1) F = 2.29245 L^

(2) F = 53,451 P^ii""*'

(3) F =
-1,220,71 7+ 138,068 P,

(4) F = 553 P,
' "'""

In the size range studied, the esti-

mated fecundity was thus roughly pro-

portional to the weight of tlie fish, or

the third power of its lengtli.

Baglin (1976), studying six blue-

fin tuna taken near Bimini and Cat Cay
in the northwestern Bahamas in May
and June and ranging from 222.5 cm in

length and 1 88.4 kg in weight to 260.6

cm in length and 271.5 kg in weight,

found that their estimated fecundity in-

creased from 16.7 x 10" for the smallest

to 3 1 .4 x lO" for the largest. The maxi-

mum, however, was 33.0 x lO' for an

individual 240.8 cm long and weigh-

ing 247.4 kg. Where F is the estimated

fecundity, L is the length of the fish in

cm, W is its live weight in kg, and W^ is

the dry weight in g of all of the eggs
from both of its ovaries, Baglin calcu-

lated that:

F = 65.421 4 L"'""

F = 6,245,010 + 95,132.3 W
F- 3,051,104+ 18,916.4 W,.

He concluded that fecundity increased

with size of fish in the length range
from 222.5 cm and to 260.6 cm, and

that, therefore, larger fish contribute

more to the reproductive potential.

No significant difference in the

slopes or adjusted means was found by

Baglin in a covariance analysis between

the fecundity-length and the fecundity-

weight relationships found in his study

of western Atlantic bluefin tuna and

those found by Rodriguez-Roda
(1967a) for eastern Atlantic individu-

als. Baglin noted, however, that the

samples were small, and that more ex-

tensive studies might reveal significant

differences.

The studies of Rodriguez-Roda

(1967a) and Baglin (1976) indicate

clearly that the fecundity of Atlantic

bluefin tuna increases with size offish,

in both the eastern and western parts of

the Ocean. Baglin's study shows that

this relationship extends to the very

large size of 260 cm. Pending actual

determinations ofthe fecundity of larger

fish, there is no reason to suppose that

the fecundity does not also increase

with size of fish for the relatively few

larger individuals which are captured.

Baglin and Rivas (1977) estimated the

fecundity of 1 7-year-old Atlantic blue-

fin as 44.6 x 10" eggs.

93



3. Maximum Size at which

Bluefin Tuna Spawn
The only authors who have dis-

cussed the largest size or age at which

bluefin tuna spawn, to our knowledge,

are Scaccini et al. (1975). They state

that the species spawns "up to the maxi-

mum weight and the maximum age"

and cite Sari's observation of bluefin

tuna estimated to be about 1 8 years old

and weighing up to 600 kg, caught in

the trap at Favignana (Aegades Islands,

just west of the western end of Sicily)

in June 1974, as the largest individuals

in spawning condition which had been

examined by any of them. Since the

nimiber of recorded catches of bluefin

tuna weighing over 600 kg is negli-

gible, it is most unlikely that any sig-

nificant number of these fish attain a

size at which they cease to spawn.

I. Discussion and Conclusions

A discussion and a presentation of

our tentative conclusions seem appro-

priate, since much of the information

in this section is inconclusive and, in

many instances, even contradictory.

1. Mediterranean and Black

Seas

The Mediterranean and Black Seas

have traditionally been regarded as

prime spawning grounds for the blue-

fin tuna. Despite a preponderance of

scientific opinion against this concept

which developed in the last quarter of

the nineteenth century and the first quar-

ter ofthe twentieth, it still appears to be

valid. The information now available,

however, indicates that the principal

reproduction ofthe eastern Atlantic and

Mediterranean bluefin takes place in

the south central Mediterranean, instead

of occurring in the Black Sea as

Aristotle and his followers supposed.

Small juvenile bluefin were first

reported from the Mediterranean by
d'Amico (1816). The eggs and larvae

were first described briefly by Sanzo in

his 1910b publication, and more com-

pletely in his 1929 and 1932 works.

Some authors have stated that the char-

acters presented by Sanzo do not dif-

ferentiate the eggs and very small lar-

vae ofbluefin from those of other tuna-

like fishes, especially Auxis.

Ehrenbaum's tentative identifications

of larval T. thynnns thynnus have been

questioned by Sella (1929a) and

Richards ( 1 976). Despite these uncer-

tainties over identifications, there is no

doubt that young stages of bluefin have

been collected in great numbers in the

south central Meditenanean. It is un-

fortunate, as noted by Heldt ( 1 930) and

Dieuzeide (1951), that Sella did not

describe the "thousands" ofearly stages

of bluefin which he (1929a) reported

that he had collected. His 1924 pub-

lication, however, convinced Richards

(1976) of the accuracy of his identi-

fications. Scaccini (1961, 1968) and

Scaccini et al. (1975), to whom Sella's

material was available, also agreed with

these identifications. The most numer-

ous collections have been made in the

Strait of Messina and in waters north

and west of Sicily (Sanzo 1932, Sella

1924, 1929a; Sparta 1933, Scaccini

1968, Piccinetti and Piccinetti Manfrin

1970, Scaccini et al. 1975). The de-

tailed study of Duclerc et al. (1973)

showed that larval bluefin also occurred

around the Balearic Islands. Dieuzeide

(1951) described three larval bluefin

collected off Algeria, and Piccinetti

( 1 973) and Piccinetti et al. ( 1 976b) pre-

sented preliminary reports on occur-

rences of early stages in the Adriatic

Sea.

Several authors (Vodyanitskii

1936, Vodyanitskii and Kazanova

1954, Oven 1959) have reported on

eggs and larvae of bluefin collected in

the Black Sea, but have not produced
detailed descriptions. The difficulties

of identifying eggs and small larvae of

bluefin, even after hatching the eggs
and rearing the larvae, have been fully

explained by Duclerc etal. (1973) and

Scaccini etal. (1975).

The regular occurrences of great

numbers of maturing bluefin along the

coasts ofwestem Sardinia, Tunisia and

Tripolitania suggest that spawning oc-

curs in those areas as well Although
the traps on the eastem (Ionian Sea)

coast of Sicily were known as "return"

traps, some maturing individuals were

caught in them, along with the more

numerous spent fish (Sella 1929a,

Scordia 1938). Scordia's extensive stud-

ies (summarized in her 1938 and 1942

publications) indicated that large num-

bers of bluefin tuna passed through the

Strait of Messina from the lyrrhenian

Sea to the Ionian Sea, spawned there,

and then returned through the Strait to

the Tyrrhenian. It appears that the

spawning ofbluefin tuna in the Mediter-

ranean is most intense in its south-cen-

tral part, but also extends into the west-

em Mediterranean and the Adriatic Sea.

As Scaccini et al. (1975) concluded,

additional research will probably show

that bluefin spawn in other parts of tlie

Mediterranean. Some spawning must

also occur in the Black Sea. The ab-

sence of a commercial fishery for the

species there, however, and the rela-

tively small catches taken in its ap-

proaches, the Bosphorus and the Sea of

Marmara, suggest that the reproduc-
tion there is not comparable, quantita-

tively, to that in the central Mediterra-

nean.

2. Eastern Atlantic

The situation in the eastem Atlan-

tic is dramatically different from that in

the Mediterranean and Black Seas. De-

spite extensive research efforts over

many decades, no identifiable early

stages of bluefin have been collected in

the Ibero-Moroccan Bay, which has

been regarded as the prime spawning

ground in the region, or in the more

recently suggested areas of reproduc-

tion off Morocco and in the Bay of

Biscay. The only identified early stages

from the eastem Atlantic were collected

near the Equator between longitudes

0° and 15=30'W (Richards 1969,

Richards and Simmons 1971). This was

a totally unexpected area on the basis

of existing knowledge of the distribu-

tion of maturing bluefin. It certainly

merits further investigation to deter-

mine the seasonal and areal extent of

the occurrence, and also to make cer-

tain that the larvae are actually those of

T. thynnus ihynnus rather than those of

T maccovll, which also occurs in the

South Atlantic.

Regular seasonal occurrences of

very numerous maturing and spent blue-

fin in the Ibero-Moroccan Bay have

been abundantly documented. Small

numbers of maturing or ripe bluefin in

the Bay of Biscay have been reported

occasionally (Creac'h 1952, Le Gall

1952) and detailed studies of the go-

nads of a few individuals have just

become avai lable (Cort et al. 1 976, Cort

1977). The occurrence of small num-

bers of mature bluefin at the Azores

has been reported (Ferreira 1932), but

no details on their gonad condition were

presented.
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3. Western North Atlantic
The western North Atlantic is the

only part of that ocean from which
extensive collections of early stages of
T. thyiinus thynnus have been obtained.
The most important occurrence docu-
mented up to now has been in the Gulf
of Mexico. Bluefm larvae and small

juveniles have been collected over
much of the deep (more than 300 m)
part of the Gulf, especially in the area
north of latitude 23°N (Judrez 1972
1 974b; Richards 1976, 1977;Montolio
and Ju^ez 1977, T.C. Potthoff, per-
sonal communication). Important col-

lections have also been made in the
Straits of Florida, particularly at the

Dry Tortugus and off Miami (Potthoff
and Richards 1 970, Richards 1 976, T.C.
Potthoff, personal communications).
Scattered individuals have been col-
lected off the east coast of the United
States up to latitude 38°45'N. These
collections show that the Gulf of
Mexico is the most important bluefrn
tuna spawning ground yet discovered
in the Atlantic, and that spawning also
occurs in the Straits ofFlorida and prob-
ably for an unknown distance farther
north.

The condition of gonads of cap-
tured fish suggests that spawning may
also take place in the northwestern Car-

ibbean, the Windward Passage, the Old
Bahama and Santaren Channels, and a

large area east and north of the Baha-
mas. Virtually all of the mature bluefin
taken in these southerly parts of the
western North Atlantic and adjacent
waters for which we have size data
were large (over 185 cm long) indi-

viduals, weighing over 125 kg. Exami-
nations of gonads suggest that at least

some smaller bluefin spawn near the

northern edge of the Gulf Stream, or
the Gulf Stream front, north of latitude
37°N and east of longitude 70° W.

4. Overall Situation
On the most positive evidence

available, the occurrence of larvae and
very small juveniles, one can only con-
clude that the most important spawn-
ing areas of T. thymus thynnus are in

the south central Mediterranean Sea
and the GulfofMexico. This in itself is

an
interesting parallel, as the Gulf of

Mexico and the Caribbean Sea are of-
ten referred to as the "American Medi-
terranean."

The major spawning occurs ear-
lier in the western Atlantic (probably
about May 15-June 15) than in the

Mediterranean (about June 1 5-July 15).
The smaller bluefin spawn later

than the larger ones in the Mediterra-
nean, and probably do in the western
Atlantic also. Studies of spawning in

both areas have centered on the larger
fish. Some information is available on
the spawning ofthe smaller individuals
in the Mediterranean, where they mix
to a considerable extent with the larger
ones during the spawning season. The
two groups evidently reproduce sepa-
rately in the western Atlantic, and much
less is known about the spawning of
the smaller fish (all of the "medium"
size group, and the mature members of
the "small" group) there.

The only occurrence ofearly stages
of bluefin in the eastern North Atlantic,
or the South Atlantic ofwhich we have

knowledge is the collection of a very
few larvae near the Equator and longi-
tude 7°W. Much more information will
be needed to determine the significance
of this unexpected finding.

Other collections of larvae, al-

though less important than those from
the Gulf of Mexico and the central

Mediterranean, indicate that bluefin

spawn around the Balearic Islands, in

the Black Sea, in the Straits of Florida
and, probably, north of the Bahamas.

Studies of the maturity of gonads
suggest spawning over more extensive
areas. Ihese would include major
spawning along the coasts of Tunisia
and Tripolitania, and in the Ibero-Mo-
roccan Bay (by the fish which do not
enter the Mediterranean to spawn).
Spawning in the Bay of Biscay is also
indicated but this is probably less im-

portant. Gonad studies in the western
Atlantic suggest, extensive additional

spawning areas off Cuba, the Baha-
mas, and the southeastern United States

along the Gulf Stream front north and
east of Cape Hatteras.

Judrez (1974b) and Montolio and
Juarez ( 1 977) provided quantitative es-

timates of the numbers of bluefin lar-

vae in extensive areas of the Gulf of
Mexico. Richards ( 1 976) estimated the
number offish in the spawning stock
from the estimated number of larvae

(Juarez 1974b). His figure was in rea-

sonable agreement with those calcu-
lated by other methods.

No quantitative estimates of the
abundance of bluefin tuna larvae in the

Mediterranean have been published. C.
Piccinetti (personal communication),
however, informed the senior author
that the relative abundance of larvae in

the Gulf of Mexico, as indicated by
Montolio and Judrez ( 1 977), was much
less than that which he and his col-

leagues had found in parts ofthe Medi-
terranean.
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VI. MIGRATIONS AND STOCK IDENTIFICATION

A. INTRODUCTION

Identification of Atlantic blue-

fin tuna stocks is regarded as one of

the most important prerequisites to

the efficient management of its fish-

eries. The studies of stock identifica-

tion and migrations are so closely

related as to be almost inseparable.

Some methods, such as the visual or

electronic tracking of fish, and the

analysis of the seasons and localities

of catches, relate primarily to migra-

tions. Others, such as biometric and

biochemical studies, are more directly

concerned with stock identification.

Tagging is one of the most positive

methods of studying both problems.

In difficult cases, however, it is nec-

essary to use all available means to

achieve either objective. This is es-

pecially true of the bluefin tuna,

whose long, rapid and variable mi-

grations make their migratory pat-

terns and populations especially dif-

ficult to identify.

Until 1954, when sustained tag-

ging ofthe Atlantic bluefin was initi-

ated, scientists were limited to de-

ductive, or indirect, methods of study-

ing its migrations. Likewise, until the

development of biochemical meth-

ods at about the same time, they de-

pended mainly on biometric studies

to identify its populations. Even with

the aid of these and other advanced

techniques, the migratory patterns of

bluefin tuna are not completely un-

derstood and the stocks have not been

positively identified.

In this section we will consider

the migrations and stocks (without a

priori implication that they are sepa-

rate) in the Mediterranean-eastern

Atlantic area and in the western At-

lantic. Finally, we will consider the

implications of trans-equatorial and

transatlantic migrations and present

our conclusions in regard to the iden-

tity of stocks.

B. METHODS AND MATERIALS,

AND DEFINITIONS

\. Methods and Materials

a. Deductive Methods

Deductions in regard to migra-

tions and the identity of stocks have

been based on observations or infor-

mation of the following types:

( 1 ) The times of appearances and dis-

appearances of the fish in fishing

areas and the observed move-

ments of the fisheries for it.

(2) The size or age composition of

the catches.

(3) The sex ratio of the catches.

(4) The observed behavior of the fish

in specific areas and seasons.

(5) The apparent preferences of the

fish for environmental conditions,

and their seasonal changes.

(6) Deductions as to the localities

where specially constructed

hooks and lures found in bluefin

tuna caught in traps had origi-

nated.

b. Methods Used Mainly for

Identifying Stocks

Just as many of the above meth-

ods have been used to identify stocks

as well as to study migrations, the

following ones, which have been used

primarily for stock identification,

have also been applied to the study

of migrations:

(1) Anatomical comparisons.

(2) Biometric comparisons of mor-

phological characters.

(3) Comparisons of biochemical

properties.

(4) Comparisons of areas and sea-

sons of spawning.

(5) Comparisons of growth rates.

c. Methods Used Mainly for

Studying Migrations

Most of the methods listed be-

low were developed to study migra-

tions, but tagging is equally useful

for identifying stocks:

( 1 ) Visual tracking from aircraft. [Vi-

sual observations from vessels or

shore come under item a(4).]

(2) Tagging.

(3) Tracking with sonar.

(4) Tracking with sonic tags.

d. Development of Bluefin

Tuna Tagging

Tagging is the only positive

method of determining that an indi-

vidual fish has gone from one place

to another. The desirability of tag-

ging Atlantic bluefin tuna was rec-

ognized long ago (Sella 1912b), but

the technical difficulties were such

that it was not accomplished on a

continuing basis until 1954 (Mather

1960, 1963). Sella (1927) tagged 20

bluefin tuna weighing from 4 to 20

kg off Gailipoli (southern Italy) in

1912 with bands around the caudal

peduncle, but no returns resulted. His

(1927, 1929a) deductions of migra-

tions from hooks and lures found in

tuna caught in traps, however,

aroused new interest in the problem.

Methods of marking were discussed

extensively at the "Conference of ex-

perts
—'

(Anonymous 1932b), and

the tagging of bluefin tuna was

strongly recommended. Large and

small bluefin tuna were tagged off

Portugal in the years 1931-1935 and

1960 (Frade and Dentinho 1935,

Heldt 1938, Vilela 1960). Some large

individuals were also tagged off Tu-

nisia and Morocco (Heldt 1943). In

addition Heldt (1932) distributed

marked hooks to tuna fishermen at

Groix, France, on the Bay of Biscay

in 1927, 1928 and 1929. Many of the

hooks and lures retrieved by Sella

(1929a) from tuna which had been

caught in Mediterranean tuna traps
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were of the type ordinarily used in

that bay. English sport fishermen, co-

operating with F. S. Russell (1934a),
left marked hooks in a number of

giant bluefm tuna in the North Sea in

1933. Since no returns resulted from

all of these efforts, interest in the

matter subsided again.

The first successful tagging of

Atlantic bluefm tuna was achieved

by Westman and Neville ( 1 942), who
marked 23 small bluefm tuna with

celluloid disc tags offNew York Har-

bor during the 1941 fishing season.

They obtained two returns in the same

locality and season, after periods of

less than 75 days at large. Interest in

such matters of course ceased with

the outbreak of World War 11.

Cooperating sport fishermen

used numbered hooks furnished by
Schuck and Mather to mark giant
bluefm tuna offthe Bahamas in 1950

and 1951, and off Rhode Island in

1952 (Mather 1963). Rivas (1954)
also used the numbered hook method
to mark giant tuna off the Bahamas
in 1952 and applied strap tags to the

opercles of some of these fish, like-

wise utilizing the cooperation of rod

and reel anglers. The only result from

all these efforts was the return, about

fifteen years after its recovery, of a

numbered hook from a fish recap-
tured from Wedgeport, Nova Scotia.

The release data for this hook, which

had been sold by a tackle dealer in

eastern Long Island, New York, had

not been reported, and our efforts to

retrieve this information were unsuc-

cessftil. The fish probably had been

released, or broken free, off eastern

Long Island, but of course this is

uncertain.

Interest in tuna tagging was re-

vived when the California Depart-
ment of Fish and Game developed
the dorsal loop tag and used it suc-

cessftilly on small Pacific tunas (Wil-
son 1953). Mather, with the coopera-
tion of a few interested sport fisher-

men, proved the feasibility of mark-

ing small Atlantic bluefin with the

dorsal loop tag in Massachusetts wa-
ters during the 1954 fishing season.

He concurrently developed the dart

tag, with which even very large fish

could be marked rapidly once they
were brought alongside the boat

(Mather 1960, 1963). The successful

Cooperative Game Fish Tagging Pro-

gram of the Woods Hole Oceano-

graphic Institution, which has been

conducted jointly with the National

Marine Fisheries Service since 1974,

developed from these beginnings.

Subsequently agencies in other At-

lantic and Mediterranean nations have

marked bluefin tuna and other large

pelagic species with interesting and

important results.

e. Summary of Bluefin Tuna

Tagging Programs
A summary of the more impor-

tant programs, with the major areas

and dates of operation and major lit-

erature references for each, follows:

Canada— Fisheries Research Board
of Canada (now Environment

Canada).

St. Andrews Biological Laboratory—Northwestern Atlantic- 1963-

present, Beckett (1970), Burnett

etal. (1977).

France — Institut Scientifique et

Technique des Peches Maritimes-

Bay ofBiscay and Portugal- 1 968-

present, Aloncle (1973).

Italy
— Centro Sperimentale della

Pesca-Tyrrhenian Sea-1962-

present. Arena and Sar^ (1967),

Arena and Li Greci (1970).

Morocco — Institut des Peches

Maritimes du Maroc-Atlantic

coast of Morocco- 1972- 1 973,

Lamboeuf(1975).

Norway — Fiskeridirektoratets

Havforskningsinstitutt-West
coast of Norway-1957-1962,
Hamre(1965).

Spain— Instituto de Investigaciones

Pesqueras
— Cadiz area, Spain-

1960-1967, Rodriguez-Roda
(1963, 1964c, 1969a).

United States of America— Woods
Hole Oceanographic Institution

and National Marine Fisheries

Service — Northwestern Atlan-

tic and adjacent waters- 1954-

present and 1 974-present, respec-

tively, Mather (i960, 1962, 1969,

1974a), Mather et al. (1967,

!974b), Mason etal. (1977).

The results of tuna tagging have

been summarized and briefiy de-

scribed by the FAO Panel of Experts

for the Facilitation of Tuna Research

(1972), Mather and Mason (1973,

1976), Mason (1975), and Mason et

al. (1977).

2. Definitions

Direct migration-This term is used

to designate the movement of a

fish which presumably could not

have been repeating an annual

migratory pattern when recap-
tured. It does not imply that the

fish has travelled on a straight

course from one point to another.

Trap fisheries-Special terms of the

trap fisheries have been defined

in Section 1IB4.

3. Hypothetical Migration Model

Subject to some variations be-

tween successive ages and overlaps
between age groups, and some re-

gional differences, we believe that

the basic migratory behavior of the

bluefin, through its life in the Atlan-

tic, may be summarized by age groups
as follows:

Very Small Fish (Less Than 2.5 kg,
and Age 0)

—
Development from

egg to active predator is ex-

tremely rapid. Hatching occurs

within two days. The larvae be-

come active swimmers in 1 5 days,

and a length of 30 cm may be

attained within three months. The
first important movement of the

newborn fish is one of concen-

tration. They migrate from ex-

tensive spawning areas to lim-

ited nursery (feeding) grounds.
Growth during their first winter

is much slower than it was dur-

ing the warm season.

Small Fish (2.5-32.0 kg, Ages 1-4,

Immature) — These fish make

annually repeated two-phase mi-

grations between limited warm
season coastal nursery areas and

little known, but presumably
more extensive, cold season win-

tering areas. The warm season

occurrence is typically in the sur-

face layers, with heavy feeding
and rapid linear growth, but no

decrease in the length-weight ra-

tio. The winter sojourn, on the

other hand, occurs at deeper lev-

els, and growth virtually ceases.
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Consequently, feeding and gen-

eral activity are presumed to be

greatly reduced. The migratory

behavior of mature individuals

in this group often resembles that

of the medium fish.

Medium Fish (32-122 kg. Ages 5-8,

Mature)— These fish make an-

nually repeated three-phase mi-

grations between warm season

feeding areas, deep water win-

tering areas, and late spring

spawning areas. The warm sea-

son distribution is more exten-

sive than that of the small fish,

and not as limited to coastal wa-

ters. This occurrence is again fre-

quently in the surface layers, but

not as predominantly so as that

of the small fish. Feeding is

heavy. Seasonal linear growth has

not been determined, but is pre-

sumably rapid. The length-weight

ratio decreases considerably dur-

ing this period. The cold season

distribution is much wider than

that of the small fish, extending

far into oceanic waters. These fish

then remain in the subsurface lay-

ers and it is assumed, but has not

been demonstrated, that their

feeding, activity and growth are

reduced. In late spring and early

summer, many of these fish con-

centrate in spawning areas which

are little known. After spawning

they return to the warm water

season feeding areas.

Large or Giant Fish (Over 122 kg.

Age 9 or Older, Mature)— The

fish make three-phase migrations

basically similar to those of the

medium size group, but their dis-

tribution and migrations are much

more extensive. Their spawning
and migratory periods, as well as

the areas concerned, while dif-

fering somewhat from those of

the medium group, overlap or co-

incide with them to a consider-

able degree. The seasonal linear

growth ofthese fish is not known,

but their length-weight ratio de-

creases greatly during the feed-

ing season, and increases corre-

spondingly during spawning and

their post-spawning migrations.

As with the smaller groups, their

feeding, general activity and

growth are presumed to be re-

duced during their wintering pe-

riod in deep waters. Movements

within some of these seasonal

habitats have been observed, as

well as the migrations between

them.

We shall discuss the migratory

patterns of the different size groups

of bluefin tuna in terms of this sim-

plified model.

C. STUDIES OF MIGRATIONS
AND STOCK IDENTITY

1. Mediterranean and Eastern

Atlantic

a. Introduction

The earliest speculations and hy-

potheses about the migrations of blue-

fin tuna, and in fact nearh all of

those before 1920. were concerned

with the Mediterranean and eastern

North Atlantic areas. In fact, the study

of these migrations undoubtedly de-

veloped from observations made dur-

ing fishing operations in the Medi-

terranean and its approaches during

the pre-Christian era. Traps similar

to those still in use apparently ex-

isted then, but movable nets, whose

successful operation required the

assistance of watchers (thynnoscopi)

situated at coastal vantage points,

were probably more numerous

(Parona 1919, Thomazi 1947). Both

methods depended on the movements

of schools of fish along the coasts,

which occurred mainly during the

runs of maturing (now known as "ar-

rival") tuna in May and June, and

post-spawning (now known as "re-

turn") fish in July and August. There-

fore, before recapitulating the devel-

opment of hypotheses on the migra-

tions and populations of tuna in this

region, we will summarize some of

their local movements which have

been indicated over the ages by the

operations of the traps which have

harvested these periodic passages.

Basic data which will be considered

include the location of the traps, the

direction from which fish must ap-

proach them, and the periods when

they catch tuna. The relative impor-

tance of their catches will be dis-

cussed in special cases.

Sara ( 1 964, his Figure 5) showed

the approximate locations of the

significant traps still in use in the

early 1960s, indicating, for each, the

fishing period and the direction from

which the fish entered the trap. The

data for those in the Ibero-Moroccan

Bay and the extreme western Medi-

terranean (Figure 45) strongly sug-

gested eastward movements from the

Atlantic into the Mediterranean ("ar-

rival") in May and June, and move-

ments in the opposite direction ("re-

turn") in July and August. The arrays

of "arrival" traps on the sides of the

Bay terminated at Tarifa (north coast)

and Cape Spartel (east coast), show-

ing that the "arrival" run extended at

least up to the very threshold of the

Strait of Gibraltar.

Data for the "return" traps sug-

gested that some west-bound tuna fol-

lowed botli coasts of the Mediterra-

nean as the\ approached the Strait.

In the Ibero-Moroccan Bay, however,

they occurred in much greater

strength along its northern (Iberian)

coast, in contrast to the complete ab-

sence of a "return" trap fishery along

its eastern (Moroccan) coast.

The other important group of

traps shown by Sara (1964) was in

the central Mediterranean. Most of

these fished the "arrival" run only.

The indications from the dates and

directions in which the fish entered

the traps were as follows.

Off Tunisia, the "arrival" tuna

apparently travelled eastward from

Bizerte to the Cape Bon peninsula,

which they rounded, then moved
southward to Ras Kapudia. "Arrival"

bluefin also evidently moved east-

ward along the Libyan coast, from

Zuara near the Tunisian border to

Cape Misurata (longitude 15°E).

The situation around Sardinia,

Sicily, and Italy differs because of

the disjointed configuration of the

coasts. The "arrival" fish tended to

move in southerly directions along

the western shores of Sardinia, and

also along the Calabrian coast in the

Gulf of Sant' Eufemia. With local

exceptions at its two extremities, "ar-

rival" fish travelled westward along

the north coast of Sicily, following

the western sides of bays and the

eastern sides of promontories along

the way. This westward movement is
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directly opposite to the usual "ar-

rival" pattern.

The "return" situation is much

simpler. Tuna apparently swam
southward along the southern half of
the east coast of Sicily, and west-

ward along the western half of its

southern coast.

The above discussion is obvi-

ously simplified, and is only intended

to show trends in the movements of
the tunas. There have been many
varying opinions on how the tuna

approach the coasts and enter the traps

(Scaccini and Pacagnella 1965), We
do not mean to imply that the entire

mass of fish in a given area follows

the route described, but only that

many fish in the respective areas tend

to travel in the stated directions.

Most of the early theories on the

migrations were based mainly on in-

formation of the type which has been

summarized above. It should be

noted, however, that the European
fisheries have a very ancient history,
whereas most ofthose in Africa origi-

nated in modern times.

The theories on migrations of

bluefin, developed largely from stud-

ies of the trap catches, and later from
consideration of environmental fac-

tors as well, varied from Aristotle's

(circa 325 B.C.) view that the bluefin

was an Atlantic species which occu-

pied the Mediterranean only on its

way to and from its supposed spawn-
ing grounds in the Black Sea, to the

concepts of Pavesi (1889), Sanzo

(1910a), Roule (1914a), F. de Buen

(1925), and Scordia (1938) that the

Mediterranean and Atlantic bluefin

constituted entirely separate popula-
tions. Pavesi (1889) thought that the

Mediterranean bluefin was an abys-
sal animal, rising from the depths of

that sea and moving to nearby sur-

face waters only to spawn. Bounhiol

(1911) shared in the concept of a

strictly Mediterranean bluefin stock

but believed that its apparent migra-
tions were actually the result of a

tendency to swim against the wind-
driven currents. Roule (1914a) felt

that the bluefin was a pelagic crea-

ture which migrated only within the

basin of the Mediterranean in which
it lived. He believed that its spawn-
ing migrations were controlled by the

temperature and salinity of the wa-

ter. Scordia (1938) and others (Ninni

1922, Genovese 1957) thought that

there were two or more stocks of

bluefin within the Mediterranean,
each native to its particular basin.

Some authors even questioned
whether bluefin tuna actually oc-

curred in the Atlantic (except in the

Ibero Moroccan Bay) in significant

numbers, or whether the bluefin re-

ported from the Atlantic were of the

same species as those in the Mediter-

ranean.

These theories were predom inant

in the late 1800s and early 1900s,
until Sella (1926a, 1926b, 1927,

1929a, 1929b, 1930, 1932a, 1932b)

hypothesized several migrations from
various Atlantic areas and from the

Sea of Marmara into the Mediterra-

nean, as well as between the differ-

ent basins of that sea. He deduced
these migrations by determining the

localities where hooks and lures

found in bluefin, which had broken
lines or leaders and subsequently been

caught in traps, were in general use.

In that period, tuna fishermen used

hooks and lures which were hand-
made locally. Distinctive designs and
methods of attachment to lines or

leaders made hooks and lures from
different localities easily recogniz-
able. Thus it might be assumed that a

fish found carrying a hook or lure

typical of a given area had come from
that area. In some cases, this prob-

ability was greatly increased by many
findings, indicating similar migra-
tions. This somewhat uncertain

method was followed by the more

positive ones of sonar tracking
(LozanoCabo 1959a, 1959b) and tag-

ging (Rodri'guez-Roda 1964c, 1969a;
Hamre 1965, Arena and Li Greci

1970, Aloncle 1972, Lambouef
1975). Studies of the effects of
environmental conditions on the oc-

currences and behavior of tunas, par-

ticularly during the spawning sea-

son, and analyses of the time, loca-

tion, quantity and size composition
of catches, continued to provide de-

ductive indications in regard to mi-

grations concurrently (J. Le Gall

l929,J.Y.Le Gall 1974. Hamre 1958,

1962, 1965; Lozano Cabo 1958,

Rodriguez-Roda 1963, 1964a, 1969b,

1970a, 1970b; Aloncle 1964, Arena

1964, Sara 1964. 1973;Tiews 1964).

Numerous biometric compari-
sons of morphometric and meristic

characters of bluefin tuna from vari-

ous areas were carried out to identify

populations or races (Frade 1931,
Arico and Genovese 1953, Nedelec

1954, Genovese 1957, 1958). More

recently, some genetic and biochemi-
cal research has been undertaken for

the same purpose (Keyvanfar 1962,
Lee 1965, 1968).

Despite all of these efforts, un-

certainties about the migration pat-
terns and the identity of the stocks in

the eastern Atlantic and the Mediter-

ranean still exist.

b. Migrations Between the

Mediterranean and the

Eastern Atlantic

Unit stock or two stocks?— The

question of whether the bluefin tuna

constitute a single stock which mi-

grates from the Atlantic into the

Mediterranean to spawn and then out

again, or comprise two stocks — one

Atlantic and one Mediterranean —
has been debated for decades. This

discussion led to such terms as the

"migratory" or "sedentary" tuna, (re-

ferring to the supposed habits of the

fish) and the "unitists" or "dualists"

(referring to the theories on the num-
ber of stocks).

Ancient trap fisheries in the

Mediterranean Sea and its approaches
were based on the spawning runs of
the larger bluefin: an eastward "ar-

rival" run. mostly of fat fish with

ripening gonads, in May and June

and a westward "return" run, mostly
of lean spent fish, in July and Au-

gust. These runs were the basis of the

Aristotelian theory, that the bluefin

was essentially an Atlantic species,
but passed through the Mediterranean
in May and June to spawn in the

Black Sea, and returned to the Atlan-

tic in July and August. This theory
has been accepted, wholly or in part,

by nearly all of the trap fishermen to

this day, and also by many scientists.

Objectors (Pavesi 1887, 1889;
de Bragan^a 1899, Sanzo 1910a,
Roule 1914a, 1914b, 1917, 1924; F.

de Buen 1925, 1931; O. de Buen
1924, Scordia 1938) noted that blue-

fin spawned in the Mediterranean and
that individuals of all sizes were

present in it throughout the year. They
also maintained that the lag which
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would have occurred between catches

in "arrival" traps located in westerly

areas and those in easterly areas, if

all were fishing a single group offish

moving eastward, did not exist. Roule

and F. de Buen used the relatively

poor bluefin catches in the Sea of

Alboran (just east of Gibraltar) as

another argument against a large scale

spawning migration of bluefin from

the Atlantic into and out ofthe Medi-

terranean. Both of these scientists

cited the sensitivity of the bluefin

tuna to environmental conditions as

evidence that they could not pass

through the relatively cold (R. de

Buen 1927) waters of the Strait of

Gibraltar, especially during the

spawning season. Roule (1917) pro-

posed the "halothermic" theory,

maintaining that the bluefin were

"stenotherms" and "stenohalines",

and sought the warmest and most

saline waters during the spawning
season. F. de Buen (1925) opted for

the "thermic" theory, considering
water temperature to be the domi-

nant factor controlling the tunas'

movements. Both agreed, as did most

students of the subject in the Mediter-

ranean and adjacent Atlantic waters,

that the sensitivity ofthe bluefin tuna

to the environment increased during
the period of maturation.

Scordia (1938) also believed in

the "sedentary" tuna theory and felt

that few, if any, bluefin tuna entered

the Mediterranean fi-om the Atlantic.

Like Roule (1914a, 1914b, 1917) and

F. de Buen (1925), she stressed the

increased sensitivity of the maturing
tuna to its environment.

Sella ( 1 929a) showed, however,

that bluefin tuna could withstand ex-

treme changes in temperature and

salinity during their feeding period.

He maintained that even during the

spawning period they sought specific

conditions which varied with size of

fish, rather than maxima as proposed

by Roule (1917). He further argued
that the "thermic" or "halothermic"

barrier of F. de Buen (1925) and

Roule (1917) did not constitute proof
that bluefin could not pass through
the Strait of Gibraltar, but would be

an explanation of such a situation, if

its existence were substantiated.

Sella noted, as Sara (1964, 1973)

and Scaccini et al. (1975) did later.

that there were relativeh few large

bluefin in the Mediterranean except

during the spawning migrations and

that the arrival fishery actually did

begin later in the season in propor-
tion to how far east the traps were

located.

After this long period of indirect

studies, Sella's (1927, 1929a) find-

ing of 25 Atlantic hooks and lures in

tuna caught in Mediterranean traps

revived the "migratory" or "unit

stock" theory. The items recovered

included 13 from Tarifa, seven cer-

tainly and two probably from the Bay
of Biscay, two from the Azores, and

one from south of Ireland. These star-

tling revelations did not pass

unchallenged in this period when the

"sedentary tuna" theory was deeply
rooted in the minds of nearl) all the

scientists concerned with the prob-
lem. F. de Buen (1931) and Scordia

( 1 934) questioned Sella's deductions,

on the grounds that fishermen from

the localities where the hooks and

lures were made might actually have

used them while travelling in other

areas. Although they admitted that a

few such migrations might occur,

they maintained that they probably
were not related to the spawning

cycle, and were relatively insignifi-

cant numerically. Sella (1929a) had

already pointed out, in support of his

hypothesis, that the findings of the

hooks varied according to the inten-

sity of fishing in the area of their

origin. When the fishery off Tarifa

was important, numerous hooks of

the very distinctive type used there

were recovered in the Mediterranean.

After the fishery off Tarifa had de-

clined drastically, and the one in the

Bay of Biscay had increased greatly,

hooks of the former area were no

longer found, but hooks of the Biscay

type appeared in numbers. Sella also

noted that, considering the enormous

odds against recovering a lost hook

in a tuna, the numbers of findings

indicating these migrations were too

large to be attributable to casual fish-

ing by transients.

Detailed information on the

movements of bluefin tuna in the

Strait of Gibraltar obtained by echo

sounder was reported by Lozano
Cabo ( 1 959a, 1 959b). In 2^000 miles

of cruisina in the Strait, and as far as

Barbate and Cadiz, Spain, and

Larache, Morocco, in June and July
1 957, he obtained data which he con-

sidered sufficient to provide interest-

ing conclusions on the biology of the

species.

Lozano Cabo (1958) had sus-

pected that bluefin, at least during
their spawning migration, might be

negatively rheotactic (tending to

swim with the currents). The detec-

tion of schools confirmed this. The

greatest number of "arrival" schools

were found in the middle ofthe Strait,

where the current always favored

their eastw ard passage. Many schools

were also found on the northern side,

where the current was usually favor-

able, but they were very rare on the

Moroccan side, where the currents

tended to vary with the tides. The

depth at which the schools traveled

was difficult to determine, but ap-

peared to be somewhat less than 60

m.

The migration route of arrival at

the Strait when departing from the

Atlantic followed the Spanish coast.

Some schools uere located between

Cape Spartel and Cape Malabata (on

the southwestern side of the Strait),

but none were detected south ofCape

Spartel during numerous cruises be-

tween Tangier and Larache. Perhaps
the tuna which came from the Afri-

can coast partially crossed the Strait

from off Cape Spartel toward Tarifa,

and joined those coming from the

Spanish coast, or followed routes

similar to theirs through the Strait.

The schools which had tended to con-

centrate in the center of the Strait

while traversing it appeared to dis-

perse as they entered the Mediterra-

nean at the Ceuta-Algeciras line.

In general, the migrating tunas

appeared to prefer temperatures of

18X to 21°C, but deviations from

the preferred temperature were more

frequent in the Strait than at the traps.

Lozano Cabo attributed this to the

overcoming of temperature sensitiv-

ity by the reproductive urge. Nearly
all previous scientists (Roule 1914a,

Sella 1929a, Scordia 1938) had main-

tained that the sensitivity of the blue-

fin to temperature and salinity was

greatly increased during the spawn-

ing period in contrast to the "erratic"

(feeding) period. In an\ case, Lozano
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Figure 71. Geographic distribution of bluefin release and recapture

data shown in Table 27.

Cabo has apparently provided first-

hand evidence against the existence

of the thermal or halothermic barrier

to maturing bluefin at the Strait pos-
tulated by Roule (1914a), F. de Buen

(1931) and others.

The sizes of schools were also

difficult to determine. Lozano Cabo
estimated that one of the largest

schools, observed on June 21, 1957,

between Algeciras and Tarifa, Spain,

occupied about 7,200,000 m\ If the

fish were 20 m apart in all dimen-

sions, their number would have been

1,922. Ifthe spacing were reduced to

10 m, the number would be 11,163.

Lozano Cabo estimated the av-

erage speed of the schools at less

than 7 knots (13 km/hr). He pointed
out that, although the schools ob-

served in the Strait were numerous
and large, it should be recalled that

1957 was a very good tuna year.

Some uncertainties may exist in

regard to the actual origin of Sella's

(1927, 1929a) hooks and the identity

of Lozano Cabo's (1959b) sonar tar-

gets, but Rodriguez-Roda (1963,

1964c, 1969a) provided indisputable

proofofbluefm tuna migrations from

the Atlantic into the Mediterranean.

He marked 3 1 2 bluefin tuna, ranging
from 60 to 220 cm in length, from

catches in traps near Cadiz, Spain, in

1960-1968. Four of these fish were

recaptured in the Mediterranean and

15 in Atlantic waters off southern

Spain and Portugal and western Mo-
rocco (Table 27, Figure 71).

The Mediterranean returns are

of special interest, in view of the

long debate as to whether or not im-

portant numbers of bluefin tuna mi-

grated through the Strait of Gibraltar.

Two of the fish were recaptured at

La Linea and Ceuta, Spanish ports

on the north and south sides of the

Mediterranean outlet of the Strait,

respectively, and about 40 nautical

miles (64 km) from the release point.

The other two, recaptured off

Cartagena, Spain, and Palavas,

France, had penetrated much more

deeply into the Mediterranean, 270

and 675 nautical miles (43 1 and 1 ,080

km) respectively, from the release

point. Three of the releases were in

May and June, during the "arrival"

run when the fish are supposed to be

travelling eastward. The fourth, how-

ever, was during the "return" run,

when they are thought to be travel-

ling westward. The recaptures were

all in July or August, during the "re-

turn" run. Times at large varied from

19 to 23 days, and the weights (jf the

fish were 41, 83, 90 and 120 kg (me-
dium size range). These returns dem-
onstrate conclusively that some blue-

fin enter the Mediterranean from the

Atlantic. They also suggest that some
of these fish return to the Atlantic,

since the traps at La Linea and Ceuta,

at the extreme western end of the

Mediterranean, are designed to fish

the "return" (westward) run only.

The recovery oftwo Spanish tags

from bluefin tuna caught in a trap

near Tripoli, Libya, was reported, but

the tags have not been returned, nor

have their numbers been ascertained

(Rodriguez-Roda 1969a).

The Atlantic recaptures (15)
were much more numerous than those

in the Mediterranean (4), but the prob-

ability of recapture of a tagged blue-

fin seems to have been much greater

in the Ibero-Moroccan Bay than in

the western Mediterranean. The fish-

eries in the former area took many
more bluefin in the period 1 960- 1 967

than those in the latter. Much more

tagging is needed to evaluate the mi-

grations between the Atlantic and the

Mediterranean quantitatively.

Much meristic and morphomet-
ric data on bluefin tuna from various

areas of the eastern Atlantic and the

Mediterranean are available, and sev-

eral comparisons of the data for fish

from different localities have been

made (Tiews 1963). Sella (1929a,

1930) noted that he had made several

observations on tuna from Spain,

Calabria (Italy) and Tripoli (Libya),

without finding differences sufficient

to justify any racial demarcation. He
did not, however, publish these data.

Frade (1931) concluded that there

were significant differences between

the tuna which he had examined on

the Portuguese coast and those which

Heldt (1927b) had measured in Tu-

nisia. Nedelec ( 1 954) compared mor-

phological data from bluefin tuna cap-

tured in the North Sea, off southern

Portugal and off Tunisia. He con-

cluded that the North Sea samples
were close to those from Portugal,

but that both differed considerably
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from those from Tunisia in many
characters. Arico and Genovese

(1953) and Genovese (1957, 1958)

compared morphological data for

spawning and feeding tunas taken off

northeastern Sicily with similar data

for bluefm taken off Tunisia and

southern Portugal and in the North

Sea. They concluded that the two

Sicilian samples were from a single

Tyrrhenian stock which was distinct

from the fish from the other three

areas and also from smaller samples
taken off the Mediterranean coast of

France, and off Algeria.

Tiews ( 1 963) summarized, com-

pared and discussed these data and

studies. He found that only the dif-

ferences in head length, pectoral fin

length and number of finlets support
the case for the existence of separate

stocks on the European side of the

Atlantic. In view of the long and rapid

migrations of bluefm demonstrated

by tagging experiments, however, he

did not believe that the above differ-

ences would stand up under critical

inspection. He predicted that further

studies would prove the existence of

a single bluefin population in the east-

em North Atlantic.

Genetic and biochemical char-

acteristics of bluefin tuna from the

eastern Atlantic and the Mediterra-

nean have also been investigated and

compared. Keyvanfar ( 1 962) studied

the serology and immunology of

bluefm tuna from the Atlantic and

Mediterranean coasts of France. In-

dividual differences in immunology
between Mediterranean samples were

found but the samples were too few

in number, particularly those from

the Atlantic, to furnish any inter-

pretation on migatory tendencies. Lee

(1965) provided further information

on the serology and immunology of

the bluefm from the French Mediter-

ranean coast and ( 1 968) comparisons
of the immunology of bluefin tuna

from the eastern Atlantic (30 speci-

mens) and the Mediterranean (72

specimens). Lee found individual dif-

ferences even within the samples
from the Atlantic and those from the

Mediterranean. She also found that

the percentage of individuals with no

antigens and those with one or sev-

eral differed in the two lots. She con-

cluded that one might consider the

presence in the Gulf of Lion

(Mediterranean) of certain individu-

als which belong to a race or to a

population different from that ob-

served in the Bay of Biscay.
These biometric and biochemi-

cal studies provided interesting

information, but, in our opinion, they
were inconclusive in determining
whether the bluefin in the Mediterra-

nean and eastern Atlantic constituted

a single or separate stocks, or to what

degree mixing occurred.

In summarizing his extensive

studies of the fisheries and migra-
tions and other aspects of the biology
of the species, Sella (i929a, 1930)

proposed the following four phase

migratory cycle for bluefin tuna:

a. Gathering of bluefin in May-June
in relatively limited spawning ar-

eas in the southern part of its

range (Mediterranean, Ibero-Mo-

roccan Bay)

b. Post-spawning dispersion, mainly
northward, with the maximum
extension of their habitat occur-

ring in the wannest part of the

summer and autumn.

c. New reduction in habitat with the

coming of winter. This distribu-

tion was not well known, because

the fish were farther below the

surface, but was presumed to be

considerably reduced, with ma-

jor withdrawal from the more

northerly area.

d. In March-April, immediately pre-

ceding the reproductive period,

the tuna made another northward

migration which was much more
limited than that in summer-au-

tumn. They appeared en masse

off the north coasts of the Medi-

terranean and the Spanish coast

of the Bay of Biscay.

The subsequent development of

fisheries covering nearly all suitable

waters of the Atlantic, and modem
research, including tagging and track-

ing with sonar, have shown how ac-

curate Sella's concept was. The only
dubious point is his fourth phase, the

pre-spawning northward migration.
This probably consists of immature

fish and the younger mature ones,

concerning whose spawning habits

little was known then (Sella 1929a),

or indeed, even now (Sara 1973).

Both authors indicated, however, that

these smaller reproducers spawned
later than the larger ones.

Sara (1964, 1973) has proposed
a hypothesis which reconciles many
of the seemingly contradictory facts

in regard to the relationships between

eastern Atlantic and Mediterranean

bluefin tuna. He believed that a num-

ber, determined by the environmen-

tal conditions existing then and in

the preceding few weeks, of large

(over 100 kg) bluefin tuna gathered
in the ibero-Moroccan Bay in late

April and early May, "hesitating"

(Lenier 1959) there. Then a portion
of these, the number again depen-
dent on environmental conditions,

entered the Mediterranean to spawn,
and subsequently returned to the At-

lantic.

Lozano Cabo (1958) and Aloncle

(1964) showed that the average sizes

of the bluefin taken in the Atlantic

traps, both in Morocco and along the

south coasts of Portugal and Spain,
varied inversely with the distance of

the trap from the Strait of Gibraltar.

The largest bluefin (by average

weight) have been taken by the traps

of Tarifa and Cape Spartel, at the

very entrance to the Mediterranean.

Actually, more small fish were taken

in the more westerly and southerly

traps. This was a good indication that

the larger bluefin were more apt to

enter the Mediterranean than the

smaller ones, just as Sara ( 1 973) hy-

pothesized.

Sara (1973) stated, moreover,
that daily catch records collected con-

tinuously during the fishing seasons

for several years showed that the first

catches of the Cape Spartel trap, at

the entrance of the Strait, consistently

preceded the first of the traps off

western Sicily by from seven to nine

days. This 900 nautical mile (1,675

km) itinerary would require average

speeds between 4.2 and 5.4 knots

(7.7- 1 0.0 km/hr). This range does not

differ greatly from the migrating

speeds observed by Lozano Cabo

( 1 959b), less than seven knots ( 1 3.0

km/hr), and by Rivas (1955, 1976),

four knots (7,4 km/hr), or from the

average speed of a giant bluefin which

migrated from the Bahamas to Nor-

way in 50 days (Mather 1969), 3.5
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knots (6.5 km/hr). These facts refute

the argument that no lag between the

catches in the respective localities

existed, or that it was so short that

impossible speeds would have been

required for a tuna to have accom-

plished the implied migration (Pavesi

1887, 1889, Roule 1925) This infor-

mation, combined with Sella's

(1929a) findings of Atlantic hooks

and lures in tuna caught in the Medi-

terranean and the tag returns show-

ing similar migrations by Rodriguez-
Roda (1969a), strongly supports the

old concept that numerous large blue-

fin migrate from the Atlantic into the

Mediterranean in May and June. The

departure of large bluefin from the

Mediterranean in the "return" period,

July and August, has been indicated

by rather small catches in the "re-

turn" traps near the eastern end ofthe

Strait (see Section I VC6a). The mod-
est size of these catches in compari-
son with those of the Ibero-Moroc-

can Bay traps may be explained by
Sari's (1973) hypothesis in regard to

the depths at which the bluefin travel

in the respective migratory periods.

He maintained that the "arrival" fish

swam in the surface layers, follow-

ing the inflowing Atlantic current.

This is in accord with the findings of

Lozano Cabo (1959b) during his so-

nar survey of the Strait. Sara (1973)
assumed that, on the other hand, the

"return" fish swam at deeper levels,

following the outflowing Mediter-

ranean current. He cited a new fish-

ing technique used in the Sicilian

Channel as evidence of this (see Sec-

tion VIC). Sari believed that this ten-

dency to follow the deep current per-

sisted until the gonads had shrunk

and the feeding urge became pre-
dominant. This might occur more

readily after the fish had emerged
from the Strait into the Atlantic,

where the velocity of the Mediterra-

nean current diminishes rapidly. The
Mediterranean "return" trap at La

Linea, on the European side of the

Strait, usually caught more large blue-

fin than those on the African side.

This is in accord with the tendency
of the "return" tuna to follow the

European coast of the Ibero-Moroc-

can Bay closely, as evidenced by the

formerly large "return" catches taken

there, in contrast to the lack of "re-

turn" trap fisheries along its African

coast.

Sari (1973) believed that the

smaller bluefin (less than 100-150

kg) did not participate in this Atlan-

tic-Mediterranean migratory pattern.

He felt, as did Sella ( 1 929a), that the

immature individuals were relatively

sedentary. He concluded that the in-

dividuals in this size range made

longer migrations after reaching ma-

turity but that those in the Mediterra-

nean spawned there and those in the

Atlantic reproduced in that ocean. At

some period in their development as

their weight approaches 150 kg,

groups of these fish tend to join the

groups of larger ones in their Atlan-

tic-Mediterranean migrations. Sara

( 1 973) speculated that this change in

life style is related to some change in

the physiology of the animal, most

probably the attainment of the full

development of the swim bladder.

The sizes of the four fish tagged

by Rodriguez-Roda (1969a) near

Cadiz and recaptured in the western

Mediterranean do not fully support
Sara's view in regard to the sizes of

fish which usually follow this route.

One ofthem weighed 120 kg, but the

weights ofthe other three ranged from

41 to 90 kg. Only one of these smaller

fish, however, could have accom-

plished this migration during the "ar-

rival" period which Sara (1973) was

discussing. TTie results indicate that

casual migrations through the Strait

by bluefin of various sizes may oc-

cur at any time, but that the mass

periodic movements are carried out

mainly by large individuals.

One fact not explained by Sara's

(1973) theory is the continued

productivity ofthe fisheries for small

bluefin off the Atlantic coast of Mo-
rocco and in the Bay of Biscay (Sec-

tion IVC5). Since there is no hard

evidence of extensive spawning of

bluefin tuna in the Eastern Atlantic

(Section VD2), important recruitment

to these fisheries from the Mediterra-

nean seems logical. F. de Buen ( 1 925)

hypothesized a migration of small

bluefin fi^om the Mediterranean to

the Atlantic in the autumn of their

second year of life when they

weighed 4-5 kg. We believe that it is

more probable that this migration oc-

curs mainly in the autumn of their

first year of life, when they weigh
about 1 kg. This ties in with the dis-

appearance of age bluefin weigh-

ing about 1 kg from the Mediterra-

nean coast of Spain in October, and
the regular appearance of age blue-

fin weighing about 1 .5 kg off the

Atlantic Moroccan coast in the sec-

ond half of November (Section

1VC5). The massive catches of age
bluefin in the fall by the "return"

traps and purse seiners at the western

end ofthe Mediterranean (Rodriguez-
Roda 1964b, 1969d; Crespo and Rey
1976) also suggest such a migration.
In 1963, captures around Ceuta in-

creased sharply in mid-September
and remained high until late Octo-

ber, when they declined.

c. Migrations and Stocks

Within the Mediterranean

Much has been written about the

migrations and stocks of bluefin tuna

in the Mediterranean Sea, but the tag-

ging results required to reach defini-

tive conclusions are still lacking. De-

ductive studies have lead to widely

diverging opinions, but a reasonable

working hypothesis has emerged.
Since many of the pertinent stud-

ies have already been discussed in

parts a and b of this section, they will

be recapitulated briefly here, stress-

ing the aspects which are relevant to

migrations within the Mediterranean.

According to Aristotle's (circa 325

B.C.) theory, the bluefin was essen-

tially an Atlantic fish, but spawned
in the Black Sea. Therefore it made
the circuit of the Mediterranean by

passing through it once, en route to

the spawning ground, and again to

return to the ocean.

Little new information was
added until Cetti (1777) made two

very important discoveries. One was
that bluefin spawned near Sardinia.

He surmised correctly, moreover, that

more of them spawned in the central

Mediterranean than in the Black Sea.

His other major finding was that me-

dium sized bluefin occurred in the

Gulf of Sardinia throughout the year.

He named these fish "golfitani", a

term which is still in common use.

He adhered to Aristotle's basic con-

cept, however, and described several

distinct routes by which he believed

that the larger bluefin reached the
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central Mediterranean. This last find-

ing was criticized (Pavesi 1 887), but

recent evidence (SarA 1 973) indicates

that it was surprisingly accurate.

Pavesi (1887, 1889), who was
the first to seriously challenge the

migratory theory, believed that the

Mediterranean (and eastern Atlantic)

bluefin spent most of the year in abys-
sal waters near their spawning
grounds. His theory restricted their

migrations to a vertical ascent to su-

perficial water and a short horizontal

migration to a nearby spawning
ground in spring, and short horizon-

tal return and a vertical descent into

tlie abyss after spawning.
Sanzo (1910a) agreed with

Pavesi (1887) in regard to the com-

plete separation of the Atlantic and

Mediterranean bluefin stocks. He had

doubts, however, in regard to Pavesi's

hypothetical bathymetric migrations.
He recommended investigating the

darkness or lightness of the colora-

tion and other characteristics of the

tuna when they first arrived at the

traps to determine whether they had

come from the abyssal depths or from

the surface layers. He believed that

spawning was independent of the

coastal movements of the tuna, and

that other causes of their comings
and goings in the Mediterranean

should be sought.
Bounhiol (1911a, 1911b) also

believed that the Mediterranean blue-

fin tuna stock was separate from that

of the Atlantic. He introduced a new

concept, however, that the bluefin in

the Mediterranean always moved

against the wind-driven surface cur-

rents — the "hydrodynamic" theory.

This theory has received scant sup-

port.

Ninni (1922) discussed hypo-
thetical populations and migrations
of bluefin tuna in the Mediterranean

in considerable detail. He believed

that the Tyrrhenian bluefin were in-

dependent of the Adriatic ones and

that both were independent of those

of the Aegean Sea, and that the last

were at least partly independent of

those of the Sea of Marmara. Ninni

assumed each group had its own well

defined wintering area. He shared the

opinion of Pavesi (1887) that the

bluefin tuna wintered in deep waters.

Ninni believed that the major
eastward migration of bluefin tuna

must have departed from the winter-

ing area between Sardinia and Tuni-

sia, passing along the northeastern

coast of Tunis then along or offshore

from the Tripolitanian coast toward

Bengasi. There Ninni's personal ob-

servations ended, but he felt that the

bluefin avoided the Nile outfiow and

turned toward Crete. Ninni thought
that there was a wintering area around

Crete, and possibly another between

Crete and Alexandria. Egypt.
Ninni hypothesized that when the

fish left the Cretan wintering area

they split into two groups. The smaller

group went up the western Aegean,

passing between Euboea and the

mainland of Greece and entering the

Gulf of Volos. The larger group fol-

lowed the Asiatic coast to the

Dardanelles and into the Sea of

Marmara and the Bosphorus, always

leaving the islands on their left. They
passed through the Bosphorus and

"lost themselves" in the Black Sea.

The passage into the Black Sea be-

gan March 15 and lasted into Au-

gust, after which the "return" began,
but not all of the bluefin went back

into the Aegean. A large proportion
of them wintered in the Sea of

Marmara. Ninni's hypotheses do not

lead to an annually repeated migra-

tory cycle; in successive years the

same fish might winter once between

Sardinia and Tunisia, once near Crete,

and once in the Sea of Marmara. Such

shifts of habitat (or migratory pat-

tern) are unusual.

Roule (1914a, 1914b. 1917,

1924) believed that the bluefin were

pelagic or bathypelagic rather than

abyssal, but he felt that their migra-
tions were restricted to the particular

basins of the Mediterranean which

they occupied. He (1924) studied

temperature and salinity observations

made during the season of spawning

assembly (May-June) in 1923 be-

tween southern France and Tunisia.

He found that the line of maximum
thermal increment ran directly from

southern France to Tunisia, fitting

his (1917) hypothesis that uhen the

bluefin were absent from the former

area, they were in the latter to spawn.
He found that these observations sup-

ported his halothermic theory in re-

gard to water temperature, but

showed no correlation in regard to

salinity.

Sella (1927) disputed Roule's

(1917, 1924, 1926) hypothesis that

the tuna which occurred offthe south-

em coast of France during the re-

mainder of the year spawned in May
and June near the traps off Sardinia,

Sicily and Tunisia. He showed that

the tuna caught off the southern coast

of France averaged only about 20 kg,

whereas those caught in the traps av-

eraged from 70 kg to 130 kg. The
differences between Roule's and

Sella's opinions in regard to the sen-

sitivity of the bluefin to the tem-

perature and salinity of the water,

and the effects of these factors on its

distribution and migrations, have

been discussed in Section VE2.
Scordia (1938) maintained that

the bluefin tuna which she studied

off eastern Sicily and the west coast

of Calabria (southern Italy) were of a

distinct and separate stock which she

called the Tyrrheno-lonian stock. She

observed that these tuna remained

mainly in the deep waters ofthe lower

(southern) Tyrrhenian in autumn and

winter, sometimes rising to the sur-

face near Messina in the fall to feed.

They surfaced in the spring with the

wanning ofthe waters to 18°C. When
increased warming reduced the den-

sity in siiii, from between 1.02700

and 1.02800 to about 1.02500, the

tuna moved from the Tyrrhenian

through the Strait of Messina into the

Ionian Sea, where the density was

higher. This occurred toward the end

of May and in the first half of June.

During June the continued warming
reduced the density in the Ionian Sea.

The tuna then returned to the deep
waters of the Tyrrhenian where the

density was suitable for them. They
went a few at a time, with the large

fish departing first, followed by
smaller ones up to September. These

movements, which constituted the

"arrival" and "return" runs, were

based on the sensitive reactions of

the fish. At the beginning of their

period of sexual maturity they un-

derwent a reversal of their thermo-

tactic reaction. During the winter they
chose a water temperature of about

13.5-I4.5^C. but with the approach
of the spawning period, they became
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thermophiles and sought surface wa-

ters of at least 18°C. The migrations

were probably provoked by the

"transgressions" of Atlantic water,

which controlled their period and vol-

ume, and were independent of gonad
condition (Scordia 1932).

The biometric studies of Arico

and Genovese (1953) and Genovese

(1957, 1958) supported Scordia's

hypothesis of a distinct and separate

Tyrrhenian-Ionian stock of bluefm

tuna.

Sella ( 1 929a) maintained that the

Mediterranean bluefin could not be

separated into autochthonous stocks

corresponding to the various basins,

as proposed by Roule (1917) and

Ninni (1922). In addition to his

Atlantic-Mediterranean results,

Sella's (1927, 1929a) hook recover-

ies indicated that bluefin tuna were

constantly moving from one place to

another within the Mediterranean (see

Heldt 1930a, his unlabeled figure).

These findings will be considered in

terms of three general areas of ori-

gin: the western Mediterranean, cen-

tral Mediterranean, and the

Bosphorus (Istanbul, Turkey). Hook

items of Atlantic origin which were

retrieved in the Mediterranean will

be considered with those of the west-

em Mediterranean, since the fish in

which they were found could only
have entered the Mediterranean

through the Strait of Gibraltar.

Hook recoveries indicated exten-

sive eastward migrations within the

Mediterranean. Numbers in paren-

theses following deduced migrations
show the number of such migrations

revealed, ifmore than one. Items from

Malaga were recovered at Arzeu, Al-

geria, and near Tripoli, Libya. One
from Arzeu was found off southwest-

ern Sardinia. Another, from

Philippeville, Algeria, was retrieved

at Sidi Daoud, Tunisia. More numer-

ous and extensive eastward migra-
tions were deduced from recoveries

of fish with Atlantic hooks, whose

Mediterranean movements must be

considered to have begun at Gibraltar.

These retrievals occurred off Sardinia

(10 + 1 probable), Sicily (5),

Gallipoli, Italy southeast of Taranto

(1)), Tunisia (4 + 1 probable) and

Tripolitania (3). Thus movements
from Gibraltar as far east as the heel

of the Italian boot on the north coast

(longitude IS^E) and nearly to Cape
Misurata on the south coast (longi-

tude 1 5°E) are indicated.

Recoveries of single hooks or

lures of central Mediterranean origin

suggested that bluefin moved freely

between the various fishing centers:

Sardinia to Tunisia, Messina to

Sardinia, and Palermo. Sicily, to the

Aegades Islands. More numerous re-

ported findings showed movements

from the Strait of Messina to the "re-

turn" traps along the southern part of

the east coast of Sicily, which cap-

tured fish travelling southward along
the coast. The only movements to

other regions were a westward one

from Messina to Arzeu, Algeria, and

a longer migration to the east and

north, from Sicily or Tunisia to the

upper Adriatic near Trieste, Italy.

More dramatic findings resulted

from six recoveries of very distinc-

tive and easily recognized lures used

only in the vicinity of Istanbul, Tur-

key. Two of these recoveries indi-

cated migrations to eastern Tunisia

and southwestern Sardinia. Sella

( 1 929a) considered the finding of four

lures, each in a different individual

caught in the same season and in the

only trap operating in the area around

Bengazi, Libya, as proof of the ar-

rival of several schools coming di-

rectly from the Sea of Marmara and

the Bosphorus. Despite these impres-

sive findings, the tendency to split

the Mediterranean bluefin into sepa-

rate stocks continued for another 30

years.

The taggings of bluefin in the

Mediterranean have not been suffi-

ciently numerous to answer the ques-

tions which have been raised by de-

ductive research. Arena and his col-

leagues marked 288 bluefin tuna off

Sicily and the Aeolian Islands in the

years 1963-1968 (Arena and Sara

1967, Arena and Li Greci 1970,

Arena 1 97 1 ). Most of these were very
small individuals (age 0, lengths 28-

42 cm), but eight were adults weigh-

ing 28 to 60 kg (ages 4-5). Returns

from four small fish and one adult

have been recorded. The recapture of

another small fish was reported but

the tag was not returned.

The returns for small fish were

from releases in October 1967. The

recaptures occurred after periods at

liberty of 65 days or less and within

distances of 150 km from the release

points. One had passed through the

Strait of Messina into the Ionian Sea,

but the others had remained in the

southeastern comer ofthe Tyrrhenian
Sea. The unconfirmed recovery from

a small tuna reportedly occurred

within the general release area after a

time at large of about 18 months.

The adult tuna had made a longer

migration, from off Punta Raisi near

Palermo at the end of May 1968, to

off Castellon, Spain, in mid-October

1969 (Figure 71). Its weight was es-

timated as 28-30 kg when released,

and reported as 45 kg when recap-

tured 17 months later.

The returns from small fish sug-

gest that their movements are quite

limited, but the times at liberty were

not sufficient, except in the case of

the one unconfirmed recapture, to

establish this as a definite tendency.

The migration from Sicily to Spain

by the larger fish, which was prob-

ably age 4 when released and age 5

when recaptured, supports Sella's

(1929a) view that the mature bluefin

travel freely about the Mediterranean,

and refutes the concept of a distinct

Tyrrhenian stock (Ninni 1922,

Scordia 1938, Arico and Genovese

1953, Genovese 1957. 1958). Obvi-

ously, much more tagging in various

parts of the Mediterranean is needed

to solve the complex problems of the

migrations and stock structures in that

sea.

Sara (1964. 1973) studied the

behavior of bluefin tuna in the

Mediterranean extensively. He be-

lieved that age bluefin made only

very limited local movements in the

area where they were spawned. As

they grew larger, they migrated far-

ther, but always within the same ba-

sin, until they attained a weight of

about 100 kg and joined in the Atlan-

tic-Mediterranean migration. The re-

sults of tagging in the Mediterranean

cast doubt on the hypothesis of a

separate Tyrrhenian-Ionian stock

(Scordia 1938, Arico and Genovese

1953, Genovese 1957, 1958).

Sara (1973) described the mi-

gratory and distributional patterns of

bluefin in the Mediterranean in terms

of the size groups. He used size
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groupings recommended at the "Re-

union sur ie Developpement et la

Coordination de Programmes de

Recherches sur Ie Thon en

Mediterranee, Palermo 22-24/5/

1967" (Anonymous 1968). These size

ranges, which are quite similar to

those we have used, were as follows:

large spawning tuna of over 150 kg,

medium spawning and feeding tuna

of 15 to 60-70 kg,

very small tuna and small tuna of up
to 15 kg which have not yet at-

tained their first maturity.

Sara believed that most of the

large spawners which were observed

from the end of April through all of

August, were of the same stock, of

which a portion, greater or smaller in

relation to certain oceanographic con-

ditions, entered the Mediterranean to

spawn and, having accomplished this,

returned to the Atlantic to reconsti-

tute their biological reserves (Sec-

tion VIC lb). The numbers of tuna

"hesitating" in the Ibero-Moroccan

Bay and the volume of water enter-

ing the Mediterranean determine how

many of these tuna enter in a given

year. These "arrival" tuna swim in

the surface layers, following the

branches of the Atlantic currents or

its counter currents. These usually
follow routes quite similar to the

much-criticized ones proposed by
Cetti (1777). Displacements of these

branches ofthe currents by the winds,

toward or away from the traps, has a

critical effect on their catches.

These currents were illustrated

by Sara (1964, his Figure 1). The
main current generally followed the

African coast, bringing the tuna

within range of the traps of Tunisia

and Tripolitania. A west-flowing
counter current brought the "arrival"

tuna into the traps along the north

coast of Sicily from the east, rather

than from the usual westerly direc-

tion.

According to Sara (1973), the

"return" tuna swim in deeper layers,

following the westward flow of the

Mediterranean water. This current

flows southward and westward along
the east and south costs of Sicily,

where "return" traps were set until

recent years. Sara (1973) found evi-

dence of this in the new night fishery

practiced in waters from south to

southwest of the western end of Sic-

ily. Dead bait was thrown into the

water (chumming) to attract the tuna

to the surface. There they fed on small

live fish which had previously been

drawn to the boat by powerful lights.

The tuna were then vulnerable to cap-
ture by seining. These catches took

place from late July until mid Sep-
tember.

Some large tuna remain in the

Mediterranean through the fall and

winter in areas of rich and available

food, such as the islands ofthe Tuscan

Archipelago, the area between the

Aeolian Islands and the Strait of

Messina, the Dardanelles, and Port

de Bouc in the Gulf of Lion. The
numbers of these fish are in-

consequential in comparison with the

great mass of migrating fish which
occur in the period of reproduction.

The schools of large "Atlantic"

tuna remain separate, according to

size offish, during the period of matu-

ration. During the time of actual

spawning, however, they mix tem-

porarily with each other, and with

younger Mediterranean fish of ages
4-7. The latter at other times remain

altogether aloof from the larger fish,

and, even during the reproductive

processes, occupy other layers and

areas when constrained together with

them.

Medium and small fish weigh-

ing from 20 to 50 kg, with fringes of

larger and smaller individuals, are

seen and captured along the coasts of

the Mediterranean countries through-
out the year (Sar^ 1973). These fish

school very strictly according to size,

They are seen closer to the coast in

late summer and autunm, often on

the surface in constant and furious

pursuit of prey. They are present all

year in certain locations near the coast

where they can be observed and

fished, even in bad weather, and the

currents and geomorpholog) of the

bottom are favorable, as at the Straits

of Bonifacio, in the Adriatic, at the

Aeolian Islands, at the Strait of

Messina, at the Kerkennahs, and at

the Dardanelles.

These fish have a different mi-

gratory pattern from the large ones

and make limited spawning and tro-

phic (feeding) migrations, within the

limits of each basin. Apparently it

was their contemporaneous presence
in several localities, and their habit

of remaining off this coast or that

one, that, years ago, led to the con-

cept of various populations differing
at the racial level. In the spawning
period, they approach the coasts, ag-

gregating with the schools of large
Atlantic tuna with which they can

mix only during the limited period of

reproduction.

Sara (1973) considers the small

and very small tuna next. In the

months from August through all of

November, almost all of the Medi-

terranean Basin is occupied by great
schools of young of the year. Re-

maining for a few months along any
coast, one can see them grow day by
day until in November they attain

about 2 kg. After this, probably more
because of bad weather than because

of their departure, they are rarely cap-
tured. With the return of good
weather, ihey are found again in the

late winter months in almost the same

places where they had been seen ear-

lier, but now weigh 4-5 kg. The young
tuna stay in the same areas, making
small movements in response to

meteoro-hydrological conditions and

in search of food. They remain sed-

entary until they attain their first

sexual maturity, when they begin
their first migrations about the Medi-

terranean.

Sara's (1973) concept of the mi-

gratory and distributional patterns of

bluefin tuna in the Mediterranean is

very similar to Sella's (1929a) in re-

gard to the large bluefin, which both

consider to be essentially migratory,
and the immature fish, which both

consider to be relatively sedentary.

They differ somewhat concerning the

behavior of the intermediate (me-

dium) fish. Sella (1929a) felt that

these were constantly moving, and

could not be separated into groups in

the various basins, whereas Sara

(1973) believed that their aggrega-
tions tended to remain stationary for

considerable periods, and migrated

only within the basin which they oc-

cupied. Both scientists agreed that

knowledge of the spawning behavior

of these intermediate bluefin was in-

adequate.
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The few details available on the

trap fisheries of Tripolitania, and the

ephemeral one in Cyrenaica

(Bengasi) may provide clues in re-

gard to this important subject. Both

Sella (1929a) and Sara (1973) cited

the later fishing of the Libyan traps,

compared to those in Tunisia, as evi-

dence of the eastward "arrival" run

ofthe bluefin from the Atlantic. Sella

(1929a) noted, however, that the fish

taken in Tripolitanian and Cyrenaican

traps were medium and small. In a

later work. Sella (1932a) stated that

the fish taken by the El Mongar trap

near Bengasi, Cyrenaica, although

mature, were too small to justify its

classification as an arrival trap.

Anonymous (1929b) described the

fish which it caught in 1928 as very
small ("picolissimi"). These data in-

dicate that the Libyan traps may have

been harvesting the intermediate

(Mediterranean) mature fish rather

than the large (Atlantic) migratory

spawning group.
Another unsolved question con-

cerns the migration between the

Mediterranean and the Black Sea.

Hovasse (1927), Akyuz and Artiiz

(1 957) and lyigUngor ( 1 957) all cited

passages of maturing fish through the

Bosporus into the Black Sea, and of

spent fish in the opposite direction

(Section VDl). They differed, how-

ever, in regard to the dates of these

runs. Hovasse (1927) and lyigungor

(1957) set the northward migration
in March and April, and the begin-

ning of the southward one in July.

Akyxiz and Artiiz (1957) postu lated a

longer northward passage, starting in

April, peaking in July, and extending
into September, and a "return" run

occurring from late October into No-
vember.

Sella ( 1 929a), on the other hand,

cited what he considered to be clear

evidence of a massive migration of

tuna from the vicinity of Istanbul to

spawning grounds off Cyrenaica.
Four lures, of special types used only
in the Bosporus and its approaches,
were retrieved from the few hundred

tuna caught during the 1929 season

in the EI Mongar trap, the only one

set in Cyrenaica. Such a migration
would be consistent with Sella's

(1929a) hypothesis of spring spawn-

ing concentrations in the southern

parts ofthe bluefin tuna's range (Sec-

tion VIClb).
These apparently inconsistent

findings might be reconciled if it

could be shown that the larger fish in

the Sea of Marmara entered the Black

Sea to spawn, whereas the smaller

mature individuals reproduced offthe

African coast.

Another probable spawning area

for the intermediate bluefin is in the

Adriatic Sea, where these fish are

much more abundant than giants

(Section 1VC6, Section VDI). This

would be more in keeping with Sara's

(1973) concept of limited spawning

migrations, within basins, for the

smaller mature fish.

The configuration of the Medi-

terranean and its approaches is such

that many important problems could

be solved quickly and definitively by

tagging, or by tracking with sonic

equipment.

d. Migrations and Stocks in

the Eastern Atlantic

i. Large and Medium Fish

In addition to the four fish re-

captured in the Mediterranean (Sec-

tion VIC I b). 1 5 of the 3 1 2 fi.sh tagged
in the years 1960-1967 near Cadiz

have been recaptured in Atlantic wa-

ters (Rodriguez-Roda 1969a). These

recaptures provided information on

several migrations within the area of

the Ibero-Moroccan Bay trap fisher-

ies, and one to a more distant locality

(Figure 71).

Since the periodic migratory pas-

sages through the trap fisheries ex-

tend over only about four months,

short-term tag returns are required to

study them in detail. All of the six

recoveries from 140 fish tagged dur-

ing the "arrival" period occurred

within 85 days of the releases. As
noted in part b of this section, three

of these recoveries look place in the

Mediterranean, representing a con-

tinuation of the expected easterly

movement. One of the other recover-

ies was irrelevant, since the fish was

recaptured almost immediately b>' the

trap from which it had been released.

The other two recoveries, however,
indicated rather rapid "backward"

(westward) migrations of 79 miles

(146 km) in one day and 100 miles

(185 km) in two days, respectively.

into Portuguese waters. These fish

were 170 cm and 133 cm long, re-

spectively. Seven of the 13 recap-
tures from the 172 fish released dur-

ing the "return" run occurred after

from three to 23 days at large. One

recapture, as noted in part b of this

section, had "backed" to the east-

ward, well into the Mediterranean.

Another, recaptured where it had been

released tiiree days previously, pro-
vided no information. The remaining
five made rather rapid migrations of

90 to 100 nautical miles (167-185

km) in from four to 1 1 days, travel-

ling in the expected direction into, or

approaching, the waters south of Por-

tugal. Three of these fish weighed
from 70 to 90 kg, one weighed 270

kg, and the weight of the remaining
fish was not reported. These short

term recoveries suggested that fish

tagged during the "arrival" period
were more apt to deviate from their

expected migratory pattern than those

marked in the "return" period. This

is rather surprising, since the "ar-

rival" fish are believed to be concen-

trating to spawn, whereas the "re-

turn" fish are thought to be dispers-

ing to feed.

The approximate times at large

for the remaining six recaptures of

fish marked in the "return" period
were 4 months for one fish, 10 months

for three fish and 22 months for the

other two fish. The longest Atlantic

migration revealed by this set of re-

leases near Cadiz, about 370 nautical

miles (685 km), was from off Barbate,

Spain, in August to off the Moroccan

coast between Essaouira and Agadir
four months later (Figure 71). This

movement supported Aloncie's

( 1 964) hypothesis of seasonal migra-
tions of bluefin tuna between waters

off southern Morocco and the Ibero-

Moroccan Bay. This fish, however,

weighed 175 kg, considerably more
than the group which Aloncle was

discussing.

All of the long-term (10 months

or 22 months at large) recaptures of

fish marked during the "return" run

were in traps fishing the "arrival"

passage Three recaptures occurred

near Earache, Morocco, about 40 to

60 nautical miles (74-1 12 km) south

of the release point, one off Portugal
and another at Sancti Petri, about 100
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nautical miles (185 km) and about 20

miles (37 km) west of the release

point, respectively. These long-term
recoveries suggested that the Moroc-
can and Iberian trap fisheries in the

Atlantic harvested the same stock.

Comparison of the return rates

and times at liberty for fish tagged
from the "return" run (7.6%, five re-

captures after 302-683 days at lib-

erty) with those for fish marked dur-

ing the "arrival" run (4.3%, no re-

captures after more than 85 days at

liberty) suggests that fish tagged fi^om

the "return" run were more viable

than those released from the "arrival"

run.

Giant and medium-sized bluefin

occurred in Scandinavian and North

Sea waters during the summer and

fall. It was generally believed that

these came, at least in part, from the

"return" run which was fished by the

traps off southern Spain and Portu-

gal in July and August (Sella 1929a,

Sara 1964). Le Gall (1929) projected
a northward migration route west of

Ireland and north of Scotland into

the North Sea and the Scandinavian

waters, on the basis of observations

of tuna from fishing boats along the

way. Sella (1929a) identified a hook

found in a bluefin tuna caught in

Oslo Fjord, Norway, as of the type
used in the Bay of Biscay. This find-

ing supported the concept of a north-

ward migration of bluefin tuna from

Iberian waters to those off

Scandinavia. Le Gall (1929) also

noted indications of a southward mi-

gration passing north and west of the

British Isles in the fall. Le Gall ( 1 927,

1 929) noted that the presence of blue-

fin in the North Sea was controlled

by influxes of Atlantic or Atlantic

slope waters with salinities of about

35 o/oo. These waters entered the

North Sea from the north. Records of

bluefin in the English Channel were

scarce, although fish occurred fre-

quently off its western entrance, and

off the western end of Cornwall. Le

Gall ( 1 927) noted that these fish were
in the feeding phase, and speculated
that they had spawned in the Ibero-

Moroccan Bay.
The accuracy of this assumption

was proved by the tagging experi-
ments of Hamre (1965). Hamre

tagged 242 medium and large (150-

250 cm long) bluefin tuna in August
and September 1957-1962 near

Bergen, Norway. Six of these fish

have been recaptured near Cadiz,

Spain, and 26 in Scandinavian wa-
ters (Figure 72 ) (Hamre 1965 and

personal communication). Four of the

Spanish recaptures occurred after less

than 10 months at liberty ("direct"

migrations). The other two took place
23 and 45 months after release,

respectively. If we exclude nine of

the local returns which were recov-

ered in the season of their release,

and thus had no opportunity to emi-

grate, 26% of the returns were from

Spain, as against 74% from local

waters. Bluefin were tagged off Nor-

way in each of the years 1957-1962,
but the tags used in 1957 were evi-

dently defective and produced no re-

turns at all, and only 13 fish were

marked in 1962. One more of the

fish tagged offNorway in each of the

other years was subsequently recap-
tured off Spain. These results sug-

gest strongly that substantial num-
bers of the bluefin tuna which oc-

curred off Norway in summer and

early fall also occurred off southern

Spain in spring and early summer,

presumably there to spawn. Studies

of the size composition of the land-

ings in Norway and southern Spain

(Hamre et al. 1968), however, indi-

cated that the fisheries in these two

areas did not harvest the same stock

in every year. In 1955 through I960,

the size composition of the Norwe-

gian and Spanish catches were quite

similar, but in 1961 through 1964,

they were quite different. In 1965

they were similar again. Hamre et al.

(1968) attributed these changes to a

subdivision of the northeast Atlantic

tuna population into two contingents
with different migratory habits in

1961 through 1964.

Although it has not been dem-
onstrated by tag returns, Hamre

agreed with Le Gall (1927, 1929)

that the bluefin entered the North Sea

and Scandinavian waters from west

and north of the British Isles, rather

than through the English Channel

(Figure 73).

After the disappearance of me-

dium-sized bluefin from the Norwe-

gian fishery in 1963, the northward

migration of the giant bluefin along

the Norwegian coast ceased and most

of these fish followed the southward

migratory route previously used by
medium-sized fish (Hamre 1965).

Tiews (1964) and Hamre (1965)

agreed, on the basis of the locations

and periods of fishing and the sizes

of fish taken, that the large bluefin

which had arrived in July and trav-

elled northward along the Norwegian
coast from Bergen eventually left that

coast and migrated southward into

the North Sea. There they were vul-

nerable to the German and Danish

fisheries (Section IVC5 b and c).

When these large fish reversed their

migration route in 1963, predomi-

nantly following the Norwegian coast

southward rather than northward, the

North Sea fisheries disappeared
(Hamre 1971, Tiews 1975).

The local tag returns (Hamre
1965, personal communication) con-

firmed migratory patterns (Figure 73

) in Norwegian waters which Hamre

(1962) had also deduced from stud-

ies of the size composition of catches.

The bluefin tuna reached the coast at

about 62°N latitude. The larger indi-

viduals, which arrived in July, mi-

grated northward and the smaller

ones, which arrived in August, mi-

grated southward. One of the latter

which had been tagged near Bergen
was recaptured off the island of

Anholt in the Kattegat. In addition to

the nine returns in the release season,

nine tags were recovered after about

one year at liberty, three after about

two years, as well as single ones from

fish which had been at large for about

three, five, six, seven and eight years.

In recent years, most of the blue-

fin tuna in Norwegian waters, all of

which have been very large, have

left there early in the fall. Prior to

1963, when medium fish were abun-

dant there, many of these fish did not

depart until late autunm. The ensu-

ing migration of the large bluefin

apparently takes them north and west

of the British Isles to their wintering
area This probably lies between lati-

tudes 25°N and 40°N and between

the African and European coasts and

longitude 35°W (Shingu et al. 1975,

Fisheries Agency ofJapan 1976). The
size distribution of the fish in the

area is not known. Aloncle (1964),

however, reported that small to me-

109



dium fish occurred between the Ca-

nary Islands and Morocco in winter.

Many medium and some large

bluetln are captured in the Bay of

Biscay from mid-July to mid-August,
or early September (Creac'h 1952,

Le Gall 1954, Bard et al. 1973, Dao
and Bessineton 1974, Cort 1975,

1977). Some of the smaller fish may
spawn on their arrival in the Bay
(Cort 1977), but this is primarily a

feeding concentration. Where these

bluefin go after they leave the Bay of

Biscay is uncertain. Cort ( 1 976) con-

jectured that those in age groups 6 to

9 continued their northward migra-
tion to Norwegian waters, whereas

those in age groups 4 and 5 followed

a different, probably more southerly,

route. The migration of age groups
6-9 to Scandinavian waters may well

have taken place in years prior to

1963, but fish of these ages have not

been important in the Norwegian
catches since then (Hamre 1971).

The European landings of me-
dium bluefin in the Bay of Biscay
have increased markedly since 1973,

perhaps in consequence of substan-

tial fishing effort by Japanese longline

vessels in the area (Cort and Cendrero

1975, Cort 1976, Fisheries Agency
of Japan 1976, Shingu and Hisada

1976).

It is unfortunate that adequate
size composition data for Bay of Bis-

cay landings in the 1960s are not

available. It would have been of in-

terest to note whether the departure
of the medium fish from the Norwe-

gian fishery in 1963 through failure

of recruitment (Hamre 1971) was re-

flected by any increase in their avail-

ability in the Bay of Biscay.
The medium and large bluefin

which leave the Bay of Biscay in

August or early September presum-

ably reach the wintering area de-

scribed above in late fall or early

winter, but their whereabouts in the

meantime is unknown. Possibly some
ofthem join the concentration off the

central Moroccan coast, along with

others which may have gone there

directly after spawning in the Ibero-

Moroccan Bay (Aloncle 1964).

In April the medium and large
bluefin begin to migrate from their

wintering area to their spawning

grounds. Most of the kirgc t1sh and

some of the older mediums partici-

pate in the "arrival" run, assembling
in the Ibero-Moroccan Bay in May
and June. One contingent of them,

mainly the individuals weighing less

than 150 kg, presumably spawns
there, along with a portion of the

larger fish. Apparently many of the

latter, however, enter the Mediterra-

nean, spawn there in June or early

July, and make a "return" run into

the Atlantic in July and August. Most

of the larger fish which have re-

mained in the Ibero-Moroccan Bay
also join this "return" run.

Some of the smaller individuals

may spawn off the Moroccan coast

\\b'\\e en route to the Ba\' of Biscay
(Aloncle 1964). Others may spawn
after arriving there (Con 1 977), thus

actually spawning in their feeding
area.

Most of the large "return" fish

migrate from the Ibero-Moroccan

Bay around the British Isles to their

summer feeding area in Norwegian
waters. Many of the smaller ones,

including most of those which have

spawned in that Bay, proceed to the

Bay of Biscay, but others may join
the concentration off the central Mo-
roccan coast. This gathering is occa-

sioned when the impingement on the

northern coast of Morocco ofa tongue
of warm (over 21°C) tropical water

Figure 72. Geographic distribution of bluefin tag release and recapture data from

Norwegian tagging studies and hook recovery data in the eastem Atlantic.
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from offshore inhibits the further

progress ofsome groups ofsmall and

medium tuna travelling northward

from the wintering area. These fish

eventually find themselves in the

cooler upwelling waters off the cen-

tral Moroccan coast, but completely
surrounded by tropical water. Most

ofthem stay in this cool water rather

than continuing northward through
the warmer water (Aloncle 1964).

The return to summer feeding
areas completes the migratory cycle

of the medium and large bluefin of

the eastern Atlantic. The hypotheti-

cal three phase migration is compli-
cated by the entrapment of some me-
dium fish off central Morocco, and

the entry of larger fish into the Medi-

terranean to spawn.

ii. Small Fish

Thirty-four small bluefin tuna

have been tagged in the Bay of Biscay
and off Portugal since 1960 (Aloncle

1973). Three of these were recap-

tured locally, and two off the north-

eastern United States. One of the lo-

cal returns was from a small bluefin

tagged off Cape St. Vincent (south-

western comer of Portugal) in early

June and recaptured in the Bay of

Biscay 83 days later (Figure 74).

This migration supports Aloncle's

(1964) hypothesis that small bluefin

migrate seasonally from the Ibero-

Moroccan Bay in spring to the Bay
of Biscay in summer. The transatlan-

tic returns will be discussed in part 3

of this section.

The results of tagging off the

Atlantic coast ofMorocco (Lamboeuf
1975) also support Aloncle's (1964)

theory. During 1972 and 1973, 63

bluefin, 41-73 cm long, were tagged
and released there: 1 5 in June, one in

July, 25 in August and 2 1 in Novem-
ber. Eleven returns resulted, includ-

ing five from Moroccan waters and

six from other areas (Figure 74).

During 1973 two fish, of which

one had been marked in June and the

other in August (at ages of approxi-

mately 1 1 and 14 months, respec-

tively), were recaptured off the south-

western coast of Portugal in October

and September, respectively. Four

others, of which three were tagged in

August 1972 (at ages of about 13

months) and one in November 1972,

(age about 17 months) were recap-

tured in the Bay of Biscay in June-

August 1973. These important results

indicate that both the minor fall fish-

ery off the west coast of Portugal and

the much more important one which

takes place in the Bay of Biscay dur-

ing the warm season draw recruits

from off the Atlantic coast of Mo-
rocco. These few returns suggest that

fish recruit to the former fishery at

age 1 and to the latter at age 2. These

ages ofrecruitment are in accord with

the age groups which have been pre-

dominant in the landings of ihe re-

spective fisheries. The tendency for

the maximum catches of

"cachorretas" (age 1 hiuefin) in the

Portuguese trap fishery to have oc-

curred in late August suggests that

the indicated migration from off Mo-
rocco in summer to off western Por-

tugal in the fall may sometimes have

passed along the south coast of Por-

tugal en route.

Local returns showed two south-

westward movements from the

Larache-Casablanca area toward Cap
Blanc in August-September 1972 and

two northward migrations from off

Agadir to off Essaouira in Novem-
ber-December 1972.

Lamboeuf (1975), considering
these results and observations of the

movement ofthe fishery and the sizes

of fish caught, formulated the fol-

lowing hypothesis:
Bluefin spawned off Morocco by

the adult "arrival" tuna in spring or

earlv summer remain offshore in fa-

vorable waters (18°C-22"C). They

occasionally approach the coast when

hydrological conditions allow this.

Having attained 1 year of age and 50

to 60 cm in length, they frequent the

coast from June through August,

moving from north to south during

this period. They then disappear, hav-

ing been driven offshore by the cold

waters in the Safi-Essaouira region,

6S*

6}«

55«

i1°

Figure 73. Possible paths of bluefin tuna entering the North Sea and Scandinavian

waters from west and north of the British Isles, rather than through the English

Channel.
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Figure 74. Geographic distribution of bluefin tag release and recapture data from

Moroccan and Bay of Biscay tagging studies.

only to reappear in the Bay of Agadir
in November and December. These

bluefin which have attained a mean

length of 67 cm then undertake a

longer migration, passing along the

Portuguese coast and penetrating

deeply into the Bay of Biscay.

In certain years, as in 1 973, when

the cold waters of the central sector

extended far offshore, the tuna may
have migrated earlier in the season,

bypassing the Agadir area.

These results of tagging off Por-

tugal and Morocco and Lamboeuf s

(1975) hypothesis explain Fumestin

and Dardignac's (1962) observation

that young bluefin become scarce

along the Moroccan coast in Novem-

ber, when they have attained a length

of 64 cm, and confirm Aloncle's

(1964) hypothetical migration of

young bluefin from Moroccan wa-

ters to the Bay of Biscay.

After feeding in the Bay of

Biscay through the remainder of the

warm season, the age 2 fish depart,

along with fish a year or two older,

mainly in October. Their next desti-

nation is their wintering area, which

is little known. There is a wintering

zone between the Canary Islands and

Morocco, but the total winter habitat

is probably much larger, with the fish

spreading over greater areas as they

attain older ages.

Age 3 and 4, and older, bluefin

move northward again in the spring;

probably the majority of them even-

tually enter the Bay of Biscay. Many
of the older individuals in this group
are mature. Some of these may spawn

during this northward migration, and

others may split off from it and spawn
with the larger fish in the Ibero-Mo-

roccan Bay. During late summer and

fall, considerable aggregations of

small and medium bluefin occur off

the central Moroccan coast, as noted

previously. Some of these fish may
have been trapped there b> a warm
water mass during their northward

movement and others may have mi-

grated there after spawning in the

Ibero-Moroccan Bay. Most of the

small bluefin which have spawned
there, however, probably proceed to

the Bay of Biscay, entering it during

the last half of July or early August.
Thus the hypothetical two-part mi-

gratory pattern of this group may be

interrupted by local hydrological con-

ditions, and the mature individuals

are inclined toward the three-part mi-

gratory pattern proposed for the older

age groups.

iii. Very Small Fish

Eastern Atlantic bluefin (apply-

ing this term to individuals which are

recruited to stocks in the eastern At-

lantic as juveniles) are hatched mainly
in the Mediterranean Sea and/or the

Ibero-Moroccan Bay. Those born in

the former area, however, would have

to pass through the latter to reach

their nursery areas. Supplementary

hatching may extend to the area be-

tween the Canary Islands and Mo-

rocco, and also into the Bay of Biscay.

The principal hatching occurs from

about the middle of June to about the

middle of July, with reproduction by
the smaller individuals occurring up
to the end of July or later. By mid-

November, when they are about 40

cm long, the bulk of the new-born

tuna have converged from their vari-

ous bii1h places to concentrate off

the Atlantic coast of Morocco, where

they complete their first year of life

in the following June or July.

2. Western Atlantic

a. Introduction

Tag returns, data on the fisher-

ies, and knowledge ofoceanographic
conditions must be used in combina-

tion to establish hypothetical migra-

tion patterns for bluefin tuna. Since

1954, about 2,760 giant, 490 me-

dium, and 14,630 small bluefin have

been tagged in the western Atlantic

and 63, 9, and 3,000 returns, respec-

tively, have resulted. These returns

have not only provided important in-

formation on movements within the

area, but have also revealed surpris-

ing migrations to distant regions.

Extensive data on the coastal and oce-

an ic fisheries are available (see Sec-

tions IVC2 and 1VC3) to comple-
ment the pattern disclosed by tag-

ging. Also, comprehensive works on

the oceanography of the Atlantic,

with details of its circulatory system,

have been published (Sverdrup et al.

1942). Those concerning the Gulf

Stream system (Fuglister and

Worthington 1951, Von Arx et al.

1955) are of special interest in rela-

tion to the distribution and migra-
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tions of bluefin tuna in the north At-

lantic (Sella 1 93 1
,
Rivas 1 955, Squire

1963). Since the economic impor-
tance of the species in the western

Atlantic has been slight until recent

years, the history of research on its

migrations there is brief in compari-
son with that in the eastern Atlantic

and the Mediterranean.

b. Large Fish

Few deductions about the mi-

gration of large bluefm tuna in the

western Atlantic have been published.

The summer and early fall occur-

rences of bluefin tuna off northeast-

em North America (off the United

States coast from New Jersey to

Maine, and offNova Scotia and New
Brunswick in Canada) have long been

known (Farrington 1939). A periodic

northward migration of"giant" blue-

fin through the Straits of Florida

(mainly along the northwestern edge
of the Great Bahamas Bank near Cat

Cay and Bimini) was discovered by

sport fishermen in the 1930s and it

was soon concluded that these fish

were among those which subse-

quently occurred off northeastern

North America in summer and early

fall (Farrington 1939, Mowbray
1949).

At the Oceanic Fisheries Con-

ference held at the Bermuda Biologi-

cal Station for Research, May 28-3 1 ,

1951, (transcript of tape recordings
available at Woods Hole Oceano-

graphic Institution) Schuck and

Mather presented their views on sev-

eral aspects of the biology of bluefin

tuna in the western North Atlantic.

They described the behavior of the

giant bluefin tuna in the Straits of

Florida as observed during flights

made with L. R. Rivas in U.S. Coast

Guard aircraft. These observations

confirmed that the visible schools

were virtually all travelling north-

ward, as reported by the sport fisher-

men. Schuck and Mather also showed
that the times of the passage of the

giant tuna through the Straits of

Florida and their arrival in New En-

gland waters were consistent with a

migration between the two areas. Fi-

nally, they presented preliminary re-

sults of biometric studies which
showed that the fish taken in the

Straits ofFlorida were similar to those

taken in New England waters, except

in regard to body condition. The fish

taken offNew England in the begin-

ning of the season were similar in

body proportions to those taken in

the Straits of Florida. As the season

advanced, however, the fish offNew
England fed heavily and gained

weight rapidly. Therefore tiie fish

taken there in August, September and

October became progressively
heavier in proportion to their length

than those taken in the Straits of

Florida. The ratios of their girth and

depth to their length consequently
also became greater than the corre-

sponding ratios for fish taken in the

southern area.

Rivas (1955), in a similar study,

compared the morphological charac-

teristics of samples of bluefin tuna of

similar sizes taken in the Straits of

Florida in May 1 952- 1954(19 speci-

mens) and at Wedgeport, Nova
Scotia, in October 1952 and August
1953 (nine specimens). He found no

significant differences between these

samples, except those attributable to

the normal seasonal change in body
condition experienced by bluefin

tuna. These fish lost considerable

weight during the spawning process

and related migrations, then fed so

heavily during the summer and early

fall that their length-weight ratio was

at a minimum in September-Octo-
ber. The lean condition of the fish

taken in the early part of each season

at Wedgeport was consistent with

their having come from the Straits of

Florida. In addition, Rivas showed

that the times of arrival of giant blue-

fin tuna off Cape Cod, Massachu-

setts, and Wedgeport were consistent

with the time of departure and esti-

mated average speed (3.5 knots, or

6.5 km/hr) and direction of travel of

the individuals passing the Bahamas.

Thus he presented a case, which he

considered strong, but not conclu-

sive, for a northward migration of

giant bluefin from the Straits of

Florida in May-June to New England
and Nova Scotia waters in summer
or early fall.

Exploratory and commercial

longline fishing has provided impor-
tant information on the temporal and

areal distribution of bluefin in the

oceanic waters of the v\estern Atlan-

tic since 1956 (see Sections IVC2

and IVC3). The records of occur-

rences during the cold season (No-

vember-April), when their where-

abouts had previously been virtually

unknown, were especially valuable.

This information has been used in

conjunction with tagging results in

developing new hypotheses c the

migrations of the species (Mather

1969, 1974, Mather etal. 1974).

Continuous tagging of western

Atlantic bluefin began in 1954. Since

then, about 1 , 100 giant fish have been

marked off the northwestern Baha-

mas (Straits of Florida) and 15 of

these fish have been recaptured over

a very extensive area — four off

northeastern North America, two off

eastern South America, and nine off

Norway (Table 28) (Mather 1962,

1969; FAO 1972, Mason et al.

1977).Cooperating sport fishermen

provided the effective tagging in this

effort. A few fish have been marked

during exploratory fishing cruises in

this general area, but none of the tags

have been returned.

The four returns offNorth America

were from ofTMary land to offthe Nova

Scotian banks (Figure 76); only one

was from an area known as a tuna

fishing ground. This return was from

a giant released in early June 1973,

in the Bimini-Cat Cay area (north-

western Bahamas) and recaptured

about 18 nautical miles (33 km)
northeast of Gloucester, Massa-

chusetts, a well-known center for

small boat tuna fishing, in early July

1974. Since it had been at liberty for

13 months, this was not a "direct"

migration. If it is regarded as a sec-

ond retracing of an annual migratory

cycle, however, the fish would have

passed through the Straits ofFlorida

again in May or June 1974, and its

ensuing migration would have fitted

the proposed pattern. The other three

recaptures were incidental or acci-

dental catches by vessels fishing for

other species. While they could be

interpreted as representing incom-

plete migrations toward the New En-

gland or Canadian feeding areas,

there is an element of doubt in each

case. One return was from a fish re-

captured about 48 nautical miles (89

km) east-southeast of Ocean City,

Maryland, in April 1973, 23 months

after it had been released off the
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northwestern Bahamas in May 1971.

The inshore location of its recapture

suggests that it might have eventu-

ally entered New England or Cana-

dian coastal waters. Its recapture date,

April 4, however, indicates that, if it

had come from the Straits of Florida,

it must have left there in March, well

ahead of the usual May-June pas-

sage. The other two recaptures oc-

curred in offshore waters, from 40 to

65 nautical miles (74 to 120 km) out-

side the 2,000 m contour. One fish,

which was recaptured 135 nautical

miles (250 km) southeast of Nan-

tucket Island, Massachusetts, in June

1970 had been released four years

previously, in May 1966, in the Cat

Cay-Bimini area. The fourth tuna had

been released in the same locality in

early June 1970, and was recaptured

just 30 days later 100 nautical miles

(185 km) southeast of Sable Island,

off Nova Scotia. Thus it had trav-

elled at least 1,500 nautical miles

(2,800 km) in a maximum of30 days,

requiring a minimum average speed
of 2.1 knots (3.9 km per hr). It is

uncertain whether these fish, had their

journeys not been terminated, would

have proceeded to the feeding

grounds off the American coasts,

completing the hypothetical migra-

tion, or continued across the ocean to

Norwegian waters, as so many other

bluefin released offthe Bahamas have

done. It is widely believed, however,

that these animals have a strong ten-

dency to follow favoring currents

when migrating (Sella 1929a, Rivas

1955, Lozano Cabo 1958, 1959b;

Sara 1964, 1973; Rodewald 1967).

Since both of these fish were recap-

tured far north of the Gulf Stream,

which would have favored a migra-
tion to Norway, it seems more prob-
able that they would have proceeded
to the nearby American feeding

grounds than that they would have

wandered out into the less produc-
tive waters of the open ocean.

Two giant bluefin tagged off the

northwestern Bahamas have been re-

captured in the South Atlantic (Table
28 , Figure 75) (Mather 1974). One
fish was marked in May 1963 and

recaptured southeast of Recife, Bra-

zil, in March 1965. The other fish,

released in June 1969, was recap-
tured offArgentina in February 1973.

This migration of at least 6,600 nau-

tical miles (12,250 km) is the longest

ever recorded for an Atlantic bluefin.

These surprising recoveries pro-

vided the first clues to the relation-

ships between the bluefin tuna stocks

of the North and South Atlantic.

Catch records of the Japanese

longline fishery (Fisheries Agency
of Japan 1965, 1966, 1967a, 1967b.

1968, 1969, 1970, 1971, 1972, 1973)
show that, in some years, an area of

intensive bluefin fishing develops in

March and April offeasternmost Bra-

zil, moves northwestward toward the

Bahamas and then northward to off

Cape Hatteras in May and June. In

Jul), the longline catches of large

fish diminishes. The capture off

Recife of a giant bluefin which had

been tagged off the Bahamas in-

creases the probability that a group
of large fish does actually migrate
from off the Bahamas in May-June
to off Cape Hatteras by early July,

thence to various summering areas

farther north (Figure 75), and south-

ward in the fall to wintering areas

around the Antilles and off South

America. It had been generally be-

lieved (Wise and Davis 1973) that

bluefin tuna concentrations north of

Table 28. Releases and returns for giant bluefin tuna (over 120 kg) tagged offthe

Bahamas by year of release, months at large, and area* of recapture. Also shown

is the estimated percentage of German North Sea bluefin tuna catches in late

season (September 15 - October 3 1 ) recruited from the western Atlantic (Tiews

1964).

Year Releases Returns by Month at Large %



Figure 75. Geographic distribution of bluefin tag release and recapture data illustrating transatlantic and transequatorial

migrations.

latitude 20°S consisted mainly of At-

lantic bluefin tima T. thynnus thymms.
and that those south of 20°S con-

sisted mainly of southern bluefin

tuna, T. maccoyii. The recapture off

Argentina of a giant bluefin which

had been tagged off the Bahamas in-

dicates that the already tremendous

migratory circuit suggested above for

Atlantic bluefin occasionally extends

much farther south, well into the habi-

tat of tlie southern bluefin.

nie nine recoveries in Norwe-

gian waters Irom the releases in the

Straits of Florida will be discussed in

part 3 of this section.

Ciiant bluefin tuna have also been

tagged successlully during the sum-
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Table 29. Releases and returns for giant bluefin tuna (over 1 20 kg) tuna tagged in

St. Margaret's Bay, Nova Scotia, by year of release, months at large and area* c>f

recapture.

Year



Table 30 Release and recovery data for bluefin tuna tagged in St. Margaret's Bay, Nova Scotia and recovered elsewhere,

with size at recapture and months at liberty

RecaptureReturn Release



Table 31 Releases and returns for giant (over 120 kg) blucfin tuna tagged in

Newfoundland waters, by year of release, months at large, and area* of recaptuic

Year 1
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the United States and Cuba it was

impossible to verify this migration
route completely by fishmg in the

Old Bahama Channel itself.

The third and most direct pos-
sible route from the Windward Pas-

sage to the northern feeding grounds
is through the Crooked Island Pas-

sage (Figure 31). Bluefm tuna are

abundant east and north of the Baha-

mas in spring (Shingu et al. 1975)
and some of them probably spawn in

these waters (Table 25, Figure 70).

It also appears that these fish move
northward m May and June (Shmgu
et al. 1975), as do those in the Straits

of Florida Several exploratory

longline sets were made in the

Crooked Island Passage and west of

Great Inagua island from research

vessels of the Woods Hole Oceano-

graphic Institution in May and June

of 1958 and 1961 (Mather 1959,

Anonymous 1969). No bluefin tuna

were caught on any of these sets, nor

did we note any of the gear damage
which these fish often cause when

they have been hooked and subse-

quently escaped. This, of course, did

not prove that no bluefin follow this

route, but, in our opinion, the fishing

results and other data indicate that

they follow the other two routes in

much greater numbers

After the giant bluefin have

spawned in these southern areas, they

migrate northward to feeding grounds
off northeastern North Amenca and,

in some years, large contingents of

them go on to feeding areas off Nor-

way.
The evidence for these migra-

tions has been discussed in preced-

ing paragraphs Daily records of

catches at Cat Cay for numerous pre-
and post-World War 11 years (per-

sonal communications) show that the

passage through the Straits of Florida

occurs in strength, as indicated by

availability to surface fishing from

early May to about June 20.

As noted previously, longline
catch records (Anonymous 1962,
LeGall 1974, Shingu et al 1975) in-

dicate that a parallel but much more

dispersed migration takes place in

about the same period along the oce-

anic edges of the Bahamas, and for

considerable distances east and north

of them. After passing north of these

islands, this migration merges, at least

partially, with the one moving north-

ward from the Straits of Florida The

migration through Atlantic waters

east of the Bahamas has not been

observed visually, to our knowledge,
and sightmgs of large bluefin between

the Bahamas and Cape Hatteras have

been extremely rare In fact, the oc-

currence of surface schools of giant

bluefm fravellmg steadily in one di-

rection off the northwestern Baha-

mas IS a stnctly local phenomenon
which is unique in the western Atlan-

tic. It is quite similar to the periodic
runs of bluefin on which the traps at

many localities in the Ibero-Moroc-

can Bay and the Mediterranean de-

pended, particularly the "return" run

of spent fish in July and August.
In addition to the lack of sight

records, no tag returns revealing the

movements of giant tuna between the

Bahamas and Cape Hatteras have

been obtained to date Exploratory

longline fishing results (Anonymous
1962, Zharov 1965) indicate that

these fish are much more available in

waters east of the Gulf Stream than

in those west of it, just as they are in

the northern Straits of Flonda Be-

cause of the tendency of bluefin tuna

and other large pelagic fishes to travel

in favonng currents when migrating
for great distances (Sara 1973), we

assume, in the absence of more pre-

cise data, that many large bluefin

swim in the Gulf Stream northward

to the vicinity of Cape 1 latteras Af-

ter the Stream has passed the Cape
and turned eastward, aggregations of

fish leave it successively, according
to our hypothesis We speculate flir-

ther that the distance that a given

group has travelled in the east-flow-

ing current may be an important fac-

tor in determining where it enters the

coastal waters. The first fish to leave

the Stream after it passes Cape
Hatteras may approach the coast any-
where from off the Chesapeake Bay
entrance to Cape Cod This is indi-

cated by a tag recovery off the Chesa-

peake Capes (Figure 76), catches in

traps off northern (peninsular) Vir-

ginia, New Jersey, and Long Island,

and occasional sightings by fisher-

men off southern New England of

giants U^avelling eastward, singly or

in small schools, in late June and

early July (personal communica-

tions). We believe that the majority
of these fish eventually enter the Gulf
of Mame. Larger contingents prob-

ably follow the easterly current far-

ther and tend to enter the Gulf of

Maine more directly, presumably

through the Great South Channel in

many instances. Giant tuna usually
amve off northern Massachusetts in

June, and off southern Maine and

southwestern Nova Scotia in July.

They often arrive in the Halifax area,

however, in June. The latter may have

left the Gulf Stream at about the same
time as those which entered the Gulf

of Maine, but followed a more direct

course to this area. Large aggrega-
tions which have remained in the east-

erly current even longer may eventu-

ally enter the Gulf of St. Lawrence
and Newfoundland waters in the lat-

ter half of July The times of arrival

in American waters are from Section

IVC2. In some years, considerable

numbers of bluefin persist in fol-

lowing the Stream much farther and

eventually reach Norwegian waters

in August, September or October

(Figure 75)

These transatlantic migrations
are discussed in the following Sec-

tion C3 The local movements within

the feeding area between Cape Cod
and Newfoundland have been de-

scribed previously in our discussion

of tagging results.

The southward migration of large

bluefin in late fall from their warm
season feeding areas to their south-

ern wintering areas (Figure 14)
around the Greater Antilles and off

Brazil is one whose details are un-

known Most of the large bluefin

leave their coastal feeding areas be-

tween late September and early No-

vember (Section IVC2) As previ-

ously stated, tag returns (Figure 79)
show a "direct" migration by a giant

fish from the southwestern Gulf of

Maine in July 1974 to the western

Gulf of Mexico m May 1975 and a

long term "indirect" migration from

the nursery area for young bluefin

off southern New England in August
1 966 to the north central Gulf of

Mexico in April 1976 These two

returns show movements from the

feeding area to the spawning grounds,
but do not tell us where the fish spent
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the winters. Two other returns, which

may be more pertment, were from

releases ofT the northwestern Baha-

mas in May 1 963 and June 1 969 and

recaptures off Recife, Brazil, in

March 1965 and off Buenos Aires,

Argentina, in February 1973, respec-

tively (Figure 75). These two migra-
tions were definitely to wintering

grounds (in the northwest Atlantic

frame of reference) and one even ex-

tends the probable wintering area far

south of what was inferred from dis-

tributional data. The information

available leads to the assumption that

each of these fish had migrated south-

ward from the northern feeding

grounds m the fall preceding the win-

ter in which it was recaptured. Since

they had been at liberty for periods

of 2 1 and 45 months respectively,

however, they might possibly have

entered a different migratory pattern

of which we have no knowledge. In

any case, these returns do not pro-

vide information as to the routes

which they followed in their final

migrations.
The recapture in December 1 973

at the "tail" of the Grand Banks of a

giant which had been released in

northeastern Newfoundland coastal

waters in August 1972 might indi-

cate a starting point for southward

migrations, but, since this fish had

been at large for about 16 months,

this was an "indirect", or presumed,
movement from coastal waters

Japanese longlinc catch rates in

November 1965 (Le Gall 1974) were

relatively high (one to three fish per

1,000 hooks) in a narrow area be-

tween longitudes 59°W and 60°W
and extending from 44°N to 32°N

Although data on the sizes of the fish

have not been published, this area

might well represent the first part of

a southward migration of large blue-

fin from Canadian coastal waters to

their wintering areas.

Consideration of the North At-

lantic circulatory system (Sverdrup
et al 1942) and the tendency of blue-

fin tuna to follow currents, however,

leads us to suggest that many of the

giants may follow a hypothetical mi-

gratory pattern following the North

Atlantic gyre around the Sargasso

Sea, first eastward, roughly along lati-

tude 40°N, then southward and fi-

nally westward over a rather broad

front The proposed migrations Irom

the wintering areas through tlie spring

spawning areas to the summer feed-

ing grounds generally follow the re-

mamder of this gyre. Sella (1929a,

1929b) was most likely the first to

discuss the probable influence of the

Gulf Stream system on the distnbu-

tion of bluefin tuna in the Atlantic

Ocean. We consider the southward

migration of large bluefin tuna as

one of the most challenging prob-
lems which remain to be solved

The wintering grounds of the

large bluefin which feed in north-

western Atlantic coastal waters in the

warm season ha\e not yet been

clearly defined The giant tuna are

less concentrated, and presumably
less active, during the cold season

than in their spawning and feeding

periods. They are dispersed over great

areas, and are almost always too far

below the surface to be seen, or to be

caught by surface gears Moreover,

the opportunities for bluefin from dif-

ferent spawning and feeding areas to

mix with each other may be at their

maximum during this period Except
for a very few tag returns, the major
sources of information on the distri-

bution and migrations of giant blue-

fin during the (northern) cold season

are the records of oceanic longline

fishenes. As already stated (Section

IVC3, and in this section), extensive

catch and effort data for the Japanese

longline fishery are available, but

there is little published information

on the sizes of the fish which it cap-

tures This deficiency increases the

uncertainties inherent in deducing mi-

gratory patterns from these data In

addition, the temporal and areal cov-

erage of the vast potential range of

the giant bluefin is incomplete, even

if the data from all years combined

arc considered collectively for each

month
The contours of relative abun-

dance, as indicated by longline catch

rates (Figure 32), show two areas of

maximum abundance in the first quar-
ter of the year (January-March). One
of these is centered on the Greater

Antilles and includes the southeast-

ern Gulf of Mexico, the northwest-

ern Caribbean and Atlantic waters

north of central and eastern Cuba and

Ilispaniola The other centers around

the "bulge" (the easternmost part) of

Brazil It extends northeastward

nearly halfway to the nearest parts of

Africa, northward to lafitude 15°N,

eastward to longitude 40°W and

southward, near the Brazilian coast,

to latitude 10°S Tag returns (Figure

75) show that giant bluefin do, at

least occasionally, migrate from the

western North AUantic into the South

Atlantic,

The distributions of monthly
catch rales for individual years (Le
Gall 1974) and of average monthly
catch rates for groups of years

(Shiohama et al 1965, Shingu et al.

1975) permit more detailed estimates

of seasonal distributions and migra-
tions.

Hxamination of the catch rates

in the Antilles area on this basis led

us to beliexe that the winter distribu-

tion centered on these islands actu-

ally covered all of the Gulf of Mexico

and the Caribbean Sea, and the adja-

cent Atlantic waters up to latitude

25°N and eastward to longitude 60°E.

Data for United States exploratory

and commercial fishing in this area

(Wathne 1959, H R Bullis, Jr., per-

sonal communications, personal ob-

servations of the senior author) indi-

cate that nearly all the bluefin taken

in these waters have been giants.

The Japanese longline coverage
in this area during the cold season

has been light 1 he data indicate,

however, that bluefin were scarce

during most of the fall, but become

more abundant in December, Janu-

ary and February Coverage in March

was minimal, but bluefin were taken

in nearly half of the areas fished In

April, catch rates rose drastically in

the Atlantic waters of the area, evi-

dently because of the arrival of

spawning fish

Catch rates of more than one fish

per 1 ,000 hooks were rare until April.

They occurred in only four instances,

each of which was in a different lo-

cality

Wathne (1959) reviewed United

States exploratory and commercial

longline fishing in the Gulf of Mexico

and adjacent waters The commer-

cial fishery was directed toward yel-

kmfin tuna, T. alhacares. Wathne
noted that giant bluefin occurred in
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the northern Gulf in January and Feb-

ruary.

The available evidence indicates

that the distribution of bluefm in this

wintenng area is rather sparse and

patchy This estunate may be biased,

however, since most of the longline

fishing effort in the area was prob-

ably directed toward yellowfin tuna

rather than bluefin.

The situation off the "bulge" of

easternmost Brazil and in the narrow

"waist" of the Atlantic between there

and western Africa was more com-

plex. Concentrations of bluefin oc-

curred off the "bulge" in each quar-

ter of the year (Figure 32). Examina-

tion of the monthly charts suggests

that two separate concentrations de-

veloped there, and then dispersed,

during each year.

Bluefin were thinly distributed

across the "waist" in July and Au-

gust. In September a concentrafion

(bounded approximately by the Equa-
tor and latitude 15°N and by longi-

tudes 25°W and 40°W) formed in

this area The maximum catch rates

exceeded one fish per 1,000 hooks.

In October and November this con-

centration moved slowly southward,

until its southern edge was at about

15°S latitude In December, bluefin

were still present in the area, but the

catch rates were all below one fish

per 1,000 hooks This concentration

probably did not consist of recent

migrants irom the North Atlantic The

giant bluefin do not usually leave

their feeding grounds there until late

September or October (see Sections

1VC2 and IVC5) and this concentra-

tion had already developed in tropi-

cal waters in September.
The distribution of bluefin in the

"waist" was generally thin in Janu-

ary, with more fish off the "bulge"
than elsewhere In February, how-

ever, the catch rates in the latter area

increased, and a new concentration

had definitely formed by March. This

extended approximately from 20°S

to 5°N latitude, and fi-om 25°W lon-

gitude to the South Amencan coast

Catch rates in this area were espe-

cially high in the years 1962 through

1965, sometimes exceeding 20 fish

per 1,000 hooks Since then, fishing

in the area has been infi-equent, and

catch rates have generally been low

The available information indi-

cates that the bluefin taken in this

area were giants Zharov (1965), re-

porting on exploratory and commer-

cial catches taken in the penod fi"om

February through June 1963, off the

South American coast from 11°S to

1 TN lafitude, stated that the bluefin

ranged from 205 to 254 cm in length,

with an average of 224 cm, and from

151 to 283 kg in weight, with an

average of 1 83 kg. Thus all of them

were in our "large" category. Shingu
et al. (1975) also reported that the

bluefin taken by longline in the equa-
torial Atlantic off northeastern Bra-

zil were of large size.

The April catch rate disfributions

(Le Gall 1 974) show that the area of

high apparent abundance had ex-

panded northeastward into the Gulf

of Guinea, and northwestward almost

to southeastern Florida The latter

extension of high catch rates, in our

opinion, represents a major migra-

tion of giant bluefin from the winter-

ing area described above to the

spawning grounds in the "American

Mediterranean" and in Atlantic wa-

ters east of the Bahamas and Florida

(Section VD3). This route would fol-

low the major branch of the North

Equatorial Current off the northwest-

ern coast of South America (Sverdrup
et al. 1942) for much of the 3,500

nautical mile (6,575 km) distance

As stated previously, large bluefin

tend to fravel with favorable currents

when they are migrating for long dis-

tances. The change in the areas of

high catch rates from March to April

indicates that this migration might
have been completed in about a

month This would have required an

average speed of about 5 knots (9 km

per hour), with considerable help
from favorable currents This rate of

migration is not inconsistent with

those cited previously in this section

for migrations between other areas,

or for estimates of observed migra-

tory speeds.
This hypothetical migration has

not been venfied by lag returns, since

no bluefin have been tagged m the

South Atlantic As noted previously,

however, two fish tagged off the Ba-

hamas have been recaptured off east-

em Brazil, or .south of there. The

sizes given by Zharov (1965) for fish

caught off eastern Brazil and along
this proposed migration route, more-

over, are in close agreement with the

correspondmg figures for fish taken

in the Straits of Florida m May and

June, prior to the recent increases in

the sizes of giants taken there and

elsewhere (Rivas 1955, 1976, Mather

1963a, 1974, Mather etal. 1974a).

Other contingents probably fol-

low more northerly branches of the

North Equatorial Current from mid-

Atlantic wintermg areas, where their

relative abundance is lower than off

the "bulge", and join this migration
off northeastern South America or

the Antilles Still others may migrate

directly westward, or even southwest-

ward, from more northerly oceanic

winter habitats to the spawning

grounds
While many giant bluefin evi-

dently make lengthy migrations be-

tween their wintering and spawning

areas, others, which have vvmtered

farther north and west, east of the

Bahamas, or in the American Medi-

terranean may reach their spawnmg
grounds with relatively little move-

ment In the extensive areas where

the proposed wintering and spawn-

ing areas overlap, the fish might re-

produce wherever they happen to be

when the spawning penod occurs.

The disfributions of the higher

spring longline catch rates (LeGall

1 974) suggest that most of the giant

bluefin which migrated northwest-

ward along the South American coast

subsequently followed the Antilles

Current in the Atlantic east of the

Antilles and the Bahamas, instead of

the North Equatorial and Flonda Cur-

rents which flow through the Carib-

bean, the Yucatan Channel, the Gulf

of Mexico and the Sfraits of Flonda

(Sverdnip etal. 1942).

As noted previously, these catch

data may have been biased by spotty

fishing effort in the Caribbean and

the Gulf, and its possible direction

toward yellowfin, rather than blue-

fin, tuna Even allowing for these

factors, the spring catches of bluefin

in the eastern and southern Canb-
bean have been very scarce. In re-

cent years, on the other hand, effort

directed toward bluefin in the north-

ern Gulf of Mexico during the spawn-

ing season has produced consider-
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Table 33 Releases and returns by months at large for bluefin tuna tagged in the northwestern Atlantic, north of 35°00'N

latitude and outside the 100 fathom (183 m) contour (offshore taggmg ceased in 1968)

Year
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Figure 80 Geographic distnbution of bluefin tag release and recapture data from North Atlantic tagging studies, illustrating

offshore-inshore movemenLs and one transatlantic migration

80) The last fish of this group was

tagged at Atlantis Canyon (south of

Cape Cod) in November 1960 and

recaptured off Cape St. Mary's (near

Yarmouth), Nova Scotia, in August
1 968. In Its nearly eight years of free-

dom, its weight had increased from

69 kg (estimated) to 185 kg, bringing
it into the "giant" category This re-

turn was the first to show a migration
from New England to Canadian wa-
ters.

Movements dunng the summer

feeding season in coastal waters, as

indicated by the seasonal progres-
sion of the returns from offshore re-

leases and also by the movement of

the fisheries, is from southwest to

northeast This general pattern could

be observed from off Maryland to

the southern part of the coast of

Maine. Medium fish have also been

abundant in Nova Scotian waters in

some years, off Wedgeport (near

Yarmouth) and, more regularly, in

St. Margaret's Bay (near Halifax) The

years of abundance at Wedgeport
generally coincided with those in

Cape Cod Bay, as did the ages of the

fish taken The medium fish were

often abundant in Cape Cod Bay
through most of August, but did not

usually occur in numbers off

Wedgeport until September These

facts suggest a continuation of the

northeastward movement from Cape
Cod to Nova Scotia. However, fish

were usually numerous in Cape Cod
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Table 34. Releases and returns for bluefin tuna 50 - 150 cm (mostly 50-100 cm) tagged on the continental shelf between

Cape Hatteras, North Carolina and Cape Ann, Massachusetts, June - October, by year of release, months at liberty, and

recapture area*

Year



from east of Maryland and south of

Cape Cod to south of the Grand

Banks. In May and early June the

fish tend to concentrate in the west-

em part of this area, at least. The

eastern part has not been sampled in

these months. The highest catch rates

occurred in the area bounded by 38°N

and 40°N latitude and 68°W and

70°W longitude, where some fish

which appeared to be in advanced

stages of maturity were taken (Sec-

tion VD3) In June, this distribution

spreads westward to the edge of the

continental sheh", and thence to the

coast, completing the migratory cycle

of this size group Since the explor-

atory fishing may not have covered

all of the eastward part of the winter

and spnng distributions, the migra-

tory pattern may extend farther to the

east in those seasons.

d. Small Fish

Over 14,600 small and medium

bluefm have been tagged in coastal

waters between Cape Hatteras, North

Carolina, and Cape Cod, Mas-

sachusetts, m the period July 1954

through October 1976, and 2,992 re-

turns have resulted (Table 34)

(Burnett et al. 1977, Mason and

Baglin 1977). Most of these fish were

in the small group, 50-120 cm long,

but a few were mediums, 120-160

cm long. The majority of the fish

were released from purse seine

catches, a procedure which may in-

cur very high tagging mortality

(Beckett 1974). The return rates from

hook and line releases were consid-

erably higher than those from seine

releases in nearly all years (unpub-
lished data at Woods Hole Oceano-

graphic Institution) Lenarz et al.

(1973), utilizing the results of the

double tagging experiments which

have been carried out in this area

since 1971, estimated the instanta-

neous rate of tag shedding, on an

annual basis, to be 31.

The returns included 2,944 from

the release area, seven from oceanic

waters in the western North Atlantic,

one from the Gulf of Mexico, and 40

from the Bay of Biscay. Since times

at large ranged up to six years, and

even 1 years in one case, several of

these fish were in the medium size

group when recaptured, and one was

defmitely a giant The migration of

the last mdividual, which has been

descnbed previously in this section,

was the first to connect the only
known nursery area for juveniles m
the western Atlantic with the major

spawning ground of giants in the Gulf

of Mexico. The returns from the Bay
of Biscay will be discussed in Sec-

tion VIC3.

The local recaptures included

1,408 in the fishing season in which

the fish were released The 1,536 lo-

cal recaptures in subsequent seasons,

after up to six years at laige, indicate

that many of these young hluefin visit

this nursery and feeding area for two

or more consecutive seasons, some-

times returning even after they en-

tered the medium group (ages 5-8).

Less has been learned about the

migratory pattern of this size group
than might have been expected from

the large number of returns, because

so many of them were from the re-

lease area. Therefore deductions from

the movements of the fish through
the coastal fishery, and from the lim-

ited information available on longlme
catches in oceanic waters will be used

to supplement the tagging results in

describing its migrations

The 2,944 local returns show that

the young blucfin have generally
tended to migrate from southwest

(Virginia, Maryland and New Jer-

sey) to northeast (southern New En-

gland) within this nursery and feed-

ing area dunng the fishing season

(Mather et al 1974b) This is also

indicated by the movement of the

fishery (Mather 1974b, Sakagawa
1975).

Migrations to waters north of

Cape Cod (into Cape Cod and Mas-

sachusetts Bays) have been recorded

for only a few of the larger (when

recaptured) individuals. As noted m
Section IVC2, however, small and

medium-sized bluefin tuna have not

been caught in numbers in the Gulf

of Maine for many years.

In the later part of some seasons

(September-October), considerable

numbers of small bluefin have re-

versed the usual migratory pattern,

moving from off .southern New En-

gland into the approaches of New
York Harbor. In some years, such as

1966, this "reverse" migration has

been followed by exceptionally good

fishing for "school" tuna, which has

extended later into the fall than usual,

off western Long Island and north-

ern New Jersey (Moss 1967).

Until recently, little has been

known about the migration of small

bluefin from their coastal nursery

ground, from which they disappear
in late September or October, to their

wintering area, which was presumed
to be in offshore waters. An interest-

ing description of their behavior prior

to this movement, however, has been

received from R Hillhouse (personal

communication), an experienced air

spotter of tuna in the area. He has

observed "hesitating" behavior

(Lenier 1959) of small bluefin off

southern New England in late Sep-
tember and early October Hillhouse

reported sighting schools of small

bluefin traveling together in a very

large circle, which other schools

jomed successively until a substan-

tial aggregation offish had been built

up Then they all left the area to-

gether This behavior is idcnfical to

that observed bv Sara (1973) off" the

Strait of Messina

The six winter recovenes off the

edge of the continental shelf east and

southeast of Georges Bank, near lati-

tudes 40-4 1°N and longitudes 65-

66°W (Figure 81), have provided the

most significant progress in migra-

tory studies of small northwestern

Atlantic blucfin in recent years. Two
ofthese indicated "direct" migraUons.
These fish had been tagged m the

coastal feeding grounds off the north-

eastern United States in August 1973

and July 1975, and recaptured m the

above wintering area after five to six

months at large, in January 1974 and

January 1976, respecUvely. Three of

the other recaptures occurred in Janu-

ary after about 17 months at large,

and one in February after 30 months.

The extent of this wintering area is

not known. Catches of bluefin taken

during extensne explorator>' fishing

from the research vessel "Delaware"

in the slope water between the GuLf

Stream and the continental shelf dur-

ing winter and early spring (Wilson
and Bartlett 1967) consisted mainly
of medium fish (size data obtained

by Woods Hole Oceanographic In-

stitution personnel on board the

"Delaware" and from J L. Squire,
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Figure 81. Geographic distnbution ofbluefin lag release and recapture data from

middle Atlantic taggmg studies. illuslraUng inshore-offshore movements

Jr., W F. Rathjen and P. C. Wilson,

personal communications). The pres-

ence of small bluefin in the area

bounded by latitudes 40° and 45°N

and longitudes 45° and 70°W has

been documented, however, by

Shingu and Hisada (1976). About 90

percent of their sample of Japanese

longline catches in this quadrilateral

in January-February 1975, consisted

of small (less than 32 kg) fish, about

half of which were in their third year

of life.

While in this wintenng area, the

small bluefm remaui at subsurface

levels (perhaps about 50-100 m).

Their growth almost ceases during

this penod (Section IIIC3), and their

feeding and other activities are prob-

ably minimal

The remaining offshore migra-

tion was by an individual which was

released about 40 nautical miles (75

km) south by east of Martha's Vine-

yard in August 1 966, and recaptured

off the southern end of the Grand

Banks (about 42° 30'N, 71° OO'E) in

August 1972 In six years at liberty,

its length had increased fi^om 58 cm

(estimated age 1), to 180 cm, with a

reported weight of 120 kg. This fish

was approaching "giant" size, and

might have been entering the migra-

tory pattern proposed for giants ear-

lier in this section.

Tagging has produced no inlbr-

mation on the late sprmg migration

of small bluefin from this wintering

area into the coastal feeding grounds

In the first half of June 1959,

however, an experimental longline

fishing operation conducted from the

fishing vessel "Golden Eagle", in co-

operation with the Bureau of Com-

mercial Fisheries (Wilson and Hartlett

1967), obtained high catch rales (up

10 170 fish per 1,000 hooks) of small

(estimated sizes provided by J L

Squire, Jr , personal communication)

bluefin tuna in the \icinity of latitude

39° 20'N, longitude 68° iS'W Since

the first appearances of small bluefin

in coastal waters in recent years have

occurred between the Chesapeake

Bay entrance and Long Island

(Sakagawa 1975, personal obscr\'a-

tions of the authors), their approach

to the coast may have been quite simi-

lar to that indicated by tag returns for

medium bluefin (Figure 80)

The return to the nurser>' area

completes the migratory cycle of the

young bluefin tuna. Since it appears

that few western Atlantic fish in the

small size group (ages 1-4) have at-

tained sexual maturity, this pattern is

not as greatly complicated by spawn-

ing activity as is that for small blue-

fin in the eastern Atlantic, which evi-

dently spawn at younger ages (Sec-

tion VIJl)

The summer and winter habitats

of the young bluefin, however, tend

to expand with age of fish Age 1

bluefin have very rarely been re-

corded in the Gulf of Maine, but age

2, 3 and 4 fish have occurred in Cape
Cod Bay, at the southwestern end of

the Gulf, in great numbers in some

years Age 3 and 4 fish have been

caught in Nova Scotia waters. In win-

ter and spring, fish of ages 3 and,

especially, 4 have been captured
much farther offshore than the win-

tering area mentioned above, but usu-

ally in small numbers.

e. Very Small Fish

Less IS known about the migra-

tions of age bluefin in the western

Atlantic, since no areas where they

concentrate regularly have been

found there Hatching occurs exten-

sively in the Gulf of Mexico in May
and June It also must spread widely

over waters adjacent to the Greater

Antilles and the Bahamas, and far to

the east and north of those islands.

The limits of these areas in which

bluefin are bom have not been de-

fined, but we estimate that they may
extend over most of the deep (>200

m) waters between latitudes 1 8°N and

33°N and between longitude 67°W

and the coast and islands Another

probable hatching area is north of the

Gulf Stream and east of New Jcr.sey

and Mar>'land Age bluefin from

all these areas must converge by van-

ous routes on the nurser>' grounds

between Cape Hatteras and Cape Cod,

since that is the only western Atlan-

tic area in which age 1 bluefin are

known to occur regularly en masse.

The only route by which it seems

obvious that such a migration occurs

IS from the Gulf of Mexico and adja-

cent waters through the Straits of

Florida to the northern nursery area

The timing of this migration is un-

certain
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The meager information avail-

able (Rivas 1954, Mather 1963a,

Mather et al. 1974) indicates that the

passage of these young of the year

through the Straits peaks m late July

and August. Since no age fish have

been tagged in these waters, this mi-

gration is strictly hypothetical. It does,

however, fit the known facts of ex-

tensive spawning in the Gulf of

Mexico and the tendency of age 1

bluefin to concentrate almost exclu-

sively in the Cape Hatteras-Cape Cod
area in the summer. Age bluefin do

occasionally appear in numbers, for

a few weeks at a time, between late

July and early November in some

part of this northern nursery area, but

there has been no way to determine

where these fish had been spawned
Thirty age bluefin (42-48 cm

long) were marked during an unusu-

ally strong concentration of young of

the year off Brielle, New Jersey, in

October 1973. Four of these have

been recaptured off New Jersey, one

in August 1974, and the others in

June or July 1975 (Mather and Ma-
son 1976). These returns proved that

bluefin which visited the nursery area

at age were actually recruited to the

group of small (ages 1 -4) fish which

supported the fisheries there in ensu-

ing seasons

The first sustained and regular
concentration of these very small

bluefin known to us begins in late

June or early July between Cape
Hatteras and Cape Cod, when the

fish are almost exactly one year old

The important question of how they

reach that area remains to be an-

swered.

3. TRANS-ATLAlVnC AND
TRANS-EQUATORIAL
MIGRATIONS, AND
ATLANTIC STOCKS

a. Introduction

Transatlantic migrations of blue-

fm tuna have been demonstrated by

tag returns showing migrations of 40
small (ages 1 and 2 when tagged)
individuals between the New York

Bight (New Jersey to Cape Cod) and

the Bay of Biscay (Table 34, and

migrations of 9 large (over 122 kg)

individuals from the Straits ofFIorida

to Norwegian waters (Table 28)

Two transequatonal migrations
have been recorded for giant bluefin

which were tagged off the northwest-

em Bahamas and recaptured off the

South Atlantic coasts of South

America (Table 28).

Biometnc comparisons of blue-

fin tuna fi"om various parts of the

Atlantic and the Mediterranean have

been made and biochemical charac-

teristics of bluefin tuna from various

parts of the Atlantic have been com-

pared.

In the following parts of this sec-

tion we will present the data for these

migrations (Figure 75) and some re-

lated factors, and consider their im-

plications. Finally we will discuss the

identity of the stocks in the Atlantic

Ocean

b. Trans-Atlantic Migrations

L Giant Fish

Nine giant bluefin which had

been tagged off the Bahamas have

been recaptured in Norwegian wa-

ters. Four of these recaptures repre-

sented "direct" migrations since the

fish had been at liberty for less than

four months The other five indicated

longer periods at liberty, which were

approximately as follows: 15.3

months for two fish, 26.5 months for

two, and 86.6 months for the remain-

ing one Thus when the fish in the

second group ("indirect" migrants)
had crossed the Atlantic, or whether

they had done so more than once, is

uncertain The release (May 9-June

15) and recapture (August 4-October

6) dates show that the "direct" mi-

grants had crossed the Atlantic dur-

ing the warm season One of these

made the trip of at least 4,200 nauti-

cal miles (7,800 km) in a maximum
of 50 days, at a rate of 84 nautical

miles (155 km) per day, or 3 5 knots

(6 5 km per hr)

These transatlantic migrations of

giant bluefin were not randomly dis-

tributed over the years Five of the

nine fish were released in the years

1960-1962, two in the years 1972-

1973 and only two in the other 15

years in which bluefin tuna were

tagged in the Bahamas
Four of these migrations defi-

nitely occurred in the following years

(numbers in parentheses indicate

number of migrations, if greater than

one): 1961(2), 1962, 1967. The other

five could have occurred in the fol-

lowing years 1960-1962(2) (migra-
tions in 1 962 are considered improb-
able because of the fat condition of

the fish when they were recaptured),

1969-1976, 1972-1973, and 1973-

1974. Unfortunately, no body condi-

tion data have been reported for the

tagged fish recaptured since 1962.

Likewise, the weekly distributions of

body condition data for tlie landings
in northwestern Europe since then

are not available. The tag return data,

however, suggest another pulse of

west to east migrations m the period
1 972- 1 976 This may account for the

somewhat increased availability of

giant tuna off Norway since their vir-

tual disappearance in 1973.

The fish which made the direct

migrations, between May and early

October, must have spent much of

this time in deep oceanic waters

where food is relatively scarce. Nor-

mally, large bluefin tuna are concen-

trated in the coastal areas in the more

northerly part of their ranges m sum-

mer and early fall, where they are

feeding heavily (Sections 1VC2 and

IVC4)
The two "direct" transatlantic mi-

grants which were exammed after re-

capture were very lean, m contrast to

the fat condition typical of large blue-

fin which have spent the summer m
coastal waters (Rivas 1955, Mather

1962, Tiews 1964). Such lean blue-

fin, called "long-tailed bluefin" (J.

Ilamre, personal communication) by
the local fishermen, had previously
been observed among late season

catches off Norway and in the North

Sea, but there had been no explana-
tion for their unusual body condi-

tion

Hamre (in Mather 1962) and

Tiews (1964) assumed that the lean

condition of the recaptured fish re-

sulted from their having passed much
of the summer in relatively barren

oceanic waters, instead of the rich

coastal feeding grounds They con-

cluded that the "long-tailed bluefin"

were actually fish which had been

recruited from the western Atlantic

during the years in which they were

captured Using extensive body con-
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dition data from German North Sea

catches of bluefm tuna, Tiews (1964)
estimated the percentage of the yearly

late season (September 15-October

31) catches there which probably
were recruited from the western At-

lantic in the years 1952-1962 The

percentage recruited vaned from 39

of the 1953 catch to m 1957 and

1959. After 1954, the first year m
which bluefm were tagged in the

Sfraits of Florida, the maximum esti-

mated recruitment of western Atlan-

tic fish to the northeastern Atlantic

occurred in 1960 (11%) and 1961

(33%) (Table 28). Two tagged fish

migrated directly from the Bahamas
to Norway m 1961. Two others, re-

leased in 1960 and recaptured in

1962, were in the normal late-season

fat condition when recaptured, indi-

cating that they had probably crossed

the Atlantic during a previous year

(1960 or 1961), and spent their last

summer in the feeding grounds ofl'

northern Hurope. Thus the results of

the tagging, limited as they are, are

quite consistent with the estimates of

recruitment based on body condition

(Table 28)

To sum up, even though the ma-

jority of the returns from releases of

giant bluefin in the Straits of Florida

have been from Norwegian waters,

the following facts, or deductions,

suggest that these returns do not rep-

resent a part of a normal annually

repeated migratory pattern:

1 . The fish are in waters where

food is scarce during the penod when

giant bluefin are normally feeding

heavily in nch coastal areas and re-

gaining the weight they have lost dur-

ing their spawning activity and the

related migrations
2. The transatlantic migrations

have not been randomly distributed

over the yeais, but have occurred in

clusters in certain periods.

3 . Tiews' ( 1 964) estimates of an-

nual recruitment of giant bluefin from

the western Atlantic in the late sea-

son North Sea fishenes, based on

body condition data, also show thai

this recruitment is very irregular, with

peaks of high recruitment separated

by long periods of negligible recruit-

ment.

4. The variations in annual re-

cruitment, as estimated by Tiews

(1964), are consistent with those in

transatlantic migrations indicated by

tag returns, tor those years in which
both types of data are available

5. Rodewald (1967) has shown
that the volume of west-east transat-

lantic migration may have been in-

fluenced positively by anomalies in

the atmospheric circulation over the

North Atlantic which produce excep-

tionally strong west winds in the

middle latitudes in certain years His

findings were generally consistent

with the tag return data and Tiews'

(1964) estimates of annua! re-

cruitment

6 The two giant bluefin tuna

which were recaptured in Norwegian
waters in August and September
1962, 26-27 months after they had

been tagged off Bahamas, were m
the noiTnal fat condition which is typi-

cal of fish which have been feeding

heavily in coastal waters Rodewald

(1967), moreover, found that atmo-

spheric conditions over the probable

migration route in July 1962 were

distinctly unfavorable for movements
from west to east It is highly prob-
able that these fish had crossed the

Atlantic in a previous year, and then

entered into the migratory pattern fol-

lowed by large bluefin in the eastern

Atlantic

On the basis of this evidence, we
conclude tentatively that recruitment

of large bluefin to the northeastern

Atlantic from the western Atlanfic is

variable, being important in some

years and negligible in others We
speculate further that at least some of

these recruits remain in the eastern

Atlantic through the next annual feed-

ing period, or longer
No east-west transatlantic migra-

tions of large bluefin tuna have been

recorded. Although 554 large and me-

dium-sized bluefin were lagged in

the eastern Atlantic oft' Nonvay and

Spain prior to 1968, none of the 51

recoveries has been west of longi-

tude 10°W (FAO 1972) A renewed

and sustained lagging program is re-

quired to detennine whether such mi-

grations occur

ii. Medium Fish

While there is no direct evidence

of medium sized fish making the mi-

gration from North America to Eu-

rope, there remains the possibility

that several fish tagged and released

as small sized fish could have made
the migration and been recaptured as

medium sized fish.

iii. Small fish

Tag returns have demonsfrated

transatlanfic migrations of 40 small

(less than 20 kg when tagged) blue-

fin tuna from west to east, and two
from east to west (Figure 75).

All of the west-east migrations
were from the New Jersey-Cape Cod
area to the Bay of Biscav (Mather
1 960, 1 969; Mather et al, f967, FAO
1972). All of the releases took place
in July and August, and the recap-
lures extended over the period from

June through October in subsequent

years. Therefore, these migrations

evidently occurred mainly in the cold

seasons belw cen the departure of the

small bluefin from American coastal

waters in late September or October,
and their arrival in the Bay of Biscay
in late May or early June. The mini-

mum distance travelled was about

3,000 nautical miles (5,500 km) and

the minimum time at large was 1 1

months The average speed required
would be only 4 knots (0 7 km/hr).

It is possible, however, that the times

at large were influenced by the eight

month period (October-May) in

which there was little or no fishing

for small bluefin.

The 40 west-east transatlantic

migrations of small bluefin have not

been randomly distributed over the

years Thirty-eight of them could

have occurred in a minimum of three,

and a maximum of five cold seasons

between 1965 and 1969 The other

two could have taken place in a mini-

mum of one, and a maximum of two

periods between 1954 and 1959.

Thus, over a 22 year period, all mi-

grations of this nature revealed by

tag returns could have occurred in a

minimum of four, and a maximum of

seven winter periods. All of the re-

tuins were from only four of 22 yearly

release groups Two of these groups,

however, 1,938 in 1965 and 3,959 in

1 966, were the largest On the other

hand, the 1 69 releases in 1 954 yielded
two transatlantic returns at a time

when tuna tagging was a relatively

unknown practice, and larger num-
bers of releases in 1 955, 1 964, and in

1968-1975 after tagging had been

130



well publicized, have produced no

transatlantic returns at all.

In comparing the numbers of lo-

cal and transatlantic returns, the 1 ,396

local recaptures which occurred in

the release season have been elimi-

nated. This leaves 1,517 local recap-
tures after eight months or more at

large, in companson with the 40 in

the Bay of Biscay. Transatlantic re-

turns have exceeded 1 percent of the

releases for only two years, 1954 and

1965, These figures indicate a much

stronger tendency for young bluefin

in the western Atlantic to return an-

nually to their usual nursery ground,
rather than to migrate across the At-

lantic. Also, the data indicate that

when such migrations do occur, they
take the form of pulses, rather than a

constant small flow Finally, the fact

that the fish are in a given area in one

summer and m such a distant one in

the next does not support the concept
of an annually repeated cyclical mi-

gration.

Deviations from established mi-

gratory patterns may be caused by
changes in environmental conditions

Rodewald (1967) showed that the

transatlantic migrations of small blue-

fin recorded prior to 1967, like the

corresponding ones of giant tuna,

might have been positively related to

anomalies of the atmospheric circu-

lation pattern over the North Atlantic

which caused unusually strong west-

erly winds in the midcUe latitudes

Two east to west transatlantic

migrations of small bluefin tuna have
been recorded (Aloncle 1973). These
fish were tagged in or near the Bay of

Biscay in September 1968 and Sep-
tember 1969 The former was recap-
tured in August 1970 south of Cape
Cod, and the latter in July 1 970 in the

New York Bight (Figure 75) These

migrations, in regard to dates and

localities of release and recapture,
constituted an almost exact reversal

of the west to east transatlantic mi-

grations just described These results

show that small bluefin sometimes
cross the Atlantic from east to west
as well as from west to east. The
transatlantic returns constitute a much
higher proportion of the total num-
ber (40%) for the eastern Atlantic

taggings, than for those in the west-

ern Atlantic (0.4%). The numbers of

releases in the eastern Atlantic (34
fish from 1967 through 1972) and of

returns from these (5 fish) (Aloncle

1973), however, arc so small that this

comparison may not be statistically

significant. Likewise, they give no
basis for estimating the aimual fre-

quency with which east-west transat-

lantic migrations occur.

We lack the data required to esti-

mate the approximate total numbers
of fish which have made transatlantic

migrations from these tag returns.

There are indications, however, that

the volume of these migrations has

sometimes been sufficient to affect

the fisheries in the respective aieas

As noted above, the most impor-
tant west-east transatlantic migrations
of young bluefin tuna were from the

release groups of 1954 and 1965.

Catch records for young bluefin in

the Bay of Biscay in this penod are

somewhat confusing, but some data

indicate considerable increases in the

landings there between 1 954 and 1955

and between 1965 and 1966 There

was also a great decrease in the west-

ern Atlantic purse seine catch in 1 966
Fourteen tag returns furnish fairly

strong evidence for a significant west-

east fransatlantic migration between
the 1965 and 1966 seasons. The case

is less clear for the 1954 releases.

Since these fish had been at large for

five years, the actual date of their

transatlantic migration is uncertain.

These fish were of age 2 (year class

of 1 952) when released, however, and

nearly all subsequent small bluefin

which have made similar migrations
were recaptured in European waters

before they had reached age 4 There-

fore, it is most probable that these

two migrants had actually crossed the

Atlantic between the 1954 and 1955

seasons. On the basis of these returns,

Hamre et al (1966) suggested that

the great contnbution of the 1 952 year
class to western European catches

might have been due to a major move-
ment of fish of this year class from
the western to the eastern Atlantic

The only certain period of east-

west transatlantic migration was 1 969-
1970. New England purse seine fish-

ermen informed us that tagged fish

were scarce among the early catches

in 1970 in comparison with the nu-

merous returns obtained in previous

years from earlier local taggings. The
senior author attributed this situa-

tion to a probable influx of fish from

European waters, where very few
small bluefin had been marked. The

subsequent recovery of two French

tags verified this conjecture This im-

migration may have been at least

partially responsible for the increase

in the northwestern Atlantic purse
seine catch of small bluefin from

1,565 tons in 1969 to 4,200 tons in

1970.

c Trans-Equatorial

Migrations
The two South Atlantic recap-

tures of giant bluefin which had been

tagged in the Straits of Florida (Fig-
ure 75) have been discussed in the

context of the rmgratory pattern pro-

posed for the large bluefin which
occur m the western North Atlantic

during the warm season (part 2b of

this section). As noted there, how-

ever, bluefin are widely distributed

in the tropical Atlantic during this

same penod Among the possible ex-

planations of this situation are the

following:
1 Some large bluefin may

switch their summer feeding grounds
from the northwestern Atlantic

coastal waters to the frontal zones of

the Equatonal Currents. Concentra-

tions of tunas of various species have

been observed in the frontal zones of

the Pacific Equatorial Current sys-

tem (Blackburn 1965, Laurs and

Lynn 1977, Murphy and Shomura

1972).

2 A separate stock of large blue-

fin may exist in the tropical Atlantic.

Neither of these explanations
would be ruled out by the

transequatonal tag returns, if fish of

the hypothetical tropical stock re-

produced in the western North At-

lantic spawmng area. These possi-
bilities will be discussed fiirther in

the conclusion of this section (Sec-
tion D).

d. Stock Identification

i. Biometric Studies

Preliminary' biometric compan-
sons (Ginsburg 1953, Schuck and

Mather 1950, Mather 1959) of mor-

phometric and meristic data suggest
that there are slight morphological
differences between bluefin tuna of
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the same sizes from the eastern and

the western Atlantic. These studies

indicated that the heads and the pec-
toral fins of individuals from the east-

ern Atlantic were slightly shorter than

those of mdividuals from the west-

em Atlantic, and that the maximum

depths of the fonner were slightly

less than those of the latter, even

allowing for seasonal changes in this

characteristic. Comparisons of mer-

istic data, particularly gill raker

counts, by Robins (1957), Mather

(1959) and Tiews (1963) showed no

significant differences between large

samples of fish from the two areas.

In a more recent study, Rivas

(Rivas and Mather 1976), however,
did not find significant differences in

the characteristics noted above be-

tween the samples from the two ar-

eas. He did, however, show diver-

gences in the pectoral ray counts and

in the counts of gill rakers in juve-
niles 27 to 118 mm long. He also

found that the average length of the

second dorsal fin was significantly

greater for bluefin from the western

Atlantic than for those from the east-

em Atlantic. Previous authors had

not noted this difference. Since Rivas

and Mather have been in contact for

many years, and have followed the

same methods as closely as possible,
these discrepancies show how diffi-

cult it is to obtain consistent results

from biometnc studies The prelimi-

nary results suggest, however, thai

there may be distinct stocks of blue-

fin tuna on the two sides of the At-

lantic. Extensive data for more ex-

haustive studies are available at the

Woods Hole Oceanographic Institu-

tion and the Southeast fisheries Sci-

ence Center, National Marine Fish-

eries Service, Miami, Flonda, and in

the literature: Hcldt (1927) [Tuni-

sia], l-'rade (19.31) [Portugal], Russell

1934a [North Sea], Navaz (1950a)

(Bay of Biscay], Nedelec (1954)

[North Sea], iiuser-Lahaye and

Doumenge (1954) and Doumenge
and Lahaye ( 1953) [Mediterranean
coast of France], Arico and Gcnovese

(1953), and Genovese (1957, 1958)

[Tyrrhenian Sea], and Morovic

(1968) [Adriatic Sea]. European
workers have taken their measure-

ments with tapes, following the con-

tour of the body (Anonymous 1 932b),
whereas United States workers have

taken "straight line" measurements

with calipers (Marr and Schafer

1949) Factors for converting

"straight" measurements of north-

western Atlantic bluefin to the

"curved" system are available at the

Woods Hole Oceanographic Institu-

tion

ii. Biochemical Studies

Edmunds and Sammons (1971,

1973), after studying the genic poly-

morphism of tetrazolium oxidase in

bluefin tuna from the western North

Atlantic and from the Atlantic coast

of France using clcctrophoretic tech-

niques, concluded that no differences

could be found between the samples
from the two areas. On this basis,

and the indications of sporadic trans-

atlantic migrations from tagging, they

tentatively concluded tiiat the blue-

fin tuna of the two areas belonged to

a single breeding population rather

than two geographically distinct

stocks The>' noted that the evidence

was not conclusive and that other

hereditary characters might reveal a

degree of racial separation that was
not apparent from a comparison based

on the Ox-1 enzyme system

iii. Conclusions

In our opinion, neither the bio-

metnc nor the biochemical studies

have provided conclusive evidence

in regard to the identity of the stock,

or slocks, of bluefin tuna in the At-

lantic Ocean and adjacent seas.

Fumestin and Dardignac (1962) have

previously expressed this opinion in

regard to the biometric studies avail-

able at that date Tiews (1963) did

not believe that the difterences be-

tween samples of bluefin tuna from
different areas which had been pro-

posed by various authors would stand

up under critical inspection. The bio-

chemical studies now available are

admittedly of a preliminary nature

and were based on samples which
were not sufficiently numerous to

provide definitive results

It IS our opinion that the identifi-

cation of stocks must be based largely

on distnbufional studies and tagging
results Hypotheses in regard to the

identity' of stocks, as well as migra-

tor)' patterns, will be discussed in

Section VIIE, the concluding part of

this work.
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VII. DISCUSSION, RECOMMENDATIONS,
AND CONCLUSIONS

A. INTRODUCTION

In this section we review and

present our conclusions on the aspects

of the life history of the Atlantic blue-

fin tuna. Since the fisheries in each area

have been described and their trends

have been summarized in Section IV,

we shall not refer to them further ex-

cept as necessary to elucidate the life

history of the species. Our opinions on

stock identity will conclude our discus-

sion of the material in the preceding
sections.

Although much information on the

biology ofthe Atlantic biuefin tuna has

been compiled in this work, we have

not attempted to cover all ofthe aspects

of its life history, nor have we been

able to cite all of the works on the

topics which we have discussed. We
shall point out the areas in which the

existing information seems to be defi-

cient, and make recommendations in

regard to future research.

B. AGE AND GROWTH
There has been good agreement

on the sizes of Atlantic biuefin tuna at

ages 1-11 (Table 1 ). There is less con-

fidence in determinations for older ages.

Caddy et al. ( 1 976) extended estimated

age determinations to 25 years, and

also provided separate von Bertalanffy

growth curves for males and females.

These authors noted that earlier age

determinations had ascribed fish smaller

than 245 cm to age group 1 3, whereas

their own determinations indicated that

245 cm was roughly equivalent to ages

14-15 for males and age 18 for fe-

males.

They also asserted that apparent

underestimates ofthe ages offish more

than 240 cm long had resulted in esti-

mates of L4, based primarily on data

from fish less than 12 years old, which

were in excess of any sizes recently

recorded for Atlantic biuefin tuna. If

their results should be validated, con-

siderable revisions of recent estimates

of the age composition of the Atlantic

biuefin tuna stocks (Sakagawa and

Coan 1973) would be required. Berry

et al. (1977), however, questioned pre-

vious age determinations for Atlantic

biuefin tuna. They concluded that me-

dium size tuna (defined as fish weigh-

ing between 56.7 and 136.1 kg) might

have been overaged by one or two years,

and that giant fish might have been

overaged by from one to 1 years. They

attributed this alleged overaging to the

counting of double or multiple mark-

ings on vertebrae or otoliths as repre-

senting two or more years' growth
rather than a single year's.

It is most important that the actual

age composition of the "relict" popula-

tion (as described by Caddy et al . 1 976)

of giant Atlantic biuefin tuna be deter-

mined with certainty.
'

It is also important that the linear

growth rate of the larval, postlarval and

early juvenile stages of biuefin tuna be

determined for the various spawning
areas. This information is needed in

terms of length, rather than weight, to

permit better estimates of spawning
dates and localities fi-om the collecrion

data for these very small biuefin tuna.

Seasonal variations in the growth
rates of biuefin tuna up to 4 years old

are reasonably well known (Mather and

Schuck 1960, Fume.stin and Dardignac
1 962) but the data now available should

permit extension of this knowledge to

older ages. Information on this subject

could be greatly increased by more sys-

tematic and extensive collections ofsize

fi-equency data and biological material,

especially fi^om catches of the oceanic

longline fisheries.

The possibility that the growth rate

of the Atlantic biuefin tuna has in-

creased as the size of the stock has

decreased should also be investigated.

This possibilit>' is suggested by the re-

markable number of extremely large

biuefin caught since 1970 (see Section

IV).

C. DISTRIBUTION,
MIGRATIONS, AND
SPAWNING

I. Introduction

Although there are differences in

details, the general patterns of distribu-

tion, migrations and spawning on the

two sides of the Atlantic fit the hypo-
thetical migratory model presented in

Section VIB3, which may be summa-

rized as follows:

a Very Small Fish (<50 cm,
< 1 year old)

Convergence from various spawn-

ing areas to concentrate in nursery and

feeding areas.

b. Small Fish (50 cm-120 cm,
1 to 4 years old)

1. Immature Individuals

Two-way migrations between

warm season nursery and feeding areas

and cold season wintering areas.

ii. Mature Individuals

Three-way migrations between

warm season feeding areas, cold sea-

son wintering areas, and late spring-

early summer spawning areas.

c. Medium Fish (120 cm -185

cm, 5 to about 8 years old)

More extensive three-way migra-

tions between warm season feeding ar-

eas, cold season wintering areas, and

spring-early summer spawning areas.

d. Large Fish (> 185 cm, > 8

years old)

Maximum three-way migrations

between warm season feeding areas,

cold season wintering areas, and spring-

early summer spawning areas.

Except in certain situations related

to the reproductive cycle and/or the

configuration of the coasts, the biuefin

migrations are not confined to narrow

routes but spread over wide areas. The

species is very widely distributed, and

capable of long and rapid movements
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in response to various stimuli. Changes

in the currents, in the water tempera-

ture, or in the availabihty of food may
affect its migratory behavior. Popula-

tion pressure, either within the species

itself or from competing species, may
also be an influencing factor. Even in

apparently stable conditions, the dis-

tributional behavior ofthe bluefin does

not confine it to sft-ictly limited sea-

sonal habitats. These proposed migra-

tory patterns should, therefore, be re-

garded as tendencies with which a ma-

jor portion of the fish are apt to con-

form in a general way, rather than fixed

routes followed by entire size groups.

2. Western Atlantic

a. Very Small Fish

During their first year of life, blue-

fin tuna (less than 50 cm long) in the

western North Atlantic migrate consid-

erable distances from extensive and in-

completely defined spawning grounds

to the warm season nursery area for

small (50 cm- 120 cm) bluefin in the

Middle Atlantic Bight. They form tlieir

first regular and stable concentration

there in late June or early July when

they are approximately one year old.

The net movement during this first year

is basically one of concentration. The

routes are unknown, but they are prob-

ably varied and devious.

Their wide distribution in their first

weeks of life has been established by

collections of larvae and small (less

than 122mm long)juvenilesover much

of the Gulf ofMexico and off the coast

from southern Florida to New Jersey.

Their movements during the interven-

ing period are not known. Small and

usually brief concentrations of new-

bom fish occasionally occur in the Cape

Cod-Cape Hatteras area beUveen late

July and November. Tag retums have

shown that some of these fish, at least,

return to the area when they are one or

two years old. Scattered occurrences

suggest distribution along the United

States coast from Cape Cod to the Mexi-

can border during the warm season,

and from Cape Hatteras to southern

Florida in tlie colder months. Thus these

fish may visit various areas during their

first year of life. Occasional mid-sum-

mer schooling in the Straits of Florida

suggests a migration from the Gulf of

Mexico to the Cape Hatteras-Cape Cod

area. Such a migration seems reason-

able, since the most important repro-

duction ofbluefin in the western Atlan-

tic evidently occurs in the ( iult, and the

only known warm concentration of

yearlings in the region takes place in

the Middle Atlantic Bight.

There is a great need lor extensive

tagging of age bluefin when they

appear in the Sfraits of Florida. Any
same season recoveries from fish tagged

in this area would give a much more

definite indication of their distribution

during the first year. Tliis is one essen-

tial gap in our understanding of the

bluefin's life history.

b. Small Fish

Small bluefin (50 cm to 120 cm

long, ages I -4) concentrate in the nurs-

ery and feeding area between Cape
Hatteras and Cape Cod during the warm

season. They tend to move northeast-

ward along the coast as (he season ad-

vances, and their range has extended

into the southwestern Gulf of Maine in

some years. The oldest fish in the group

tend to pass through this area first, fol-

lowed by successively younger age

groups. When the waters cool in Octo-

ber and November, they move ofishore.

Their wintering area, as indicated by

recent tag retums, is in oceanic waters

not far from the edge of the continental

shelf off New England, Long Island

and New Jersey. They occupy subsur-

face waters in this period and grow
much more slowly than during the

warm season. During late May and June

they tend to concentrate and move in-

shore to their summer habitat. A few of

these fish may attain their first maturity

near the end of their third year of life,

and many more near the end of their

fourth year. These fish probably spawn

in this same wintering area in late May
or June. Thus a special spawning mi-

gration is not required and all of the

fish in this group follow a two-phase

migratory pattern between their feed-

ing and wintering areas, with the ranges

of the fish increasing slightly with each

additional year of age. The available

facts show that this is an east-west mi-

gration, in contrast to the north-south

pattern which has been, and continues

to be, surmised.

In a few years, tag returns have

revealed migrations of small bluefin

(one or nvo years old when released)

from the Middle Atlantic Bight to the

Bay of Biscay. These appear to have

been unusual occurrences, rather than

part of a regular migrator)' pattern, as

noted in Section VIC. They will be

discussed further in the context ofstock

identification.

c. Medium Fish

The distribution pattern of the me-

dium (120 cm to 185 cm long, 5 to

about 7 years old) bluefin in the west-

em Atlantic differs mainly from that of

the small fish in its eastward extent. In

recent years, their warm season distri-

bution and movements have been very

similar to those of the small fish, ex-

tending from Cape Hatteras to Cape
Cod. Until 1 966, they were often abun-

dant in the southwestern GulfofMaine

from early August through October and

sometimes into November and also

along the Nova Scotian coast from

Yarmouth to Halifax. They usually ar-

rived in, and departed from, these north-

em waters later than the larger and

smaller fish which were present. Fish

ofthis size, however, have very seldom

been taken north of Cape Cod in sig-

nificant numbers since 1966. Their

maximum seasonal abundance south

of Cape Cod is rather unpredictable,

occurring early in the season in some

years and as a late season concentra-

tion in others.

These fish, like the small ones,

move offshore when the water cools in

the fall. Many of them concentrate in

the canyons along the edge of the con-

tinental shelf in November, and then

resume their offshore movement. Part

of their wintering area coincides with

that of the small fish. It extends east-

ward between the edge ofthe continen-

tal shelf and the Gulf Stt-eam north of

Cape Hatteras at least to the southem

tip of the Grand Banks.

Most, if not all, of the fish in this

group are mattire, but their spawning

area has not been defined. Limited ex-

plorations have located concentrations,

including maturing fish, near the north-

em edge of the Gulf Stt-eam south of

southem New England and George's

Bank in late May and early June, but

this probably is only a part of the spawn-

ing area. As in the case of the small

fish, spawning apparently does not re-

quire much deviation from the direct

routes between the summering and

wintering areas. The concentt-ations

which fomi near the Gulf Stt-eam in

May and early June move inshore and
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enter their feeding area in late June or

July. In recent years, they have tended

to enter the coastal waters in the south-

em part ofthis area, offVirginia, Mary-
land, or southern New Jersey. Again,
this is basically an east-west migratory

pattern, in contrast to the generally ac-

cepted concept of northerly and south-

erly movements. At least 500 medium
bluefin have been tagged in the north-

western Atlantic; all ofthe returns were

consistent with the above pattern and

not one tag was returned from any other

area.

d. Large Fish

The distribution and migratory pat-

terns of the large (more than 185 cm,

usually more than 7 years old) bluefin

in the western Atlantic are much more

extensive than those ofthe smaller fish.

The main warm season habitat of this

group includes much of the coast from

Cape Cod to the east coast of New-

foundland, including the southwestern

Gulf of St. Lawrence, but usually ex-

cluding most of the Bay ofFundy. Sec-

ondary concentrations, usually of brief

duration, occur in the Cape Hatteras-

Cape Cod area. In the 1930s, the late

1940s, and the 1950s, however, giant

fish were often quite abundant in parts

of that area. The large fish usually ar-

rive in their southern feeding grounds
between early June and early July, and

in their northern ones in late July Tlie

movements of fish within this large

area are not well known, except that

some fish released in St. Margaret's

Bay, near Halifax in June or July have

been recaptured in the Gulf of St.

Lawrence in August or September.
The giant fish usually leave this

feeding area in October and migrate to

their very extensive wintering areas.

Routes of this migration can only be

surmised. They probably spread over a

very wide front, with some fish travel-

ling eastward and then southward with

the currents, while others follow more
direct routes south. Since bluefin, most

of which are large individuals, are dis-

tributed almost all over the Atlantic

between latitudes 35°N and 10°S dur-

ing the northern cold season, the limits

of this wintering area cannot be deter-

mined with certainty. There are indica-

tions, however, that it extends east-

ward to longitude 40°W and south-

ward, in some cases, to latitude 40°S.

These fish are dispersed; the relative

abundance is usually highest off east-

ernmost Brazil in late winter and early

spring, and around the Antilles. ITiere

are indications of an important
northeastward migration along the

South American coast from the former

area to the latter in April. Iliis would
be a spawning migration, since the

prime known reproductive area in the

western Atlantic is in the Gulf of

Mexico. There is evidence that spawn-

ing also occurs in the enclosed waters

adjacent to the Gulf and in the ocean

east of the Bahamas and the southeast-

ern United States. These spawning

grounds are actually a part of the much
more extensive wintering area. Thus

the giant bluefin may move from their

wintering areas to their spawning
ground by m igrations ofvarious lengths

and directions; some may not have to

move at all.

The spawning season in the west-

em Atlantic area extends from late April

through June, with the maximum emis-

sion probably occurring in May and

early June. When spawning is com-

pleted, the spent fish migrate north-

ward toward their feeding grounds. This

is most dramatically illustrated by the

northward passage of spent bluefin

through the Straits of Florida, close to

the northwestern Bahamas. The dura-

tion ofthis run, which usually occurs in

strength from early May to mid June, is

consistent with the period ofmaximum

spawning stated above. Soon after it

leaves the Straits of Florida, this north-

ward migration is joined by a similar,

but less concentrated one which fol-

lows the Antilles Current along the oce-

anic side of tlie West Indies and the

Bahamas. The combined contingents
of giant fish tend to concenti'ate along
the eastern edge of the Florida Current

and follow it to beyond Cape Hatteras,

where it becomes the Gulf Stream and

gradually turns eastward. Contingents

probably cross the Gulf Stream at vari-

ous distances east ofthe American coast

and resume their northward course.

These groups of fish follow various

routes to different parts of their feeding

grounds. Tlieir arrival there completes
a prodigious circuit where distance may
vary for different groups of fish. This

is, for most of the fish at least, a three

phase migration.

In some years, substantial contin-

gents offish remain in the Gulf Stream

and its continuation, the North Atlantic

Current, until they reach the Norwe-

gian coast in late summer or early fall.

We believe that this is unusual behav-

ior, rather than part of an annual pat-

tern, for reasons enumerated in Section

VIC. These migrations will be discussed

later in the context of stock identifica-

tion.

3. Eastern Atlantic and

Mediterranean

a. Very Small Fish

Very small (less than 50 cm long,

less than 1 year old) bluefin are very

widely distributed in the Mediterranean,

but are known from only a very small

part of the eastem Atlantic. Larvae and

very small (less than 10 cm long) juve-
niles have been collected in many parts

of the central and western Mediterra-

nean, and in the Black Sea. In amazing
contrast, not one has been captured in

the supposed reproductive areas in the

eastem Atlantic, despite prolonged and

sometimes intensive efforts. The Ibero-

Moroccan Bay has long been regarded
as the prime or only bluefin tuna spawn-

ing ground in the region on the strength

ofthe massive catches of maturing and

spent fish which were formerly taken

by numerous traps along its coasts.

Age bluefin are observable in

great numbers over much of the Medi-

teirancan, and are often available to

fisheries, from August through Novem-
ber. Then they usually disappear, prob-

ably by simply remaining below the

surface during the cold season. In April

they reappear, supposedly in or near

the same localities, and finish out their

first year of life without having moved

extensively.

These fish, along with older im-

mature bluefin in the Mediterranean

are believed to be sedentary, remaining
near their birthplace until they attain

maturity. Their distribution, however,

is even more extensive than that of the

known and supposed spawning areas.

Reproduction is known or supposed to

occur offmost of the western, northem

and eastem coast of Sicily and in much
of the south Tyrrhenian Sea; off west-

em Sardinia; around the Balearic Is-

lands; off western Libya, Tunisia and

Algeria; and in the Adriatic and Black

Seas. The distribution of age bluefin,

however, extends into the Ligurian and

Aegean Seas, and the northeastern
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Mediterranean. Dense concentrations

often occur in September and October

in the waters just east of the Strait of

Gibraltar. No evidence ofspawning has

been reported from any of these areas.

Therefore these fish must have moved
some distance from their birthplaces,

or there are several undiscovered re-

productive areas. A migration from the

Black Sea might explain their occur-

rences in the Aegean and northeastern

Mediterranean Seas. In any case, ifblue-

fin do move about the Mediterranean

during their first year of life, the net

result of these movements is disper-

sion, in contrast to the strong tendency
to concentrate, which is typical in the

Atlantic.

The situation in the eastern Atlan-

tic is, as noted previously, dramatically

different. Not only are the early stages

virtually unknown, but there is very

little information on the distribution of

the young of the year until October,

when they are over 30 cm long. They
concentrate offMorocco in that month

and in November and remain in the

area, usually some distance away from

the coast, through the cold season. In

June, when they are nearly a year old,

they enter coastal waters, where most

of them remain through the summer.

This appears to be the only regular and

important occurrence of age bluefin

in the eastern Atlantic. Isolated occur-

rences off the Canary and Salvage l.s-

lands and Cape St. Vincent have been

reported. No one knows from where

the young of the year which concen-

trate off Morocco come. It is generally

assumed that they were hatched in the

eastern Atlantic, but we have stated our

reasons (Section VIC) for believing tliat

many ofthem may have migrated from

the Mediterranean. The tendency of

bluefin to concentrate during the first

year of life appears to apply in the

eastern Atlantic, just as it does in the

western side of the ocean, and in con-

trast to the dispersion which persists

through this phase of life in the Medi-

terranean. The eastern Atlantic con-

centration forms when the fish are only
three or four months old, whereas in

the western Atlantic it does not occur

until the fish are about a year old.

b. Small Fish

The distribution of small fish (50

cm- 120 cm long, ages 1-4) in the east-

em Atlantic somewhat resembles that

otTNorth America, but these fish, like

the young of the year, are much more

widely distributed in the Mediterranean

than in the eastem Atlantic.

The concentration ofbluefin which

became one year old in late spring or

early summer while in the Atlantic

coastal waters of Morocco generally

remains there, gradually working south-

ward along the coast, until late summer
or early fall. Then many of them mi-

grate northward, arriving otTsouthwest-

em Portugal in October or November.

Many of these fish spend the cold sea-

son there and then continue their north-

ward migration in June, entering the

Bay of Biscay when thc\' are about two

years old.

In some years, concentrations of

age 1 fish occur in the Bay uf Biscay

but, again, no one knows whence these

tlsh came. Bluefin of all the ages in-

cluded in the small size group, as well

as older fish, feed in the Bay of Biscay

during the warm season. This is the

prime nursery and feeding areas for

small bluefin in the eastem Atlantic

and is analogous to the Middle Atlantic

Bight on the ocean's western side. The

youngest fish, which are immature, usu-

ally remain there for the longest pe-

riod. When three-year-olds and most

of the four-year-olds are mature, their

appearances in tlie Bay are usually brief

Some spawning repoiledly occurs in

the Bay, which may combine the func-

tions of a feeding and a spawning

ground for some fish. A few bluefin are

reportedly present in the Bay through-

out the year, but the fishing season

usually extends from early June through

October. With the advent of the cold

season, the small bluefin leave the Bay
and migrate southward to their winter-

ing area, which probably centers on the

waters between Morocco and the Ca-

nary Islands. When the warm season

begins, they migrate northward. Dur-

ing this movement, numerous fish are

often trapped in a hvdrological pocket
off the central coast of Morocco and

remain there through the season. The

fish which avoid this entrapment may
follow various courses. The immature

fish probably proceed directly to the

Bay of Biscay to feed. Some of the

mature fish may accompany them and

spawn and feed there. Other mature

fish may spawn in the Ibcro-Moroccan

Bay, or, possibly, olT the Moroccan

coast before reaching the Bay. Most of

the spent fish probably proceed to the

Bay of Biscay, completing the migra-

tory cycle, but others may join the con-

centration off central Morocco. Pre-

sumably, all of them return to the win-

tering area there when the next cold

season arrives.

Movement patterns of the small

bluefin are thus considerably more com-

plex in the eastem than in the western

Atlantic. Separate summer nursery ar-

eas are available, one mainly for age 1

fish and the other mainly for older fish.

In addition, more than one spawning
area is apparently available to the ma-

ture fish Thus a variety of migratory

patterns may be followed, in confrast

to the simple "offshore-inshore" ar-

rangement in the western Atlantic. Also,

the small bluefin appear to follow a

basically north-south migratory pattern

in the eastem Atlantic, whereas those

in its western waters move seasonally

in east-west directions.

Small bluefin concenfrate in more

localities in the Meditenranean than in

the Atlantic, and are more available

there to year-around fishing.

Most of the concentrations occur

in association with current systems, is-

lands, straits, or promontories. Some of

these which endure through all, or most,

of the year are at the Strait of Messina

and Bonifacio (between Sardinia and

Corsica) and the Bosporus, the Aeolian

Islands and the islands of Malta and

Kerkennah, and in the Adriatic Sea.

Seasonal concenfrations occur in the

Gulf of Lions, the Gulf of Adalia, the

Alexandretta-Haifa-Cyprus triangle, the

Ionian and Aegean Seas and the Sicil-

ian Channel. Most of these are avail-

able during most of the warm season,

but diminish or disappear during the

spawning season in late spring and early

summer and during the w inter. Little is

known about the migrations of tuna of

this size. They are believed to be rela-

tively sedcntar)' until they attain matu-

rity, usually at ages of three or four

years. They then undertake migrations
related to reproduction, but the extent

of these is unknown. They may be con-

fined to the basins to which the fish are

native, or they may range throughout
the Mediterranean. The spawning ar-

eas ofthe mature small fish are not well

known. Probable aieas include the
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southeastern comer of the Tyrrhenian

Sea and the Ionian Sea off Sicily, the

coast of Libya eastward to Bengasi,

and the Balearic Islands. The small fish

spawn considerably later than the larger

ones. Their reproductive season extends

through July and well into August; some

even spawn in September. As with the

young of the year, the distribution of

the immature small fish is much greater

than that of the known spawning area.

Again, this implies some migration by
these fish, unless the reproductive ar-

eas are much more extensive than is

now known. The tendency for small

bluefin to concentrate seasonally in one

or two relatively small areas, which is

so pronounced on both sides of the

Atlantic, is not evident in the Mediter-

ranean.

c. Medium Fish

While the bluefin in the eastern

Atlantic and the Mediterranean are in

the medium size range (120 cm- 185

cm long, from 5 to about 8 years old),

their ranges begin to overlap. This

greatly complicates the tracing of their

life histories and adds correspondingly
to the uncertainties of existing knowl-

edge about their life cycles. The dis-

tribution and migratory patterns of the

medium fish in the eastern Atlantic are,

or have been, more extensive than those

of the small fish. It is more difficult to

assess these differences in the Mediter-

ranean.

Virtually all of the medium fish in

this region are mature, but their spawn-

ing habits are not well known. Tlney

spawn later than the large individuals-

probably through all ofJuly in the east-

em Atlantic, and into August in tlie

central Mediterranean.

In recent years, the migrations of

medium fish in the eastem Atlantic have

been similar to those attributed to the

mature small fish, with the exception
that some medium fish, at least, enter

the Mediterranean. Most of these fish

migrate from their wintering area off

northwestem Africa (which probably
extends from latitude 35°N to latitude

1 5°N and from the coast to longitude
20° W) to the Ibero-Moroccan Bay or

nearby waters, where the majority of

them presumably spawn. Some ofthem,

in numbers which vary from year to

year, migrate along the coasts of the

bay in the "arrival" ran in which large

fish are usually predominant. An un-

known, but probably small, percentage
of these medium fish enter the Medi-

terranean with more numerous large

fish and spawn there. These fish, and

most of those which have spawned in

the Ibero-Moroccan Bay or adjacent

Atlantic waters, then migrate to the feed-

ing grounds in the Bay ofBiscay. Some
of them participate in the "retum" nin

with the large spent fish and others

migrate separately. Still other tish may
travel directly from the wintering area

to the Bay of Biscay and reproduce in

the secondary spawning area which ap-

parently exists there. The medium fish

are usually most abundant in the Bay
of Biscay from mid July to mid August
or September. Their whereabouts there-

after is unknown until they presumably
return to their wintering area in late

fall. A secondary feeding area exists

off the central coast of Morocco. Some
medium fi.sh may go there, rather than

to the Bay of Biscay, after spawning in

the Ibero-Moroccan Bay or the Medi-

terranean. Others possibly visit this area

after leaving the Bay of Biscay. All of

these fish probably retum to the same

wintering area in late fall. Until 1962,

large numbers of medium bluefin mi-

grated from their spawning ground to

feeding grounds also used by large blue-

fin off the southwestern coast of Nor-

way, passing west and north of the

British Isles en route. They usually ar-

rived there in mid or late July, and

departed in late October. They rounded

the British Isles again en route south to

their wintering area. Since 1962, few

medium fish have been taken north of

the Bay of Biscay. Their coastal feed-

ing thus became similar to that of the

small fish. As noted previously, a com-

parable change in the summer distribu-

tion of medium bluefin in the western

Atlantic occurred in 1 962 These range
reductions may have been related to

the great decline in the apparent abun-

dance of fish of this size group which

occurred all over the Atlantic in this

period, and has subsequently affected

the Mediterranean.

The distribution of medium blue-

fin in the Mediterranean Sea is quite

similar to that of the small fish. Both

groups often share the same habitats,

or adjacent ones. Medium fish are usu-

ally predominant, however, offthe east

coast of Spain. The medium fish pre-

sumably migrate farther than the small

ones, but their migratory patterns are

not known. Tlieir concentrations tend

to remain more or less stationary in a

given area for a few weeks and then

disappear. One of these absences oc-

curs during the spawning season, which

probably extends from late June into

August. Spawning migrations begin

earlier, in May or June. The directions

and distances of these migrations are

probably quite variable. Many medium
fish participate in the eastward "arrival"

run of maturing bluefin in May and

June. This run is believed to include

many large and some medium fish from

the eastern Atlantic, but more medium
fish than large ones from the Mediter-

ranean. The medium fish are usually

most numerous in the later part of this

run, and favor the more easterly areas,

such as the southeastem Tyrrhenian Sea

and the waters off eastem Tunisia and

Libya. The waters in these areas are

somewhat warmer and more saline than

those in the more westerly areas fa-

vored by the large fish. "Resident" me-

dium fish also participate in the west-

ward "retum" ran of spent fish in July

and August. Probably many of the old-

est fish in this group accompany this

migration into the Atlantic, shifting into

the wider ranging pattem ofthe "giant"

fish. This would occur when the fish

are about 185 cm long and about 9

years old. Most of the younger "resi-

dent" fish probably remain in the Medi-

terranean.

d. Large Fish

Under the hypothesis which we

regard as the best explanation of the

available facts, the large bluefin in the

eastem Atlantic and the Mediterranean

may be regarded essentially as a single

aggregation offish.

The wintering area occupied by
the majority of this group has not been

defined. Probably most of the fish win-

ter in the Atlantic between latitudes

20°N and 35°N and the African coast

and longitude 30" W, but the total win-

tering area may extend much farther,

especially to the south.

Relatively small groups of large

bluefin winter in certain localities in

the Mediterranean-Black Sea system
where food is plentiful, particularly off

the mouth of the Rhone and in the

Bosporus. There are two possible ex-

planations of these occurrences. The

groups may comprise a resident Medi-

terranean stock (or stocks). On the other
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hand, they may simply be contingents

of the main aggregation which have

chanced upon satisfactory feeding

grounds after spawning in the Mediter-

ranean, and stayed there rather than

returning to the Atlantic. At present,

there is no basis for determining which

explanation is correct.

The main group of fish leaves the

Atlantic wintering area in late March

or April and migrates to the Ibero-Mo-

roccan Bay forming the "arrival" run

(see Section VICldi for details) which

moves along both shores of the Bay
toward the Strait of Gibraltar in May
and June. A fraction of these fish con-

tinue to migrate eastward and spawn in

the Mediterranean. The others presum-

ably remain in the Ibero-Moroccan Bay
and spawn there. Further study is nec-

essary to determine what percentage of

the "arrival" fish do remain and what

percentage spawns in the Mediterra-

nean.

The major spawning grounds of

the large fish in the Mediterranean are

probably offwestern and northern Sic-

ily, western Sardinia and western Tuni-

sia, where the waters are somewhat

cooler and less saline than those farther

east, which are predominantly the

spawning areas of the smaller fish.

Spawning is believed to occur between

mid-June and mid-July in the Ibero-

Moroccan Bay and central Mediterra-

nean. The numbers offish which con-

centrate off Gibraltar and the ft^action

ofthese which enter the Mediterranean

depend considerably on the environ-

mental conditions in and over the east-

em Atlantic during the preceding weeks.

The number offish entering the Medi-

terranean depends greatly on the

strength of the inflowing Atlantic sur-

face current, in which they travel.

After spawning, the fish in the

Mediterranean initiate the westward re-

turn run, which occurs through July

and August. They follow the deeper
Mediterranean current, skirting the east

and south coasts of Sicily, and go out

through the Strait of Gibraltar, contrib-

uting relatively small catches to the

traps on either side of the eastern en-

trance. There they evidently join, or

follow, the fish which have remained

in the Ibero-Moroccan Bay in their

westward migration along the southern

coasts of Spain and Portugal, forming
the "return" run.

The positions where these repro-

ductive migrations come near the coasts

are clearly indicated by the traditional

locations of the traps. Those which

fished the arrival run in the Ibero-Mo-

roccan Bay extended along the Iberian

coast from Cabo de Santo Maria in

Portugal to the Strait of Gibraltar, and

along the Moroccan coast from near

Kenitra to the entrance of the Strait.

The traps nearest Gibraltar took the

largest fish. In the Mediterranean, the

traps off western and northem Sicily,

western Sardinia, and western Tunisia

have usually taken larger fish than those

off eastern Sicily, Calabria, eastern Tu-

nisia and Libya. The waters in the latter

areas are somewhat warmer and more

saline than those in the latter and the 38

o/oo isohaline, which runs from the

Gulf of Sirte to Sicily, has been pro-

posed as the eastward limit of the

spawning of large bluefin. Pelagic fish-

eries have recently indicated that large

bluefin are extensively distributed in

the westem and central Mediterranean

from late April into September, and

that spawn ing occurs extensively in off-

shore waters ol the south Tyrrhenian
Sea. The fish of the "local" groups in

the western and central Mediterranean,

presumably spawn with the more nu-

merous migrant aggregation, but tiiis is

conjectural. Larvae and/or small (less

than 10 cm) juveniles have been found

in many of these central and westem

areas. It seems very probable, how-

ever, that the large bluefin which feed

and winter in the Sea ofMarmara spawn
in the Black Sea, where collections of

bluefin larvae have been reported. Since

large maturing fish are said to be rare in

the Mediterranean east of the central

Libyan coast and the eastern Ionian

Sea, it seems improbable that tiie very

large fish taken near Istanbul are mi-

grants from the Atlantic. Tlie Bosporus
would be an ideal location for tagging
and sonic tracking experiments.

The "return" passage is completed

along the northem shores of the Ibero-

Moroccan Bay in July and August and

then the fish turn north toward the feed-

ing grounds. Some of them follow the

Iberian coast into the Bay of Bisca>,

where they usually remain for only a

month or six weeks. The majority, how-

ever, has usually proceeded to feeding

grounds off the coast ofNorwaj' and in

the North Sea. They reached these

northem areas by a circuitous course

passing west and north of the British

Isles, rather than following the more
direct route to these areas through the

English Channel. Until 1962, most of

the larger giant bluefin moved north-

ward along the Norwegian coast and

subsequently migrated southward into

the North Sea. Since then, however,

nearly all of them have moved south-

ward along the Norwegian coast with

the smaller members of this group, and

the species has been scarce or absent

off northem Norway and in the North

Sea. Tliese large bluefin usually enter

Norwegian waters in July, spend the

remainder of the warm season there,

moving southward along the coast and

feeding voraciously, and depart from

them in October. They again pass north

and west of the British Isles and reach

their wintering grounds east of north-

em Afi-ica and the Ibero-Moroccan Bay
in November or December, complet-

ing their migratory cycle.

The south central Mediterranean

appears to be the prime reproductive
area for the bluefin of the Mediterra-

nean. Its importance to the reproduc-
tion of eastem Atlantic bluefin is more

difficult to assess. This is one of the

most important questions in regard to

the spawning, and the identification of

stocks that remains unanswered.

The Ibero-Moroccan Bay has been

generally regarded, at least in this cen-

tur>', as the prime bluefin tuna spawn-

ing ground in the eastem Atlantic, but

not one bluefin larva, or small (less

than 10 cm long) juvenile, has been

collected in its waters. Research, in-

cluding plankton collections, has been

carried on there almost continually for

many decades by scientists of several

nations, and the waters of the Bay, as

well as adjacent parts of the Atlantic

and the Mediterranean, have twice been

surveyed vei^y thoroughly during the

spawning season. The failure to collect

an> early stages of bluefin there cannot

be attributed to lack of effort. It has

been suggested that the products of

spawning in the Ibero-Moroccan Bay

might have been passively transported

into the Mediterranean by the inflow-

ing surface current before the early

stages had attained full mobility. This

seems unlikely, since the surveys men-

tioned above covered all, or most of,

the Alboran Sea (the westemmost part
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of the Mediterranean) as well as the

Ibero-Moroccan Bay, and also failed to

collect any early stages ofbluefin there.

It seems inconceivable that bluefin do

not spawn in the eastern Atlantic. On
the other hand, the collection of bluefin

larvae in so many parts of the Mediter-

ranean and the collection of"thousands"

(Sella 1929a) ofjuveniles less than 10

cm long in Sicilian waters offers a strik-

ing contrast. It is difficult to escape the

conclusion that the Mediterranean is

most important to the reproduction of

the bluefin tuna of the eastern Atlantic.

4. Comparison
The distribution and migratory pat-

terns of the bluefin on the two sides of

the Atlantic are quite analogous (Table

35). The extension of its range to much

higher latitudes off Europe than off

North America may be explained by

the warmer temperatures in northern

European waters.

The similarity in the patterns is

especially ev ident during the warm sea-

son when the distributions are best

known. The Norwegian coast and the

North Sea correspond to the Gulf of

Maine and Canadian waters, being oc-

cupied principally or entirely by large

and medium bluefin. The surface

temperatures and salinities ofthese wa-

ters, excepting the salinity in the North

Sea, are relatively low. South of these

areas, we find the principal summer

habitats of the small bluefin, the Bay of

Biscay and the Cape Hatteras-Cape Cod

area. The surface temperatures and sa-

linities in these areas are somewhat

higher than those farther north. The

northerly distribution of small bluefin

in the eastern Atlantic is limited by the

English Channel and the British Isles,

and the North Sea. Some large and

medium fish are taken in the Bay of

Biscay, however. The summer habitat

of the small bluefin in the western At-

lantic, on the other hand, is contiguous
with that of the larger fish at Cape Cod.

In some years, great numbers of .small

fish have entered the southwestern Gulf

of Maine. Large and medium tuna also

occur ft-equently in the Cape Cod-Cape
Hatteras area, but usually in moderate

numbers and for short periods.

Small bluefin gather offthe south-

west coast of Portugal from October

through June, and very small or small

ones are found off the coast of Mo-

rocco tliroughout the year. There are

no counterparts of these occurrences in

the western Atlantic, since the species

is rarely encountered in United States

coastal waters south of Cape Hatteras.

The cold season occurrences of

the bluefin are not as well known, but

some differences between the patterns

on the two sides of the Atlantic are

evident. In the western Atlantic the

small and medium fish winter sepa-

rately from the large ones, north of

latitude 35"N, whereas in the eastern

Atlantic, the medium and small fish

share the northeastern part of the win-

ter habitat of the large ones. The me-

dium fish occur farther offshore than

the small ones in both areas and the

large ones are distributed all the way
across the ocean from about 35°N lati-

tude to the equatorial region. There-

fore, there is no clear cut separation

between tlie westem and eastern groups,

but the distributions of relative abun-

dance suggest that the former group is

more extensively distributed than the

latter.

Tlie spawning seasons and areas

of the Atlantic bluefin, especially for

the medium fish and the mature indi-

viduals ofthe small group, are far ft-om

completely known.

The most important spawning

grounds which have been described are

in the Gulf of Mexico (part of the

American Mediterranean) and in the

south central part ofthe European Medi-

terranean Sea. These locations are

analogous geographically, but the sur-

face temperatures and salinities of the

waters differ considerably. They are

about 23°C - 27°C and 36.0 o/oo, re-

specfively, during the late April-early

July spawning season in the Gulf of

Mexico, and 1 8.0"C - 22"C and 37. 5 o/

00 in the mid June-August spawning
season in the south central Mediterra-

nean. The stock structure is much sim-

pler in the Gulf than in the Mediterra-

nean. The former area is occupied only

by large bluefin during the winter and

the spawning season, and by newborn

fish from the time of their birth through

the fall and perhaps into the winter.

The spawning fish presumably come

trom various parts of the westem At-

lantic. Bluefin of all sizes occur in the

Mediterranean throughout the year, but

large fish are relatively scarce there

except between the "arrival" run of

maturing fish in May-June and the "re-

turn" run of spent fish in July-August.

These runs include many giant fish and

lesser numbers of medium ones from

the eastern Atlantic. Maximum spawn-

ing of large fish takes place from mid-

June to mid-July, but the reproduction

by medium fish is later and may extend

into August.
Thus spawning occurs earlier in

the westem Atlantic than in the east-

ern-Atlantic-Mediterranean system.

Also, the stock structure appears to be

less complicated in the former area than

the latter.

The occurrences of larvae and ju-

veniles less than 10 cm long are much

better known in the westem Atlantic,

where they are widely distributed, than

in the eastern, where their supposed

range is relatively small. The larger age

fish form a stable and regular con-

centration offAfrica at least six months

earlier than any known occurrence of

this nature off the American coasts.

Tlie routes which these fish follow from

their birthplaces to their earliest con-

centrations in the respective areas are

not known. It seems probable, how-

ever, that analogous post-spawning

migrations of large and new-bom blue-

fin occur in the Sfraits of Florida and

the Strait of Gibraltar. After spawning
has taken place in the Gulf of Mexico

on the one hand, and the Mediterra-

nean on the other, the large spent fish

pass through the respective straits into

the Atlantic. These migrations may be

followed, after a few weeks, by similar

migrations of their offspring.

The migratory patterns joining

these seasonal occurrences are likewise

quite analogous, insofar as they have

been determined. The longest migra-

tions are carried out by the largest fish.

After feeding in the northem part

of their range, they make long south-

ward and generally offshore migrations

to their vast winter habitats which ex-

tend, in the western Atlantic at least,

into the South Atlantic. The fish in the

North Sea and in Scandinavian waters

pass north and east of the British Isles,

instead of going directly south through

the English Channel.

Shorter northward and more in-

shore migrations in the spring bring

them to concentrations in spawning ar-

eas which are in the northem parts of

their wintering areas, or between their

139



Table 35. Patterns of spring and summer-early fall distribution ol bluelln tuna on the two sides of the Atlantic.

Season Fish Size Eastern Atlantic Western Atlantic

Spring Small Morocco; Bay of Biscay

Medium Ibero-Moroccan Bay, Medit.?

Large Ibero-Moroccan Bay, Medit.?

Off edge of Cont. Shelf (N.E., U.S.)

Gulf Stream-Edge of Cont. Shelf

Bahamas-Gulf of Mexico

Early Summer

Mid-Summer-Early Fall

Small Bay of Biscay; Morocco

Medium Ibero-Moroccan Bay, Medit.?

Large Ibero-Moroccan Bay, Medit?

Norway

Small Bay of Biscay; Morocco

Medium Scandinavia, Bay of Biscay

Large Scandinavia, North Sea

Middle Atlantic Bight

Middle Atlantic Bight; Gulf of Maine

Cape Cod-Newfoundland

Middle Atlantic Bight

Middle Atlantic Bight; Gulf of Maine

Cape Cod-Newfoundland

Late Fall-Winter-Early Spring Small Morocco-Canary I. +?

Medium Morocco-Canary I. -t?

Large N.E. Atl.-Canary 1.-Morocco

N. edge GulfStream N of 35°N

Gulf of Mex. W. Indies, Atlantic from

35°N to lO'S (or farther) and from

the American coasts to about 40°W.

winter and summer habitats. Major de-

partures from the ocean into relatively

land-locked spawning areas, and re-

turns to the ocean, take place on both

sides of the Atlantic.

The patterns may be compared to

gyres which are greatly elongated in

the north-south direction and distorted

by the contours of the land masses and

by detours into and out ofthe European
and American Mediterranean, where

important spawning occurs. They are

also influenced by hydrological condi-

tions and coincide with favorable cur-

rents for much of their extent, particu-

larly in the western Atlantic. The south-

ward migrations are probably more dif-

fuse than the northward ones, and ex-

tend much farther into the middle of

the ocean, affording considerable op-

portunities for mixing. The movements

in the eastern Atlantic gyre are gener-

ally counterclockwise, while those in

the western Atlantic gyre are generally

clockwise. Thus, one pattern is roughly
a mirror image of the other.

The medium apd smaller fish on

both sides of the Atlantic move within

these same patterns but to a much lesser

extent in the north-south direction. For

both groups migration appears to be

much simpler in the western than in the

eastern Atlantic. The range of the fish

tends to increase somewhat with each

year of growth.

D. IDENTIFICATION OF
STOCKS

Much important information ob-

tained recently supports the tentative

identifications of Atlantic-Mediterra-

nean bluefin tuna stocks by Mather et

al. ( 1 974). These authors noted that an

infinite number of combinations of

stocks, and degrees of mixing between

them, might theoretically exist in the

Atlantic and connected seas, but con-

sidered the following basic combina-

tions only:

1 . A unit stock in the Atlantic and con-

nected seas.

2. One stock in the Atlantic system and

another in the Mediterranean sys-

tem.

3. One stock in the eastern Atlantic and

the Mediterranean, and another in

the western Atlantic.

4. One stock in the Mediterranean, a

second in the eastern Atlantic and a

third in the western Atlantic.

They found no reason to believe

that one or more separate stocks ex-

isted in the South Atlantic.

As they noted, varying degrees of

mixing, or none, might occur between

the components of dual- or multi-stock

combinations. Tag return data for blue-

fin tuna, however, indicated that mix-

ing tendencies may be strong. This was

especially true of the large fish.

Mather et al. (1974) concentrated

most of their discussion on two ques-

tions which still appear to be of para-

mount importance:

1 . The identification of the stock or

stocks of bluefin tuna in the Medi-

terranean and the eastern Atlantic.

2. The identification of the stock or

stocks of bluefin tuna in the Atlan-

tic Ocean.

They briefly reviewed the histori-

cal opinions and developments in re-

search on the relationships between the

Mediterranean and Atlantic bluefin

tuna. They then discussed Sara's ( 1 964,

1 973) hypothetical migratory model for

the migrations of bluefin tuna in the

Mediterranean, which has also been

described in the present work, and some
of the evidence supporting tliis theory.
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They also noted the findings of Hamre
et al. ( 1 966, 1 968, 1 97 1 ) wh ich showed

that there were considerable differences,

in both the trends of the catches and

their size composition, between the fish-

eries for large bluefin in the eastern

Atlantic and those in the Mediterra-

nean. These authors concluded tenta-

tively that the respective fisheries were

supported by different stocks. Mather

et al. (1974) noted, however, that the

catches of many Mediterranean trap

fisheries had recently declined drasti-

cally, and the sizes ofthe fish taken had

increased markedly. Thus, afler a con-

siderable lag, they appeared to have

followed the trends of the northeastern

Atlantic large fish fisheries.

Mather et al. ( 1 974) generally sup-

ported Sara's hypothesis, but also pos-
tulated a migration of newborn fish

from the western Mediterranean to the

Atlantic coast of Morocco in October

and November. They pointed out that

this was the most plausible explanation
available for the continued productiv-

ity of the fisheries for small bluefm off

the coast ofMorocco and in the Bay of

Biscay, and cited evidence that such a

migration actually occurred. They also

recommended the tagging ofvery small

bluefin in the western Mediterranean

and off the Atlantic coast of Morocco
in order to test this hypothesis and de-

termine the sources of recruitment to

the major eastern Atlantic fishery for

small bluefin in the Bay of Biscay. The

Mediterranean phase ofthis recommen-
dation has not been attempted, but a

small-scale tagging operation was car-

ried out most successfiilly off the At-

lantic coast of Morocco in 1972 and

1 973. This showed that at least some of

the recruitment to the Bay of Biscay

fishery was indeed drawn from the Mo-
roccan coast (Lamboeuf 1975). This

important and relatively inexpensive
achievement further emphasizes the de-

sirability of conducting similar experi-

ments in the western Mediterranean.

Results which would be of great im-

portance in identifying the bluefin

stocks in this critical area should be

obtained quickly and at modest cost.

Important new information on the

question of the eastern Atlantic-Medi-

terranean bluefin stocks has become
available recently. The progression of

Japanese longline catch rates in the area

and season of the "arrival" and "re-

turn" runs and the overall estimate of

the sizes of the fish taken (Shingu et al.

1974) strongly support Sard's (1973)

migratory theory.

The failure of the expedition "Mo-
roc-Iberia 1" to find early stages of

bluefin in the ibero-Moroccan Bay
(Rodriguez-Roda 1975) and the dis-

covery of new spawning areas in the

Mediterranean (Duclerc et al. 1973,

Scaccini et al. 1975, Piccinetti et al.

1976) emphasize the probable depen-
dence of the eastern Atlantic fisheries

on recruitment from tlie Mediterranean.

We therefore now attach even greater

importance to the spawning migration
of large and some medium (as indi-

cated by tag returns in Rodriguez-Roda

1969a) bluefin from the eastern Atlan-

tic into the Mediterranean, and the re-

cruitment of newborn fish from the

Mediterranean to the eastern Atlantic

fisheries. We conclude that the eastern

Atlantic and Mediterranean bluefin con-

stitute a stock which tends to separate
into two components, one in each wa-

ter mass, in its years of immaturity and

its earlier ones ofmaturity, and to spawn
in the Mediterranean and spend the rest

ofthe year in the Atlantic when the fish

exceed about 9 years in age and 1 00 kg
to 150 kg in weight.

The status of the relatively small

groups of large bluefin which occupy
the Mediterranean throughout the year
is unclear. Those in the western Medi-

terranean could well be contingents of

fish which have chanced upon a good

feeding area and dropped out of the

normal migratory pattern. The group
of large bluefin which reproduces in

the Black Sea and winters in the Sea of

Marmara is more likely, in our opin-

ion, to be the nucleus of a separate

population.

Mather et al. ( 1 974) noted that the

situation with regard to bluefin tuna in

the Atlantic and connected seas other

than the Mediterranean (North Sea, and

the Baltic and its approaches, the Car-

ibbean, and the Gulf of Mexico) was

also extremely complex. They stated

some arguments for a single stock oc-

cupying 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

were as follows:

Flucmations in catches, and trends

in their size composition, appear to be

rather similar throughout the ocean. A
correlation analysis, based on the dubi-

ous assumption that the sizes ofthe 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

(Sakagawa and Coan 1 974).

Tag returns have traced several

transatlantic migrations of small and

large bluefin tuna, as well as several

other migrations between widely sepa-

rated localities in the Atlantic.

Studies of heart muscle protein

from bluefin tuna collected on opposite
sides of the Atlantic showed no differ-

ences in the characteristics which were

studied. The growth rates for bluefin

tuna in the Mediterranean, the eastern

Atlantic, and the western Atlantic ap-

pear to be similar.

The arguments for separate east-

em and westem Atlantic stocks were as

follows:

Bluefin of all sizes are found on

both sides ofthe ocean, with the excep-
tion that very few larvae or small (less

than 10 cm) juveniles have been found

in the eastern Atlantic.

Bluefin spawn on both sides ofthe

Atlantic (whether the bluefin which ar-

rive 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 wa-

ters. Spawning in the eastern Atlantic

(and/or the Mediterranean) is later than

spawning in the western Atlantic.

There is no correlation between

trap catches in the eastern Atlantic and

Japanese longline catches in the west-

ern Atlantic (Sakagawa and Coan

1974).

The patterns of spring and sum-

mer-early fall distribution of bluefin

tuna on the two sides ofthe Atlantic are

quite similar.

The principal exceptions were at-

tributed to different spawning habits.

Spawning occurs later in the eastern

Atlantic (Ibero-Moroccan Bay and/or

Mediterranean) (about the end ofJune)
than in the corresponding westem At-

lantic spawning area (Bahamas, Gulf

of Mexico) (May, early June). The "re-

turn" (spent fish) run in the Straits of

Florida occurs in May-June, whereas
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the "return" run offsouthern Spain and

Portugal occurs in July-August. This

accounts for the later arrival in north-

em summering areas of the medium
and large bluefin in the eastern Atlan-

tic, as against the western Atlantic.

Also, the spawners in the Ibero-

Moroccan Bay and in the Mediterra-

nean, although predominantly large, in-

clude medium-sized and reportedly,

even small fish, whereas all of those

which spawn in the Bahamas-Gulf of

Mexico area are giant fish (over 122

kg).

Tag return data indicated that west

to east transatlantic migrations ofsmall

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 six months of release,

1,201 returns were from the release

area as against 40 fi-om the eastern At-

lantic.

Recoveries from large bluefin tuna

tagged off the Bahamas were more nu-

merous in the eastern Atlantic (8) than

in the westem Atlantic (5), but, with

the collapse ofthe eastern Atlantic fish-

eries and increased effort in the west-

em North Atlantic, the trend in recov-

eries has reversed itself As witli the

transatlantic migrations of small blue-

fin, those of large bluefin appear to be

important in some years and negligible

in others. There have been no transat-

lantic returns from numerous taggings
of large bluefin off New England,

Canada, Norway, and Spain.

Preliminary comparisons ofexten-

sive data on the extemal morphology
of bluefin tuna from the eastern and

westem Atlantic indicate that there are

slight morphometric and meristic dif-

ferences between fish from the respec-

tive areas.

There is little evidence for a sepa-

rate stock of bluefin tuna in the South

Atlantic. The oceanic distribution of

the species appears to be continuous

from off eastern Brazil to offNew En-

gland and eastern Canada.

Also, the more significant Japa-

nese longline catches of bluefin tuna

appeared to progress seasonally from

offeastern 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 re-

captured in the westem South Atlantic,

one offeastemmost Brazil, and the other

off Argentina. No evidence that blue-

fin spawn in the South Atlantic has

come to our attention.

Mather et al. (1974) concluded

from the above infonnation that the

evidence was insufficient to perm it clear

cut conclusions, but believed that the

most probable combinations were:

1. A single Atlantic or Atlantic-

Mediterranean stock and one or more

essentially Mediterranean stocks.

2. Two Atlantic spawning stocks,

one spawning in the westem Atlantic

and the other spawning in the eastern

Atlantic and/or the Mediterranean, with

one or more essentially Mediterranean

stocks.

They believed that the greatest

weight of evidence appeared to favor

the second arrangement. They noted,

however, that for management purposes
it must be recognized that important

interchanges between the two proposed
Atlantic stocks occur on an apparently

erratic and unpredictable basis.

They noted that the problem of the

stock structure of Atlantic bluefin is

one of enormous complexity. With the

existing depressed state of most of the

fisheries, and the consequent diminu-

tion or termination of research on the

species in several nations, there was no

prospect that it could be solved defini-

tively in the foreseeable future. They
concluded that management of the spe-

cies should be undertaken on the basis

of the best information now available,

if its commercial extinction was to be

avoided.

Conservation measures for Atlan-

tic bluefin were finally enacted by
ICCATin 1975. Also, under the stimu-

lus of this organization, research on

bluefin tuna in several nations has ac-

tually increased. Unlbrtunately, how-

ever, the failure of the fisheries in the

Federal Republic of Germany, Nor-

way and Portugal has forced some of

the most competent experts on the blue-

fin into other fields.

Continued tagging in the western

Atlantic by the Woods Hole Oceano-

graphic Institution has yielded results

of great value in determining the mi-

gratory patterns of the bluefin in that

area. Recent tag relums have finally

and definitely connected the spawning
occurrence of eiant bluefin in the Gulf

of Mexico with the migratory passage
of similar fish through the Straits of

Florida and their summer feeding oc-

currence in New England and Cana-

dian waters. All of these migrations
were recorded through taggings of gi-

ant fish. An even more significant re-

turn connected the Cape Hatteras-Cape
Cod area, the only known nursery

ground for young bluefin in the west-

em Atlantic with the region's most im-

portant known spawning ground in the

Gulf of Mexico. Another important

group of recent returns connected the

Cape Hatteras-Cape Cod summer con-

centration of small fish with their pre-

viously unknown wintering area in oce-

anic waters near the edge of the conti-

nental shell" east of this summer habi-

tat. Previous retums had connected the

nursery area south of Cape Cod with

the summer habitat of larger bluefin

north of this cape, and the offshore

winter and spring habitat of the me-

dium bluefin with their warm season

feeding grounds north and south of

Cape Cod. These retums collectively

indicate a cohesive and self-sufficient

westem Atlantic bluefin population.

The most important remaining link to

be established among the occurrences

of bluefin in the westem North Atlantic

would be the migration of newborn

bluefin from the Gulf of Mexico to the

Cape Hatteras-Cape Cod area. It would

be well worth the effort to tag some age

fish in the Gulf, or in the Straits of

Florida. Other important but more dif-

ficult objectives oftagging westem At-

lantic bluefin are to learn more about

the extent of their normal oceanic dis-

tributions, and to estimate the frequency
and importance of their transatlantic

migrations.

In regard to the latter, the infre-

quency of west to east transatlantic mi-

grations of small bluefin has become

increasing!) apparent. The last tag re-

tum revealing such a migration was

from a fish tagged in 1967 and recap-

tured in 1968. More than 4,400 small

bluefin have been marked in the west-

em North Atlantic in the years 1968-

1975. Not one of these tags has been

returned from the eastern Atlantic, al-

though 935 have been recovered in the

westem part of the ocean in the years

1 969- 1 976 Transatlantic migrations of

small bluefin, at least in the west to east

direction, have become increasingly
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poor evidence for a single Atlantic

stock.

On the other hand, giant bluefln

marked offthe Bahamas continue to be

recaptured occasionally off Norway.
Since 1969, however, more of these

fish have been recaptured in the west-

em Atlantic than in its eastern waters.

UnforUuiately, no estimates of the re-

cruitment of western Atlantic tuna to

the northern European fisheries more

recent than those of Tiews ( 1 964) for

the 1954-1962 season have come to

our attention. These estimates were

based on the body condition ofthe fish

landed during the late part of the sea-

son.

It is very puzzling that 1 1 ofthe 1 5

returns from tfie 1,100 releases off the

Bahamas have been from outside the

western North Atlantic, whereas all of

the 50 returns from 1,662 releases of

large bluefin in New England and Ca-

nadian waters have been from within

the western North Atlantic. Further-

more, not one of more than 450 me-

dium bluefin tagged in offshore west-

em Atlantic waters has been recaptured

elsewhere. This might be explained on

the basis that fish from the eastern At-

lantic spawned in the Gulf of Mexico.

The same arguments against the Baha-

mas-Norway migration being a part of

the regular migratory pattern of the

westem Atlantic fish, however, could

be used against its being part of the

regular migratory pattern ofthe eastern

Atlantic fish. Also, not one of the large

and medium bluefin tagged off Nor-

way and Spain has been captured west

of longitude 10°W. The most probable

explanation of this phenomenon is that

the strong flow of the Gulf Stream sys-

tem, especially when the relatively slow

North Atlantic Current is fortified by

exceptionally strong westerly winds,

and the tendency of the tuna to swim in

favoring currents overrides all other

stimuli. Consequently, the fish do not

leave the current when they normally
would to reach their American feeding

grounds, and continue across the ocean.

Other recent indications of the

separation of stocks include the dis-

covery of the major spawning grounds
of giant bluefin in the Gulf of Mexico.

The failure to find early stages of blue-

fin in the I bero-Moroccan Bay and ad-

jacent Atlantic and Mediterranean wa-

ters reinforces the view that the central

Mediterranean is the prime reproduc-
tive area for eastem Atlantic Mediter-

ranean bluefin. Thus the major spawn-

ing grounds ofthe two proposed stocks

are almost as far apart as they could be,

in an east-west direction, in the Atlan-

tic-Mediterranean system. As noted pre-

viously, specific size composition data

on oceanic longline catches are mea-

ger. Shingu et al. ( 1 ')74), however, pre-

sented some very useful data on the

sizes and abundance of bluefin usually

encountered in large areas ofthe Atlan-

tic and Mediterranean. The area ofmini-

mum catches in the Atlantic north of

latitude 15°N is between longitudes

20°W and 40°W. The catches there

consist mainly of large fish. Tliis might
be the area where the proposed westem

and eastem Atlantic stocks meet. The

catches in the equatorial region between

latitudes 1 5°N and 1 0°S consist mainly
oflarge fish, with a few mediums. South

of latitude I0°S, catches of Atlantic

bluefin are rare, and consist mainly of

large fish. These data suggest that the

South Atlantic is a marginal area for

bluefin from the North Atlantic, rather

than the habitat ofa separate stock. Tlie

groups ofbluefin which remain in equa-

torial waters during the northcm warm
season have probably found good feed-

ing areas in the frontal areas of the

currents, and remained in them instead

ofmigrating northward to coastal feed-

ing areas. Concentrations of feeding

tunas of other species in frontal areas

of the Pacific equatorial currents have

been reported (Blackburn 1965, Laurs

and Lynn 1977, Murphy and Shomura

1972).

Sorting out the populations of

larger tuna in mid-ocean by conven-

tional tagging seems an almost hope-
less task. Possibly some of the more

advanced biochemical methods will be

more successful.

We conclude from the niaterial

considered that the following stocks

constitute the most probable arrange-

ment:

a) A westem Atlantic spawning
stock which is generally self sufficient

and relatively uncomplicated. The chief

problems remaining are to define its

wintering and spawning areas com-

pletely. Contingents of large fish from

this stock emigrate to the eastem At-

lantic fairly frequently. Contingents of

small fish do so only rarely.

b) A more complex stock which

might be subdivided into eastem At-

lantic and Mediterranean sub-stocks

until the fish are about 9 years old. The

eastem Atlantic substock probably re-

cmits much of its strength from the

Mediterranean substock. The fish over

9 years old constitute an eastem Atlan-

tic Mediterranean spawning stock.

c) Possibly one or more localized

Mediterranean stocks. The most prob-

able separate stock would be the one

which feeds and winters in the Sea of

Marmara and spawns in the Black Sea.

E. RECOMMENDATIONS
It is clear that there are many un-

answered questions relating to the stock

or stocks of bluefin tuna in the Atlan-

tic-Mediterranean system. As more data

become available, many of these ques-

tions are beginning to be answered or

at least indications of one choice are

becoming clearer. Tliere are some as-

pects ofthe bluefin's life history which

we feel call for additional studies to

more readily solve some of the gaps in

the data. Perhaps one of the most im-

portant in terms of stock stmcture is

one we have mentioned, to detenmine

what percentage of the "arrival" fish

which enter the Ibero-Moroccan Bay

spawn there and what percentage

spawns in the Mediterranean. Some

type ofa sonar scanning program might
be established in the Strait of Gibralter

along with a tagging program (sonic if

possible) of some of the fish taken in

the "arrival" mn in the Bay. Environ-

mental conditions must be examined to

determine what effect tliey have.

Knowledge ofthe distributive pat-

tems of the bluefin could be greatly

increased by more comprehensive sam-

pling of the sizes of the catches, par-

ticularly in the oceanic longline fisher-

ies. More attention should also be given
to recording occurrences ofage blue-

fin. In the westem Atlantic, at least,

many fishermen apparently do not dis-

tinguish very small Thynnus thynnus

(hynnus from other small tuna-like

fishes. Simple and clear identification

keys should be distributed to individu-

als who handle large numbers of fish,

including dockmasters, fish handlers

and taxidermists, as well as fishermen.

Tagging of age bluefin in key

areas, such as the western Mediterra-
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nean and the Straits of Florida should Gibraltar, Messina, and Bosporus, tion to complete the picture of the life

produce important results. Tagging of would be an efficient and positive way history of this species in the shortest

giant tuna under present conditions is to obtain important information. period of time. This will allow fishery

difficult but is still producing good re- Present studies must be continued, scientists and managers to proceed with

suits. The use of sonic tags in key ar- as the data generated by them have the preservation and rebuilding, where

eas, such as the Windward Passage and helped immensely in recent years. We necessary, ofthis valuable resource with

the channels north ofCuba and around feel, however, that the above efforts the best understanding possible.

the Cay Sal Banks and the Straits of will provide the most suitable informa-
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sidered here. It is not, however, a com-
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(1964), and in the standard biological

and zoological abstracts and records.
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mission for the Conservation of Atian-

tic Tunas.

R REFERENCES

Anonymous. 1 928a. La pesca del tonno

nel 1 927 in Tripolitania. Bollettino di

Pesca, di Piscicoltura e di

Idrobiologia, Roma 4( 1 ):23-27.

Anonymous. 1 928b. I^ pesca del tonno

nel 1927 inCircnaica. Bollettino di

Pesca, di Piscicoltura e di

Idrobiologia, Roma 4(l):28-29.

Anonymous. 1 929a. La pesca del tonno

in Tripolitania nella campagna del

1928. Bollettino di Pesca, di

Piscicoltura e di Idrobiologia, Roma

5(2):290-294.

Anonymous. 1929b. Relazione sulla

pesca del tonno in Cirenaica durante

I'anno 1 928. Bollettino di Pesca, di

Piscicoltura e di Idrobiologia, Roma

5(3):538-539.

Anonymous. 1 932a. La pesca del tonno

in Tripolitania nel 1 93 1 . Bollettino di

Pesca, di Piscicoltura e di

Idrobiologia, Roma 8( 1 ):87-9 1 .

Anonymous. 1 932b. Proces-verbal de la

conference d'experts pour Texanien

des methodes scientifiques et

techniques a appUquer a I'etude des

poissons de la famille des TTionides.

Tenue a Madrid et a Cadiz (.sur

invitation du Gouvemement

Espagnol) du 1 6 au 22 Mai 1 932 (avec

trois annexes). Rapports et Proces-

verbaux des Reunions, Commission

intemationale pour I'Exploration

Scientitique de la Mer Mediterranee,

Paris 7(n.s.):47-90.

Anonymous. 1933. Compte-rendu de la

conference d'experts pour I'examen

des methodes scientifiques et

techniques a appliquer a I'etude des

poissons de la famiUe des Tlionides

(Madrid-Cadiz 16-22 Mai 1932).

Rapports et Proces-verhaux des

Reunions, Conscil pennanent
iiUemationa! pour TExploration de la

Mer,Copcnlmgiic84(3):91-103

(repeats tex1 ofAnonymous 1 932b

without illu.strations and annexes).

Anonymous. 1 934a. La pesca del tonno

in Tripolitania nella campagna del

1933. Bollettino di Pesca, di

Piscicoltura e di Idrobiologia, Roma

l()(2):272-276.

Anonymous. 1 934b. Relazione sulla

pesca del tonno nelle acque della

Tripolitania. Bollettino di Pesca, di

Piscicoltura e di Idrobiologia, Roma

10(6):797-802.

Anonymous. 1935a. bt compagna del

tonno in Tripolitania in 1 934

Bollettino di Pesca, di Piscicoltura e di

Idrobiologia, Roma 11(1 ): 139.

Anonymous. 1 935b. I^i pesca del tonno

in Tripolitania. Bollettino di Pesca, di

Piscicohura e di Idrobiologia, Roma

11(3):558.

Anonymous. 1 936a. La pesca de| tonno

air isolad'Elba. Bollettino di Pesca,

di Piscicoltura e di Idrobiologia, Roma

!2(4):330.

Anonymous. 1 936b. La pesca del tonno

in Libia. Bollettino di Pesca, di

Piscicoltura e di Idrobiologia, Roma

12(5)428.

Anonymous. 1 950. Comity Atlantique;

Conference du thon. Malaga; 23-26

Mai 1949 - Tunis: 27-30 Juillet

1949 Rapports et Proces-verbaux

des Reunions, Con.seil permeinent

international pour I'Exploration de

la Mer, Copenhague 127(2):appen-

dix, 7-8.

Anonymous. 1952. Lespechesen
Mediterranee. Proceedings and

Technical Papers, General Fisheries

Council for the Mediterranean, Rome
1:88-99.

Anonymous. 1 960. Libya. Tuna landings

up tor 1 959 season. Commercial

Fisheries Review, U.S. Fish and

Wildlife Service, Washington, D.C.

22(l):75-76.

Anonymous. 1 962. Tuna migrations in

the North Atlantic studied by RA'

"Crawford". Commercial Fisheries

Review, U.S. Fish and Wildlife

Service, Washington, D.C. 24(2):41-

42.

Anonymous. 1963. Tuna stocks in North

Atlantic surveyed. Commercial

Fisheries Review, U.S. Fish and

Wildlife Service, Washington, D.C.

25(8): 36^0.

Anonymous. 1 966. Tuna and swordfish

distribution studies in northwest

Atlantic continued. Commercial

Fisheries Review, U.S. Fish and

Wildlife Service, Washington, D.C.

28(7): 35-37.

Anonymous. 1968. Recommendations I,

VI, X and XI ofthe Tuna Meeting

(Palermo, May 1 967) Appendix J,

Recommendiitions. In General

Fisheries Council of the Mediterra-

nean, Report ot the Ninlli Session,

Split (Yugoslavia) 4 to 9 December

1 967. Food and Agriculture Organiza-

tion of the United Nations, Report of

the General Fisheries Council for the

Mediterranean 9:79 (French version);

1 59 (English version).

Anonymous. 1971. Port Vendres, La

ptxlieen Avril. Sete. I^pecheen
Avril. La Peche Maritime, Paris

1118:378.

145



Anonymous. 1973 Colpogrosso del

presidcnte. In Cronaca, Mondo

Sommerso. Milano 15(3): 122.

Anonymous. 1 974. Prince Edward Ishuid

and the bluefm. Tlie story behind the

1 973 fishing season. The International

Marine Angler, Fort Lauderdale,

Florida 36(1); 3, 12.

Anonymous. 1 975. Dos veces campeon
de Europa de pesca de atun. Trofeo,

Madrid 6(57):47-51.

Anonymous. 1 976. Record de Europa de

pesca de atun. Caza y Pesca, Madrid.

March: 171.

AkNiiz, E.F. 1970. A guide to marks used

for tunas and an inventory oftuna

marking projects. FAO Fislieries

Circular 101 (Revision 1): 1-1 19.

Akyiiz, E.F. and Artiiz, G. 1 957. Some

observations on the biology of tuna

(Thunnus thymus) caught in Turkish

waters. Proceedings and Technical

Papers, General Fisheries Council for

the Mediterranean. Rome4(14):93-99

Alone le, H. 1 9(v4. Note sur le thon rouge

de la Bale Ibero-Marocuine. Bulletin

de rinstitut des Peches Maiitimes du

Muroc. Casablanca 12:43-59.

Alone le, H. 1 966. Note sur le thon rouge

de la Bale Ibero-Marocaine (D).

Resultats d'line campagne de

prospection thoniere en Baie Ibero-

Marocaine. Bulletin de I'lnstitut des

Peches Maritimes du Maroc,

Casablanca 14:29-41

Aloncle. H. 1 969. Misc au point de nos

coiuiaissaiices sur !a presence du thon

rouge le long du littoral atlantiquc

marocain. Conseil international pour

I'Exploration de la Mer. Avec Taide

de la FAO. Symposium sur "Les

Ressources vivantes du plateau

continental atlantique africain du

Detroit de Gibraltar au Cap Vert" No.

45:1-4

Aloncle, H. 1 973. Marquages de thons

rouges dans le Golfe de Gascogne.

International Commission for the

Conservation of Atlantic Tunas,

Madrid. Collective Volume of

Scientific Papers 1:445^58.

Aloncle, II., Hamre, J, Rodriguez-Roda.

J.andTiews, K. 1974a. Filth report of

the bluefm tuna working group.

Observations on the size composilion

ofbluefm tuna catches from 1 970 Id

1972. Conseil intenialional pour

I'Exploration de la Mer. Copeiihague,

Cooperative Research Reports No.

40:1-52.

Aloncle, H., Hamre, J., Rodriguez-Roda,

J.,andTiews,K. 1974b Report of the

bluefm tuna working group. Observa-

tions on the size composition of the

bluefin tuna catches from 1 973.

Conseil international pour

TExploration de la Mer, Copeiihague,

CM. 1 974/J:7 Pelagic Fish (Southern)

Committee 1-21 (mimeo).

Aloncle. H., Hamre, J.. Rodriguez-Roda,

J. and Tiews. K. 1 975. Report of tlie

bluefin tuna working group. Ob.serv a-

tions on tlie size composition of the

bluefm tuna catches Ironi 1 974

Conseil international pour

I'Exploration de la Mer, Copeiihague,

CM. 1975/J:5 Pelagic Fish (Southern)

Committee 1-23 (mimeo)

Aloncle, H., Hamre. J., Rodriguez-Roda.

J., and Tiews, K. 1 976. Report of the

bluefin tuna working groiqi Observa-

tions on tlie size composition of tlie

bluefin tuna catches from 1 975.

Conseil international pour

ritxploration de la Mer. Copeiihague,

CM. 1976/J: 5 Pelagic Fish (Southern)

Committee 1-20 (mimeo).

Aloncle, H, Hamre, J., Rodriguez-Roda.

J. and Tiews, K. 1 977. Report of the

bluefin tuna working group. Ob.serva-

tions on the size composition of

bluefin tuna catches from 1 976.

Conseil internal ional pour

ri-xploration de la Mer. Copenhuguc.

CM. 1977/J:3 Pelagic I'ish (Southern)

Coimuittee 1-22 (mimeo)

Aniico. F.C.d'.ducad'Ossiidi ISld.

I ide d'Amico. F C. duca dOssada

(1816).

Arena. P 1 959a. Notes on a rcxeiit

experimental tuna fishing campaign

around the Aeolian Islands and in the

Straits of Messina Proceedings and

Teclinical Papers, General Fi.shencs

Council for the Medilenaiican. Rome

5(58):429-432.

Aren;i,P. 1959b. Observations made

during tlie 1 958 fishing season in a

tuna trap on the Sicilian coa.st.

IVocecdmgs ;uid I'cchnical Papers.

( ieueral Fisheries C'lUincil for the

Meditemuiciui. Roine5(7l):5()l-504.

Arena. P. 1 964. Obsen ations on li:ihils

and behavior ol blliefni tiiua

(Thtiiiiiu.s thyitmis L.) ui the soiitlicni

/ones of the Tyrrhenian Sea during

the genetic period. Proceedings and

Technical Papers. General Fisheries

Council for the Mediterranean, Rome

7(39):395-411.

Arena, P 1971. Orientamentied

attivita'del Centro Sperimentale per

I'lndustria della Pesca e dei Prodotti

del Mare di Messina. Memorie di

Biologia Marina e di Oceanografia,

Messina,N.S. l(2):21-52.

Arena, P. and LiGreci. F. 1 970.

Marquages de thonides en mer

Tyrrhenieime. Joumees

ichthyologiques(Roma. 3 Novembre-

ler Decenibre 1 970), Les Poissons et

le milieu Meditenaneen. Commission

Intenialionale pour I'Exploration

Scientilique de la Mediterranee,

Monaco:! 15-1 19

Arena. P and Sara, k 1 967. Cfimpagna

di marcalura dei tomii 1 965. Centro

Sperimentale per ITndustria della

Pesca e dei Prodotti dell Mare. Unione

delle cainere di Commercio. Industria,

.'Vrliganato e Agricultura della Regione

Siciliana. Piilenno. Quademi di

Ricerca e Sperimentazione 4:

Supplenicnto al Bolletino

d'Infonnazione Sicilcamere 14-25.

Arico.F. andGenovese, S. 1953. Sui

carattei i biometrici del tonno

(
riwimiis thwmis L) Tirrenico.

Bolletino di Pesca, Piscicolhira e

Idrobiologia. Roma 8(n.s X 1
): 1-44.

Aristotle. fK 325 B.C. Historia

iuiiinaliuni Vkic Thompson. D" A.W.

(1910),

Arnold. i:.l. . Jr. 1951 An impression

nielliod loi preparing fish scales for

age ;uh1 growth analysis. Progressive

Fi.sh Ciilturist. VVasliington, D.C.

13(1):11-16

.Athanassopoulo.s, G. 1 923. Sur les

thomiides en Cirece Comptes rendus

liebdomadiiires des Seances de

rAcademie des Sciences. Paris

177:501-502..

Athiuiassopoulos. (i. 1 V24. Note

complemeiitaire sui les "Thonides" en

Grece (Mediterranee orientale).

Bulletin delhistitut

Ocainograiihique. Monaco 440: 1-3.

Atlianassopoulos. G. 1 926. Notes sur la

taiine marine de la CJrece. Bulletin de

rinslilul Oceiinographique. Monaco

480:1-3.

146



Aubray, J. 1 960. La peche maritime au

Maix)c, Casablanca, (mtmeo).

Avolio, F. de P. 1 805 Sullc leggi di

Siciiia relative alia pesca. Palenno

l-75.CitediiiParona(1919),

footnote. 239.

Baglin, R.E., Jr. 1976. A preliminary

study of the gonadal development and

fecundity of the western Atlantic

bluefm tuna. International Commis-

sion for the Conservation ofAtlantic

Tunas, Madrid, Collective Volume of

Scientific Papers 5(2):279-289.

Baglin, R.E., Jr. and Rivas, L. R. 1 977.

Population fecundity ofwestern and

eastern North Atlantic bluefin tuna

{Thwmus thynnus). International

Commission for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers

6{2):.^6 1-365.

Bahr, K. 1 952. Untersuchungen ilher den

roten thiin {Thwmus thy^wus L.) in der

Nordsee. Berichte der Deutschen

Wissenschat^lichen Kommission fUr

Meersforschung, Hamburg, n.f

13(l):64-78.

Bard, F.X. 1 977. Migrations de thon

rouge (Thunnus thynnus) a travcrs la

pecherie de surface du germon

( Thunnus alalunga) dans le Nord

Atlantique. International Commission

for the Conservation ofAtlantic

Tunas, Madrid, Collective Volume of

Scientific Papers 6(2):264-266.

Bard, F.X., Bessinetnn, C, Cendrero, O.

andDao,J. C. 1973. La pecherie de

thon rouge du Golfe de Gascogne-
Resultat des recherches 1 972.

International Commission for the

Conservation ofAtlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 1 :397^ 1 2.

Beardsley, G.L. and Berry, F.H. 1976.

Progress toward management ofthe

Atlantic bluefin tuna. Proceedings of

the Gulfand Caribbean Fisheries

Institute, Twenty-eighth Annual

Session, Bal Harbor, Florida, October,

1975:87-96.

Beckett, J.S. 1970. Swordfish, shark, and

tuna tagging 1961-1969. Fisheries

Research Board of Canada, Ottawa,

Technical Report 1 93 : 1 -
1 3 .

Beckett, J.S. 1 974. High recovery rates of

small bluefin tuna ( Thunnus thynnus

L.) tagged in the Northwest Atlantic.

International Commission for the

Coaservatioii olWlliiiitic Tuniis,

Madrid, Collective Voliunc ol

Scientific Papers 2:232-233

Belloc,G. 1961. Inventor, olUic

Mediterranean tuna traps. Proceedings

and Technical Papers, Cieneral

Fisheries Council for tlie Mediterra-

nean, Rome 6(52):345-.371 .

Bellon, L. 1 954. Historia natural del

Atun, Thunnus thynnus (L). En.sayo de

sintesis. Boletin del Instituto F-spaflol

de Oceonografia, Madrid 67: 1 -88.

Berry, F.H., Lee, D.W. and Bertolino,

A.R. 1 977. Age estimates in Atlantic

bluefin tuna - An objective examina-

tion and an intuitive analysis of

rhythmic markings on vertebrae and in

otoliths. (Title revised to: Progress in

Atlantic bluefm tuna ageing attempts.)

International Conuni.ssion for the

Conservation of Atlantic Tunas,

Madrid, Collective Volume of

Scientitic Papers 6(2 ):305-317.

Bigelow, H.B. and Schroeder, W.C.

1 953. FLshesoftheCJult ofMaine.

Fishery Bulletin, Fi.shand Wildlife

Service, United States Department of

the Interior, Washington, DC. 74

(Vol.53):338-347.

Blackburn, M. 1 965. Oceiuiography and

the ecology of tunas. In Barnes, H. ed.

Oce;mography and Marine Biology-

an Annual Review 3:299-322.

Bonnaterre.J.P. 1788. Tableau

encyclopedique et methodique des

U"ois regnes de la nature. Ichthyologie,

Paris: 1-21 5.

Bounhiol, J.P. 191 la. Une theorie

h> drodynamique des psuedo-

migrations du thon comniun ( Thynnus

vulgaris Cuv. et Val.) dms la

Mediterranee. Comptes rendus

hebdomadaires des Seances de

rAcademic des Science.s, Paris

152:733-736.

Bounhiol, J.P. 1 91 lb. Le regime du thon

sur les cotes algeriennes et dans la

Mediterranee. Bulletin Trimestriel de

la Societe d'Enseignement Profes-

sional et Technique des Peches

Maritimes, Paris 16(2): 374^34.

Bourge, J 1 908. Les peches m.uitimes de

la Tunisic, Tunis.

Buchanan, L. 1 977. Ranching Atlantic

bluefin. Sea Frontiers. University of

Miami, Florida 23(3): 1 72-180.

BuUis, H R., Jr. ;md Mather. F. J.. IR.

1 956 Tunas ol the genus Thunnus of

tlic Northern Caribbean. American

Museum Novitates, New York

1765:1-11.

Burnett, CD., Butler, M.J.A., Dickson,

CA.andlle.s.T.D. 1977. Canadian

tagging and recapture data of large

pelagic fish for the period 1 970-76.

International Commission for the

Conservation of Atlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 6(2):281 -286.

Buser-Lahaye, J. and Doumenge, F.

1 954 . Observations biometriques sur

les thons du Golfe d'Aigues-Mortes.

Vie et Milieu, Bulletin du Luboratoire

Arago 5(1): 35-65.

Butler, M. 1971. Biological investigation

on a.spects of the life hi.story of the

bluefin tuna 1 970-1971 Newfound-

land and Labrador Tourist Develop-

ment Office, St. John's, Newl'oimd-

land 1-169.

Butler, M.J.A. 1 974. Prince Edward

Island bluefin tuna research program
1 974. Prince Edward Island Marine

Fisheries and Training Centre and

Department ofTourism, Parks and

Conservation, P.E.I. : 1-65.

BuUer. M.J.A. 1 975. Prince Edward

Island bluefin tuna research program
1 975 , 1-18, appendices and summary.

Butler, M.J.A. 1 977. The trap (mackerel)

and impoundment (bluefin) fisher> in

St. Margarets Bay, Nova Scotia: its

development. International Commis-

sion for the Conservation of Atlantic

Tunas. Madrid. Collective Volume of

Scientific Papers 6(2 ):237-241.

Butler, M.J.A., Caddy, J.F., Dickson,

C.A.. Hunt, J. J., and Burnett, CD.
1 977. Apparent age and growth, based

on otolith analysis, of giant bluefin

tuna (Thunnus thynnus tliynnus) in the

1 975-76 Canadian catch. International

Comini.s.sion for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers 6(2):31 8-

330.

C, A. 1973. Le gare-Successo al

campionato di pe.sca d'altura: si

rivedono i tomii. Mondo Sommerso,
Milano 15(10): 151.

Caddy. S.F.. Rapporteur. 1974a. Report

of the joint meeting ICES-ICCAT

bluetin tuna working groups;

147



Charlortenlund Castle, 28 Sept., 1 974.

Conseil international pour

I'Exploration de la Mer, Copenhaguc,

CM. 1 974/J:20 Pelagic Fish (South-

em) Committee (2nd Revision), 1-9

(mimeo).

Caddy, J.F.,(«apporteM/-). 1974b. Report

ofthe joint meeting ICES-ICCAT

bluefm tuna working groups.

Charlottenlund Castle, Sept. 28, 1 974.

International Commission for the

Conservation ofAtlantic Tunas,

Madrid SCRS/74/8: 1-4 (mimeo, a

reissue of Caddy, J. P., {Rapporteur)

(1974a)).

Caddy, J.F. 1975. Cohort analysis of

Atlantic bluefm tuna and estimates of

escapement through tlie juvenile

fisheries under two hypotheses of

catch age structure. International

Commission for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers 4: 186-

197.

Caddy. J.F. 1976. Projection of popula-

tion fecundity of Atlantic blucfin tuna

( TImmius thynnus thyivius) popula-

tions under several specified condi-

tions of recruitment and age-specific

exploitation rates. Fisheries Research

Board ofCanada. Ottawa, Manuscript

Report Series 1396: 1-1 6.

Caddy, J.F. and Burnett, CD. 1976.

Canadian national report 1 974-1 975 .

International Commission for the

Conservation ofAtlantic Tunas,

Madrid, Report for biennial period,

1974-75, Part n (1975)English

version; 171-172.

Caddy, J.F. and Butler, M.J.A. 1 976.

Recent catch trends and age composi-

tion in Canadian coastal fisheries for

giant bluetin tuna {Thunnus thyimus)

and tlieir relevance to the assessment

of tlie Northwest Atlantic large fish

stocks. International Commission lor

the Conservation of Atlantic Tunas.

Madrid, Collective Volume of

Scientific Papers 5(2):244-257.

Caddy, J.F., Dickson, CA. and Butler,

M J.A. 1976. Age and growth of giant

bluefm tuna {Thunnus thyimus

thynnus) taken in Canadian waters in

1 975. Fisheries Research Board of

Canada, Ottawa, Manuscript Report

Series No. 1395:1-16.

Cadenat, J. 1 950. Poissons de Mer du

Senegal. Initiations Asfricaines,

Institut Franvais d'Alrique Noire.

Dakar 3: 1-345.

Carey, F.G. and Lawson. K D. 1 973.

Temperature regulation in free-

.swimming bluefm tuna. Comparative

Biochemistry and Physiology. Oxford

44A:375-392.

Carey, F.G. and Teal. J M 1969.

Regulation ofbody temperature by the

bluefm tuna. Comparative Biochemis-

try and Physiology. Oxford 28:205-

208.

Carey, F.G., Teal. J.M. Kanwisher. J. W..

Lawson, K.D. and Beckett. J S 1971.

Wann-bodied fi.sh American

Zoologist. I Itica. New York 11:1 37-

145.

Carp. B. 1 95 1 . Fisher)- resources of

Turkey. Fishery Leallet. I IS. Fish and

Wildlife Service, Wasliington, DC.

No. 390:1-24.

Castehiau. F. L. dc. 1 S72. Contribution to

the ichthyology ofAastraha. Proceed-

ings of the Zoological ciid Acclimati-

zation Society of Au.stralia, Melbourne

1:29-247.

Ccsareo, A. 1 967. Pesca d'altura: bilancio

d'lma stagione movimeiitata da due

eccezzionali catture. Mondo

Sommerso, Mihuio 9(1 1 ):950-952.

Cesareo. A. 1 972. Tomii gigimti in

Provenza e Costa Brava. In La Pesca.

Mondo Sommerso, Miliuio 14(1 2): 13.

Cesareo. A. 1973. Le tonnare volanti. In

La Pesca. Mondo Sommerso, Milano

15(3):13.

Cesareo, A. 1 974a, Ccrano una volta i

tonni-nascita e rapido dec lino di uno

sport nobile: Ma Ibrse esiste una

prospetiva con qualche .speranza.

Mondo Sonuncrso. Milaiio 16(3) No.

167:26-38.

Cesareo. A. 1974b. L'uitiinodci

pe.scatori. /// Lettere a Mondo

Sonunerso. Mondo Soininerso.

Milano 174:5.

Celti. F. 1777. Sloria naturaicdi

Sardegna. 3. Ainfibi e pesci Sassari.

StamperiadiJ. Piatloli 1-20X

Chaguer.A. 1969. Riipport surlecrise

actuelle des madragucs Marocaines les

cau-ses el les perspectives davenir

Royaume de Maroc. Miiiistere du

Cormnerce. du ITndustne. des Mines

et de la Manne Martiiaude. Direction

de la Marine Marchande et des Peches

Maritimes. Casablanca 1-1 1 (mimeo).

Clemens. H. B. and Flittner, G A. 1969.

Bluefm tuna migrate across the Pacific

Ocean California Fish and Game,

Sacramento 55(2): 132-135.

CoUignon. J. 1964. Les peches maritimes

Marocaines en 1 963. ResultaLs

statistiqucs. Bulletin del'Institut des

Peches Maritimes du Maroc,

Casablanca 1 2:6 1-69.

Collignon, J 1965. Les peches maritimes

Marocaines en 1964. Resultats

statistiques. Bulletin de I'lnstitut des

Peches Maritimes du Miiroc.

Casiiblanea 13:81-99.

Collignon. J, 1966. Les peches maritimes

du Maroc en 1 965. Resultats

.statistiques. Bulletin de I'lnssitut des

Peches Maritimes du Maroc,

Casablonca 14.76-87.

Collignon. J 1967. Les peches maritimes

du Maroc en 1 966. Resultats

stati.stiques. Bulletin de I'lnstimt des

Peches M;uilimes du Maroc,

Casablanca 15:59-67.

Collignon, J. 1968. Les peches maritimes

du Maroc en 1 967. Resultats

commentds. Bulletin de I'lnstitut des

Peches Maritimes du Maroc,

Casablanca 16:77-89.

Collignon, J. 1 969. Les peches maritimes

du Maroc en 1 968. Resultats

statistiques. Bulletin de I'lnstitut des

Peches Maritimes du Maroc,

Casablanea 17:49-57.

Collignon. J. 1972. Les peches maritimes

du Maroc en 1969 et 1970. Resultats

stati-stiques. Bulletin de I'lnstitut des

Peches Maritimes, Casablanea 20: 1 3 1
-

147.'

Corson, R. H. 1 923a. Fire Island fish

notes. Copeia, Philadelphia 123.108.

Corson. R 1 1. 1 923b. The "weight for age

cun'c" olUina. Fishing Gazette,

London X7-5 19-520.

Cort. J. L. 1 976. Datos sobre la biologia y

pesca del atiin roio {Thunnus thynnus

\.) en el Golfo de Vizacaya. campana

de 1 975 en el puerto de Fuenterrabia.

International Commission for the

Conscr\ ation ol Atlantic funas.

Madrid. Collective Volume of

Scientitic Papers 5(2).-236-241

Cort. J. L. 1 977 Datos biologicos del

atiin rojo Thunnus thynnus (L.) del

148



Golfo de Vizcaya resultado de las

campafias de 1 975 y 1 976 en el puerto

de Fiienterrabia. International

Commission for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers 6(2), 331-

334.

Cort, J. L. and Cendrero, O. 1 975. La

pesca del atiin rojo (Thwmus thynnus

L.) en el Golfo de Vizcaya (1 974).

International Commission for the

Conservation ofAtlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 4.- 128-1 32.

Cort, J.L., Fernandez Pato, C. and de

Cardenas, E. 1976. Observations sur la

maturation sexuelle du thon rouge,

Thumnis ttrynnus (L.), du Golfe de

Gascogne. Conseil international pour
r Exploration de la Mer,

Charlottenlund., CM. 1976/1:11

Comite des Poissons Pelagiques (Sud)

l-4(mimeo).

Corwin, GA. 1930. A bibliography of

tunas. Fish Bulletin, California

Department of Fish and Game,
Sacramento 22: 1-1 03

Crane, J. 1 936. Notes on the biology and

ecology of giant tuna, Thmmui

thynmis Linnaeus, observed at

Portland, Maine. Zoologica, New
York 21 pt. 3(16). 207-211.

Creac'h, P. 1952. Les aspects

economique et biologique de lapeche
aux thons dans le fond du Golt'e de

Gascogne pendent la campagne de

1951 . La Peche Maritime, le Peche

Fliiviale et la Pisciculture. Paris, Avril,

1952,157-158.

Cr&spo. J. and Rey, J. C. 1 976. Serie

historica de cqDturas y esfuerzo de la

almadraba "Aguas de Ceiita."

International Commission for tlie

Coa*iervation of Atlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 5(2), 258-260.

Cuvier, G. 1 829. Le regne animal

distribue d'apres son organismc, pour
servir de base a Thistoire naturelle dcs

animuux et d'intioduction a Tanaloniie

compiiree. Second edition, Paris, 2.

Les reptiles, les poissons, les

moUusques, et les annelides. 1-406.

Cuvier, G. and Valenciennes, A. 1831.

Histoire naturelle des poissons. F. G.

Levrault, Paris 8, 57-137. 255.

d'Amico,F.C.,Ducad'Ossad<i 1816.

Osserviizioiu pratiche intonio la pesca,

il corso, il cajnmino dei tonni,

Messina.

d'Incona, V. 1925. La pesca del tonno nel

quamero, Rivistxi Marithima, Roma

58(11):493^95.

Dao, J. C. and Bessineton, C. 1 974. Data

on bluefm (77(MnnH5 thynmis L.)

fishery in the North Atlantic.

International Coimnission for the

Conservation ofAtlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 2:225-231.

de Bragan^a, Dom C. 1 899. Resultados

dae investigacioes scientificas feitas a

bordo do yacht AMELIA. Pescas

maritimas. 1 . A pesca do atum no

algarveem 1898.Lisboa: i-104

de Buen, F. 1924. Rapport prcliminaire

sur la croisiere de I'ALMIRANTE
LOBO et le PRINCIPE ALBERTO
DE MONACO. Bulletin de la

Commission intemationale pour

I'Exploration Scientifique de la Mer

Mcditerranee, Paris 10:28-32

de Buen, F. 1 925. Biologia del atVm

Orcynus thynnus (L.)(avec lui resume

en franc^ais). Resultado de las

campafias realizados por acuerdos

intemacionalesbajo lu direccion del

Prof Odon de Buen. Ministerio de

Marina-Dircccion General de Pesca.

Instituto Espafiol de Occanogratla,

Madridl:l-118.

deBuen,F. 1926. Pcclies. Rapports et

Proces-verbaux des Reunions.

Commission mtemationale pour

I'Explordlion Scientifique de la Mer

Mcditerranee, Piiris l(n s. ): 1 2 1 -1 30.

de Buen. F. 1 927 Notes cl bibliograpliie

.sur la biologic du thon. Rapports ct

I'roces-verbaux des Reunions, Conseil

pennancnl international pour

]"Exploratioii de la Mer, Copenhague
44:98-107.

deBuen.F. 1928. Pctlies Rapports et

Pioce.s-vcrbaux dcs Reunions.

Commission inlcniatioiialc pour

I'Exploration Scientifique dc la Mer

Mediterranec. Paris 3(n.s.): 115-155.

de Buen, F. 1 93 1 . El su]nicsto pa.so poi

el estrecho de Ciibraltiir del atiiii en .su

emigracion genelica. Rapports et

Proce.s-verbaux des Reunions.

Commission intemationale pout

I'Exploration Scientifique de la Mer

Mcditerranee. Paris 6(n.s.): 405-409.

de Buen, F 1 937. Aires de ponte du thon

(Thunnus thynnus (L). Comptes

rendus, XII Congres International de

Zoologie. Tenu a Lisbonne du 15 and

21 Septembre 1935, 3 Sect. 1 1-12,

21 33-21 36. In Arquivos do Museu

Bocage, Lisboa: (6A): 1935.

de Buen, F. and Frade, F. 1 932. Poissons

Scombriformes (excepte la Famille

SeoinbridaeXcontinued). Clef

dicliotomique pour une classification

lapide. d';ipres les caracteres de

coloration et tres apparents de la

mor|ihologic exteme. Rapports et

Proces-veibaux des Reunions,

Commission intemationale pour

I'Exploration Scientifique de la Mer

Mediterriinee. Paris7(n.s.):71-74(in

Annexe A to Anonymous, 1 932b).

de Buen, O. 1 924. Ixs migrations du thon

(Onveus thynnus) sur les cotes

Atlantiques du sud de I'Espagne.

Comptes rendus hebdomadaires des

Seances de I'Academie des Sciences,

Paris 178:1 104-1 106.

de Buen. R. 1927. An account of the

work which Spain has carried out in

the Atlantic ( )ccan and the Straits of

Gibraltiir. Journal du Conseil.

Copenhague 2(3):271-308.

deCastclnau, F. L. 1872 l/V/e Castehiau,

F.L. de(1872).

de Cristofaro. S. 1 970. Le tonnare

italiane-La evoluzione tecnologica ed

ubicazionale-Le prospetti\'e. Miiiistero

della Marino Mercantile. Direzione

Generale della Pesca Maritima,

MemoriaN. 26:1-76.

deGaetani, S. 1948. La pesca col

"cianciolo." Nota I. Rclazione tecnica.

Bolletino di Pesca, Piscicoltura e

Idrobiologia3(n.s.Xl): 125-135.

de la Tourriisse. G. 1 95 1 . La peche aux

thons siir la cote basque francaise et

son evolution recente. Revue des

Travaux de lOtfice scientifique et

technique des Peches Maritimes. Paris

17(66-1): 1-42.

de la Tourrasse. G 1 955. 1'ccheries de

thoas rouges et de gemions au large,

entre la Provence et la Corse. Revue

des I'ravaux de f Institut des Peches

Maritimes, Paris 1 9( 1 ): 87-92.

de la Tourrasse. G. 1 957. La peche au

thon sur la cote Basque poursuit sa

149



modernisation. Revue des Travaux dc

rinstitut des Peciies Maritimes, Paris

21(4):561-592.

de Loureiro, M. 1922. Capture dethons

de grande taille a Fedhala, au

printemps de 1 922. D'apres des

photographies et des renseignments

communiques a I'lnstitut Scientifique

cherifien. Bulletin de la Societe des

Sciences Naturelles du Maroc 2: 107.

Devedjian, K. 1926. Peche et pecheries

en Turquie, Constantinople 10-15.

299-301.318.

Dicenta. A.. Piccinetli, C. and Piccinetti

Manl'rin. G. 1975. Observacioncs

sobre le reproduccion de los ti'inidos

en las islas Baleares. Boletin del

Institute Espanol de OceanogralTa,

Madrid 204:27-37.

Dieuzeide, R. 1 9 3 1 . La peche du thon a I a

ligne dans la bale de Castiglione.

Bulletin des Travaux Publics pur la

Station d'Aquiculture, et de Peche de

Castiglione, Alger 1930(2):107-127.

Dieuzeide, R. 1 94 1 . La peche du thon a

Tappat vivant. La Peche Maritime, la

Peche Fluviale et la Pisciculture, Paris

28(858):403.

Dieuzeide, R. 1951 . Campagne en

Mediterranee du navire

oceanograpliique de TOft'icc

Scientifique et Technique des Peches

Maritimes "President Theodore

Tissier," Bulletin des Travaux Publics

par la Station d'Aqiiiculture et de

Peche de Castiglione, Alger n.s. 3:85-

138.

Dieus'.eide. R. and Roland, J. 1 955.

Contribution a la connaissancc des

formes jeunes de Thimnus ihytmus

Liniie. Bulletin des Travaux Publics

par la Station d"Aquiculture et de

Peche de Castiglione, Alger n.s.

7:307-339.

di Meglio, M. S. 1 962. Les filets

toumants a thons sur les cotes

fran9aises de la Mediterranee, La

Peche Maritime, Paris 1 11 :4 1 9-42 1 .

diSantTgnazio, A. 1975. Uncampionato

per quattro gatti. Mondo Sommerso

185:44-47.

d'O.s.sada, F. C. d'Ainico, Duca 1816.

Vide d'Ainico, I'. C . Duca d'Ossada

(1816).

Doumcnge, F. J. and Liihaye, J. 1 958.

Quelques nouvelles observations

biometriques sur les thons (7/;;hh/;(v

ihyrinu.t L.) du Gollc d'Aigues-

Mortes. Rapports et Proces-verbaux

des Reunions. Commission

Internationale pour LExploration

Scientifique de la Mer Mediterranee,

Laboratoire Arago. Banyuls-.sur-Mer

14(n.s.):329-350

Duclerc, J., Sacchi, J. Piccinetti, C .

Piccinetti Manl'rin, G., Dicenta, A.,

andBarrois, J.-M. 1973. Nouvelles

dotmees sur la reproduction du thon

rouge (77iM/i^iHX thyinms L. ) et d'autres

cspeces de flionides en Mediterranee.

Revue des Travaux de rinslilul des

Peches Miiritimes, Nantes 37(2) 163-

176.

duMamel dc Monccau. 1 1. L. 1 769- 1 782 .

Traitc general des peches ct histoire

despoi.s.sonsqu'elles tbunii.s.senl

i'iuis, (4 vols in 3) 10, sec. 1 :67. 1 1 .

sec. 2:117-8.

Edmunds, P 1 1, and Summons. J. 1. 1 971 .

Genie polymorphism ot telrazolium

oxidase in bludiii tuna, Thimnus

ihynniis. from the western North

Atlantic. Journal of tlie Fisheries

Research Board ofCanada, (^tawa

28(7): 1053-1055.

Edmunds.P. H. andS:immon.s.J.I. 1973.

Similarity ofgenic polymorphism of

tetrazoliiun oxidiuse in bhiefm tuna.

(Thuimus ihyimii.t). I'roni the Atlantic

coa.st of France and the western North

Atlantic. Journal of the Fisheries

Re.seiuch Board ol Canada, (Jtlawa

30(7): 1031-1 032.

Ehrenbaiun. E. 1924. Scombnioniies

Report on tlie Daiu.sh Oceanogniphical

lixpeditions 1908-10 to Uie Mcdilcrra-

neiin and adjacent Seas, 2(8) Biology

All. 1-42.

lAO. 1968. Report ofthe meeting of a

group of experts on tuna .stock

a.s.sessment (under the lAO Expert

Panel for the Facililatioii of Tuna

Research). Miami, U. S. A. 12-16

Augu.st 1968. FAO Fisheries Reports.

Roine()l:l-45.

FAO Panel of Experts lor the Facilitation

olTuna Reseiirch. 1 972. Final rciiorl

of tlie working p;uty on tuna ;uid

bullish tagging in the Atlantic and

adjacent se;is Supplement I to the

Re|iort ol'tlic t'oiiilli session iiftlie

FAO PiUiel of I Ixperts for the

Facilitation olfuna Rc.sc;irch. I^i

JolUuCaliloniia. U.S.A.. 8-12

November 1 971 . FAO Fisheries

Reports). Rome. 1 18 Supplement 1

(English. 1-37).

Farrington. S. K., Jr. 1 939. Atlantic

game fishing. Garden City Publish-

ing Co., Inc.. New York, De Luxe

Edition 1-298.

Farrington. S. K . Jr. 1949a. Fishing the

Atlantic offshore and on. Coward-

McCann, Inc., New York 1-312.

Farrington. S. K., Jr. 1 949b. Tunas ofthe

world. In ""Game Fish ofthe World"

(ed. n Vese)'-Fitzgerald and F. La

Monte). I luqier and brothers. New
York 170-188.

Fiurington. S. K.. Jr 1 974. Tlie trail of

the Shaip tup. Dodd. Mead and Co.,

New York !-l7(..

Fanugio. H. 1977. Donnees

preliiiiiuaires sur la peche au thon

rouge au filet tournant en

MediteiTanee francaise. International

Commission for the Conservation of

Atlantic Tunas. Madrid. Collective

Volume ot Scientific Papers

6(2):245-252,

Ferreira,E. 1932 Lapescadell'albacora

nelleAzzorre. NotedelF Istihito Italo-

Gennanico di Biologia Marina di

Rovigno dlstria 8-9 ( 1 ):3- 1 0.

Fisheries Agency of Japan. 1965.

Annual report of effort and catch

statistics by area on Japanese tuna

long line fi.shery, 1962. Research

Division, Fisheries Agency of Japan,

fokyo 1-183.

Fisheries Agency of Japan. 1966.

Annual report ofclfoil and catch

statistics by area on Japanese tuna

long line fishery, 1963. Research

Division, Fisheries Agency of Japan,

Tokyo 1-322.

Fisheries Agency of Japan. 1 967a.

AnniLil report ol'elfoil and catch

.stati.stics bv area on Japanese tuna

long line ti.sheiy. 1 964 Research

Divi.sion. lishenes Agency of Japan,

Tokyo 1-379.

Fisheries Agency of Japan. 1967b.

Annual report of elfort and catch

stati.stics b\ urcii on Japanese tuna

long line fi.shery. 1965. Re.se;irch

Divi.sion. li.slieries Agency of Japan,

Tokyo 1-375.

Fisheries Agency of Japan. 1 968. Annual

report ofellort and catch statistics by

150



area on Japanese tuna long line

fishery, 1966. Research Division,

FisheriesAgency of Japan, Tokyo 1-

299.

Fisheries Agency of Japan. 1 969. Anniuil

report of effort and catch stiitistics by

area on J^anese tuna long line

fishery, 1967. Research Division,

Fisheries Agency of Japan, Tokyo 1 -

293.

Fisheries Agency of Japan. 1 970. Annual

report of eflbrt and catch statistics by
area on J^anese tuna long line

fishery, 1968. Research Division,

Fisheries Agency of Japan. Tokyo 1
-

283.

Fisheries Agenc\ of Japan. 1971.

Annual report of eflbrt and catch

statistics by area on Japanese tuna

long line fishery 1969. Research

Division, FisheriesAgency of Japan

Tokyo 1-299.

Fisheries Agency of Japan. 1 972.

Annual report of effort and catch

statistics by area on Japanese tuna

long line fishery. 1970. Research

Division, Fisheries Agency of Japan,

Tokyo 1-326.

Fisheries Agency of Japan. 1973.

Annual report of effort and catch

statistics by area on Japanese tuna

long line fishery 1 971 . Research

Division, Fisheries Agency of Japan,

Tokyo 1-319.

FisheriesAgency of Japan. 1974. Aniuuil

report of effort and catch statistics by
area on Japanese tuna long line

fishery, 1 972. Research and Develop-

ment Department, Fisheries Agency of

Japan. Ibkyo 1-279.

Fisheries Agency of Japan. 1 975. Aimiiiil

report of eflbrt and catch statistics b\

area on Japiuiese tiuia long luie

fishery, 1973. Research and Develop-
ment Department, Fisheries Agency of

Jepan, Tokyo 1-265.

Fisheries Agency of Japan. 1 976. Annual

report of effort and catch statistics by
area on Japanese tuna long line

fishery, 1974. Research and Develop-
ment Department, Fisheries Agency of

Japiui. Tokyo 1-267.

Fisheries Agency of Japan. 1 977. Aniiiml

report of effort and catch statistics by

area on Japanese tuna long line

fishery, 1 975. Research and Develop-

ment Department. FisheriesAgency of

Japan. Tokyo 1-269

Fodera.V. 1961. LamadrayueSiciliennc

de coui.se. Studies ;uui Reviews,

Cienerd! Fisheries Council tor llie

Mediterranean (No. 15).

Foderu, V. 1 964. Les madraques (sic)

Atlantique et Sicilicnne. In Modem

Fishing Gear ofthe World (2). Fishing

News (Books) Ltd., London 271 -277.

Frade, F. 1 925. Sur I'anatomie de deux

poissons scomberiformes: Thtmnus

thynnus (L.) et Auxis ihazard (I^cep. ).

Bulletin de la Societe Portugai.se des

Sciences Naturelles, Lisbonne 1 0( 1 ):
I
-

13.

Frade, F. 1 929 Sur ciiielques thons peu

connus de rAtlanlique. nullctin de la

Socititd Portugaise des Sciences

Naturelles, Lisbonne I()(2()):229-243

Frade, V. 1931a Doniiccsbioinetriques

sur trois especes de tlion dc

rAtlantique oriental. Rapports et

Proce.s-verbauN des Reunions. Con.seil

permanent international pour

I'Exploration de la Mer. Copenhague,

70(2emePartie)ll7-I26

Frade, F. 1931b Donnees biometriques

pour r etude du then rouge de

TAIgarve (cote meridionale du

Portugal) Bulletin de la Societe

Portugaise des Sciences Naturelles,

Lisbonne 11(7):89- 130.

Frade, F. 1 932. Sur les caracteres

osteologiques a utiliser pour la

determination des thonides de

rAtlantique oriental ct de la

M^diterranee. Rapports et lYoces-

verbaur des Reunions, Commission

intennationale pour IT-xploration

Scientilique dc la Mcr Medilerranee,

Piiris 7 (U.S.): 79- 90 (iuinexe C to

Anonymous 1932h)

Frade, F. 1 937a. Recherches

biometriques sur la maturite sexuelle

du tlion rouge. Coinptes rendus, XII'

Congres International de Zoologie

tenu a Lisbonne du 1 5 au 2 1

Septembre 1935, 3 Seel. 2137-2142.

In Arquivos do Mu.seu Bocage,

Lisboa:6-A:IW5

Frade, F. I9371i. Recherches siir la

malunte sexnicile du thon rouge.

Bulletin dc la Societe Portugaise des

Sciences Naturelles. Li.sbonuc

12(28):243-25() (Duplicates Inide

1937a).

Frade, 1'. 1 942. Marca^ao de atiins em

I'ortugal. Arquivos do Museo Bocage,

Lisboa: 12(I());63-69.

IVdde, F. 1 950. Estudios de pe.scarias do

Ifllnuuiirportiigucs- osati'ins. Junta

de lnvcstiga(;oes Colonials, Lisboa,

Coloquios,

Frade, F. and de Buen, F. 1 932. Poissons

Scombriformes (excepte la Famille

Scombridae). Clef de classification

principalement d'^res la morphologic

interne. Rapports et Proces-verbaux

des Reunions, Commission

intemationale pour I'Exploration

Scientifique de la Mer Mediterranee,

Pciris 7(n.s.):69-70 (/« AnnexeA to

Anonymous 1932b).

Frade, F. and Dentinho, S. 1935. Mar9ao
de atuns na costa do Algarve.

Contribru93o portuguesa para o estudo

dos inovimeiitos migratorios do atun

{Tlmmms thyimus L). Bulletin de la

Societe Portugaise des Sciences

Naturelle.s, Li.sbonne 12( 10):63-69.

Frade. 1' and Mana^as. S. 1933. Sur I'etat

de maturite des gonades chez le thon

rouge genetique. Travaux de la Station

de Biologic Maritime de Lisbonne

33 ; 1
-

1 5 (reprinted from Comptes
rendus de I'Association des

Anatomi-stes. Lisbonne(10-12 Avril

1933).

Frade, F. and Vilela, H. 1 962. Le thon

rouge et le germon Thunnus thynnus

(L ) et Gemio alalunga (Bonn ).

Morphologic, biologic et pechc.

Junta de Investigavoes do Ultramar,

Li.sboa, Estudos, ensaios y

documentos 98:92 p.

Eraser- Bninner. A. 1 950. Tlie fishes of

the fiunily Scombridae. The Annals

and Magazine of Natural History. 3,

12th Series (26):131-162.

Fumestin. J., and Dardignac, J. 1 962. Le

thon rouge du Maroc Atlantique

{Thunnus thynnus Linne). Revue des

Travaux de rin.stitut des Peches

Manlimes. Piiris 26(4): 38 1 -398.

Galtsoff P. 1952. Staining ofgrowth

rbigs in tlie vertebrae of tuna (TIninnus

thpinus). Copeia, Philadelphia

(2): 103-105.

Gaudilliere, J. 1954. La peche du poisson

ct des cru.staces en Tunisie. Proceed-

ings and Technical Papers, General

Fisheries Council for tlie Mediterra-

nain, Rome2(12):77-83.

151



Genovese, S. 1 956. II tonno, la sua storia

e la sua vita. Atti deila Societa

Peloritana di Scienzc Fisiche

Matematiche e Natural!, Messina

2(1):3-11.

Genovese, S. 1957. Ulteriori osservazioiii

sui caraterri biometrici del tonno

(Thunnus thynnus L.) Tirrenico. 1 1

tonno intergenetico dello Stretto di

Messina. BoUetino di Pesca,

Piscicolttira e Idrobiologia, Roma

ll(n.s.Xl):83-120.

Genovese, S. 1958. Dati biometrici

sul tonno {Thunnus thynnus L.)

Tirrenico. Rapports et Proces-

verbaux des Reunions, Commis-
sion Internationale pour

I'Exploration Scientifique de la

Mer Mediterran^e, Paris 14

(n.s.):327-328.

Genovese, S. 1960. Osservazioiii cseguite

in alcune tonnare del basso Tirreno

durante la campagna di pesca 1 959.

Bolletino di Pesca, Piscicoltura e

Idrobiologia. Roma 14(n.s.)(2):256-

264.

Genovese, S. 1 965. Dati sulla pesca all"

amo del tonno nello Stretto di

Messina. Bolletino di Pesca,

Piscicoltura e Idrobiologia, Roma

20(n.s.Xl):41-52.

Genovese, S. and Alonzo, V. 1961 . Sul

contenuto stomacale di tonni (Thunnus

thynnus (L.)) caturati nello Stretto di

Messina ed in alcune tonnare della

Sicilia e della Calabria. Atti della

Societa Peloritana di Scienze Fisice

Matematiche eNaturali, Messina

7(299),

GiannelU, E. 1969. Mecca di tonni. La

prima "zona calda" per i pescatori

sportivi nel Mediterranco. Mondo

Sonunerso. Milajio 1 1(10): 964-966.

Gibbs. R. H.. Jr., and Collclte, B. B.

1 967. Comparative iinatomy and

systematics of tlie (unas, genus

Thunnus. Fishery Bulletin, Fish and

Wildlife Service, United States

Department of the Interior, Wiishing-

ton.D.C. 66(1): 65 -1.30.

Giasburg, I. 1953. The taxonomic stiitns

and nomenclature of some Atlantic

and Pacific populations of yellowlln

and bluefm tunas. Copeia, Philadel-

phia 1:1-10.

Godsil, H. C. and Holmberg, E. K. 1 950.

A comparison of the bluefm tunas.

genus Thunnus. from New England.

Australia <mdCalifomi;i Fish Bullclin.

California Division of Fish and Game,
Sacramento 77: 1-55.

Goode, G. B. 1 888. American Fishes - a

popular treatise upon the game and

food fishes ofNorth America with

especial reference to habits and

methods of capture. Standanl Book

Co., New York 1-496.

Gorbunova. N. N. and D. Salabarria.

1967. Reproduction of scombroid

fishes (Pisces, Scombroidei) m the

western regions of tlie Atlantic Ocean

In Sovetsko-Kubinskie

Rybokhozyaistvenyelssledovaniya.

Pischchevaya Promyshlemiost,

Moscow 120-131.

Gougelet, P. 1 964. Prospection et peche
des thons au large de cotes de

Provence, de Corse et dans le golfe de

Genes (Resultats d'observations laites

de 1 948 a 1 963). Science et PC-che,

Bulletin d'lnfonnation ct de Docu-

inentiition de I'lnstitut Scientifuiue el

Tecluiique des Peches Marilimes

124:1-2.

Cioiirrct,P. 1894 Les madragues de

Marseille. Annales du Musee

d'Histoire Natiirelle de M;ir.seille,

Zoologie4:59-65.

Giandbesan9on, M. 1909. La peche au

Ihon diins le Cjolfe de Gascogne Ve

Congres National des Peches

Miiritimcs tenu aux Sables d'Olonne,

duaul909,5(l):2l9-225

Onivel, A. 1 926. L'indu.strie des peches

,sur les cotes tunisiennes Bulletin.

Station Oceanographique de

Salammbo, Tiuiisia 4:26-29, 79-92.

Ilamre, J. 1958. About tlie age composi-

tion ofNorwegian tuna catches in the

years 1954-58 Intenialional Council

for the Exploration ol'the Sea,

Copenluigen. CM 1 95S Scoinbrilbmi

I'ish Coinniillcc 91:1-4 (iniinco).

Ilamre, J. I960 Tuna iiivestigalioii in

Norwcgiiui coastal waters 1 954-1 958.

Annales biologiqiies. Con.seil

pcnnanent international pour

rExplonilion de la Mer. C'openhague

15:197-211,

Ilamre, J. 1961. llie Norwegian tuna

investigations in 1 959. Annales

biologiques, Con.seil pain<uienl

international pour FExploralion de la

Mer, Copenliague 16:235-240.

1 lamre. J. 1 962 . The Norwegian tuna

investigations, I960. Annales

biologiques, Conseil permanent
international pour TExploration de la

Mer, Copenhague 17:231-235.

Hamre, J. 1 963a. The Norwegian tuna

investigations, 1 961 . Annales

biologiques. Conseil permanent
international pour I'Exploration de la

Mer, Copenhague 18:197-203.

Hamre, J. 1 963b. Size composition of

tuna stocks. Methodological paper No.

3 In Ros;i, H., Jr. (Ed.) Proceedings of

the world scientific meeting on the

biology of tunas and related species,

La JoUa. California. USA., 2-14 July

1 962, FAO Fisheries Reports, Rome

6(3): 1023- 1039.

Ilamre, J. 1 963c. Tuna tagging experi-

ments hi Norwegian waters. Experi-

ence Paper No. 3 In Ro.sa. H., Jr. (Ed.)

Proceedings of the world scientific

meeting on thebiology of tunas and

related species, Ui Jolla, California,

US.A, 2-14 July 1962, FAO
Fisheries Reports, Rome6(3):l 125-

1132.

Hamre, J. 1964. Observations on the

depth range of tagged bluefm tuna

(Thunnus ihyiinus L.) based on

pres.sure marks on the Lea tag.

International Coiuicil for the Explora-

tion of the Sea. CM. 1964.

Scombrilorm Fish Committee 151:1-5

(mimeo)

I lamre, J. 1 965. The Norwegian tuna

investigations. 1962-1963. Annales

biologiques. Conseil permanent
international pour I'EjqjIoration de la

Mer. Copenhague 20:232-236.

ilamre. J. 1 971 Review of the bluefm

tuna fisheries and research in the

Norwegitui coastal waters and adjacent

se;is. FAO Panel of Lxperts for the

Facilitation olTiina Research. Fourth

Session. 1^1 Jolla. California. U.S.A..

8-12 November. 1971. EPFTR/71/Inf.

20: 1-3 (mimeo).

I Uimre. J. and Tiews. K. 1 964 Report

from tlie bluefin tuna working groiqi.

On tlie size composition of tuna

catches from 1 956-62. Conseil

liennanent international pour

r Exploration do la Mlt. Copenhague.
Stati.stical News I .etters 20: M3.

I lamre. J . Lozano. F.. Rodriguez-Roda,

J. and Tiews. K. 1 966 Second report

152



from the bluefin tima working groiip.

On the development of the bhiefm

tuna fisheries from 1 950-64 and

further observations on size composi-

tion ofbluefm tuna catches. Conseil

permanent international pour

I'ExploraUon de la Mer. Copenhaguc.

StatisticalNews Letters 26: 1-34.

Hamre, J., Lozano, F.. Rodriguez-Roda,

J. and Tiews, K. 1 968. Tliird report

from the bluefm working group .

Observations on the size composition

ofbluefm tuna catches from 1965-66.

Conseil permanent international pour

I'Exploration de la Mer, Copenhague.
Statistical News Letters 38: 1 -27.

Hamre. J., Maurin, C. Rodriguez-Roda, J.

and Tiews, K.. 1971 . Fourth report of

the bluefm tuna working groiq).

Observations on tlie size composition

ofbluefm tuna catches from 1 967 to

1969. bilemational Council for the

Exploration of tlie Sea, Copenhagen,

Cooperative Rese;irch Report Series

A, 23:1-10.

Hass, P. 1964. II tonno dei I'onzesi.

Mondo Sommerso, Milano 6( 1 1 ): 11 6.

Hayasi, S., Koto, T., Sliingu, C, Kume,
S. and Merita, Y. 1 970. Status of the

tuna fisheries resources in the Atlantic

Ocean. 1 956- 1 967. Rir Seas Fisheries

Research Laboratory, Sliimizu. Japan.

S. Series 3:1-72.

Hayasi, S. and Shingu. C. 1 972.

Comparison ofpopulation stnictures

ofbluetln and southern bluefm tunas.

International Commission for the

Conservation of Atlantic funas,

Madrid SCRSA72/ 1-5 (mimc^j).

Heldt, H 1 926a Thon rouge. Resume do

nos connaissances actuelles sur le tlion

rouge (Onyiius tlnimus L. X 1
"
Piulie)

Rapports et Proces-verbaux des

Reunions, Commission intemationalc

pour I'E^loration Scientifique de la

Mer Mediterranee, Paris l(n.s.):99-

120.

Heldt, H. 1 926b. Resume de nos

connaisances actuelles sur le thon

Touge (TJiunnus thynnus L ). Bulletin.

Station Oceanographique de

Salammbo, Tunisia 5: 1 -44 (duplicates

Heldt. H. 1926a).

Heldt, H. 1 927a. Thon rouge (Second

rapport). Rapports et Proce.s-verbaux

des Reunions, Commission

intemationalc pour I'Explordtion

Scientitique de la Mer Mediterranee.

Paris2(n.s.):] 37-151.

Ileldt, H. 1927b Le tlion rouge Thunnus

thytimts (L.) Misc a jour de nos

connaissances sur ce sujet. Bulletin.

Station Oceanographique de

Salammbo, Tunisia 7: 1 -24 (duplicates

Heldt, H., 1927b).

Heldt, H. 1927c. Contribution a 1 etude

des races de thon {Thutmus thynnus

L.). Caracteresbiometriques du thon

tunisien et considerations sur sa

croissance, Annales, Station

Oceanographique de Salammbo,

Tunisia 4: 1-54.

Heldt, H. 1928a Thon rouge (3' Rappoil).

Rapports et Proces-verbaax des

Reunions, Commission Internationale

pour I'Exploration Scientifique de la

Mer Mtiditerranee, P.iris 3(n.s. ):93-

114.

Heldt. II. 1 928b Le thon wwgc (Thtminis

timmus L). Progres tics reciierches

.sur la question. Bulletin. Station

Oceanographique de Salammbo.

Tunisia 9: 1-37 (duplicates HeldU H..

1928a).

I leldt, H. 1 929a. Lc thon rouge et sa

peche. (Quatriemc Rapport). Rapports

et Proces-verbaux des Reunions,

Commission Internationale pour

TExploration Scientifique de la Mer

Mediterranee. Paris 4(n.s.); 97-1 12.

Heldt, H. 1 929b. Le thon rouge

{Thunnus thynnus L.) P.xamens des

travaux publics (1928) observations

nouvelles Bulletin. Station

Oceanographique de Salammbo,
Tunisia 13:1-26 (duplicates Ileldt.

H, 1929a).

I leldt, H. 1 930a. l.e tlion rouge cl sa

peche (Cinquieme rapport) Rapports

et Proces-verbaux des Reunions.

Commission intemalionalepour

TExTploration Scientifique de la Mer

Mediterranee, Paris 5(n.s.): 1 3 1 -1 72.

Heldt. H 1 930b. Le thon rouge ct sa

peche, nouveaux asjiects de la

question. Bulletin. Station

Oceanographique de Salammbo,

Tunisia 1 8: 1 -69 (duplit.iles Heldt, H..

1930a).

Hcldl. H. 1 93 1 a, 1 e thon rouge et sa

peche (Sixieme Rapport ). Rapports et

I*roces-verbau\ des Reunions.

Conunission intematioiud pour

I'Exploration Scientifique de la Mer

Mediterranee, Paris 6(n.s.):175-288.

I leldt. II 1911 b. Le thon rouge et sa

peche. elements d'un uouveau rapport.

Bulletin, Station Oceanograpliique de

Salammbo, I'unisia 21:1-165

(duplicates Heldt, H., 1931a).

Heldt. 1 1. 1 932a. Reperage des bancs de

thons par avion Notes. Station

Oceanographique de Salammbo,
Tunisia 26: 1-1 2.

Heldt. H. 1 932b. Le thon rouge et sa

peche, rapport pour 1931 . Bulletin,

Station Oceanographique de

Salammbo, Tunisia 29: 1- 168

Heldt, H. 1 932c. Le thon rouge et sa

peche (7' Rapport). Rajiports et

Proce.s-verbaux des Reunions,

Commi.s,sion mtemationalepour 1

'Exploration Scientifuiue de la Mer

Mciliterranee, Paris 7(n.s.):203-3 18

(duplicateslleldLH. 1932b).

Heldt. II. 1934. Le thon rouge et sa

peche (8' Rapport) Annee 1 932.

Rapports et Proces-verbaux des

Reunions, Commission

intemationalc pour I'Exploration

Scientifique de la Mer Mediterranee,

Paris 8(n.s.): 185-255.

Heldt, H. 1 937. Le thon rouge et sa

peche. Rapport pour les annees 1933.

1 934. el 1 935 (9' Rapport). Rapports

et Proces-verbaux des Reunions,

Commission Internationale pour

I'Exploration Scientifique de la Mer

Medilerranee. Paris 10(n.s.):235-315.

Heldt, II. 1 938. Le thon rouge et sa peche

( 10"* Riipport). Rapports et Proce.s-

verbaux des Reunions. Commis.sion

intematioiuilc pour I'Exploration

Scientifique de la Mer Mediterranee,

Pans I l(n.s.):31 1-358.

Heldt, H. 1 943. Etudes sur le thon, la

daurade, et les muges. Histoires

d'ecailles et d'hame^oas. Brochure,

Station Oceanographique de

Salammbo. Tunisia 1 :3-47.

Hemingway, E. 1949 Cuban fishing.

In Ciame Fish of the World. B..

Vesey Fitzgerald and F La Monte.

Editors Harper and Brothers, New
York 155-160.

Hovasse, R. 1 927. Migrations du thon

(Orcynus thynnus L. ) et tropismes.

Bulletin de la Societe Zoologique de

France. Paris 52:45-50.



I.E.O. (Laboratories de Malaga, Palma y

MarMenor.);m(iI.I.P. (Laboratorio dc

Castellon) 1 976. Datos sobre las

pesquerias de tunidos y affines en el

Mediterraneo durante 1975. Interna-

tional Commission for the Conserva-

tion ofAtlantic Tunas. Madrid. SCRS/

76/53: I-2(mimco).

International Commission for the

Conservation ofAtlantic Tunas. 1 976.

Data Record 8:339 p.

Istituto Centrale di Statistica, Roma.

1949. Annuario Statistico Italiuno,

Edizione 1949,216.

Istituto Centrale di Statistica, Roma.

1951. Aiuiuario Statistico Italiano,

Edizione 1951,212.

Istituto Centrale di Statistica, Roma.

1954. Annuario Statistico Italiano,

Edizione 1954, 171.

Istituto Centrale di Statistica, Roma

1957. Annuario Statistico Itali;ino,

Edizione 1957, 193.

Istituto Centrale di Statistica. Roma.

1960. Aniuuirio Statistico Italiano.

Edizione 1960. 182.

Istituto Centrale di St;itistica, Roma.

1963. Annu;irio Stati.stico Italiano.

Edizione 1963.202.

Istituto Centrale di Statistica, Roma.

1966. Annuario Statistico Italiano.

Edizione 1966, 198.

Istituto Centrale di Statistica, Roma.

1969. Annuario Statistico Italiano.

Edizione 1969, 174.

Istituto Centrale di Statistica, Roma.

1972. Annuario Statistico ItaHano.

Edizione 1972. 206.

Istituto Centrale di Statistica, Roma.

1974. Annuario Statistico Italiano.

Edizione 1974,218.

lyigiingor, D. 1957. Methods and gew
at present in use for tuna tlshing in

Turkey. Proceedings and Technical

Papers, Cieneral Fisheries Council

for the Mediterranean. Rome

4(33):251-255.

Jordan. D. S. and Evennium. H. W 1 926.

A review of the giant niackercl-like

tishcs, tiumies. spearlishes. and

svvordfishes. Occasional Papers of the

California Academy of Science. San

Francisco 12:1-1 13.

Juarez, M. 1 972. Larvas del atiin dc aleta

azul en el Banco de Campeche. Mar y

Pesca,Habana 86: 50-51.

Juarez. M. 1 974a. i Donde desova el

ahm? M;u- y Pesca. Habana 106:44-47.

Juarez. M. 1 974b. Distribucion de las

formas larvarias de algunas e.species

de la familia Scombndiie en aguas del

Golfo de Mexico. Centro de

Investigaciones Pesqueras. Cuba I -2 1

(mimeo).

Keyvanfar. A. 1962. Serologic el

immunologic de deux esjieces de

thonides {Geivio alaliin^a Gmelin ct

Thtmnu.i thynnus (Linnc) de

TAtlantique et de la Mcdileiranee.

Revue des Travaux de ITnstiUil des

Pcches Maritimes, Paris 26(4):4()7-

456.

Kume, S. 1 976. Japanese lisheries and

research activities on tunas and tuna-

like fishes in the Atlantic Ocean,

1973-1975. International Commission

lor the Con.servation ofAtlantic

I'tinas. Madrid, Repoit for biennial

period, 1974-75, l';irt 11 (1975)

English, version 187- I'M).

Kiinie. S. 1 977. Jajianese tlslienes and

icseiuch activities on Innas and tuna-

like fishes in the Allanlic Ocean.

1 ')74- 1 976. Intenialional Commi.ssion

for the Con.senaliou of Atlantic

I'unas. Madrid, Report for biennial

period. 1976-77. P.ul I ( 1976) IJiglish

version 194-204.

biboratorio Oceaiiogralico de Caiuirias.

I'esquerias de tunidos en las Islas

Camirias. International Commission

for the Conservation of Atlantic

Tunas. Madrid. Collective Volume of

Scientific Papers 2:314-319.

l,aboratorioOcc;mografico Palma. IE O.

Castellon. Laboralorio Oce;inograllco

Malaga. I97(i. Pnmerosdalas sobre la

pesqueria do liinidos y alines en el

Meditemuico y suiatlantico e.spafioles.

Intemalioiial Commi.ssion tor the

Con.servation ot Athinlic I'unas.

Madrid. Collective Volninc ol'

Scicntifk Papers 5(2):2(<l-2(>(i.

lalami. J. 1971. Coiiliibniiona I'etndc

.sy.steinaliqiie biologK|iic ecologique el

.statislique des pois.sons de la pecheiie

d'Alger. Pelago.s, Alger 3(4) 1-150.

lalami. Y Tellai. S . Banois. J M .

Piccinelti. C. and I'iccinetti Manfrin.

(i. I 973. Obser\'alions sur lesociifs

el larves des thonides des t oles

algenennes. Pelagos. Alger 4(2):54-

(i5.

I.amboeul. M 1 ''72 . Tuna fisheries in

Morocco. Status a( the beginning of

1971. International Commission for

the Conservation of Atlantic Tunas,

Madrid, Report tor biennial period,

1 970-7 1 . Part III English version

176-180.

Lamboeut. M. 1975 Contribution a la

connaissmice des migrations des

leiines thons rouge a partir du Maroc.

International Commission forthe

Conser^'ation of Atlantic Tunas,

Madrid, Collective Volume of

Scientific Papers4: 141-144.

Laurs. M. and R. J. Lynn. 1977. Seasonal

migration ofNorth Pacific Albacore,

Thunnii.s alaluni^a, into North

American coastal waters: distribution,

relative abundance, ;md association

with transition zone waters. Fishery

Riilletin 75(4):795-822.

1 ebedefi; W. 1936. Paradise for big

Game fishing tunny 700 k; swordfish

1 80 kg: shark 1 800 k. Winter season

1 935-36 in Turkey fishing Gazette,

London 1 13(3102):420-421.

leDanois. i; l')38. LTnlluencedes

transgressions sur la biologic et la

peche; In 1 'Atlantiqiie (Histoire et

vie d'uii ocean). Paris. Albin Michel

246-286

Lee, J.Y.I 965. Ob.servations .sur la

serologic ct rimmunologie des thons

rouges (7'/?i(/)*H(.v thymius Linne) de

MedileiTanee. Rapports et Proces-

verbaux des Reunions. Conmiission

international pour I'Exploration

Scicnlilique de la Mer Mediterranee,

Monaco 18(2):22'^-228.

Lee. J.Y. 1 968. Note complementaire sur

rimmunologie des thons rouges

(Ihunnus ihyiinus Linnc) de

FAtlaiUique et de la Mediteiranee.

Rapports et Proccs-vcrbaux des

Reunions. Commission inlemational

pour rExplonition Scientifique de la

Mer Metliterrmiec. Monaco I9(2):279

I c (rail. J 1 927. Contnhution a I'etude

de la biologic du Ihon rouge { Thumms

llniinii^ L), Sur la presence de thons

rouges en Mer du Nord et dans

rAtliiiilii|ne nord-csl. Journal du

Conscil. CopenliaLine 2(3): 309-33 1 .

Le Gall. J. 1 929. Le thon rouge (Thunnii.i

thwnus L.) en Mer du Nord et dans

lAtlanlique nord-est. Journal du

Conseil. Copenhague4(2):200-206.

154



Le Gall, J. 1 950. Dans les parages dc

SainI Jam de Luz, en 1949.

Observateurs; Castagne et Fauvel. In

Thunides: Thon rouge (Thuiwus

thynnus L.). Annalesbiologiques,
Conseil permanent international pour

I'Exploration de la Mer, Copenhague
6:71.

Le Gall, J. 1952. Le thon rouge (Thunnus

thynnus L.) dans le Golfe de Gascognc
en 1951 . Observations de P. Creac'h.

Mensurations de Castagn6 et Fauvel.

In Thonides. Annales biologiqucs,

Conseil pennanent international pour

rE>qploration de la Mer, Copenliague
8:82-81

Le Gall, J. 1 954 Thon rouge (Thunnus

thynnus Linne). In Riipport

d'ensemble sur les travaux de rOlfice

Scientifique et Technique des Peches

Maritimes de 1945 a 1 953. Recherches

sur les poissons. Revue des Travaux

de ITnstitut Scientifique et Technique
des Peches Maritimes, Paris 1 8(2-

4):65-67.

LeGall.J.Y. 1974. Cartographie
mensuelle des donnees sur I'cffort et

les prises de la pecherie palangriere

thoni^re Japonaise de 1' ocean

atlantique 1956-1971 . Rapport

scientifique et technique. Centre

National pour I'Exploitation des

Oceans, Brest, No. 1 8, unpaginated.

Lenarz, W. H., Mather, F. J., ID, Beckett,

J. S., Jones, A. C. and Mason, J. M. Jr.

1973). Estimation ol' rates of tag

shedding by iiortliwest Atlantic

bluefm tuna. Fishery Bulletin, U. S.

National Marine Fisheries Service,

Seattle 71(4):1 103-1 105.

Levi, D. 1 977. Summary report on Italian

tuna fisheries in the Adriatic Sea.

International Commission for the

Conservation ofAtlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 6(2):256-258.

LiGreci, F. 1 961 . Osservazioni compiute
nella tonnara del "Tono" di Milazzo

durante la stagione di pesca 1 958.

Bollettino di Pesca, Piscicoltura e

Idrobiologia, Roma 14(n.s.)2:2 10-229.

Lima Dia-s, M. and Barraca, Y. F. 1972.

Portuguese national report. 1.

Considerations on tuna fisheries oil

the coast of Continental Portugal and
the Islands ofMadeira and the Azores

between 1961 and 1970. International

Commission for the ConseiTation of

Atlantic Tiuias, Madrid, Report for

biennial period. 1 970-72, Part 111

English version I81-1H7.

Linnaeus, C. 1 758. Systema Naturae per

regna tria naturae secimdum classes,

ordines, genera, species cum
characteribus differentilis, synonymis,
locis. Editio decima reformata, Tom. I

(Regnum animale). Lithoprinted,

1 956, British Museum ofNatural

History 1-823.

Louys, E. 1953a. Florida. In Midsummer

peak at hand. Wide variety of .sport

and game species now available. Salt

Water Sportsman, Boston 14(23): 1-3.

Louys, E. 1953b. Florida. In Spoil fish

ignore storm. No adver.se allcr-cffecLs

of hurricane noted this week. Salt

Water Sportsman. Bo.ston 14(24): 1-3.

Lozano Cabo, F. 1957. Notes on tlie

biology and
fi.sliing of tuna. Proceed-

ings and Technical Papers. General

Fisheries Council for tlie Mediterra-

nean, Rome 4(1 7): 11 3- 125.

Lozano Cabo. F. 1 958. Los escombridos

de las aguas espaiiola.s y marroquies y
su pesca; Primera Piirte. Trabajos del

Institute Es-panol de Oceanografia,

Madrid 25: 1-254.

Lozano Cabo, F. 1 959a. Critical study of

echo-sounders used for tuna detection

Proceedings and Teclinical Pajiers,

General Fisheries Council for the

Mediterranean, Rome 5(8): 9 1 -99.

Lozano Cabo, F. 1959b. Tlie use of eclio-

.sounders in the study oltlie migrations
of tuna. Proceedings iuid Technical

Papers, General Fisheries Coiuicil for

the Mediterranean. Rome 5(9): 1 1
-

104.

Lozano Cabo, F. 1 970. Etude particuliere

dc la biologie des tlionides du plateau

contincntid du Maroc Atlantique. In

Letacounoux, R. and Went. A. E. J.

(editors). Symposiiun .sur les

Ressources Vivantes du Plateau

Continental Atimilique Alricain du

Detroit de Gibraltar au Cap Vert.

Rapports et Proces-vcrbaux des

Reunions, Conseil inteniational poiu'

I'Exploration de la Mer. Copenhague
159:191-193.

Lilhmann. M. 1 959 Die deutsclie

thunfischeiei iiiid ihre Hinge in den

jaliren 1956 bis ]95S Aaliiv fiir

Fi,scliereivvis.senschall, I Ji aiuischweig

IO(l/2):68-99.

Malduia, C. M. 1965 Studio peril

legiiiaiuento di csc-cuzionc alia Icgge
14 Luglio 1965 N. 963 .sulladisciplina

della pesca marittima. Ministero della

Marina Mercantile, Direzione

Generale della Pesca Marittima, Roma
1-45.

Maldura. C. M. 1 969. Disciplina della

pesca marittima (Legge e regolamento
di esecuzione). Ministero della Marina

Mercantile, Direzione Generale della

Pesca Marittima, Roma,

Marr, J. C. andSchaefer. M. B. 1949.

Definitions ofbody dimensions used

in describing tunas. Fi.shcTy Bulletin,

Fish and Wildlife Scwicc, United

States Department of the Interior,

Washington, DC. 47(5 1):24 1-244.

Mason. J M. Jr. 1975 US. Atlantic

bluelln tuna tagging, October, 1971

through October, 1974. International

Commission for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers 4:133-

140.

Mason. J M., Jr.. Mather, F. J., UI, and

Baglin, RE.. Jr. 1 977. Results of

United States cooperative tagging of

Atlantic bluefin tuna, October 1974

through October 1976 International

Commission for the Conservation of

Atlantic Tunas. Madrid, Collective

Volume of Scientific Papers

6(2):259-263.

Matlier, F. J., in. 1 959. A preliminary

report on bionietric studies of tunas

(genus Thunnus) of the western North

Atlantic (presented at 39th Aiuiual

Meeting of the American Society of

Ichthyologists and Heipetologists, San

Diego, California 1 9 June 1959)1 -9

(mimeo).

MaUier. F. J., ID. 1 960. Recaptm-es of

tuna, marlm and sailfi.sh tagged in the

western Noith Atlantic Copeia,

Philadelphia (2): 1 49- 161.

Matlier, F. J., lU. 1 962a. Tran.saUantic

migration of tv\o large bluefm tuna.

Journal du Conseil, Copenliague
27:325-327.

Mather, F. J, III. 1 962b. Distribution and

migrations ofNorth Atlantic bluefm

tuna. IVoceedings of the Seventh

International Game Fish Conference,

Giilvcston, Texas, November 1 5,

1 962, llie Institute ofMarine Science,

University of Miami: 1-7.

155



Mather, F. J., ID. 1963. Tags and tagging

techniques tor kirge pelagic fishes.

International Commission tor the

Northwest Atlantic Fisheries, Special

Publication No. 4 North Atlantic Fish

Marking Symposium, Woods Hole,

Mass., May, 1961, Dartmouth, N.S.,

Canada (46):288-293.

Mather, F. J., III. 1964a. Tunas (genus

Thurmiis) ofthe Western North

Atlantic, Part II -
Description,

comparison and identification of

species of Thunnus based on external

characters. Proceedings of tlie

Symposium on Scombroid Fishes held

at Mandapam Camp from Jan. 12-1 5,

1 962, Symposium Series 1 , Marine

Biological Association of India,

Mandapam Camp, South India, Part I,

395-410.

Mather. F. J.. HI. 1 964b. Tunas (genus

Tliurmus) ofthe Western North

Atlantic, Part ID - Distribution and

behavior of Thunnus species.

Proceedings ofthe Symposium on

Scombroid Fishes held at Mandapam

Camp from Jan. 12-15, 1962,

Symposium Series 1 . Marine

Biological Association of India,

Mandapam Camp, South India, Part I,

411-427.

Mather, F. J., m. 1 969. Long distance

migrations of tunas and marlins.

Underwater Naturalist, Bulletin ofthe

American Littoral Society, Highlands,

New Jersey 6(2):6-14, 46.

Mather, F. J., m. 1 974a. Tlie bluefm tuna

situation. Proceedings ofthe Sixteenth

Annual International Game Fish

Research Conference, October 29-30,

1 973. New Orleans, Louisiana.

Sponsored by the Litemational

Oceanographic Foundation (lOF) and

the International Game Fish Associa-

tion (IGFA) 92-1 26.

Mather, F. J., IH. 1 974b. Trends in

bluefm tuna catches ui the Atlantic

Ocean and the Mediterranean Sea.

International Conunission for the

Conservation ofAtlantic Tunas,

Madrid, SCRS/74/3 5: l-33(mimeo).

Mather, F. J., IH, and Bartlett, M. R.

1962. Bluefm tuna concentration

found during a long-line exploration

ofthe northwestern Atlantic slope.

Commercial Fisheries Review, U.S.

Fish and Wildlife Service, Wasliing-

ton,D.C. 24(2): 1-7.

Mather. F J.. Ill and Mason, J M. Jr.

1973. Smnmars' of recent iiifomiation

on laggings and Uig returns for tunas

and billfishes in the Atlantic Ocean.

International Commission for the

Conservation ofAtlantic Tunas.

Madrid, Collective Volume of

Scientific Papers 1:501-531.

Mather, F. J., HI, and Mason, J. M . Jr.

1 976. Results ofUnited States

cooperative tagging of Atlantic bluefm

tuna, October 1 974 tlirough October

1 975. Intemational Commission for

the Conservation ofAthmtic Tunas,

Madrid, Collective Volume of

Scientific Papers 5(2):307-312.

Mather, F. J., ffl and Schuck, H. A. 1 960.

Growth of bluefin tuna ofthe western

North Atlantic. Fishery Bulletin, Fish

and Wildlife Service, United States

Department ofthe Lilerior. Wasliing-

ton.D.C. 179(61 ):39-52.

Mather, F. J., Ill, Bartlelt, M. R. and

Beckett, J. S. 1967. Tran.satlantic

migrations of young bhictln tuna.

Journal ofthe Fisheries Research

Board of Canada, Ottawa

29(9):1991-1997.

Mather, F. J., ffl. Mason. J. M.. Jr.. and

Jones, A. C. 1 973. Distribution,

fisheries and life history data relevant

to identification of Atlantic bluefin

tuna stocks. Intemational Commission

for the Conservation ofAtlantic

Tunas. Madrid, SCRS/73/54: 1-163

(mimeo).

Mather, F. J, III, Mason, J. M., Jr and

Jones. A.C.I 974a. Distribution,

fisheries and life history data relevant

to identification ofAtlantic bluefm

tuna stocks. Intemational Commission

for the Conser\'ation of Atlantic

Timas. Madrid, Collective Volume of

Scientific P^ers 2:234-258. (Parts

VII-X of Mather. F. J.. Dl. et al..

1973.)

Mather, F. J.. DI. Rothschild. B. J.,

Pauhk, G. J. and Lenare W. H. 1 974b

Analysis ofmigrations and mortality

of bluefin tuna. Thunnus thynniis,

tagged in the nortliwestem Atlantic

Ocean. Fishery Bulletin, U.S. National

Marine Fisheries Service. Seattle

72(4):90()-914.

Matsumoto. W. M . Alilstrom. L. H..

Jones, S., Klawe. W L.. Richards. W.

J.andUeyanagi.S. 1972 On the

clarification of larval lima identifica-

tion particularly in the genus Thunnus.

Fishery Bulletin. U.S. National Marine

Fisheries Service, Seattle 70( 1 ): 1 -1 2

Maurin, C 1 964. Tlie development ofthe

fisheries in the Gulf of Lions.

Proceedings and Technical Papers,

General Fisheries Council for the

Mediterranean, Rome 7(36): 365-370.

Meyer-Waarden, P. F. 1 959. Relation

between the tuna populations ofthe

Atlantic. Mediterranean and North

Seas. Proceedmgs and Technical

Papers. General Fisheries Council for

the Mediterranean, Rome 5(22): 1 97-

202.

Miyake.P. M. 1975. ICCAT Conserva-

tion measures for bluefm tuna.

International Council for the Explora-

tion ofthe Sea, Copenhagen, CM.
!975/J:21 Pelagic Fish (Soutliem)

Committee 1-3 (miineo).

Miyake. P. M. 1 976. Preliminary report

on Italian tuna catches. Intemational

Commission lor the Conservation of

Atlantic Tunas. Madrid 1-7 (mimeo).

Miyake, M. P. and Maiming, J. 1975.

Intemational Coimnission for the

Conservation of Atlantic Tunas,

Madrid, Statistical Bulletin 5

(unpaginated).

Miyake. M. P. andTibho. C. G, 1972.

Intemational Commission for the

Conservation ofAtlantic Tunas,

Madrid, Statistical Bulletin 2

(unpaginated).

Monconduit, P. 1927. Situation de

la Peche Maritime en Tunisie au

ler Janvier 1927. Bulletin,

Station Oceanographique de

Salammbo 6: 1 -56.

Montolio, M. and Juarez, M. 1 977. El

desove de Thunnus ihynnus thynnus

en el Golfo de Mexico - estimado

preliminar de la magnitud de la

poblacion en desove a partir de la

abundancia de larvas. Intemational

Commission for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientitic Papers

6(2):337-344.

Morovic, D. 1 96 1 . Observations sur les

variations du nombre de pinnules chez

le thon Touze (Thunnus th\mms L.)

peche en Adriatique a la senne

toumante. Rapports et Proces-verbaux

des Reunions, Commission intema-

tional pour TExploration Scientifique

156



de la Mer M&literranee, Monaco

I6(2):34 1-344.

Morovic,D. 1968. Surquelques

caracteristiques biom^triques du Thon

rouge adrialique {Thunnus thynnus L.)

Rapport taille/poids et longeur du

coips/loiigeur de la tete. Rapports et

Proces-verbaux des Reunions,

Commission intemationale pour

I'Exploration Scientifique de la Mer

Mediterranfe, Monaco 1 9(2):291-293.

Moss, F. T. 1 967. The case of the subway
tuna. Sportfishing, New Yoric 3(6): 10,

47-49.

Mowbray, L. 1949. The mystery ofthe

bluefm. In Farrington ( 1 949a) 1 99-

201.

Muiphy. G. I. and R. S. Shomura. 1972.

Pre-e>qiloitation abundance oftunas in

the eastern central Piicific. Fisliery

Bulletin 70(3):875-91 3.

Murray, D.K.W. 1932. Tunny (77)«wj!w

thynnus L.) in the North Sea. Journal

du Conseil, Copenhague 1(2):251-

254.

Mu.ssolini-Belluzzo. 1 927. Regio decreto

26 Agosto 1 927, N. 1762. Divieto

dellapesca del tonno novello.

Bolletino di Pesca, di Piscicoltura e di

Idrobiologia 3(5):79-80.

National Marine Fisheries Service. 1 975.

Chapter II - National Marine Fisheries

Service, National Oceanic and

Atmospheric Administration,

Department ofCommerce. Subchiipter

H - Tuna Fisheries. Part 285 - Atlantic

Tuna Fisheries. Federal Register

40(157):33978-33981

National Marine Fisheries Service. 1 976.

Title 5()-Wildlife iuid I-isheries

Chapter II - National Marine Fisheries

Service, National Oceanic and

Atmo^heric Administration,

Department of Commerce. Part 285

Atlantic Tuna Fisheries Final Rule

Making. Federal Register

41(97):2041 1-2041 3.

Navaz, J. M. 1 950a. Contribucion al

estudio de los escombridos de la costa

vasca (atun, bonitos y melva). Boletin

del Instituto Espafiol de Oceanografia.

Madrid31:l-21.

Navaz, J. M. 1 950b. Le thon de la cote

Ba.sque. In Thunides. Annales

biologiques, Conseil permanent
international pour I'Exploration de la

Mer, Copenhague 6:71 -72.

Nedelec,C. 1954. Doiuieesbiometriqucs
sur le thon rouge de !;i Mer du Nord.

Journal du Con.seil, Copenluigue

19(3):350-355.

Nichy, F., and Berry, F. U 1 976. Age
determination in Atlantic bluefm tuna.

International Commission for the

Conservation ofAtlantic Timas,

Madrid, Collective Volume of

Scientific Papers 5(2):302-306.

Ninni, E. 1 92 1 a. Le comparse del tonno

nel mare e nelle lagunc di Venezia e

revisione del gruppo "tonni" per
I'Adriatico. Bolletino Bime.strale, R.

Comitato Talas-sografico Italiano 10

fasc.I-2-3,(69-7l):43^8.

Ninni, E. 1921b. Per la pe.scu in Libia,

Eritrea e Somalia. Mcmorie R.

Comitato TalassograJlco Italiano,

Venezia 86:5-77.

Ninni, E. 1922. La inigrazione del tonno

nei mari di levante. Bolletino

Bimestrele, R. Comitato

Talassogruficoltaliiiiio 1 1, lasc.

4(74): 1 09- 1 16.

Oren, O. R, Ben-Tuvia, A. and Gottlieb,

E. 1959. Experimentiil tuna fishing

cniise in the eastern Mediterranean.

Proceedings and Teclimcal Papers,

General Fisheries Council for the

Mediterranean, Rome 5(36):269-279

Oven, L. S. 1 959. Pelagic fish eggs in the

Black Se;i ofl'Karadag. Tnidy

Karadagskoi Biologicheskoi Stantsii

Akademii Nauk Ukrainskoi SSR,
1 5: 1 3-30. (Tran.slation of sections

pertaining to bonito ;md bluefm tuna

by Klawe. W. L., Inter-Amencan

Tropical Tuna Commission, Ixi Jolla,

California, 1968)

Padoa, E. 1 956. Divisione:

Scombril'ormes //; Lo Bianco, S.,

compiler and .serializcr. Fauna e Mora
del Golfo di Napoli. Stazionc

Zoologica di Napoli, Monografia 38.

Uova, larve e .stadi giovanili di

TeIeostei49M97.

Paes de Franca, M. L. and Correia da

Costa, F. 1976. Quelques infonnations

sur la pecherie de thonides dans

I'archipel de Madeu-a et dans

I'archipel des Azores, hitemational

Conunission for the Con.servation of

Atlantic Tunas. Madnd, SCRS/76/23:

l-6(mimeo)

Paiiii,M. 1975. La grande battaglia dei

tonni Mondo Sommerso, Milano

182:10-21.

Pais-Serra, F. 1889. Memoriapi^sentata
alia Commissione Reale per le

Tonnare. hi Lmdustria del tonno

(Orcynus thynnus), Atti del la

Commissione Rede per le Tonnare,

Ministero di Agricoltura. Industria e

Commercio, Roma 355-510.

Parona, C. 1919.11 tonno e la sua pesea.

Memorie, R. Comitato Talassografico

Italiano, Venezia 68: 1 -263.

Pataiiia, L. 1 967. Compte rendu de la

campagne experimentale de peche au

thon au filet toumant, au larges des

cotes de Test Mediterraneen ( 1 7

juillet-31 aofit 1967) Science et Peche

Bulletin d'hiformation et de Docu-

mentation de ITnstitut Scientifique et

Teclmique des Peches Maritimes,

Paris 164/165: 17-29.

Pavesi, P. 1887. Lemigrazione del tonno.

Rendiconti dell' Istituto Lombardo di

Scienze e Lettere, Milano, Ser.

2(20):3 11-324.

Pavesi, P. 1 889. Relazione alia

Commissione Reale per le Tonnare. In

L'indu.stria del tonno (Urcynus

thynnus), Atti dell Commissione Reale

per le Tonnare, Mini.stero di

Agricoltura, Industria e Commercio,
Roma I -3 54

Piccinetti, C. 1973. Stadeslarvaireset

juveniles des thons en Adriatique.
Act;i biologica iugoslavica, Serija E,

Ichthyologia, Belgrade 5(1): 129- 134.

Piccinetti, C. and Piccinetti Manfrin, G.

1 970. Osservazioni sulla biologia dei

primi .stadi giovanili del toimo

(Thunnus thynnus L.). Bollettino di

Pe.sca, Piscicoltura e Idiobiologia,

Roma25(ns.X2):223-247.

Piccinetti, C. and Piccinetti Manlrin, G.

1 973. Forme larvali di Tunnidi in

Adriatico, Atti V Congresso Nazionale

delle Societa Italiana di Biologia

Marina, Niu-do 1973:163-168.

Piccinetti, C, Piccinetti-Manfrin, G.,

Barrois, J. M., Lalami, Y. and Tellai,

S. 1 976a. Resultats d'une campagne
d'etude sur les oeufs et larves de

thonides d'Algerie. Rapports et

Proces-verbaux des Reunions,

Commission intemationale pour

I'Exploration Scientifique de la Mer
MeditcTranee, Monaco 23(8):55-56.

157



Piccinetti, C, Piccinetti Manfrin. G. ;iiid

Dicenta, A. 1976b. Premieres Peches

quantitatives de larves dc thoiiides en

Adriatique. Commission intematioualc

pour I'Exploration Scientifique de la

Mer Mediterranee, Monaco, 25'

Congres-Assemblee Pleniere de Split,

22-30 Octobre 1 976. Comite des

Vertebres marins et Cephalopodes, 1 -2

(mimeo).

Piccinetti, C ., Piccinetti Manfrin, G..

Lalami, Y. and TeUai, S. 1 976c.

Donnees nouvelles sur les larves des

tlionides d'Algeria. Commission

intemationale pour TExploration

Scientifique de la Mer Mediterranee.

Monaco, 25' Congres-Assemblee

Pleniere de Split, 22-30 Octobre 1 976.

Comite des Vert6bres marins el

Cephalopodes 1-2 (mimeo)

Pichot, P. and Duclerc, J. 1 973. Etude des

proteines solubles du cristallin de

thons rouges (Thunnus thymius L.)

par electrophorese et immunologie.

Joumees ichthyologiques, Rome, 30

Novembre 1 erDecembre 1970. Les

poissons et le milieu Mediterraneen,

Commission intemationale pour

I'Exploration Scientifique de la mer

Mediterraneen, Monaco 79-82.

Pichot, P. and Pichot, Y. 1 973. Caracteres

biochimiques de certaines especes de

scombrides. Revue des Travaux de

rinstitut des Peches maritimes,

Nantes, 37(2): 249-252.

Pommereau, G. 1 955. Evolution de la

peche au thon. La Peche Maritime, la

Peche Fluviale et la Pisciculture, Piiris

34(933):605-609.

Postel,E. 1956. Donnees biometriques

sur quelques Scombroides tunisiens.

Bulletin, Station Oceanographique de

Salammbo, Tunisia 53:50-63.

Postel, E. 1 962. Les thonides d'Afrique

du nord. Bulletin de I'Institut des

Peches Maritimes du Maroc,

Casablanca 8:17-27.

Potthoff, T. 1 974. Osteological

development and variation in young

tunas, genus Thunnus (Pisces.

Scombridae), from the Atlantic

Ocean. Fishery Bulletin, U. S.

National Marine Fisheries Service,

Seattle 72(2):563-588.

Pottlioff, T. and Richards, W.J.I 970.

Juvenile bluefin tuna, Tliwmus

thynmis (Linnaeus), and other

scombrids taken by tcnis in the Dry

Tortugas. Florid.i. Bulletin of Marine

Science. Miami 20(2): 389-4 13

i'resley, R. F. 1 972. Plankton, nekton and

nightlight collections with pertinent

data. Hourglass cruises. Gulf of

Mexico (1 965-1 967). Florida

Department ofNatural Resources

Marine Research Laboratory, St.

Petersburg. Florida, Special Scientific

Report 32:1-16.

Repiiblica Portuguesa. 1 957. Estatisticas

das pescas maritimas no continente e

ilhas adjacentes no ano de 1 956.

Direc^ao das Pescarias. Lisboa: 38.

Repiiblica Portuguesa. 1958. EsUitisticas

das pescas maritimas no continente e

illias adjacentes no ano de 1 957.

Direc(;ao das Pescaiias. Lisboa: 38.

Repiiblica Portuguesa. 1959. Estatistica.s

das pescas maritimas no continente e

iUias adjacentes no ano de 1 958.

Direc(;ao das Pescarias, Lisboa: 38.

Repiiblica Portuguesa. 1 960. Estatisticas

diis pescas maritimas no continente e

iUias adjacentes no ano de 1959.

Direc(;ao das Pescarias, Lisboa: 40.

Repiiblica Portuguesa. 1961 . Estatisticas

das pescas maritimas no continente e

iUias adjacentes no ano de 1 960.

Direc(;ao das Pescarias, Lisboa: 44

Repiibhca Portuguesa. 1962. Estatisticas

das pescas maritimas no continente e

ilhas adjacentes no anode 1961.

Direc9ao das Pescarias, Lisboa: 48

Repiiblica Portuguesa. 1963. E.statisticas

tiiis pescas maritimas no continente e

ilhas adjacentes no ano de 1 962.

Dircc(;ao das Pescarias, Lisboa: 46.

Repiiblica Portiigues;! 1964. Estatisticas

das pescas maritimas no continente e

ilhas adjacentes no anode 1963.

Direci^ao das Pescarias, Lisboa: 46.

Repiiblica Portuguesa. 1 965. Estatisticas

das pescas maritimas no continente e

illias adjacentes no ano de 1 965

Direc(;ao das Pescarias. Lisboa: 56.

Republica Portuguesa. 1 966. Estatisticas

das pescas maritimas no continente e

iUias adjacentes no ano de 1 965 .

Direc^ao das Pescarias, Lisboa: 59.

Repiiblica Portuguesa. 1 967. Estatisticas

das pescas maritimas no continente e

iUias adjacentes no ano de 1966.

Direcijao das Pescarias. Li.sboa: 52.

Repiiblica Portuguesa. 1 968. Eslati.sticas

diis pescas in;iritimas no conlincnte e

iUias adjacentes no ano de 1 967.

Direc^ao das Pescarias, Lisboa: 52.

Republica Portuguesa 1 969. Estatisticas

das pescas maritimas no continente e

ilhas adjacentes no ano de 1 968.

Direc(;ao das Pescarias, Lisboa: 52.

Republica Portuguesa. 1 970. Estatisticas

das pescas maritimas no continente e

iUuis adjacentes no ano de 1 969.

Direcvao das Pescarias, Lisboa: 50.

Rey. J. C. 1978. Resultados de la

campafia dc marcado de atiin rojo,

Thunnus thynnus (L.) jiivenil en la

costa Mcditerriinea esp;mola.

International Commission for the

Conservation ofAtlantic Tuna.s,

Madrid. Collective Volume of

Scientilic Papers 7(2):318-.321.

Rey, J. C, Crespo, J. andCaminas, J. A.

1 977. ftoduccion de las almadrabas

espafiolas Meditem'meas durante el

ano 1975. International Commission

for the Conservation ofAtlantic

Tunas, Madrid. Collective Volume of

Scientific Papers 6(2):253-255.

Rich. W. H. 1 935. The horse mackerel

(tuna) fishery' of Maine. U.S.

Department of Commerce, Bureau of

Fisheries. Washington.DC
Memorandum S-339:l-7.

Richards. W. J. 1969a. Tropical

Atlantic tuna larvae collected during

Equalant surveys Commercial

Fisheries Review. U.S Fish and

Wildlife Service. Washington, D.C.

31(ll):33-37.

Richards. W J 1969b. Distribution and

relative ;ipp;ireiit
abundance of larval

tunas collected in the Tropical Atlantic

during Equalant Surveys I and II.

Proceedings of the Symposium on the

Oceanography ;uid Fishery Resources

of the Tropical Atlantic - Review

Papers and Contributions, UNESCO,

Paris 25:289-31 5.

Richards, W. J. 1 973 Comments on the

idaitification of larval scombrid

tishes. //; Pacheco. A. L. (Ed),

Proceedings of a workshop on egg,

larval and juvenile stages ot' fish in

Atlantic coast estuaries. NOAA
National Marine Fisheries Service,

Middle Atlantic Coastal Fisheries

Center. I liglilands New Jersey,

Technical Publication 1 :20-35.

15S



Richards, W. J. 1974. Preliminary

estimation of the size of the spawning

stock of bluefin tuna in the Gulfof

Mexico. National Marine Fisheries

Service, Southeast Fisheries Center,

Miami (mimeo): unpaginated.

Richards, W. J. 1 976. Spawning of

bluefin tima (TJiunnus thynnus) in the

Atlantic Ocean and adjacent seas.

International Commission for the

Conservation ofAtlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 5(2):267-278.

Richards, W. J. 1977. A further note on

Atlantic bluefin tuna spawning.

International Commission for tlie

Conservation ofAtlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 6(2):335-.'?36.

Richards, W. J. 1989 Preliminary

guide to the identifications ofthe

early life history stages of scom-

broid fishes ofthe western central

Atlantic. U.S. Dept. of Commerce,

NOAA, NMFS, Southeast Fisheries

Science Center, Miami, Florida.

NOAA Technical Memorandum
NMFS-SEFC-240: 1-101.

Richards, W. J. and Dove. J. R. 1971 .

Internal development of young tunas

ofthe genera Katsirwoniis. Euthwnus.

Auxis and Thumms (Pisces,

Scombridae). Copeia, Philadelphia

1:72-78.

Richards, W.J. and K]awe,W.L. 1972.

Indexed bibliography of the eggs and

young of timas and other scombrids

(Pisces, Scombridae), 1880-1970.

NOAA Technical Report, U.S.

National Marine Fisherie.s Service,

Seattle, Special Scientific Report-

Fisheries 652 : 1 -
1 07.

Richards, W. J. and Potthoff, T. 1974.

Analysis ofthe taxoiiomic characters

of young scombrid fishes, genus
Thunniis. In Blaxler, J. H. S., Editor,

The early life history offish. Tlie

Proceedings ofan Litemational

Symposium Held at the Dunsta linage

Marine Research Ixibonitory ot the

Scottish Marine Biological Associa-

tion at Oban. Scotland, from May 1 7-

23, 1973,623-648. Springer-Verlag,

Heidelberg and New York.

Richards, W. J. and Potthoff, T. 1 977.

Distribution and abundance ofbluefin

tuna larvae in the Gulf ofMexico in

1977. International. Commission for

the Conservation ofAtlantic Tunas,

Madrid, SCRSr77/47: 1-2 (mimeo).

Richards, W. J. and Simmons, D. C.

1971 . Distribution oftuna larvae

(Pisces, Scombridae) in the northwest-

em Gulf ofGuinea and ofliSierra

Leone. Fishery Bulletin, U.S. National

Marine Fisheries Service, Seattle

69(3):555-568.

Richards, W. J. and Wise, J. P. 1969.

Biology and fisheries of large

scombroid li.shesotT northwest Africa.

Conseil international pour 1" Explora-

tion de la Mer. Avec I'aide de FAO.

Symposium sur "Ixs Ressources

vivantes du plateau continental

atlantique Africain du Detroit de

Gibraltar au Cap Vert" 51:1 -6

(mimeo).

Rivas, L. R. 1 951 Preliminary report on

western north Atlantic fishes ofthe

family Scombridae. Bulletin of Marine

Science l(3):209-230..

Rivas. L. R. 1 954 . A preliminary report

on the spawning ofthe western North

Atlantic bluefin tuna (Thunmis

thynnus) in the Straits of Florida.

Bulletin of Marine Science ofthe Gulf

and Caribbean. Miami 4(4):302-322

Rivas, L R. 1 955. A comp:irison between

giant bluefin tuna (Thunnus ihynnus)

from the Straits of Horida and the

Gulf of Maine, with reference to

migration and population identity.

Proceedings ofthe Gulf iuid Caribbean

Fisheries Institute, Seventh Annual

Session, Hiivana, Cuba, November,

1954,133-149.

Rivas, L. R. 1 961 . A review ofthe tuna

fishes ofthe Subgenera ParathunniLs

and Neoihunnus (genus Thuiuius).

Annali del Museo Civico di Storia

Naturale, Genova 72: 126-148.

Rivas, L. R. 1976. Variation in sex

ratio, size differences between

sexes, and change in size and age

composition in Wesleni North

Atlantic giant bluefin lima (Ihunnus

thynnus) Intcniationiil Commission

for the Con,ser\ation ol Atlantic

Tunas, Madrid. Collective Volume
of Scientific Papers 5(2):297-.301.

Rivas. L. R. 1 977a. Age composition

anomalies as evidence for transoceanic

migrations b> intennediate age groups
of the North Atlantic bluefm tuna

(Thunnus thynnus). International

Commission for the Conservation of

Atlantic Tunas, Madrid. Collective

Volume of Scientific Papers 6(2):270-

280.

Rivas, L. R 1977b. Age composition,

seasonal distribution ofage groups,

and longevity in the Western North

Atlantic bluefin (Thunnus thynnus).

International Commission lor the

Conservation of Atlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 6(2):287-305.

Rivas, L. R. 1977c. Preliminary models

of annual life history cycles ofthe

North Atlantic bluefin tuna (Thunnus

thyimus). Litemational Commission

for the Conservation of Atlantic

Tunas, Madrid, SCRS/77/41: 1-11

(mimeo).

Rivas, L. R. 1 978. Aerial surveys leading

to 1 974- 1 976 estimates ofthe numbers

of spawning giant bluetm tuna

(Thunnus thynnus) migrating past the

we.steni Bahamas. International

Commis.sion for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers 7(2): 301-

312.

Rivas, L. R. and Mather, F. J., ID. 1976.

A comparison ofeastem and western

Atlantic bluefin tuna (Thunnus

thynnus) with reference to stock

differences. International Commission

for the Conservation of Atlantic

Tunas, Madrid, Collective Volume of

Scientific Papers 5(2):290-296.

Rivas, L. R. andPristas, P. J. 1975. Big

gamcfi.shing in the Northern Gulf of

Mexico during 1 974. U.S. National

Marine Fisheries Service, Panama

City, Florida 1-9 (mimeo),

Robins. C. R. 1957. A study ofbluefin

tuna populations from the eastem and

western NoiUi Atlantic based on an

analysis of fin-ray and gill-raker

counts. Tlie Charles F Jolinson

Oceiinic Cramefish Livestigations. The

Marine Laboratory, University of

Miiuni 57-13: 1-6 (mimeo).

Rodewald, M. 1960. Diedeutschen

ilninf angertragc in der Nordsee 1 954

bis 1 959 und die

zirbilationsaiiomalien. Archiv fiir

Fischerciwi.ssenschaft, Braunschweig

11(2): 159-166.

Rodewald, M. 1967. Transatlantic

migrations ofthe bluefin tuna and

159



anomalies ofthe atmospheric

circulation, bitemational Council for

the E:>q)loration of the Sea,

Copenhagen, CM. 1 967/J :7 Pelagic

Fish (Southern) Committee: 1 -7

(mimeo).

Rodriguez-Roda, J. 1957. Crecimento

relativo del atiin, Thutmus thynnus (L.)

de Barbate. Investigacion Pesquera,

Consejo Superior de Investigaciones

Cientificas, Barcelona 9:33-64.

Rodriguez-Roda, J. 1960a. Spanish

research on tuna. International Council

for the Exploration of the Sea,

Copenhagen, Communication to the

48th Meeting, Moscow, September,

1960,188:1-4 (mimeo).

Rodriguez-Roda, J. 1960b.

Consideraciones sobre la biologia del

atun Thunmts thynnus (L.), de Barbate

(costa sudatlantica de Espafia). Bolctin

de la Real Sociedad Espafiola de

Kstoria Natural, Madrid 58(2): 347-

362.

Rodriguez-Roda, J. 1963. Investigaciones

sobre tunidos. Publicaciones Tecnicas

de la Junta de Estudios de Pesca.

Direccion General de Pesca Maritima,

Madrid 2:39-77.

Rodriguez-Roda, J. 1 964a Biologia del

atiin, Thmnus thynnus (L.), de la costa

sudatlantica de Espaiia. Investigacion

Pesquera, Consejo Si^jerior de

Investigaciones Cientificas, Barcelona

25:33-146.

Rodriguez-Roda, J. 1 964b. Talla, peso y

edad de los atiines, Thunmts thynnus

CL)capturados por la abnadraba de

Barbate (costa sudatlantica de Espana)

en 1 963 y comparacion con el periodo

1956 a 1962. Investigacion Pesquera,

Consejo Superior de Investigaciones

Cientificas, Barcelona 26:3-47.

Rodriguez-Roda, J. 1964c. Movimientos

niigratorios del ati'ui, Thwnnis thynnus

(L ). deduc idos por nuestras propi;is

"marcaciones" en aguas espaiiolas.

Publicaciones Tecmcas de la Junta de

Estudios de Pesca, Diicccion Ciencriil

de Pesca Marifima, Madrid 3:279-304.

Rodriguez-Roda, J. 1 965. Sobre las

fluctuaciones en la produccion de

ati'ines de las almadrabas sudatlanticas.

Publicaciones Tecnicas de la Junta de

Estudios de Pesca, Dueccion General

de Pesca Maritima, Madrid 4:205-209.

Rodriguez-Roda, J. 1966a. El atun.

Thunnus thynnus (L.), de la costa

sudatlantica de Espaiia en la compaiia

almadrabera del ano 1 964 y

consideraciones sobre las

fluctuaciones periddicas. Investigacion

Pesquera, Consejo Superior de

Investigaciones Cientificas, Bivcelona

30: 9-35.

Rodriguez-Roda, J. 1 966b. Estudio de los

atiines, Thunnus thynnus (L.)

capturados en 1 965, por la abnadraba

de Barbate (costa sudatlantica de

Espana). Investigacion Pesquera,

Consejo Superior de Investigaciones

Cientificas, Barcelona 30:483^96.

Rodriguez-Roda, J. 1 967a. Fecundidad

del atiin, Thunnus thynnus (L), de la

costa sudatlantica de Espma.

Investigacion Pesquera, Consejo

Superior de Livestigaciones

Cientificas, Barcelona 3 l(l):33-52.

Rodriguez-Roda, J. 1967b. El ati'm,

Thunnus thyimus (L.) del sur de

Espaiia, en la campaiia almadrabera

del alio 1966. Livestigacion Pesquera,

Consejo Superior de Investigaciones

Cientificas, Barcelona 31(2):349-359.

Rodriguez-Roda, J. 1969a. El atiin,

Thunnus ihynims (L.), del sur de

Espana en la compafia almadrabera del

afio 1 967, y estudio de la evolution de

la pesqueria de Barbate. Investigacion

Pesquera Consejo Superior de

Investigaciones Cientificas, Barcelona

33(1): 87-96.

Rodriguez-Roda, J. 1969b. Summary of

biological and ecological studies on

bluefin tuna, Thunnus thyivms; Little

tuna, Euthynnus alletleralus: Atlantic

bonito, Sarda sarda; and frigate

mackerel, Auxis thazard. caught by

Spmiish madragues. Con.seil interna-

tional pour I'Exploration de la Mer.

Avec I'aide de la FAO. Symposium
sur "Les Ressources vivantes Ju

plateau continental atlantique africain

du Detroit de Gibraltar au Cap Vert"

28: 1-8 (mimeo, abstract in FAO
Eishery Report 68:39-40).

Rodriguez-Roda, J 1969c. Resultados de

nuestras marcaciones de atunes en el

Golfo de Cadiz durante los alios 1 960

a 1967. Publicaciones Tecnicas de la

Junta de Estudios de Pesca, Direccion

General de Pesca Maritima. Madrid

8:153-158.

Rodriguez-Roda, J. 1 969d. Los atunes

jovenes y el problema de sas capturas

ma.sivas. Publicaciones Tecnicas de la

Junta de E.studios de Pesca, Direccion

General de Pe.sca Maritima, Madrid

8:159-162.

Rodriguez-Roda, J. 1 970a. El atiin,

Thunnus thynnus (L), del sur de

Espafia en la campafiti ahnadrabera

del afio 1 968 y sa relacion con la

temperatura del agim del mar.

hivestigacion Pesquera, Consejo

Superior de Investigaciones

Cientificas. Barcelona 34(2): 1 57- 170.

Rodiiguez-Roda, J. 1 970b. El atiin,

Thunnus thynnus (L. ), del sur de

Espaiia en la campaiia almadrabera

del afio 1 969 y su relacion con la

temperatura y transparencia del agua
del mar. Investigacion Pesquera,

Consejo Superior de Investigaciones

Cientificas, Barcelona 34(2):503-514.

Rodriguez-Roda, J. 1 971 . Investigations

of tuna in Spain, hiteniational

Commission for the Conservation of

Atlantic Tunas, Madrid, Report for

biennial period, 1 970-71 , Part II

English version: 110-113.

Rodriguez-Roda, J. 1973a. Las capturas

de atiin, Thunnus thynnus (L.), por las

almadrabas del sur de Espana en al

afio 1 972 y variacion del rendimiento

en el periodo de 1 962 a 1972.

International Commission forthe

Conservation ofAtlantic Tunas,

Madrid, Collective Volume of

Scientific Papers 1:387-395.

Rodriguez-Roda, J. 1 97,3b. Les captures

de thon rouge a madragues por les

pecheries du Sud de I'Espagne en

1972. La Peche Maritime, Paris

1143:1-2.

Rodriguez-Roda, J. 1 974. Present state of

tuna fishery with trap in south Spain.

International Council for the Explora-

tion of the Sea, Copenhagen, CM.
1 974/J.8 Pelagic Fish (SouUiem)
Committee: 1-3.

Rodriguez-Roda, J. 1 975. Expedicion

cientifica; para la identificacion de

zonas de puesta del atiin, Thunnus

thynnus (L.)(Campaiia "Maioc-Iberia,

I" del "Comide de Saavedra").

Resultiidos Expediciones Cientificas

del Buque Oceanografico "Comide de

Saavedra" 4: 113-130.

160



Roiile, L. 1913. Observations sur la

migration rqjroductrice dii then

commun (Orcynus lliynnus L.).

Bulletin du Meseum National

d'MstoireNaturelle, Paris 7:422-423.

Roule, L. 1914a. fitude prdiminaire sur

la biologie et la peche du tliou

conunun (Onynus thynnus L.) dans la

Mediterranee occidentale. VI' Congres

National des peches maritimes tenu a

Tunis du27au3! Mai, 1914,

Memoires et Comptes rendus des

Stances 1.28-61.

Roule, L. ( 1 9 1 4b). La biologie et la peche
du thon dans la Mediterranee

occidentale. Revue gendrale des

Sciences pures et appliqu^es, Paris

25:808-814.

Roule, L. 1917. Elude sur les aires de

ponte et les deplacements periodiques

du thon commun {Orcynus thynnus L.)

dans la Mediterranee occidentale;

consequences quant a I'extension

rationelle de la peche de ce poisson.

Annales de I'lnstitut

Oc&nographique, Monaco 7(7): 1 -36.

Roule, L. 1 91 8. Considerations sur la

biologie du Thon commun (Orcytms

thynnus L.). Bulletin de I'Listitut

Oceanographique, Monaco 345: 1 -22.

Roule, L. 1922. Les poissons migrateurs,

leur vie et leur peche. Flammarion.

Paris 1-175.

Roule, L. 1923. Considerations sur

I'oecologie abyssale des alevins de

thon. Conseil permanent intemalional

pour LExploration de la Mcr,

Copenhague, Communication au

Congres de Paris 1 923,

Roule, L. 1 924. Etude sur les

deplacements et la peche du thon

(Orcynus thynnus L. ) en Tunisie et

dans la Mediterranee occidentale.

Bulletin, Station Oceanographique de

Salammbo, Tunisia 2: 1-39. (Also

published in Notes et Memoires,

Office Scientifique et Technique des

Peches Maritimes, Paris 39: 1 -39. )

Roule, L. 1 925. La migration du thon

rouge (Orcynus thynnus). Rapports el

Proces-verbaux des Reunions, Conseil

permanent international pour

I'Exploration de la Mer, Copeiil)ague

35:50-51.

Roule, L. 1 926. Sur les deplacements du

thon rouge (Orcynus thynnus L.) dans

lebassin occidental de la

Mediterranee. Comptes rend lis

hebdomadaires des Seances de

I'Academie des Sciences, Paris

183(20):916-917.

Roule, L. 1 929. I^s poissons et le monde
vivant des eaux. Iitiides

ichthyologiques. Tome 3 Voyages et

migrations, Paris 220-238. (Translated

as Elphinstone, C.
( 1 933). Fishes their

journeys and migrations. George

Routledge and Sons. Ltd., London

158-171).

Russell. E. S. 1 933. Tunny in the North

Sea. Nature, London 1 32:860.

Russell, F.S. 1933 liinny in Uic North

Sea. Nature. London 1 32:786.

Rassell, F. S. 1934a Timn) investiga-

tions made in the North Sea on Col. E.

J. Peel's yacht, "St. George." summer,
1933. Part I. Diometric Data. Journal

of the Marine Biological Association

of the United Kingdom. London

I9(2):503-522.

Russell, F. S. 1 934b. Tlic tunny, Thmmus

thynnus. Linnaeas An account of its

distribution and biology. Science

Progress. London 28(1 12):634-649.

Russo. A. 1913. Effctli della pesca con le

soigenti himinose ,sul prodotto delle

reti di posta a Catania c sul prodotto

delle tonnare della Sicilia Orientalc

Atti della Accademia Gioema di

ScienzeNaturali in Catania. Ser. 5.

6(4): 1-19.

Russo. A. 1 946. Prodotlo delle loniiaie

della Sicilia Orient;ile neir ultimo

decennio c .sua dimiiuiyione nel dopo

guerra. Rcndiconli. Alii della Reale

Accademia Nazionaledci Lincei.

Roma, Ser. 8(1): 1020- 11127.

Russo, A. 1 949. Minore prodotto delle

tonnare della Sicilia Orientale

nell'ultimo quinqueruiio e problemi

relativi. Rendiconti. Atti della Reale

Accademia Nazionale dei Lincei.

Roma. Ser. 8(4):569-572.

Sakagawa, G. T. 1 975. The purse-seine

fishery forbhiefm tuna in the

noitlnvestem Atlantic Ocean. Marine

Fisheries Review. U.S. National

Miirine Fisheries Service, Seattle

37(3): 1-8.

Sakagawa. CJ. T. ;uid Coan. A. L. 1974. A
review ol'somc aspects of tlie bluetin

tuna ( Thunnus thynnus ihvmius)

fi.sheries of the Atlantic Ocean.

International Commission tor the

CotLservation of Atlantic Tunas,

Madrid. Collective Vohune of

Scientific Papers2:259-313.

Santos Cjiierra, A. 1976. La pesca del

atun rojo (Thunnus thynnus L.) en

Canarias: resultadospreliminares

(Enero-Otubre 1975). International

Commission for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers 5(2):242-

243.

Santos Guenra, A. 1977a. Laspesquerias
de tunidos en Canarias durante 1975.

Inlemational Commission for the

Conservation ofAtlantic Tunas,

Madrid. Collective Volume of

Scienlilic PapcTs 6(2):437^38.

Santos Guerra, A. 1977b. Re.sultados

preliininares de kis pesquerias

Canarias dc tunidos en 1 976.

Inteniational Commission for the

Conservation ofAtlantic Tunas,

Madrid. Collective Volume of

Scientific Papers 6(2):439^0.

Santos ( iuerra. A. 1 978. Campana
atunera de 1977 en Ciinarias:

resultadospreliminares. International

Commission for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers 7(1 ): 146-

148.

Sanzo. L. 1 909, 1 lova e larve di

Sconiberoidi. Relazionc BoUetino

uffiziale del Ministero di Agricoltura,

Industria e Commercio. Aimo VIII,

SerieM.(fa.sc.5):86-87

Sanzo. L. 1 9 1 Oa. Studi sulla biologie del

Toiuio (Orcynus thynnus Ltkn.).

Rivista mensile di Pesca e

Idrobiologia. Pavia, Aimo V, 12(1): 1-

15.

Sanzo. L. 1910b. Uovae larve di

Scomberoidi— nota pi eliminare.

Rivista measile di Pesca e

Idrobiologia. Pavia. Anno V. 1 2(7-9):

201-205.

Sanzo. L. 1 929. Uova a larve di tonno

("Orcvnus thynnus Ltkn.").

Rendiconti. Atti della Reale

Accademia Nazionale dei Lincei.

Roina,Serie6. 9(1):104-I06.

Sanzo. L. 1932. IJovaeprimi.stadilarvali

di toimo (Orcyuis thynnus Ltkn).

Meinoric . R. Comitato Talassografico

llaluuio.Venezia 189:1-16.

Sara. R. 1 96 1 . Observations

systematiques sur la presence du thon

161



dans les madragues siciliennes.

Proceedings and Teclmical Papers,

General Fisheries Council Tor the

Mediterranean, Rome 6(4):46-6] .

Sara, R. 1 964. Data, observations and

comments on the occurrence,

behavior, characteristics and

migrations of tunas in the Mediterra-

nean. Proceedings and Technical

Papers, General Fisheries Council

for the Mediterranean, Rome

7(.^7):371-388.

Sarfi, R. 1965a. Occurrence of bluetln

tutlci (Thumuis thynnus) along the

Italian coast. Proceedings and

Technical Papers, General Fisheries

Council for the Mediterranean, Rome

8(3):73-77.

Sara, R. 1 965b. Distribution ofbluefm

tuna (Thimnus thynnus) along the

western Sicilian coast. Proceedings
and Technical Papers, General

Fisheries Couiicil for the Mediterra-

nean, Rome 8(4):79-8 1 .

Sara, R. 1965c Lapesca industrial in

Siciiia. Notizario IRFIS (IstiUito

Regionale per il Finanzianiento alle

Industrie in Siciiia, Palenno) 1 8: 1-46.

Sara, R. 1968. La evoliizione della pesca
del tonno nel basso Tirreno negli

ultimi anni. Bollettino di Pesca.

Piscicoltura e Idi'obiologia, Roma

23(n.s.), 1:33-46.

Sara, R. 1 969. La pesca del tonno in

Tirreno nel 1969. Bollettino di Pesca,

Piscicoltura e Idrobiologia, Roma

24(n.s.)(2): 159-164.

"

Sara, R. 1 973 . Sulla biologia dei tonni

(Ttiunnus thynnus L.) modelli di

migrazione e di compoilamento.
Bollettino di Pesca, Piscicoltura e

Idrobiologia, Roma 28(n.s.):21 7-243.

Sara, R. and Arena, P. 1 967. Campacna
di shidio sull'impiego del "palangaro"

nella pesca del pesce .spada e del tonno

1 965. Unione della Camere di

Commercio Industria, Artigmato e

Agricultura della Regione Siciliana.

Palenno, Quadenii di Ricerca e

Spenmenlazione, 4. Supplemento al

Bolletino d"Informazione

Sicilcamere:3-1 1.

Scaccini,A. 1959. Bio-ecologie des

jeunes tlions dans les mers italiemies.

Proceedings and Tecluiical Papers.

General Fisheries Council for the

Mediterranean, Rome 5(43):495-499.

Scaccini, A. 1961a. Rem;uks on the

deplacements and distribution of

young tunas in the Adnalic Sea.

Proceedings and Teclmical Papers,

General Fisheries Council for the

Mediterriinean, Rome 6(45):293-294.

Scaccini, A. 1961b. Sur la presence et la

distribution des jeunes tlions dans les

mers de Sardaigne. Riipports et

Proces-verbaux des Reunions,

Coimmssion inteniatioiiale pour

I'Exploration Scieutiliquc de la Mer

Mediterranee, Monaco 16(2):553-556.

Scaccini, A. 1 963. Ouelques notes

oecologiques sur les tlions genetiques

de la Sardaigne. Rapports et Proce.s-

vcrbauxdes Reiuiions. Commission

intemationale pour 1 T.xploration

Scientifique de la Mer Mediterranee,

Monaco 17(2):367-369.

Scaccini. A. 1 965a. Biologia e pesca dei

tonni nei mari italiani. Ministero della

Marina Mercantile, Direzionc

Generale della Pe.sca Marittima,

Rome, Memoria N. 1 2 : 1
-

1 1

Scaccini, A. 1 965b. Distribution of

young tuna in the waters of the

fuscan archipelago related to

surface currents. Proceedings and

Technical Papers, General Fisheries

Council for the Mediterranean.

Rome8(43):387-389.

Scaccini. A. 1966a. Distribuzionedei

giovani tonni nelle acque dell"

Arcipelago Toscaiio in relazione con

le correnti superliciali. Note del

Laboratorio di Biologic Marina e

Pesca, Fano 1(1 9): 189- 196.

Scaccini. A. 1 966b. Studio dei caratteri

differenziali deiprimi .stadi ui alcuiie

specie di Tunnidi. Arcliivio Zoologico

Italiano, Torino 51(2): 1053-1061,

Scaccini, A. 1968. Etude des caracteres

dilferentiels des premiers stades dans

di fferentes especes de Tlioiiides.

Rapports et Proces-verbaux des

Reunions. Conunission inteniatioiiale

pour FExploration Scientitique de la

Mer M&litenanee, Monaco 1 9(2): 311-

312.

Scacciiu.A. and Biancalana. f . 195'^

Tuna fishuig methods in Italy and

fishing with ring nets. Proceedings
and Teclmical Pajieis. General

Fisheries Council for the Mediterra-

nean. Rome 5(65):46 5-471 .

Scacciiu. A. and Paccagnella. V. 1965a.

Observations sur I'approchement a la

cote des (lions pendant le periode de

course en rapport a la peche par les

madragues. Rapports et Proces-

verbaux des Reunions, Cormnission

intemationale pour I'Exploration

Scientifique de la Mer Mediterranee.

Monaco l8(2):20l-206.

Scaccini, A. and Paccagnella, V. 1 965b.

Some coniments on tuna fishing trends

with Italian tuna traps. Proceedings
and Technical Papers. General

Fisheries Council for the Mediterra-

nean, Rome 8(44):39 1 -394

Scaccini, A. and Paccagnella, V. 1 966.

Considerfizioni suUattuale stato della

pesca dell Tonno nelle tonnare

italiane. Note del Laboratorio di

Biologia Marina e Pesca, Fano 2( 1 ): 1-

12.

Scaccini. A.. Sara, R. I'iccinetti, C. and

Piccinetti ManHiii, G. ( 1 973 ).

Donnees preliminaires sur une

campagne d'etude sur les oeufs, et

larves des tlionides. Rapports et

Proces-vei-baux des Reunions.

Commission Internationale pour

I'Exploration Scientifique de la Mer

Mediterranee. Monaco 21(1 0):80 1
-

803.

Scaccini, A., Sara, R.. Piccinetti, C. and

Piccinetti Mantrin. G. ( 1 975). Uovae
laivedi tonno pescate nella Siciiia

occidentale e loro allevamento.

Ministero della Marina Merc;intile.

Direzione Generale della Pesca

Marittima. Roma. Memoria N. 39: 1
-

169.

Schuck. H. A. 1 975. Possible anomalies

of giant bluefm hina. Maiine Fisheries

Review, U.S. National Marine

Fisheries Service, Seattle 37(12): 1-12.

Scordia, C. 1931.1^ pesca del tomio

all'amo nello Stretto di Me.ssina.

Bolletino dell'Islituto Zoologico della

R Universita di Messina. N. 5: 1-4.

Scordia. C. 1 932. Per la biologia del

tonno (Thunnns tliyimus L.) IE.

Osservazioni siii tomii dello Siretto di

Messina. Memonedi Biologia Marina

e di Oceanogratia, Messina 2( 1 ): 1 -9 1 .

Scordia, C 1 934a. Sii di alcune recente

publicazioni relative alia biologia del

tonno. Memorie di Biologia Marina e

di Oceanogralia, Messina 2 Appendice
1-14.

162



Scordia, C. ( 1 ')34b). Per labiologia del

toimo {Thmmus thynnus L.) VI.

Ulteriori osservazioni sui tonni dello

Stretto di Messina. Memorie di

Biologia Marina e di Oceanogratia,

Messina 3(2): 1-35.

Scordia, C. ( 1 936). Gli ami per la pesca
del tonno in iiso nello Stretto di

Messina. Memorie di Biologia Marina

e di Oceanogratia, Messina 4

Appendice 1:1-4.

Scordia, C.
( 1 937). Per la biologia del

tomio (Thunnus thynnus L.) XI.

L'importanza del fattore densita in situ

o') delle acque marine sulla

migrazione dei tonni entro il

Meditcrr;meo. Memorie di Biologia

Marina e di Occiuiogralia, Messina

5(4): 1-4.

Scordia, C. 1938. Per la biologia del

tormo (Thunnus thynnus L.) XV. Le

migruzioni dei toimi entro il

Mediterraneo. Memorie di Biologia

Marina e di Oceanogralia, Messina

5(8): 1-50.

Scordia, C. 1939. Notizie suUe

migrazioni dei tonni del basso

Adriatico. Memorie di Biologia

Marina e di Oceanografla, Messina

6(l):l-7.

Scordia, C. 1 940. Le migrazioni dei tonni

tirreno-jonici e la entrata di essi in

tonnara. Atti del 2° Convegno di

Biologia Marina e sue applicazioni

alia pesea, tenuto in Messina nei gionii

30maggio-l giugno 1939:1-22.

Scordia, C. 1942. Principali risultati delle

mie ricerche sulla biologia del tonno

(Thunnus Ihyivius [L.]) per quanto

riguardono particolarmente gli

interessi della pesca. Istituto di

Idrobiologia e Pescicoltura della R.

Universitadi Messina: 1-14.

Sella, M. 1 9 1 1 . Contributo alia

conoscenza della riproduzione e dello

sviluppo del pesce-spada (Xiphias

gladius L.). Memoirie, R. Comitato

Talassografico Italiano, Venezia 2:1-

16.

Sella, M. 1 912a. Alcuni appunti sulla

pesca del pesce nella Libia. Memorie,

R. Comitato Talassografico Italiano,

Venezia 18:1-29.

Sella, M. 1 91 2b. Programma di ricerche

sul tonno. Bolletiiio Bimestrale, R.

Comitato Talassografico Italiano,

Venezia 15:227-230.

Sella, M. 192-4. Caratten JiOeren/iidi del

giovani stadi di Orcynus thynnus

Ltkn., O. alalonga Risso, Auxi\ hisus

Bp. Rendiconti, Atti della Rcale

AccademiaNazionale dei Lincei.

Roma, Serie 5, 33( 1 ): 300-305.

Sella, M, 1 925. Stnitture ed attachi

tendinei dei miosetti e del setto laterale

dei teleostei. Memorie, R. Comitato

Talassografico Italiano, Venezia

113:1-27.

Sella, M. 1 926a. Le migrazioni dei tonni

studiate per mezzo degli ami.

Rendiconti, Atti della Reale

AccademiaNazionale dei Lincei,

Roma, Serie 6a. 3(1 . lasc. 1 1 ):696-

700.

Sella, M. 1 926b. Altri I'atti sopra Ic

migriizioni dei tonni per mezzo degli

ami. Rendiconti, AIti della Re:ilc

Accademia Nazionale dei Lincei,

Roma, Serie6a. 4(2, fuse. 5-6):233-

237.

Sella, M. 1 927. Les migrations des thons

etudiees par le moyen des hamevons.

Bulletin des Travaux Publics par la

Station d'Aquiculture et de Peche de

Castiglione, Alger 2:101-136.

Selhi, M. 1 929a. Migrazioni e habitat del

tonno (Thunnus thynnus L.) studiati

col metodo degli am , con

osservazioni su I'accrescimento, sul

regime delle tonnurc ecc. Memorie, R.

Comitato Talassografico Italiano,

Venezia 1 56: 1-24 (translatioas into

English: Sella 1 930, Van Campen
1952).

Sella, M. 1929b. Biologia c pe.sca del

tonno (Thunnus thytvnis L). Alli del

Convegno di Biologia Marina

applicata alia pesca. Mes.sina, giugno

1928, 1-.32.

Sella, M. 1930. Distribution and

migrations of the twna (Thunnus

thynnus L ) studied by the method of

hooks, and other observations.

Internationale Revue der Cjesmnten

Hydrobiologie, Berlin. 24(5-6):446-

466 (essentially a translation into

Engli.sh of Sella 1929a).

Sella, M. ( 19 3 1 ). llie tuna ( Viuwius

thynnus L.) of western Atlantic. An

appeal to fi.shennen for the collection

of hooks found in tuna li.sh

bilemationale Revue der Uesiunlen

Hydrobiologie, Berlin 25( 1 -2):46-67.

Sella. M. I932ii .Sulleinigi;i/ionidel

tonno {Thunnus thynnus \.). Convegni

Biologici, r Convegno: Biologia

Marina, Napoli, dicembre 1931, 103-

136.

Sella, M. 1 932b. II tonno. Conferenza.

Note dell' Istituto Italo-Gennanico di

Biologia Marina di Rovigno d'Istria

3:1-24.

Sliingu, C. and Hisada, K. 1 976. Stock

assessment and utilization ofmedium

and large sized bluefm tuna in the

Atlantic Ocean. International

Commission for the Conservation of

Atlantic Tunas, Madrid, Collective

Volume of Scientific Papers 5(2):332-

3^1.

Sliingu, C. and Hisada, K. 1977. A
review of the Japanese Atlantic

longline fishery for blucfm tuna and

tlie consideration of the present status

of the stock. International Commission

for tlie Conservation ofAtlantic

Tunas, Madrid, Collective Volume of

Scientific Papers 6(2):366-383.

Shingu, C. and Hisada, K. 1 978. Recent

.status of the medium and large bluefm

tuna population in the Atlantic Ocean.

International Commission for the

Conservation ofAtlantic Tunas,

Madrid.

Shingu, C, Hisada, K., Kuine. S. and

Honma, M. 1975. Biological

information on Atlantic bluefin tuna

caught by longline fisheiy and some

views on the management of the

resources. International Commission

for the Conservation of Atlantic

Tunas, Madrid, Collective Volume of

Scientific Papers 4: 145- 160.

Shiohama, T., Myojin, M. and Sakamoto,

H. 1 965. Tlie catch statistic data for

the Japanese tuna long-line fishers in

the Atlantic Ocean and some simple

consideration on it. Report ofNankai

Regional Fisheries Research Labora-

tory. Kochi 21: 1-1 31 .

Spagnolio, E. 1 938. Ricerche s-ulf eta del

tonno (Thunnus thynnus [L.]) eseguite

mediante lo studio delle .squame.

Memorie di Biologia Marina e di

Oceanografia, Messina 5( 10): 1-8.

Sparta. A. 1933 Osservazioni compiute
nello Stretto di Messina sul

coinportamento dei pesci e

cephalopodi all' azione di sorgenti

luininose. Memorie, R. Comitato

163



Talassografico Italiano. Venezia

206:1-22.

Springer, V. G. and Hoese, H. D. 1958.

Notes and records ofmarine fishes

from the Texas coast. Texas Journal of

Science 10(3):343-348.

Squire, J. L., Jr. 1 959. New England

commercial bluefm tuna purse seining

-
1 958 season. Commercial Fisheries

Revie\\'. Untied States Fish and

Wildlife Sen-ice, Washmgton. D.C.

2I(2):l-5.

Squire. J. L.. Jr. 1 962. Distribution of

timas in oceanic waters of the

northwestern Atlantic. Fishery

Bulletin, Fish and Wildlife Service.

United States Department ofthe

Interior, Washington. D.C. 211

(62):323-341.

Squire, J. L., Jr. 1 963a. Distribution of

tuna species in the oceanic northwest

Atlantic. Experience Paper No. 28. In

Rosa, H., Jr. (Ed.) Proceedings of tlie

world scientific meeting on the

biology of tunas and related species.

La Jolla, CaUfomia. U.S.A., 2-14 July

1962. FAO Fisheries Reports. Rome

6(3): 1477- 1514.

Squire. J. L., Jr. 1963b. Thermal

relationships of tuna in the

oceanic northwest Atlantic.

Experience Paper No. 38 in Rosa.

H.. Jr., (Ed.) Proceedings of the

world scientific meeting on the

biology of tunas and related

species. La Jolla. California.

U.S.A.. 2-14 July 1962. FAO
Fisheries Reports. Rome

6(3);1639-1657.

Squire, J. L., Jr. and Mather, F. J., III.

1963. Observations on the commercial

potential oftuna in the oceanic

northwest Atlantic. Proceedings of the

Gulfand Caribbean Fisheries Institute.

Fifleentli Annual Session, Miami

Beach, Florida, November, 1962: 124-

132.

Talbot, F.H. and Penrith. M. J. 1 9f,8. Ilic

tunas of the genus Tlumiiu.i in Soulli

African waters. Aiuials of Uie South

African Mu.seum. Capelowii 52( 1): I
-

41.

Temminck, C.J. and Sclilegel. H. 1 842-

1850. Pisces. In Siebold, P., Fr. von.

Faunajaponica, sive description

animalium quae in itinere per

Japoniam suscepto annis 1 823- 1 830

collegit. di.-, Lugduni Batavoiiim

3:73-112.

lliomazi, A. 1 947. Hi.stoirc de la pechc-
—

des ages de la pierre a nos jours.

Payot, Paris 1-642.

Thompson, D'A.W. 1910 llistoria

animalium. Vol. IV. "llie Works of

Aristotle, translated into English under

the editorship of J. A. Smith. MA.
and W. D. Ross. M. A.." Clarendon

Press. Oxford 486u-633b (pagination

of original mana-icript).

libbo, S.N. (Rapporteur). l')72. Report

of sub-committee on stock identitka-

tion. (Lisbon. April 1971 ) Interna-

tional Commission for the Conserva-

tion ofAtlantic Tunas. Madrid. Report

for biennial period. 1 970-71 . Part ID

English version, appendix 4 to annex

6:109-137.

Tiews, K. 1957. Biologische

untersuchungen am roten thun

(Thimnus thynnus [Linnaeus]) in der

Nordsee. Berichte der Deutsciien

Wissenschaftlichen Kommission fiir

Meeresforschung, Stuttgart, n.f

14(3): 192-220.

Tiews. K. I960. Bestimmung des

altersaufbaues des roten thunes

(Thunnus thymms [Linnaeus]) in der

Nordsee mit hilfc des allometrischen

v\ach.stunis der augenhohlc, Archiv fiir

Fi.schereivvis.sen.schafl. Braunschweig

11(1):12-17.

Tiews, K. 1961 . German uina landings in

1 959 and their age composition.

Aiuiales biologiques. Conseil

pennanent international pour

TExploration de la Mer. Copenliague

16:240-241.

Tiews. K. 1963. Synopsis of biological

data on bluefm tuna Thuimiis tlntmus

(Liimaeus) 1758 (Atlantic and

Mediterrane;m Species). Synopsis No.

1 3 In Rosa. H.. Jr. (Ed.) Proceedings

of tlie world scientific meeting on tlie

biology of tunas and related .species.

La Jolla. Cahfoniia. U.S.A.. 2-14 July

1 962, FAO Fisheries Reports

6(2):422-481.

ficws, K. 1964. Der thiuibestand

(Thunnus llnimus [Liiuiaeus]) in der

Nord.see. .seine wandenuigen. seine

triinsatlantischen bezeihungen und

seine nutzung durch die deutsche

fischerei. Arcliiv fiir

Inschereiwissenschalt. Berlin

14(3):II)5-148.

Tiews. K. 1 975. On the disappearance of

bluefm tuna in the North Sea ;md its

ecological on North Sea fish stocks.

International Council for the Explora-

tion of tlie Sea. Copenliagen. CM.
1 975/J:3 Pelagic Fish (Southern)

Committee (also submitted to the

"S\mposium on the changes in the

North Sea Fish Stocks and their

caases" Aarhus. 9-12 July. 1975).

I'ilic, I. 1954. Notes siir la simation

generale de la peche maritime en

Yougoslavie. Proceedings and

Technical Papers. General Fisheries

Council for the Mediterranean, Rome

2(35):205 211.

Tyler, J C . R. E. Baghn. F. H. Berry. M.

I. Farber, and L. R. Rivas. 1979. A
review of the Southeast Fisheries

Center biological and statistical

research on the stnicture and the status

of Atlantic bluefin tuna stocks,

hitemational Commission for the

Conservation ofAtlantic Tunas,

Collective Volume of Scientific

Papers (SCRS/78/4 1 ) 8(2): 38 1-390.

Ubeda. L. 1 974. Atiin en el Caribe. Mar y

Pesca,Hibana 106:36-39.

VanCampen. W G. (Translator). 1952.

Migrations and habitiit of the tuna

(Thunnus thyimus L) studied by the

method of tlie hooks, with observa-

tions on growth, on tlie operation of

the fisheries, etc. U.S. Fish and

Wildlife Service. Wa.shington. Special

Scientific Report. Fisheries 76: 1-20.

(Translation into English of Sella

1929a).

Vilela, H. 1 960. Estudos sobre a

biologia dos atuns en Portugal 1 958-

! 96U. Boletim da Pesca, Lisboa.

13(69):3-26.

Vilela. H. and Cadima, E. 1 961 , Etudes

sur les thons. Thunnus thynnus (L.), de

la cote Portugaise. Annales

biologiques. Con.seil permanent
international pour I'Exploration de la

Mer, Copenliague 16:241-245.

Vilela, H. el collaborateurs. 1 960. Sur les

thons qu'on peche an Portugal.

Annales biologiques. Conseil

permanent international pour

LExploration de la Mer, Copenliague

15:212-215.

164



Vilela, H. and Monteiro. R. 1 959. Sobre

atiins de Angola. Boletim da Pesca

Lisboa: 1 2(64 ): 1 1 -54 (Comuni^ao ao

coloquio sobre oceanograna e pescas

Maritiina na costa ocidental da Africa,

Luanda, 1957; translated into English

by Wise J. P.—Translation No. 5 of

the U.S. Bureau ofCommercial

Fisheries, Tropical Atlantic Biological

Laboratory, Miami, Florida, 1 965).

VUela, H. and Monteiro, R. 1 961 . Etudes

sur la biologie et la peche des thons

Thunnus thyimus L. - des cotes

portugaises 1 960-61 . Conseil

permanent international pour

I'Exploration de la Mer, Scombriform

Fish Committee 1 46 : 1 -6.

Vilela, H. and Pinto. J. S 1 958. Sur les

thons qn'on peche au Portugal .

Conseil permanent international pour

I'Exploration de la Mer, Copenhaguc
CM. 1958ComitedesPoissons

Scombriformes 84: 1-7.

Vinciguerra, D. 1 896. Relazione intomo

alia pesca di acqua doIce e di mare in

Sicilia e ai modi fer aumentare il

frodotto. BoUetino di Notizie agrarie

del Ministero di Agricoltura, Industria

e Commercio, Roma 18, 2 sem

(29);112-128.

Vodyanitskii, V. A. 1 936. Observations

on pelagic eggs offishes of the Black

Sea. Trudy, AkademiiaNauk SSSR;

Sevastopolskaia Biologicheskaia

Stantsiia, 5; 3-4 3 (in Russian with

German summary; translation into

English ofpages 23-26 on eggs and

early larvae of Thunnus thynnus

[Orcynus thynnus] by W. L. Klawe.

Inter-American Tropical Tuna

Commission, La Jolla, California.

Vodianitskii, V. A. and Kazanova, L L

1954. Diagnostic descriptions of the

eggs and larvae of the Black Sea

fishes. Trudy, Vsesoyuznyi Nauchno-

Issledovatel'skii Institute Morskogo

Rybnogo Khozyaistra I Okeanografii

(VNIRO), 28:240-323 (in Russian;

translation of sections pertaining to

bonito and bluefin tuna by W. L.

Klawe. Inter-American Tropical Tuna

Commission, La Jolla, California.

Wathne, F. 1 959. Summary report of

explorator> long-line fishing for tuna

in the Gulf of Mexico and Caribbean

Sea, 1954-1957. Commercial Fisheries

Review, U.S. Fish ;uid Wildlife

Service, Washington, DC. 2 1(4): 1-26.

Watson, M. E. 1964. Tunas (genus

Thunnus) of the western North

Atlantic. Part I. Key to the species of

Thunnus based on skeletal and visceral

anatomy. Proceedings of the Sympo-
sium on Scombroid Fishes held at

Mandapam Camp from Jan. 12-15,

1962. Symposium Series 1 , Marine

Biological Association of India,

Mandjpam Camp. Soutli India Part I

389-394.

Watson, M. E. and MaUier, F. J., ID.

1 961 . Species identification of

juvenile tunas (genus Tluinnus) trom

the Straits of Messina, northwestern

Atlantic and tlie Gulf ofMexico

(presented at the Pacific Tuna Biology

Conference arranged by the U.S.

Bureau ofCommercial Fisheries,

Honolulu, Hawaii, AugiLst 14-19

(1961): l-4(mimeogr;iphed).

Westman, J. R. and Gilbert. P. W 1 941 .

Notes on age determination and

growth of the Atlantic bluelin tuna.

Thunnus thwnus (Linnaeus). Copeia,

Philadelphia 2:70-72.

Westman. J. R.andNevilIe.W.C. 1942.

Tlie tuna fishery of Long Island, New
York. A survey conducted by the

United States Department of the

Interior, Fish and Wildlife Service, in

cooperation with the County Execu-

tive and the Bocird of Super\'isors,

Nassau County. Long Island, New
York. Board of Supervisors, Nassau

County, Long Island, New York: 1-31 .

Wilson, P. C. 1 960. A .small-boat tuna

long-line fishery. Commercial

Fisheries Review, U.S. Fish and

Wildlife Service, Wa,sliington, DC.

22(9):8-13.

Wilson, P. C. 1965, Review of the

development Atlantic coast tuna

fishery. Commercial Fisheries

Review, U.S. Fish and Wildlife

Service, Washington, D.C.

27(3):1-10.

Wilson. P. C. and Bartlett, M. R. 1967.

Inventory of U.S. exploratory longline

fi.shing effort and catch rates for tun;is

and .swordfi.sh in the northwestern

Atkmtic 1957-1965. U.S. Fish ;md

Wildlife Special Scientific Report-

Fisheries. 543:1-52.

Wilson, R.C. 1953.Tunainaiking.a

progress report. California Fish and

Game, Sacramento 39(4):429-442.

Wise, J. P. and Davis, C. W. 1 973.

Seasonal distribution of timas and

billfishes in the Atlantic. NOAA
Teclmical Report, U.S. National

Mariner Fisheries Service, Seattle,

Special Scientific Report-Fisheries

662:1-24.

Wise, J. P. and Le Guen, J C. 1969. Tlie

Japanese Atlantic longline fishery.

1956-1 963. Proceedings of the

Symposium on the Oceanography and

Fisheries Resources ofthe Tropical

Atlantic, Review Papers and Contribu-

tions, UNESCO, Paris 26:317-347.

Young, E. B. 1975. Canadian statement

for Panel 2, Regular meeting of

ICCAT Council, Madrid, November

22, 1974. International Commission

for the Conservation of Atlantic

Tunas, Madrid, Report for biennial

period, 1 974-75, Part I ( 1 974) English

Version 50-53.

Zharov. V L. 1965. Re.sults of the

fourth scienUfic-exploratory tuna

expedition into the tropical Atlantic.

In Bogdanov, A. S. (Editor), Soviet-

Cuban Fishery Research, Izdatelstvo

"Pishchevaya Promyshleiinost."

Moskva 1965. Translated from

Russian, Israel Program lor

Scientific Translations, Jerusalem

1969,172-178.

165








