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The objective of this work is to
review and summarize available infor-
mation on the fisheries, distribution,
and other aspects of the life history of
the Atlantic bluefin tuna, Thunnus
thynnus thynnus (Linnaeus 1758) (Fig-
ure 1). The need for such a review is
emphasized by the concern over the
status of the 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 (1816, cited by Pavesi 1887).
Sicilian laws of 1796 and 1801 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 of 60 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 bluefin
tuna at small sizes was estimated theo-
retically by Shingu et al. (1975) and
empirically by Mather (1974). Both
works indicated that the capture of one
thousand tons of young bluefin tuna
precluded the subsequent capture of
many thousand tons of larger individu-
als.

Action in 1975 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-

I. INTRODUCTION

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
of fish 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 [CCAT regula-
tions into effect (Caddy and Burnett
1976, Kume 1976, 1977).

Whether these regulations 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, how-
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 (7hunnus 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 of the ICCAT Coun-
cil.

The member nations are respon-
sible for enforcement of ICCAT regula-
tions within their territorial waters. For
the United States, the Atlantic Tunas
Convention Act of 1975 empowered
the Secretary of Commerce to imple-
mentregulations 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.



II. METHODS AND DEFINITIONS

A. METHODS AND MATERIALS

Personal research by the authors
during 1950-1976 has produced much
of the 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 of data 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 bluefin
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 of Experts for the Facilitation
of Tuna 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
bluefin tuna in many areas and several
nations.

An important additional source of
information was a thorough search of
the literature. This was most intensive

D

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 of our 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 of original research
and a review of the findings of other
investigators in all the nations con-
cerned with Atlantic bluefin tuna.

< Fork Length

B. DEFINITIONS

1. Bluefin Tuna
The subject of this paper is the
Atlantic bluefin tuna, Thunnus thynnus
thynnus, as distinct from the southern

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
1967, Talbot and Penrith 1968, 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 12
cm is fork length (FL). This is the
straight line length, measured by cali-
pers or equivalent instruments, from



Table 1. Size-age groups used to discuss much of the biological and fisheries data

for Atlantic bluefin tuna in this report.

Group Length Weight Approximate Age
(cm)  (in) (kg)  (lbs) (years)
Very small <50 <20 <25 <5 0
Small 50-120 20-48 25-32 5-70 1-4
Medium 120-185 48-76 32 -122 70-270 5-8
>122 >270 >8

Large or Giant >185 >76

the snout (tip of upper jaw) to the pos-
terior medial margin of the caudal fin
(Figure 2). In this paper, length mea-
surements exceeding 12 cm are fork
lengths unless defined otherwise. An
alternative method of measuring fork
length is with a tape and following the
lateral contour of the body. Lengths
measured by this method have been
referred to as tape lengths, curved
lengths or flank lengths. The slope of a
linear regression which Schuck and
Mather fitted by inspection to a plot of
straight lengths against curved lengths
for each of a series of western north
Atlantic bluefin tuna from 35 to 270
cm long indicated that the straight length
was 0.958 times the curved length. Sev-
eral other authors have published con-
version factors for these parameters.
Of course this relationship would vary
slightly with the length-girth (or length-
weight) ratio of the fish. .
The lengths of juvenile specimens
less than 12 cm long and of larvae are
usually measured in standard length
(SL). This is the length from the snout
to the end of the vertebral column. In
this paper, length measurements of blue-
fin tuna less than 12 cm long are stan-
dard lengths unless defined otherwise.

b. Weight

Weight data for fish are presented
in this paper in terms of round, whole,
or live weight (the weight of the entire
fish) unless otherwise stated. In some
fisheries, it is necessary to collect weight
data for fish in the condition in which
they are sold. This may be in several
forms depending on the extent to which

the fish have been butchered. Conver-
sion factors for obtaining round weights
from weights in the various other con-
ditions are available in the literature
and at the Woods Hole Oceanographic
Institution.

Weights of individual fish and av-
erage weights of fish are recorded in
kilograms, unless otherwise stated.
Weights of landings and catches (of
numerous fish) are recorded in metric
tons unless otherwise stated.

2. Size-Age Groups
Much of the biological and fisher-
ies data for the Atlantic bluefin tuna
will be discussed in terms of the size-
age groups shown in Table 1. The lim-
its of these groups were selected to

correspond as closely as possible to
sizes and estimated ages at which the
migratory and distributional patterns
of the species undergo distinct changes
(Mather 1964b). The ages for the re-
spective sizes are from Mather and
Schuck (1960). These size groups were
set up on the basis of data from the
summer fisheries in the northwestern
Atlantic and the spring fishery off the
Bahamas. They appear, however, to be
reasonably applicable to bluefin in the
eastern Atlantic and the Mediterranean
Sea.

3. Trap Fishery Terminology

Specialized terms have been used
to describe the bluefin tuna trap fisher-
ies of the eastern Atlantic and the Medi-
terranean Sea. Since these terms are
often misunderstood or poorly trans-
lated in the literature, an explanation of
them seems desirable.

The true bluefin tuna traps are very
large, complex installations set at spe-
cial locations to harvest runs (periodic
migratory passages) related to the
spawning of these fish. "Arrival” fish
are essentially fat, maturing individu-
als, generally traveling eastward in late
April, May, and June. “Return” fish are
essentially lean, spent individuals, gen-

Table 2. A glossary of some of the more important tuna fishery terms in English,
French, Italian, Portuguese, and Spanish.

English French Italian Portuguese Spanish
True Tuna Trap Madrague Tonnara' Armacoa Almadraba
Thonaire'
Minor Tuna Trap  Petite Madrague ~ Tonnarella Almadrabilla
Thonaire Mixte

Arrival Arrivé Corsa Direito Derecho
Course Arribada

Return Retour Ritorno Revez Reves

Genetic Genetique Genetico Genetico

Erratic Erratique Erratico Erratico

''The words thonaire and tonnara are also used local ly for other gears which catch tunas

or tuna-like fishes.




erally traveling westward in July, Au-
gust, and early September. Some of the
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-

e 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.



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
from 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
(1970) presented a more detailed and
precise study of their growth through
this period, describing the methods
they had used.

Westman and Gilbert (1941) and
Westman and Neville (1942) were

III. AGE AND GROWTH

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 (1960).

Furnestin and Dardignac (1962)
were the first authors to trace the
growth of T. thynnus thynnus 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 (1960) 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 1959,

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
“conférence d’experts pour I’examen
des méthodes scientifiques et tech-
niques a appliquer a I’étude des
poissons de la famille des Thonidés”
(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 1932b), F. de Buen and
Sella said that scales did not furnish

Figure 3. Bluefin tuna vertebra
showing two annuli.



interesting information on the age of
the bluefin tuna, but Frade showed
that growth lines were clearly indi-
cated on scales of young 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
bluefin tuna caught in traps off south-
ern Italy and northeastern Sicily. She
presented illustrations of these 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 bluefin 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 Gilbert (1941) 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) bluefin 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
bluefin tuna, up to 250 cm and 275
kg, with an estimated age of about 18
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 of those with more than five
annuli. -

Mather and Schuck (1960) esti-

mated ages of 0-4 years from scales
of bluefin 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 (1941) and Westman and Neville
(1942) collected theirs. They made
impressions of the scales on cellu-
loid (Arnold 1951), and counted an-
nuli on magnified projections of these
impressions.

None of the above authors used
the large and thick scales of the 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 bluefin 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 bluefin tuna 206 cm long (from
snout to tips of caudal) and weighing
119 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
bluefin 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
bluefin 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 for age 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 bluefin 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 of bluefin tuna from different
areas as determined from readings of
vertebral annuli in the period 1956-
1962. These include Hamre (1958,
1960) (Norway), Rodriguez-Roda
(1960) (Spain), Vilela and Pinto
(1958), Vilela (1960), and Frade and
Vilela (1962) (Portugal), and Mather
and Schuck (1960) (northeastern
United States). Mather and Schuck
used the technique of Galtsoff (1952)
to stain many of the vertebrae which
they used for age determinations.
Rodriguez-Roda (1964a) presented
thorough mathematical interpreta-
tions of his 1960 results.

Butler (1971, 1975) counted the -
rings in the vertebrae of large bluefin
tuna taken in Canadian waters in 1966
and in 1974 and estimated their ages
as 11 to 22 or more years. Myklevoll
used this method to determine the
ages of bluefin tuna taken in Norwe-
gian waters in 1974 (Caddy and But- °
ler 1976). These estimates ranged
from 14 to 21 years.



Butler and Myklevoll were the
first investigators to estimate the ages
of significant numbers of bluefin 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.

¢. Otoliths

The use of otoliths in determin-
ing ages of T. thynnus thynnus was
first investigated in the 1920s, but
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 (1925) 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 1932b), 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 (1962) 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
1976). They developed techniques for
estimating the ages of bluefin tuna
similar to those of Frade (1925). 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
year classes, 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. (1977) 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 (1976) techniques.

Berry et al. (1977) 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 11, 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 not 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.

¢) Annuli may be 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 etal. (1977) 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 of fish 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.

e Length given by Sella (19293)

== Weight given by Sella (1929a)
© Length given by Westman and Cllbert (1941)
O Length given by Hamre (1960)
X Length given by Vilela et al. (1960)

Sella (1929a) presented the first
important study of the age and growth
of bluefin tuna. This was based on
counts of annuli on vertebrae 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 (1941) 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

Length given by Tlews (1960a)
Length given by Rodrigusz-Reda (1960)
Length given by Mather and Schuck (1960)

Weight given by Mather and Schuck (1960)
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Figure 4. Sizes for ages as estimated by various authors (Tiews 1963).
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information of the sizes of fish of -
ages 1-4 taken during the summers
of 1938 and 1941 off Long Island,
New York, and sizes based on small
samples or individual specimens, for
young of the year and for various
ages of 5 years or more.

Several additional works on the
age and growth of bluefin tuna taken
in various parts of the Atlantic Ocean
were published between 1958 and
1962. Tiews (1963) plotted the sizes
for ages obtained by Sella (1929a),
Westman and Gilbert (1941), Hamre
(1960), Vilela et al. (1960), Tiews
1960), Rodriguez-Roda (1960), and
Mather and Schuck (1960) (Figure
4). As Tiews observed, the results of
these studies, using material from sev-
eral widely separated areas, are re-
markably similar. '

Rodriguez-Roda (1960, 1964a)
presented the following formula for
back-calculating the fork length of a
bluefin tuna at ages previous to that
of its capture:

1=17.88 +"/, (L-17.86)
where:
L = fork length in cm of the fish,

V = radius in mm of the fourth or fifth
precaudal vertebra,

| = fork length in cm of fish at age x,
and :

v = radius (mm) of vertebral ring cor-

responding to age Xx.

The back-calculated lengths were
considerably less than those obtained
directly for fish of the same ages.
This was due in part to the fact that
the vertebral rings were laid on dur-
ing the winter, but the direct age de-
terminations were made from mate-
rial collected in late spring and early -
summer.

Rodriguez-Roda presented re-
vised size-for-age data (1969c) and
the following von Bertalanffy equa-
tion for the relation between age and
size: ’

|‘ =355.84 (1 -e 0ot 0,39))



Caddy et al. (1976), using otoliths
from 225 large (over 220 cm long
and 230 kg in weight) bluefin 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
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. (1977) (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 Release Years at Recapture
Number Length Age* Liberty Age Length Weight
(cm)  (years) _(years)  (cm)  (kg)
1 197° 8.8 13 21.8 279 288
2 78° 22 14.1 16.3 256 397
3 75¢ 22 13.1 15.3 251° 329

* Assuming birth date June 1 (Richards 1976) and ages as estimated by Mather

and Schuck 1960.

® Estimate coinciding with modal size of 21 fish caught on same longline set.
¢ Measurements converted to “caliper” length from “tape” length, assuming:

caliper length = .958 tape length.

tured fish were not determined, the
agreement between results obtained
mainly by direct methods and those
obtained from counts of age marks
on otoliths is good.

The results of some of the more im-
portant studies of the sizes at ages of
Atlantic bluefin tuna are shown in
Table 4.
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Figure 5. Fits of von Bertalanffy growth curves to mean fork length at age (as
determined from otolith readmgs) for male and female bluefin tuna taken in
Canadian waters in 1975 (bracketed values omitted). Mean sizes at age (series
combined) from Mather and Schuck (1960) for ages 1-4 (closed squares) were
used in fitting both curves (from Butler et al. 1977). Points in circles represent
lengths of three tagged fish at ages when recaptured.

Berry et al. (1977) did not pro-
vide size for age data, but they pre-
sented age ranges and average ages
for selected weight ranges of bluefin
tuna captured off Massachusetts in
1975 (Table 5).

2. Growth of Bluefin Tuna in Its

First Year of Life

There has been much interest in
determining the growth of the blue-
fin tuna during its first year of life,
since this information is a prerequisite
for validating the determinations of
all older ages. Data on this subject,
starting with the early observations
of d’Amico (1816) have been reca-
pitulated in detail by Scaccini et al.
(1975). The less extensive data from
the eastern Atlantic (Furnestin and
Dardignac 1962) and the western At-
lantic (Rivas 1954, Mather and
Schuck 1960) are in good agreement
with those from the Mediterranean.

The growth in weight of larval
and small juvenile bluefin (up to 1400
g, or about four months of age)
spawned in the central Mediterranean
has been described by Piccinetti and
Piccinetti Manfrin (1970) (Figure 6).
These authors estimated growth by
assuming that the largest individuals
in each collection made as the season
progressed represented the group
which was hatched earliest (about
June 15). Thus it is possible that their



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

Rodriguez- Westman, Mather, Caddy
Sella Hamre Roda Vilela Neville Schuck et al. 1976*
1929a 1960 1969 1960 1941 1960 Males Females
Age (cm) (kg)  (cm) (cm) (cm) (cm) (cm) (cm) (cm)
1 64 4.4 55.3 65.0 57
2 81.5 9.5 79.0 85.0 77
3 97.5 16 116.2 105.2 95
4 118 25 130.1 120.5 - 1176 114
5 136 40 135 146.9 136.0 147.8 133
6 153 58 153 165.1 146.9 148.3 149
7 169 76 166 178.1 163.9 157.5 163
8 182 95 180 192.9 187.2 177
9 195 120 195 206.5 196.1 190
10 206 145 207 220.3 217.7 201
11 216 170 221 221.5 223.0 223
12 227 200 228 244.0 232.8 231
13 239 235 239 246.0 239
14 254 280 245
15 250 238
16 254 242
17 258 244
18 262 246
19 266 248
20 270 250
21 273 252
22 275 255
23 : , 276 257
24 ' ' : 278 258
25 279 259
*Estimated from curves (Figure 5).
1800~
Table 5. Age ranges and average ages
for selected weight ranges of bluefin 1200
tuna captured off Massachusetts (Berry
etal. 1977). g 1000}~
Weight Age Average N
Range Range Age 5, 800 -
(kg) (years)  (years) <
® soof
136-181 6-9 7.3 aoo |
181-226 8-10 - 8.6
227-272 8-14 11.1 200 I~ ,
272-317 12-14 12.7 ¢ I 1 I\ 1 | 1 1
318-362 13-17 14.9 I5/V 1/VE I5/VE 1/VEE I5/VIE 1/VIN IS/VIE I/IX 181X 1% 18/X /K

DATES

Ages determined by counting vertebral  Figure 6. Growth in weight of bluefin tuna collected in Sicilian waters in their
annuli. first months of life (Piccinetti and Piccinetti Manfrin 1970).
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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 of measurements, 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 1,100 g. Data for age 0 bluefin
caught off the Atlantic coast of Mo-
rocco (Furnestin and Dardignac 1962,
Aloncle 1964) are similar. Individu-
als taken in the first half of October
were 31 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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Figure 8. Estimated growth of young bluefin tuna. Broken lines indicate estimated
lengths in periods for which data are lacking. The lower scale shows ages
assuming that hatching occurs at mid-May (Mather and Schuck 1960).

In all three areas, growth is ex-
tremely rapid in the spring, summer
and early fall, and considerably
slower during the first winter of life.
At twelve months of age, eastern and
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Figure 7. Lengths of bluefin tuna less than 50 cm long (young of the year)
collected in the western Atlantic and the Gulf of Mexico. The curve of estimated
growth was fitted by inspection (Mather and Schuck 1960).

western Atlantic fish are about 50
cm long, according to Furnestin and
Dardignac (1962) and Mather and
Schuck (1960). Larger sizes are re-
ported for I-year-old tuna by
Rodriguez-Roda (1960) for eastern
Atlantic fish (55 cm) and Sella
(1929a) for specimens from the Medi-
terranean Sea (64 cm).

3. Growth of Young Bluefin Tuna
Westman and Seville (1942)
were the first to show that young
bluefin tuna grow much more rap-
idly during the summer than during
the winter. They reached this conclu-
sion by tracing the growth of young
fish taken off Long Island, New York,
through the period July 1-October
16, 1941, from length frequency data.
Mather and Schuck (1960) stud-

ied this matter in greater detail. Their
data included some specimens taken
during both summer and winter in
their first year of life (age 0), but data
were available for ages 1-4 for the
period July-October 16 only. The
growth rates in the latter period were
very rapid (about 3.8 cm per month),
and it was evident that their average
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Figure 9. Curve of linear growth of young bluefin tuna (caught off the Atlantic
coast of Morocco) up to the beginning of their third winter (Furnestin and

Dardignac 1962).

growth rate during the remainder of
the year must have been much slower
(about 0.8 cm per month) (Figure 8).

" Furnestin and Dardignac (1962)
were able to collect material of ages
0-2 throughout most of the year along
the Atlantic coast of Morocco. Their
data for winter sizes fitted very well
with corresponding data for January
obtained by extrapolation from
Mather and Schuck’s (1960) results.
It also showed that growth virtually
ceased from January to March at age
0, and at the end of November, when
the fish were about 63 cm long, at
age 1. Data for age 2 were incom-
plete, but suggested that in autumn
they had practically reached their
winter length of about 85 cm
(Figure 9).

4. Seasonal Changes in the
Length-Weight Relationship of
Large Bluefin Tuna

Extensive seasonal changes in
the length-weight ratio of large blue-
fin tuna have been found by many
investigators working in different ar-
eas which collectively represent a

considerable part of the coastal habi-
tat of the species.

In the North Sea area Bahr
(1952), Tiews (1957) and Luhmamn
(1959) observed an increase in weight
in relation to length during the fish-
ing season of August to October.
Tiews (1957) showed that tunas of
215-240 cm increased their weight
during their 2-3 month stay in the
North Sea by about 11.0 kg in 1954
and 17.4 kg in 1955. This worked
out to about 34% to 54% of their
yearly weight increase. Luhmamn
(1959) pointed out that variations in
the length-weight relationship in dif-
ferent years might be directly associ-
ated with variations in feeding con-
ditions.

Rodriguez-Roda (1964) ob-
served that during the spawning sea-
son, from May to August along the
south Atlantic coast of Spain, mature
fish lost about 14.73% of their weight
between the pre- and post-spawning
state.

In the western Atlantic, Rivas
(1955) studied records of the weights
of giant tuna from the Bahamas in

12

May and June and from Nova Scotia
in July to September. He estimated a
7.5% per month increase in weight
of these fish during their sojourn in
Nova Scotia waters.

Butler (1974) supported Rivas’
findings for the northern fish. He ex-
amined giants taken near Prince Ed-
ward Island between July and Octo-
ber 1974. By calculating weekly
mean weights during this period But-
ler showed an approximate weight
gain of 70 kg in 12 weeks. He refined
these data and calculated a 30 kg per
month gain between August 19 and

October 4, 1974, or about 10% per

month.

The present authors have calcu-
lated length-weight relationships for
various monthly periods for bluefin
tuna taken during the fishing seasons
in two parts of the western North

Fork Length / Max Girth

Females

Fork Longth/ Total Weight

Females

\\‘ -
0.6 — =
1i L 1 ! 1 1
July Aug  Sept  Oct Nov

_ Figure 10. Seasonal ratios of fork length

to maximum girth and fork length to
total weight by sex for all areas
combined. (Caddy et al. 1976)



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 A B Length (cm)
Area 1:
June -4.2571 2.7871 50-260
July - 4.3893 2.8497 50-260
Aug. - 4.5540 2.9290 35-270
Sept, -4.5651 2.9391 35-270
Oct. -4.7330 3.0192 35-270
July-Sept. - 4.4989 2.9044 35-270
Aug.-Oct. -4.0333 2.8606 35-270
Area 2
May-June - 4.8070 2.9044 185-260

Atlantic. Area | comprised waters
north of latitude 35°N and west of
longitude 50°W. Area 2 included the
Straits of Florida and adjacent wa-
ters. Factors derived from the fol-
lowing length-weight formula are
shown in Table 6:

W=A+BLogL
where:

W is the live (whole) weight of the
fish (kg), and

L is the fork length (cm)

Unpublished data collected by
Schuck and Mather showed that al-
though there was a marked increase
in the length-weight ratio of large
bluefin from June through October,
the length-weight ratio of individu-
als less than 100 cm long did not
change noticeably from month to
month during the summer.

5. Differential Growth of Males
and Females )
Although some authors noted

that male bluefin tuna attain larger
sizes than females, only two studies,
those of Caddy et al. (1976) and But-
ler et al. (1977), showing a consis-
tent difference in growth rate have

come to our attention. Few of the
publications on the growth of the spe-
cies present data in terms of sex of
fish. Hamre (1960) found no signifi-
cant difference in growth between
males and females.

Tabulations of age determina-
tions by sex of fish (Rodriguez-Roda
1964) indicate that males attain larger
sizes than females. The data suggest,
however, that this difference is due
to greater longevity for males, rather
than a difference in growth rates.
Rivas (1976) reported that, on the
average, the males in samples of large
bluefin taken off the Bahamas and in
the Gulf of Mexico in various years
were 4 % longer and 13 % heavier
than the females.

As noted in part 1 of this subsec-
tion, Caddy et al. (1976) found con-
sistent differences in length for age
between large male and female blue-
fin caught in Canadian waters in 1975
(Figure 5). These authors also found
differences in the length-weight rela-
tionship between males and females
in the period July-November (Fig-
ure 10). Males are heavier than fe-
males of the same length. Since, as
this figure shows, there is very little
difference in maximum girth between
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the sexes, the males must be consid-
erably heavier posteriorly than the
females.

6. Ultimate Length )

The asymptotic or ultimate
length (L_) of Atlantic bluefin tuna
has been estimated from some growth
studies. Rodriguez-Roda (1964a,
1971) presented an L of 355.8 cm,
derived from his age determinations
for bluefin tuna collected off the
southern Atlantic coast of Spain.
Caddy et al. (1976) derived an L of
447.88 cm from the age-size data of
Mather et al. (1974), an average of
several previous works, and an L of
286.64 cm for males and 277.315 cm
for females from their own determi-
nations for fish taken in Canadian
waters. The longest bluefin tuna en-
tered for record consideration by the
International Game Fish Association
as of December 1976, weighed 540
kg and was 312 cm long (FL) (the
method of length measurement used
was not specified) (E. K. Harry, per-
sonal communication). Larger blue-
fin tuna have been reported in the
literature. For example, Hamre et al.
(1971) reported an individual in the
310-315 cm range measured at the
Istanbul (Turkey) fish market in Janu-
ary 1967. Unfortunately, the weights
of many large bluefin are reported
without any information on their
length. Sara (1969) mentioned blue-
fin tuna of 625 and 685 kg taken in
traps off Sardinia in 1969 and
Scaccini etal. (1975) cited fish weigh-
ing up to 600 kg taken in the
Favignana trap off western Sicily in
June 1974.

7. Discussion

There has been good agreement
on the size for age of Atlantic bluefin
tuna for ages 1-11 (Table 4). There
is less confidence in determinations
for older ages. Caddy et al. (1976)
extended estimated age determina-
tions to 25 years, and also provided
separate von Bertalanffy growth
curves for males and females (Fig-
ure 5). These authors note that ear-



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 of fish 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 (1975), and 4-5 years less than
those of Caddy et al. (1976). They
attributed these discrepancies to the
interpretation of growth 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).



IV. DISTRIBUTION AND FISHERIES
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Figure 11. Bluefin distribution (longline catches off southwestern Africa probably
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A. GENERAL DISTRIBUTION

The bluefin 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
Europe 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 varied 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 (1963) concluded
that distribution was limited by the
12°C (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 full
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
thesc 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 trap, which has
been used through most of the Chris-
tian era and perhaps much earlier



1.
NEWFOUNDLANOD
w0 F 1960-1970
s -
ol-z2
1%

[ PRINCE EDWARD [ISLAND
10. 1969-1971

S |

0
[ NOvA scOoTIA

0 1946 - 1956, 1959 b 1955-1961
S I ‘ -
o L g 2e

- NORWAY
{Nof 63°N}
L 1956-196!

.{z - L X vove

- NORWAY
tN of G3°N)

L 1967-1969

-

2

r NORWAY
(S of 63°N)

15. -
- NORWAY
- MAINE unav IPSWICH BAY (S of €§3°N)
$ o | 1997-198 L 1962-1970
<
» .
% 5 F -
® oz e -
15 r -
CAPE COD BAY NORTH SEA
0. | 1947-1974 L 1951-1962
5 -
° 72
15
CAPE HATTERAS - CAPE COD SPAIN
w0 1944, 1932, 1554, -
1960, 19621974 - 1986-1370
S. -
o L
13 BAHAMAS
FRANCE
0. b 1939,1947-1954,1966 (MEDITERRANE AN}
5. -
ola ,
80

100 150 | 200
LENGTH (em

(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. o .

Handline and harpoon fisheries have existed in
many areas, in some cases for centuries, taking rela-
tively small catches. Specialized gears, such as the
“thonaille” (a drifting entangling net) and “seinche”
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Figure 13. Lengths of bluefin 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 Atlan-
tic and Mediterranean bluefin fisher-
ies through the introduction 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 (Bonnaterre 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
1971 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. The
annual Norwegian bluefin catches
increased from a few hundred tons in
the middle 1940s to about 10,000
tons in the middle 1950s (Hamre
1971). Catches declined greatly after
1962, 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 Ligurian Seas,
but with less modern equipment. Very
small bluefin are seined by sardine
boats with “cianciolo.” In 1972 Ital-
jan fishermen began to take consid-
erable quantities of giant spawning
bluefin in the Tyrrhenian Sea and the
Sicilian channel with large modern
purse seiners (Paini 1975).

The seining of blucfin 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 (Rodriguez-Roda
1964a, 1964b). Small bluefin tuna
are also seined off the Atlantic coast
of Morocco (Aloncle 1964,
Lamboeuf 1972) by sardine vessels,
sometimes with the assistancc. of
chumming by live-bait boats.

Purse seine fishing for bluefin
tuna, practiced in Cape Cod Bay 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
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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, Katsuwonus pelamis
(Linnaeus 1758). The largest fleet in
the history of the fishery, 21 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 in 1971.

The Japanese longline fishery en-
tered the Atlantic in 1956, and subse-
quent expansion was rapid (Shichama
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
the catch had risen to about 46,000
fish by 1974 (Fisheries Agency of
Japan 1976). This was due mainly to
the entry of the fishery into areas
which had formerly been unexploited,
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 Spanish
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 112 tons of
Atlantic bluefin tuna. This increased
to 246 tons in 1973 and 2,195 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 season (Shingu
et al. 1975, Shingu and Hisada 1976,
Fisheries Agency of Japan 1975,
1976). The concentration of longlines
around Sicily reportedly made it al-



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 have 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 1930s (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
Bay of Biscay off 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 in 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 them to ex-
tinction by 1973. Bluefin tuna pro-
duction in the Japanese oceanic
longline fishery peaked rapidly in
1962-1965 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 recently

as 1971. Apparently, however, cen-
tral Mediterranean (Italian, Tunisian,
and Libyan) trap fisheries, have re-
cently undergone a collapsc similar
to that experienced by those in the
eastern Atlantic. Catches were fairly
good through 1969, but in 1972 and
1973 traps which had formerly 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 fishery 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 which
data are available has been the virtu-
ally 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 (Miyake 1976).

In the following section, we will
discuss the distribution of Atlantic
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, by area:

1) Times and locations of occur-
rences of bluefin tuna, and their varia-
tions with size of fish.

2) Fisheries and fishing meth-
ods.

3) The volume and size compo-
sition of the catches, and their trends.

The size composition by years
of samples of the catches of most of
the major fisheries is illustrated by
histograms. The tables from which
most of these histograms were plot-
ted have been reproduced, with the
sources of the data, in ICCAT Data
Record, Vol. 3, Madnd, 1974.

2. Western Atlantic

The major fisheries for bluefin
tuna on the western Atlantic 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 in 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
we have never 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 off 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 well
developed therc by 1961. Another
productive ground, Notre Dame Bay,
was opened in 1967, with most of the
boats based at Lewisporte. The fish-
ing usually cxtended 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 released. 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
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Figure 14. Geographical references in the northwestern Atlantic.

length increased from about 220 cm
in 1961 to about 240 cm in 1971
(Figure 16). Their mean weight rose
likewise, from 220 kg in 1961 to 314
kg in 1975 (Caddy and Butler 1976).

ii. Gulf of St. Lawrence

In recent years, more extremely
large bluefin tuna have been taken
on rod and reel in the Gulf of St.
Lawrence (Figure 17) than in any
other area. No less than 36 out of 487
tuna caught in the Gulf in 1975 ex-
ceeded 1,000 lbs (454 kg) in weight
(D. A. MacLean, personal communi-
cation).

The sport fishery was initiated at
Prince Edward Island in 1966. The
season originally extended from late
July into October, but the high prices
offered for large bluefin tuna caught
in the late season resulted in its ex-
tension into November, and also in
an increase in the number of boats
fishing from 30 in 1972 to about 72

in 1973 (Anonymous 1974). Almost
all of the fish taken have been giants
(Figure 18). The average weight of
the fish caught has remained consis-
tently over 300 kg, and rose sharply
to 382 kg in 1975 (Caddy and Butler
1976). With increasing fishing ef-
fort, the total catches rose to a peak
of 1,048 fish in 1974, but declined
sharply to 343 fish in 1975 (D. A.
MacLean, personal communication).
In 1972, the Canadian Minister of
Fisheries restricted bluefin tuna fish-
ing in the Gulf of St. Lawrence to rod
and reel, using lines of not over 130
b (59 kg) test (Anonymous 1974).
In 1975 the Minister restricted the
fishing to 10 week seasons and the
catch to two fish per boat per day,
using rod and reel only. In addition,
licenses werc limited to boats which
had fished in 1974. These restric-
tions, which were part of Canada’s
compliance with the ICCAT regula-
tions, combined with poor abundance
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of fish to reduce the catch in 1975
(Caddy and Bumnett 1975).

The success of the Prince Ed-
ward Island fishery and exploratory
efforts by visiting United States an-
glers resulted in the extension of the
sport fishery in 1973 to Chaleur and
Gaspe Bays, New Brunswick. This
fishery increased rapidly and took 93
fish with an average weight of 801
Ibs (363 kg) in 1974 and 148 fish
with an average weight of 858 lbs
(389 kg) in 1975 (D. A. MacLean,
personal communication).

Potential world record rod and
reel bluefin weighing 1,190 Ibs (540
kg) and 1,200 lbs (544 kg) were taken
in Chaleur Bay in 1976 (E. K. Harry,
personal communication).

The continuing increase in the
sizes of the bluefin taken in the Gulf
of St. Lawrence, and the lack of re-
cruitment to the fishery, are vividly
illustrated by the weight composi-
tion of the 1974-1976 catches (Fig-
ure 17).

iii. Nova Scotia

Bluefin tuna have long been
taken by traps and harpoons in Nova
Scotian waters, but the only histori-
cal size data are from the sport fish-
ery. The sport fishery was first de-
veloped in 1935 at Wedgeport south
of Yarmouth) (Figure 19) where it
was very successful for many years.
In the mid 1950s, however, the fish-
ing there deteriorated, and Nova
Scotian fishing has been centered at
Cape St. Mary (north of Yarmouth)
since then. Our data extend from 1946
through 1955, and also include 1959.
The size composition of the catches
varied considerably over these years
(Figure 20). Giants dominated the
catch in 1946, but medium sized fish
became more important in succeed-
ing years, *dominating the catch in
1949 and providing over 40 percent
of those in 1948 and 1950. The year
class of 1942 was dominant in 1948,
and that of 1943 was dominant in
1949-1950, and important in 1951
(Mather and Schuck 1960). Giants
again dominated through 1955, ex-
cepting an important showing of me-
diums (year class of 1949) in 1954.
In 1959 mediums were again domi-
nant (year classes of 1952 and 1953).
The few catches in recent years have
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been of very large giants. Their aver-
age weight has also increased in re-
cent years, reaching 761 1bs (345 kg)
in 1974 and 824 Ibs (394 kg) in 1975
(D. A. MacLean, personal communi-
cation). The fishing off southwestern
Nova Scotia usually extended from
early July to late September or Octo-
ber. The giants have been most abun-
dant in August and September, but
the medium fish, which arrived and
departed later than the giants, have
been most abundant in September and
October. Nova Scotia has been the
locale of the prestigious International

Tuna Cup matches since their incep-
tion in the 1937 season. As docu-
mented by Farrington (1974), these
competitions were held at Wedgeport
through 1957, except for one at
Liverpool and an interruption caused
by World War I1. Subsequent matches
were held at Cape St. Mary in 1958
and from 1965 through 1975.
Bluefin tuna have bcen an im-
portant incidental catch in the mack-
erel trap fishery at St. Margaret's Bay
(near Halifax) Nova Scotia (Figure
19). Young (1974) briefly reviewed
the history of the fishery, and Butler

20

(1977) has provided details on its
recent trends and developments, and
its status in 1976. Additional data are
available in Butler (1975), Caddy and
Butler (1976) and statistics of Envi-
ronment Canada (D. A. MacLean,
personal communication).

Young (1974) stated that land-
ing statistics for the fishery have been
recorded since 1918, but the fishery
predated the establishment of statis-
tical systems. The recorded annual
catches of large fish have been in the
order of 400, but have ranged as high
as 1,500. There was also a second
later run of much smaller fish, in the
20-70 kg range.

None of the small fish have been
seen in recent years, and the average
weight of larger fish increased con-
siderably, reaching 295 kg in 1974.
The weight composition of the 1973-
1975 catches (Figure 21) shows a
considerable increase in sizes of fish
taken each year, and only fragmen-
tary recruitment of younger fish to
the fishery.

The estimated numbers of fish
caught in the period 1964-1975 var-
ied between 104 (in 1972) and 865
(in 1974) (Butler 1977). In June 1974
an additional 150 tuna caught in the
traps were tagged and released. Ton-
nages in the years 1971-1975 ranged
from 23.6 mt in 1972 to 256 mt in
1974 (Caddy and Butler 1976, Butler
1977, D. A. MacLean, personal com-
munication). The average weight of
the fish increased from about 227 kg
in 1971-1973 to 295 kg in 1974 and
319 kg in 1975.

Butler (1977) described a most
interesting development in this fish-
ery — the holding of giant bluefin in
impoundments, and fattening them,
to secure optimal prices. Japanese
interests offer very high prices for
fresh giant tuna in the fat condition
which they attain in late summer and
fall through heavy feeding. The prices
offered for the typically lean fish
taken in the carly season are much
lower. Butler stated that the average
price per pound offered to Canadian
fishermen for giant bluefin in 1976
varied from $0.20 in July-August to
$1.40 in October. The St. Margaret's -
Bay traps normally take most of their
catch of giant tuna in the carly sea-
son, when the price is low. In an
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80— 1976 Z methods in the New England area
2 (Figure 22) (Bigelow and Schroeder
so- BZ4- Caraquet 1953, Wilson 1965). The traps, which
‘b 3- Prince Edward Island were formerly numerous in Cape Cod
a0l Bay, took considerable quantities of
i these tuna in years of abundance, but
2 the fishery there was terminated in
B 1975. Operators of various types of
- commercial fishing craft, such as lob-
0l -~ s T ster boats and small trawlers, occa-
= T sionally harpooned bluefin or caught
2 40l 1975 them with handlines. This activity
-t was usually incidental to their nor-
s mal pursuits or undertaken tempo-
20~ . . .
5 rarily during periods when tuna were
2 r readily available and commanded a
2 %5 T o8 ‘ ' ' ™ reasonable price. o
- Sport fishing for bluefin tuna
80 1974 , "developed in the area in the 1930s
L S ‘(Farrington 1939) and increased in
sol- l@ popularity after World War II
(Farrington 1949). Pre-war activity
i centered in Ipswich Bay, Massachu-
401~ setts, and Casco Bay, Maine. After
- ; the war the popularity of sport tuna
20k fishing spread into Massachusetts and
L Cape Cod Bays as well. Some of the
o — F 8 : J H ' & - - most successful giant tuna tourna®
100 200 300 400 500 ments ever held have taken f)lace n

Weight. (10 kg groupings)

Figure 17. Weights of giant bluefin tuna caught by rod and reel in the Gulf of St.
Lawrence (1974-1976).

. 30 r

effort to capitalize on the high late
season prices, two impoundment nets 20 |- 1962
were constructed in the Bay in 1975.
Each impoundment measured about 10 |
100 m x 50 m, and was in water about
20 m deep. Fifty bluefin were trans- 0 Lzz
ferred from neighboring traps to the , 30
pounds. They were fed on trash fish g
and held for a period of two or three 5( 20 |- 1970
months. Then they were killed in = ©
small batches, to avoid depressingthe & '© [0
price, and sold on the Japanese mar- .
ket. The experiment was so success- 0 =2z
ful that nine impoundments were con- 30 r
structed in 1976, and about 300 blue- 1971
fin were held and fattened. 20

Butler (1977) showed the loca- o L
tions of the traps and impoundments :
in St. Margaret's Bay and discussed o _2',

o ey . « 1 1 ¥ 1 i i T 1

past and proposed research activities 50 100 150 200 250 300
in this unique situation. . LENGTH (em )

iv. Cape Cod to Maine
Bluefin tuna have occurred in  Figure 18. Lengths for bluefin tuna captured off Prince Edward Island (1969-.
many sizes and been fished by many  1977), C
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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 tuna off the east coast of the United
States originated in Cape Cod Bay
and its vicinity (Wilson 1965). After
initial experiments 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. Thissitu-
ation was altered by the high prices
offered from 1972 on by Japanese
interests for the fat bluefin which
were caught late in the season. A
local seiner, who specialized in 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-
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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 Fisheries 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 varied consider-
ably — partly according to the sizes
of the fish which entered the area.
The giant fish usually arrived 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 S)
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 1951 and 1953,
but others have 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 becn 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 from
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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 in 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 influx
of small blucfin. This 1948 year class
remaincd dominant through 1957.
The mediums became dominant again
in 1958-1960, mainly because of the
progression of the very 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. The 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 (1964-1975),
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 in the latter.

The runs of small bluefin in Capc
Cod Bay have comprised ages 2-4,
and we are awarc 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 (chiefly Cape Cod
Bay) as noted above. Many traps in
this area took bluefin tuna occasion-
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ally, but very few of these are now in
operation. The blucfin 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 1961 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 scine fishery for later years.
As indicated by these histograms,
the sport catches have consisted al-
most entircly of small bluefin, mostly
of ages 1-3. Sport fishing for these
bluefin has been very successful in
some ycars off New York Harbor
(Westman 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 years 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 ycars when most of the data were
from rod and reel catches, 1941-1960,
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 1966. In the first three
years (1962-1964) of intensive seine
fishing, fish of ages 4 and 5 were
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important. Many additional fish of
ages 5 and over were taken in this
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 carry-
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
1951 the year class of 1950 showed
up very strongly in the catches, but
no sampling was carried 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 1965 was domi-
nant in the 1966 seine fishery, and
showed up strongly in 1967 and 1968.
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 fruitful 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 successful 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.

Number Metric Average
Gear of fish Tons Weight (kg)
Trap 37 9.1 245.6
Seine 167 48.1 287.5
Rod and reel 200 63.5 3175
Harpoon and hand line 900 349.2 317.5

These sport catches of giant tuna were
usually unimportant in numbers, but
did document their seasonal occur-
rence in the area.

At the other end of the size range,
runs of very small (age 0) bluefin (1-
2 kg) occasionally occur in this area
from late July into October. These
are most common in late summey
and early fall, and from northern New
Jersey southward to Cape Hatteras.
They are of no significance to the
fishery, but the biological informa-
tion obtained from them has been a
very important step in understanding
the life history of the species.

c. Atlantic Ocean outside 200
meter contour N of 35°N
and W of 40°W

During the cold season, the blue-

fin tuna disappear from the summer
habitats described above. Since 1956,
however, exploratory and commer-
cial longline activities have revealed
much about their oceanic distribu-
tion in this period (Wathne 1959,
Wilson and Bartlett 1967, Wise and
Davis 1973). The only substantial size
composition data for oceanic bluefin
tuna catches are from the area north
of 35°N and west of 40°W (Figure
28). The most important exploratory
catches were near the northern edge
of the Gulf Stream in spring, and in
the canyons along the edge of the
continental shelf in fall (Mather and
Bartlett 1962). The majority of the
fish taken werc in the medium (120-
185 cm) size range. As in the inshore
fisheries, however, the average size
of the fish taken, as well as the size
of the smallest fish taken, increased
markedly during the 1960s.

Japanese longline catches in this

area have indicated a predominance
of the larger medium sized fish (about
100 kg) during the period from April
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through October (Shingu et al. 1975).
Shingu and Hisada (1976), however,
reported that medium-sized bluefin
tuna (ages 5-8) were scarce through-
out the Atlantic Ocean. They also
noted that, during the winter months,
December-February, considerable
proportions of small fish (ages 2-5)
have appeared in the catches of re-
cent years in the waters off New En-
gland.

d. Bahamas and Southeastern
Florida

The only bluefin fishery in the
western Atlantic south of 35°N for
which there is significant size com-
position data is the sport fishery off
the northwestern Bahamas (Cat Cay
and Bimini) (Figure 29). All the fish
taken are giants, over 185 cm and
122 kg (Figure 30), and are caught
in May and June. Usually the fish are
caught from schools which are trav-
elling northward along the edge of
the Great Bahama Bank, but on rare
occasions they are taken from schools
which are “smashing” (feeding on
the surface, often jumping clear of
the water) farther offshore. This fish-
ery has varied somewhat in recent
years, with a general tendency to de-
cline. Many of the fish have been
released after being brought to the
boat. We have some weight records
for more recent years, however,
which, although few in number, con-
stitute representative samples. These
samples indicate that the modal sizes
and minimum sizes of the fish taken
in this fishery have increased steadily
in recent years. Rivas (1976) showed
that the mean length of the males
which he had measured in the years
1972-1973 at the Bahamas was 25
cm longer than the mean of those
which he had measured in the years
1952-1955. For the same periods, the
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mean length of the females which he
had measured increased by 20 cm.
Similar fishing occurs, with fewer
boats participating, along the west-
ern edge of the Little Bahama Bank
(West End to Matanilla Shoal).

Giant bluefin 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 spring.

Small and medium sized bluefin
are very rare or nonexistent in the
vicinity of the Bahamas, but runs of
very small (less than 2 kg) fish some-
times occur off southeastern Florida
in July-September, and individuals
are sometimes taken through the fall

and into early winter (Rivas 1954,
Mather and Schuck 1960, Mather
1963).

¢. Gulf of Mexico and
Caribbean Sea

Bluefin tuna are caught by
longline, and occasionally by sport
fishing, in the Caribbean Sea and the
Gulf of Mexico (Figure 31). Catch
records, aside from those of the Japa-
nese longline fishery, and size data
are sparse, but suflicient to give a
good idea of their distributional pat-
tern. Most of the catches have been
in the first two quarters of the year.
United States cxploratory catches
(Wathne 1959, Anonymous 1962)
and commercial catches (H. R. Bullis,
Jr., personal communication) have
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been mainly 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 Caribbean (Fisheries
Agency of Japan 1967a).

A small scale Cuban longline
fishery for giant bluefin has operated
in the spring, over the Bartlett Deep
between Cuba and Jamaica. This fish-
ery was initiated in 1969 and the larg-
est catch of about 360 tons (includ-
ing incidental catch of other species)
was taken in 1970. The landings 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 virtually 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 by 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 into No-
vember.

3. Atlantic Oceanic Waters

Extensive data on the seasonal
distribution of bluefin tuna in the oce-
anic waters of the Atlantic have be-
come available from the records of
the Japanese longline fishery
(Shiohama et al. 1965, Fisheries
Agency of Japan 1965, 1966, 1967a,
1967b, 1968, 1969, 1970, 1971,1972,
1973, 1974, 1975, 1976; Wise and
Le Guen 1969; Wise and Davis 1973)
as well as from exploratory fishing
(Wathne 1959, Anonymous 1962,
Wilson and Bartlett 1967). The gen-
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Figure 27. Annual catches of small and some medium size bluefin tuna from the
northwest Atlantic purse seine fisheries, 1958-1973, in tens of thousands of fish
and thousands of tons.
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eral scasonal 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, T. thynnus thynnus.
The records south of latitude 20°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
Davis 1973) suggest that the abun-
dance has varied considerably over
the years. The catches declined pre-
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Figure 28. Lengths of blucfin tuna captured in the Atlantic outside the 200 meter contour north of 35°N and west of 40° W
("+" on graph means less than 0.5%).
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i ax V) _ In the first quarter of the year,
o5l ' O m o - 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 29. Geographic references for the Bahamas and southeastern Florida.
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60°

1967a). Small areas of high catch
rates also occurred about midway be-
tween casternmost South America
and westernmost Africa. '

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

L

Figure 32. Distribution of oceanic catches of bluefin tuna v(pcr 10,000 hooks) in the four quarters of the year, 1956-1968.
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Figure 33. Annual catches of Japanese longline fisheries in the Atlantic Ocean for
large and medium size bluefin tuna in tens of thousands of fish and in thousands

of tons.

extended northward to 16°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 of 70°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 Florida (25°-35°N, 70°-
80°W), but no size data have been
provided. Hayasi and Shingu (1972)
and P. C. Wilson (personal commu-
nication) 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

34

bluefin which were fished in Euro-
pean waters in the warm 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 April-June 1975.
The former was dominated by large
fish 190-240 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 of fish 110-175 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, “Parathunnus
obesus”, 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 does 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
“Parathunnus 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



Table 8. Catch rates (numbers of fish per 1,000 hooks) for bluefin tuna of the Japanesc Atlantic longline fishery, 1956-71,
by year and area. The BEN and RIO areas arc not included since it is believed that the bluefin caught in them were
predominantly southern bluefin. Note: 0.00 = <0.005 but > 0; 0 = effort but no catch; - = no effort.

Year GM NOW NOE CAR GUI cv GG BAII Total
1956 - - - - 0.01 - - 0 0.01
1957 0 - - 0 0.14 0.11 0 0 0.07
1958 - - - 0 0.01 0.01 0.00 1.17 0.06
1959 - 0.51 0 0 0.19 0.08 0.00 0.94 0,22
1960 - 0 0 0 0.81 0.15 0.17 0.32 0.33
1961 - 0 0.13 0 1.11 0.08 0.01 0.36 0.16
1962 - 0.02 0.13 0.01 3.12 0.36 0.21 0.83 1.11
1963 0.02 0.18 0.05 0.03 3.94 0.25 0.01 3.82 142
1964 0.18 0.99 0.21 0.19 1.78 0.12 0 1.07 0.88
1965 0 2.98 0.16 0.07 0.76 0.07 0.00 0.26 0.76
1966 0.10 3.39 0.07 0.03 0.30 0.01 0.00 0.02 0.58
1967 0 0.72 0.03 0 0.11. 0.04 0.00 0.00 0.17
1968 0.31 0.34 0.02 0.01 0.02 0.00 0 0.00 0.08
1969 0.01 0.18 0 0.00 0.02 0.00 0 0.00 0.04
1970 0.00 0.04 0.06 0 0.02 0 0.00 0.02 0.02
1971 0 043 0.12 - 0 0.00 0.00 0 0 0.19
1956-71 TOTALS

Thousands of Fish:

0.7 94.0 2.0 0.8 130.0 9.9 32 52.3 293.0
Millions of Hooks:

8.9 87.5 17.3 19.6 96.4 91.2 92.6 58.4 471.8
Fish per Thousand Hooks:

0.08 1.07 0.12 0.04 1.35 0.11 0.03 0.89 0.62

vessel (Anonymous 1963). In the
same period, six bluefin tuna werc
observed among the landings of the
local fishery at Ponta Delgada, and -
all of these were also giants (obser-
vations by Dr. B. B. Collette, Dr. D.
de Sylva, and F. J. Mather).

b. Madeira

The numbers of bluefin tuna sold
in the market in Funchal, Madeira, in
the years 1954-1962 were furnished
by J. Maul (personal communication).
These ranged from six to 268 fish per
year, averaging 104. The most nu-
merous landings were in March-June
and in October, with the least in No-
vember-January. Catches of other tu-
nas, notably bigeye, were much more
numerous. Maul has stated that the
bluefin is relativcly low in abundance
off Madeira, and that the catches arc

from two size groups: 6-7 kg, and
150-200 kg (Aloncle 1966).

¢. Canary Islands

Early information (Frade 1929)
indicated that 7' thynnus thynnus was
rather rare at the Canary Islands, but
more recent developments indicate
that the species may occur there in
considerable numbers, and in vari-
ous sizes. Aloncle (1964) reported a
wintering area for small and young
adult bluefin tuna (0.5-60 kg) be-
tween Lanzerote, one of the eastern-
most of the Canaries, and the Moroc-
can coast. The senior author directed
the tagging of four 45 cm (age 0) fish
off Gran Canaria in December 1974.
Catches of large blucfin tuna have
been made by sport fishermen off
Tencrife in the Canary Islands, where
the “European™ record was broken
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twice in two years, with 374 kg and
392 kg fish (Anonymous 1975, 1976).
Scveral additional catches of large
bluefin, off Gran Canaria, were re-
ported by C. H. Roncoroni (personal
communications). It appears that most
of these giants were taken in laie fall
and winter (L. F. de Gamboa, per-
sonal communication). The distribu-
tion of Japanese winter (January-
March) longline catches in 1974
(Fisheries Agency of Japan 1976) in-
dicates that the Canary Islands are in
a wintering area for bluefin tuna.
Santos (1976, 1977a, 1977b) has
provided the first detailed informa-
tion on commercial catches of blue-
fin tuna in the Canary Islands. The
1975 landings, excluding longline
catches, were 932 metric tons.
Calches and catch per unit of effort
were greatest in the period June-No-
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Figure 34. Areas of the Atlantic Ocean (Wise and
Davis 1973).

vember, peaking in August and September. In
1976, however, Santos reported that catches were
frequent in the first four months, but declined
during the summer. The estimated catch through
September was 641 mt. L. F. de Gamboa (per-
sonal communication, November, 1976) in-
formed us that the sport fishing off Teneriffe
followed the same trend, and that thc 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. The 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. Trap fisheries in the
Ibero-Moroccan Bay have taken important
catches of large bluefin, along with usually lesser
amounts of medium and small individuals, in
late spring and early 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 fishery is over a century old, but
was modernized about 1950. The trap fisheries
in the Ibero-Moroccan Bay, on the other hand,
are of extremely ancient origin.

The Japanese longline fishery has become
active in the Bay of Biscay and the waters off
Gibraltar and northwestern Africa since 1970.
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a. Northeastern Atlantic

Le Gall (1927, 1929) described
the distribution of bluefin in the north-
eastern 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. Herring 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.
Le 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 fishery, includ-
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ing the catch and its size composi-
tion (Figure 37), has been described
by Hamre (1971). The catch increased
from a few hundred tons in the 1940s
to over 11,000 tons in 1952, but de-
creased after 1962 to 2,500 tons or
less per year. Hamre attributed the
decrease to lack of recruitment. He
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).

This general pattern was fol-
lowed as long as new year 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 fish after the
1962 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 few 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
1962, probably because of this change
in migratory 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 1967 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 1957 is evi-
dent for both the northern and south-



ern Norwegian arcas, but is cspe-
cially striking for the southern arca
(Figure 39).

¢. 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 in 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 sizc 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
have 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 in
the North Sea. The British Tunny
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 very difficult conditions
for this sport, combined with the lack
of fish in recent years, have prevented
its growth.

d. Bay of Biscay

The most important fishery for
small (2.5-35 kg) bluefin tuna in the
castern North Atlantic has been in
the Bay of Biscay (Figure 36). This
Bay is therefore, presumably, the
major nursery ground for young blue-
fin in the region and is a major source
of recruitment to the fisheries for me-
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Figure 38. Lengths of bluefin tuna captured off Norway (north of 63°N) ("+"

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, Shingu et al. 1975).

French tuna landings from this
bay began about 1840, when pilot
boats from La Rochelle began taking
considerable catches of tuna by troll-
ing while waiting for ships. Tuna fish-
ing did not become important thcre
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 (Grandbesangon 1909).
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; de 1a Tourrasse 1951), how-
ever, resulted in 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 1960s and have
remained at intermediate levels in the
1970s (Figure 41). Statistics for this
fishery are very confusing, but it ap-
pears that the landings varied between
1,000 and 1,500 tons in 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.
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on graph means less than 0.5%).

Catches in the early 1970s 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. Le Gall 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 (Hamre and Tiews 1964, Hamre
et al. 1966, 1968, 1971; Aloncle et
al. 1974).

Research on bluefin tuna in the
Bay of Biscay has been divided be-
tween two periods — 1949-1954 and
from 1972 to the present. This divi-
sion of research effort leaves a gap of
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Figure 40. Lengths for bluefin tuna captured from the North Sea ("+" on graph means less than 0.5%).

almost two decades for which very
few data are available.

Length frequency data in 5 cm
groups for Bay of Biscay catches in
1949 (J. Le Gall 1950) (French
catches only) and 1972 (Bard et al.
1973) and 1975 (Cort 1976) (for both
French and Spanish catches) are pre-
sented in Figure 42. Additional size
frequency data; in different size
groups, are furnished by Dao and
Bessineton (1974) and Cort and
Cendrero (1975).

These data indicate that age 2
fish are usually the most important in
the Bay of Biscay catches, with age 3

the next in order, and age 1 fish oc-
curring episodically in recent years
(Dao and Bessineton 1974). Age 1
fish were important in the 1949
sample, but no data for other years in
the peak period of the live-bait fish-
ery are available. There has been a
decrease in the importance of age 4
and larger fish in the catches since
1972. This has been attributed to the
entry of Japanese longline vessels into
the area in 1974 and subsequent sea-
sons (Cort and Cendrero 1975, Cort
1976).

Much additional data is avail-
able for weekly (or daily) landings at
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St. Jean de Luz, the principal port of
the French bluefin tuna fishery, in
terms of fish weighing less than 30
kg and more than 30 kg (Hamre and
Tiews 1964, Hamre et al. 1966, 1968,
1971; Aloncle et al. 1974). Eighty
percent of the 1962-1972 landings
by weight were in the class weighing
less than 30 kg (Dao and Bessineton
1974). The percentage by numbers
would, of course, be considerably
higher.

The Spanish fishermen, how-
ever, take more of the larger fish
than the French. Dao and Bessineton
(1974) found that only 52% of the



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

of fish 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 the Spaniards
were larger than those used by the
French.

In view of the virtual disappear-
ance of medium sized bluefin tuna
from the landings of the Norwegian
fishery since 1962, and their rela-
tively poor showing in the trap fish-
eries of the Ibero-Moroccan Bay (sub-
part g of this section), it is unfortu-
nate that size composition data for
Spanish landings prior to 1972 are
not available.

In addition to the commercial
fisheries, there has been an active
sport fishery along the north coast of
Spain for bluefin tuna and albacore.
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)
(Farrington 1949) and in the Bay of
Biscay by the late Generalissimo
Franco and Max Borrell (Max Borrell,
personal communication).

e. West Coast of Portugal

Small bluefin were taken by troll-
ing in the vicinity of Cape Espichel
(south of Lisbon), Portugal, in latc
summer and early fall. The season
usually started in September-Octo-
ber (Vilela and Monteiro 1961,
quoted in Tiews 1963). In 1960 the
entire catch of 5,500 fish (34.65 tons),
averaging 6.3 kg, was taken in 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 ¢m) 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 Tiews (1964).

The 1965 catch is 1llustrated by
the length frequencies of a 363-lish
sample tabulated by week of capture
(weeks 40-46, September 26-Novem-
ber 13). 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 ct al. 1968). In 1968, 26,199
fish averaging 5 kg were taken
(Hamre ct al. 1971).

f. West coast of Morocco

Small bluefin arc taken off the
west coast of Morocco by hook and
line, live bait, and seine fisheries (the
trap fishery will be discussed scpa-
rately). Catches ranged up to 2,000
tons in the mid 1960s, but have been
less than 1000 tons in recent years
(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 91-fish sample from
a purse seine catch of 700 kg of blue-
fin taken September 9, 1967, at
30°40°N, 10°05°W (off Cape Ghir).
The lengths ranged from 50 to 67
cm, with nearly all the 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 scason. This catch
was made duzing a series of experi-
mental cruises of the sciner
“Danguy,” which extended from Sep-
tember 1964 to July 1965, and cov-
cred 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.

The first few weeks of the cruise
resulted in the capture of age 0 and
age 1 blucfin 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
latc April and early May two indi-
viduals, one 70 ¢cm and one 43.5 cm
long, were taken northeast of the Sal-
vage Islands. These would have been
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ages 2 and 1, respectively, in the en-
suing Summer.

In Novcmber 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 41.9 cm. This author states that the
fishermen of Barbate 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. Ibero-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 15th
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 even more, from the
shore to the body 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 “Mcditerranean” or “Si-
cilian” trap. Fodera (1964) and de
Cristofaro (1970) described the de-
sign, construction and relative advan-
tages and disadvantages of each type.
The 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” (castward)
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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 thousands 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 southward
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.

Therc 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 et 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 lost only
about 10 percent of their weight.

Length frequency data for the
Spanish fishery for the years 1956-
1959, 1961 and 1963-1975 are pre-
sented (Figure 48). The catch con-
sisted mainly of medium and giant
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fish, with small ones (ages 1-2)
significant in 1958 and 1959 only.
Medium sized bluefin were domi-
nant in 1957 and important in
1956, 1958, and 1959. Since 1960,
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, nearly the
same sizes as our “small” group,
considerably outnumbered them.
These fish were generally most

L4 13XIX]
I L T L
150 200 250
Length (cm)

Figure 42. Lengths of bluefin tuna ¢ ptured from the Bay of Biscay ("+" on graph

means less than 0.5%). :
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Figure 43. Number and weight of fish for the Morocco fisheries for small and

medium size bluefin tuna.

numerous in late August (Vilela
1960). The albacoras and atuarros
(ages 4-7, including 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 in the catches of the Mo-
roccan traps. Similarly, Vilela (1960)
showed that the smaller tunas tended
to be most important in the catches
toward the end of each run, but espe-
cially in the “return” run.

Vilela (1960) found 300 males
(38.1%) and 487 females (61.9%) n
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 “arrival” 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. Rodriguez-Roda (1964b) pre-
sented the figures for the sexes deter-

mined from samples of the 1956-1961..

catches of the Barbate trap, and the
1961 catches of two others (Table 9)

Lozano Cabo (1958) pointed out
that the average size of the blucfin
caught in the Portuguese and Span-
ish traps increased according to how

far east (near Gibraltar) the traps werc
located. The average was smallest in
the Portuguese traps, and the greatest
in the trap at Tarifa, near Gibraltar.
He reported that the average size 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

werc 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
in 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 former Spanish Protectorate) to
represent the Moroccan catch. The
catches of this group, which varied
from onc to five traps in the years
1927-1954 and stabilized at three
from 1955-1966, have been recorded,
in numbers of fish, for 1927-1962
(Lozano Cabo 1958, Hamre et al.
1966). Data for subsequent years are
available, in various forms, in Aloncle
(1964), Collignon (1964, 1965, 1966,
1967, 1968, 1969, 1972), Lambeouf
(1972), and personal communications
from M. Lamboeuf and R. Sara. Since
1966 only one or two of the Larache
traps, if any, have been set. Data for
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area.

the Spanish traps, provided by
Lozano Cabo (1958), Rodriguez-
Roda (1964a, 1973, 1974), and
Aloncle et al. (1976), are believed to
be complete, but are somewhat bi-
ased by the inclusion of some records
of the La Linea trap, which is actu-
ally just inside the Mediterranean. Its

catches, however, were relatively
small. From four to seven Spanish
“Atlantic” traps were listed for 1941-
1971. Since then, only one or two, if
any, have been set. The Portuguese
data, provided by Vilela (1960), Lima
Dias and Barraca (1972) and
Republica Portuguesa (1957, 1958,

(a)

(e)

Soeend

(b)

[

COAST

Figure 46. Schematic diagram of the type of specialized tuna trap used in the
Ibero-Moroccan Bay area: (a) body of trap, divided into compartments, (b) lcader
from shore to trap, (c) leader extending offshore from trap. Solid lines show trap
arranged to catch fish traveling from right to left. Dashed lines show trap
modified to catch fish traveling from left to right.
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1959, 1960, 1961, 1962, 1963, 1964,
1965, 1966, 1967, 1968, 1969, 1970,
1971) are believed to be complete.
Five traps were set in most of the
years 1931-1965, three in 1966-1968
and two in 1968-1972. Due to these
discrepancies and omissions, the data
in Figure 50 are not exact. They are
presented to illustrate trends in the
catches rather than exact totals.

Pavesi (1889) estimated the
mean annual production of the Span-
ish traps for the period 1884-1887 at
70,000 tuna, or quintals (100 kg). He
derived a corresponding figure of
30,000 tuna for the Portuguese traps.
Roule (1917) calculated the average
yearly catch of the Portuguese traps
inthe years 1896-1912 at 43,983 tuna.
In the period from 1930 through
1960, the Spanish catches occasion-
ally surpassed Pavesi’s figures, with
106,000 fishin 1930, 76,200 in 1943,
63,500 in 1944 and 80,500 in 1949.
The average for the period, about
55,000 fish per year, was consider-
ably below Pavesi’s figure. The Por-
tuguese traps only attained Pavesi’s
average of 30,000 fish in 1943, with
32,400 fish, and never approached
the 1896-1912 average of nearly
44,000 fish. The 1931-1960 average
of the Portuguese fishery was 17,400
fish per year. The Larache group in
Morocco produced a peak catch of
29,000 fish in 1958 and averaged
13,500 fish per year for 1930-1960.
The addition of the Cape Spartel and
Kenitra catches would increase these
figures considerably. Data for Mo-
roccan catches before 1930 are too
meager to permit any deductions in
regard to long-term trends.

The total annual catches of the
samples of the three fisheries re-
mained above 48,000 fish and 7,000
tons per year through 1962. A de-
cline which began in 1963 became
disastrous after 1967. Estimated
catches varied from 16,000 to 24,000
fish (2,400-4,300 tons) in 1963-1967,
and fell to 700 to 12,600 fish (100 to
1,600 tons) in 1968-1973. The Por-
tuguese traps caught just one fish in
1971 (Lima Dias and Barraca 1972)
and only 176 kg in 1972 (Y. F.
Barraca, personal communication).
They have not been set since. In 1972,
the only Spanish trap set in the At-
lantic, Barbate, which had averaged



about 20,000 fish per year from 1946-
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
in 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 1974, but took only
seven bluefin (M. Lamboeuf, per-
sonal communication). The situation
had become such that when Barbate,
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 (Aloncle 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 fishery was a major cause
of the decreased catches. Although
the annual catch fell from 19,000 fish
in 1961 to 2,500 in 1971, the average
weight per fish increased from 145
kg to 223 kg. (Sakagawa and Coan
1974). Rodriguez-Roda (1964a) had
already noted the drastic decrcase 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 reversed
to some extent by improved catches
off Norway, and more significantly
by the entry of the Japanese longline
fishery into the area in 1971 (Shingu
and Hisada 1976). Concern has been
expressed over heavy catches of very
young bluefin as a possible cause for
the decline in the fisheries for larger
individuals (Rodriguez-Roda 1964a,
1964b, 1969d).

6. Mediterranean and Black Scas
The fixed trap has been the prime
producer of bluefin tuna in the Medi-
terranean Sea (Figures 52 and 53)

Table 9. Sexcs determined from samples of the 1956-1961 catches from the
Barbate trap, and the 1961 catches of two others.

Trap Barbate Sancti-Petri Isla Cristina
Males 403 123 46
Females 756 215 66

for centuries. The most important
traps were the large ones in the cen-
tral Mediterrancan. The majority of
these fished the “arrival” run in May
and June; the remainder fished the
“return” run in July and August. Some
of the smaller traps also fished these
migratory passages and similar runs
in the Bosphorus between the Sea of
Marmara and the Black Sea. The ma-
jority of the smaller traps, however,

PERIOD OF REPRODUCTIVE BEHAVIOR

fished mainly for bluefin which were
too young to spawn, or which were
in the feeding, rather than the spawn-
ing, phasc of their annual cycle.
Therefore 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-spawning tuna
were widely distributed along the
coasts of the Mediterranean, but were
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Figure 47. Schematic diagram of blucfin tuna movements in the vicinity of traps

during the spawning cycle.

46



30

20

10

o

20

10

30
20

10

30
20

10

30
20

10

% OF SAMPLE

i0

20

10

o

20

10

g o

20

10

30

20

10

Figure 48. Lengths of bluefin tuna captured in the Spanish fishery (1956-
than 0.5%).

47

250

300

. 1956 S 1967
= -
s -
| 1987 L 1968
- -
b e ] "A;_
r o
. 1958 . 1969
. 1959 1970
+——7¢+—_““ V' —
L 1981 L 1974
- -
2 ‘l L7z ans
| 1963 ' L o2
L7z Yy Au‘_ —.;[_—LAA__
[ [
| 1964 L 1973
7 (2.2 Smant %' X
i i
| 1968 L 1978
* SIO e 160 1;0 200
i LENGTH fem )
- 1966
(X3 ® 4
50 100 150 200 250 300
LENGTH (em )

1959, 1961, 1963-1975) ("+" on graph means less



30—

THOUSANDS OF FISH

10

30 31 32 3334 35 585 s aiasdc a7 69950 51
YEAR
Figure 49. Annual catches of the Portugucse trap fishery (Hamre and Tiews 1964, Hamre et al. 1966, 1968, 1971).

most concentrated off France and
what is now Yugoslavia (Pavesi 1389,
Parona 1919, Belloc 1961).

The history of the Mediterranean
tuna traps dates to the pre-Christian
era. Thomazi (1947) believed that
the Phoenicians introduced this
method throughout their colonies, 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 of the
island toward the end of the 12th
century (Pavesi 1889, Parona 1919,
Thomazi 1947). The numbers of tuna
traps operating in the Mediterrancan
declined greatly during the 19th and
20th centuries (Pavesi 1889, Parona
1919), and cspecially since 1950 (de
Cristofaro 1970).

Until recently, the major tuna
traps in the central Mediterrancan
have been of the “Sicilian” type.
Since World War 11, however, chang-
ing conditions have caused the aban-
donment of many traps and the con-
version of others to the “Spanish”
type, usually with modifications
(Gaudilliére 1954, Fodera 1964, Sara
1964, de Cristofaro 1970).

Various types of nets, hook and
line gears, and harpoons have also
been used for bluclin tuna in many
parts of the Mediterranean-Black Sea
system (Pavesi 1889, Parona 1919,
Doumenge 1953, lyigungor 1957).
Until recently, however, their catches
were small in comparison with those
of the traps.

Developments after World War
II have altercd this situation drasti-
cally. While the trap catches have
declined catastrophically (Sara 1973),
catches of small (Tilic 1954, Scaccini
and Biancalana 1959, di Meglio
1962) and large (Paini 1975, Miyake
1976) bluefin by purse scine have
become important. Also, Japanesc
longliners took increasing quantities
of blucfin in the Mediterrancan in
the years 1972-1974. The catch de-
clined in 1975, when the Japanese
government prohibited their longline
vessels from fishing in the Mediter-
ranean during the spawning scason
as a conservation measurc.

Meanwhile, promising sport fish-
cries for bluefin tuna have developed
along the French and Spanish coasts
from the mouth of the Rhonc to
Castellon and along the French and
Italian Rivieras (Ligurian Sea), where
albacore arc also taken (Gianelli
1969, Cesareo 1972, M. R. Borrell,
A. Cesarco, L. F. de Gamboa, and L.
K. Harry, personal communications).

48

N =NUMBER OF TRAPS

B CACHORRETAS (30KG
[] ALBACORAS 30-49KG
ATUARROS 50-89 KG

i ATUNS > 90KG

CESSATION OF FISHERY

a. Western Mediterranean

Although located between the
formerly important trap fisheries of
the Ibero-Moroccan Bay and the cen-
tral Mediterranean, the bluefin tuna
fisheries of the western Mediterra-.
nean have produced modest tonnages
(Miyake et al. 1976), consisting
mainly of small and medium fish.
Various gears have been used, some
of which arc 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 the area since World War II.
Sport fishing has also developed there
in this same period.

The French traps are of histori-
cal interest only. Thomazi (1947)
stated that they reached their apogee
in the 17th century. Gourret (1894)
reported those traps near Marseille
took blucfin 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
bluefin in 1891 and 1892 (1,500-
2,000 fish, 41-43 tons) was about
half of the total catch in the same
area by other gears. Parona (1919)
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Figure 50. Annual catches of Ibero-Morocca

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 1892 and 1900.
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 Linea. Belloc ( 1961) listed five
in that area, with maximum annual
catches of 60 tons of all species com-
bined for a single trap in the years
1954-1958. In 1975 only one of these
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traps was sct, and it took no bluefin
tuna (Rey et 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
Linea, on the Spanish coast near
Gibraltar; at Ccuta, a Spanish city on
the opposite side of the Strait of
Gibraltar; and at three nearby loca-
tions on the Mediterranean coast of
Morocco (Belloc 1961, Sara 1964).
These traps take bluefin in July and
August, but again they depend mainly
on other species.
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Yearly catches of bluefin tuna at
La Linea since 1961 have ranged
from 0 in 1968 up to 2,400 fish wei gh-
ing 340 tons in 1965. Their average
weights have varied from 128 to 186
kg, probably excluding the numer-
ous age 0 (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 Mediterranean coast of Morocco
may be 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 172 tons for a trap, but
have usually been 50 tons or less



(Collignon 1964, 1965, 1966, 1967,
1968, 1969, 1972, Lambocuf 1972,
Crespo and Rey 1976; M. R. Borrell,
personal communication). Little
information is availablc on the sizes
of bluefin taken. F. de Buen (1927)
stated that 4-5 kg bluefin were taken
in the Ceuta trap in early winter.
Rodriguez-Roda (1964b, 1969¢) es-
timated that 500,000 age O 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
Rey (1976) showed that the catches
of age O bluefin were much greater
numerically than all other sizes com-
bined in eight of the 14 seasons from
1961-1974, with significant highs in
1963, 1967 and 1973. Rey et al.
(1977) reported that 22 bluefin were
caught in the Ceuta trap in 1975.

[[] NUMBER OF FISH /104
@ METRIC TONS /103

1955 o)

Twenty of these were reportedly more
than 4 years old, and weighed 12,500
kg. Perhaps there is an crror 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 1930 and two in 1931, 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 IHamel de
Monceau (1769-1782), Doumenge
(1953), di Meglio (1962) and
Farrugio (1977). These included fixed
and drifting gill nets and beach and
pelagic multiboat scines, called

—-20

-15

65
Year

Figure 51. Annual catches of northeastern Atlantic fisherics for large and
medium size bluefin tuna (Scandinavian and North Sca scine and hook-and-line
fisheries and Ibero-Moroccan Bay trap fishery) in tens of thousands of fish and in

thousands of tons.
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“thonnaires” or “thonaires,”

“combricres,” “courantilles,” and

“seinches.” In some cascs the same
name was applied to various 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 Monceau
(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
(1947) and Dicuzeide (1949) detailed
an interesting method of hook and
linc 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 developed 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,
1969, 15 boats landed 40 tuna with
an average 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
(Cesarco 1972). Sport fishing off the
French Riviera will be discussed in
the following 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
annually at Castcllon in late August
and carly Scptember. Catches totaled
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47 fish weighing 4,536 kg with maxi-
mum, average and minimum weights
of 161, 96.5 and 38.2 kg, respec-
tively, in 1973, and 32 fish with maxi-
mum, and minimum weights of 180
and 37.8 kg, respectively, in 1974

(M. R. Borrell and E. K. Harry, per-
sonal communications). In 1976,
however, only one fish was caught
(L. F. de Gamboa, pcrsonal com-
munication). Tuna of the above sizes
werc taken in August and carly Sep-
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tember, but after they disappeared,
great quantities of age 0 bluefin
(about 1 kg) were taken from late
September to early November (J.
Bexnat Ortiz, personal communica-
tion).



The authorization of seining for
bluefin tuna in French Mediterrancan
waters in 1960 brought about a con-
siderable 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 1950-1961 to about 1,000
tonsin 1961 and 1962 (Maurin 1964).
Most of the 1962 catch was taken in
the beginning of the year in the re-
gion of Marseille and Rousillon. The
French seine fishery for bluefin off
Provence 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 January
1970 purse seine catches off the
Mediterranean coast of France to-
talled 1,500 tons, with most catches
occurring in October and November.
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 early
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 late February and
March, and from October into carly
December. Late December and Janu-
ary were periods of scarcity
(Doumenge 1953). Data on the 1963-
1965 catches (Hamre ct al. 1968)
showed minor peaks in March and
major peaks in September-October.
Farrugio (1977) rcported that the
seine fishery was active in the Gull
of Lions from early March to late
May and from October into Decem-
ber and in the eastern area (St. Tropez

to Capo delle Mcle) from July to late
Scptember or carly 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 Vendres and Leucate and
the other between Séte and Marseille.
Beginning in November or Decem-
ber, they tend to concentrate in the
northern part of the Gulf, between
Séte 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. Off 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. Tropez
and Capo delle Mele.

Until recently, little information
on the sizes of fish taken in these
fisheries has been available. Gourret
(1894) showed that the average sizes
of bluefin 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, France) in
1953 and 1954 consisted of bluefin
of ages 1, 2, 3, and 4 (about 48, 80,
97 and 119 cm long, respectively)
(Doumenge and Lahaye 1958). Little
variation in sizes of fish with method
of capture was indicated by either 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+) bluefin 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
off Sete, France, in April by three
sardine-tuna sciners (Anonymous
1971). The possibilitics of scining
blucfin off the Mediterrancan coast
of Spain werc mentioned by Bellon
(1954), but, apparently, they have not
been developed significantly. In their
review of the fisheries for tunas and
related species in the Mediterrancan
and Atlantic waters off southern

52

Spain, Laboratorio Oceanografico
Palma ct al. (1976) do not mention
scining, cven among the minor gears.
Rodriguez-Roda (1964a), however,
noted that considerable numbers of
age 0 bluefin (0.5 kg in September,
October; 1 kg in November, and 2 kg
in December) were often taken by
sardine sciners off Alicante, Spain,
mixed in with the sardines. Consid-
erable catches of age O blucfin in the
same scason during 1976 were also
reported (F. L. de Gamboa and J.
Bexnat Ortiz, personal communica-
tions). Rodriguez-Roda (1964b) also
reported considerable catches of age
0 bluefin in the fall of 1963 off the
Mediterranean coast of Morocco by
Spanish seiners based at Ceuta.
Spanish and Japanese longline
vesscls have also taken bluefin tuna
in the western Mediterranean. An-
nual catches of the Spanish Mediter-
rancan longline fleet, which fishes
primarily for broadbill swordfish,
Xiphias gladius Linnaeus (1758), in-
cluded from 16 to 274 tons of bluefin
in the years 1968-1974 (Laboratorio
Oceanografico Palma et al. 1976).
Japancse longliners 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
of very young bluefin in the western
Mediterranean, as well as off the At-
lantic coast of Morocco, which he
had described previously (Rodriguez-
Roda 1964a, 1964b). He reported
catches of large numbers of age 0
fish in the fall by seiners off Alicante
and the trap at La Linea in Spain, and
by sciners and traps off the Mediter-
rancan coast of Africa just east of
Gibraltar. He reported that, in the
period September 15-October 19,
1963, about 500,000 age O bluefin
were taken by the Ceuta seiners and
the traps in the vicinity. This was,
however, an exceptional year, accord-
ing to his informant. We have been
advised that comparable catches of



age O bluefin were taken off
Castellon, Spain, in the fall of 1976,
mainly by sardine seiners, but also
by sport fishing boats. Rodrlguez-
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 O 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 (Fodera
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 191 9, 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 (Sara
1973) 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 also take some blucfin tuna
(Sara 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 off the Italian
mainland and Yugoslavia. The Medi-
terranean trap fisheries have been de-
scribed and discussed by Cetti (777,
Pavesi (1889), Parona (1919), Sella
(1929a, 1929b, 19324, 1932b), Belloc
(1961), Sara (1964), de Cristofaro
(1970) and others. Parona (1919) (this
work was actually completed in 191 4)
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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 1968). By 1950,
only 30 real tuna traps were active,
only 14 in 1965 (de Cristofaro 1970)
and just seven in 1973 (Miyake 1976
R. Sara, personal communication).
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 Table 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 illustrating the long-
term trends in the catches. A few
traps in the Gulf of Sant’ Eufemia,
Calabria, (Figure 56) also caught
prespawning tuna. Three of them for-
merly took very large numbers of
small fish. Pavesi’s (1889) 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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in 1964-1965, 1967, and 1969-1975.

100 tons (129-260 tons) for one of
them in the period 1896-1914. One
or two of these traps were set in each
of the years 1938-1939 and 1946-
1963 (Annuario 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. Pavesi (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 in the 1970s. Pavesi (1889)
reported the average annual catch of
these traps in the years 1879-1883, a

54

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 in 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
1946-1969, 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 1976 (P.
Arena, personal communication),
which differ considerably from those
in the Annuario 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 of fish 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’
Eufemia (compartment of Catanzaro,
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 Marzameni,
took little or nothing in 1969. Less
important return traps on the south-
em coast of Sicily had failed in the
1950s. One at a new location off Cape
Granitola, at the southwestern corner
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 fajlure
marked the end of the Sicilian return
fishery. The last traps in the Palermo
(northwestern 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 year in the Trapani dis-
trict at the western tip of the island,

and two in the Aegades Islands west
of there, as the only survivors of the
once flourishing Sicilian trap fish-
ery. In Sardinia, the first order trap
of Saline (compartment of Sassari, 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 Carloforte group
(department of Cagliari, southwest-
em 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 in the Aegadces Islands is
the only one in Italy which has even
come close to a second order perfor-
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mance (2,000 fish per year) (Pavesi
1889) since 1970 (Table 11).

Pollution and the disturbing ef-
fects of increased coastal traffic and
other fisheries (trawling and fishing
with lights) are regarded as contrib-
uting factors, along with reduced
numbers of fish, in the decline of the
Italian tuna trap fisheries (Sara 1969,
1973; de Cristofaro 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 southwestern 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
1929a) as well as from year to year.
Sella (1929a, 1932a) considered the
traps off western Sicily and those off
southwestern Sardinia as “cold” traps
(surface temperature 18.0-1 9.0°C,
salinity 37.37-37.65 0/00) 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 0/00)
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 wej ghts of the
bluefin tuna taken by traps in cach
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
Table 14.

These data support Sella’s
(1929a) findings in regard to western
Sicily and Calabria, but the traps off



Table 10. Number and weight of blucfin tuna caught in traps off Sicily

Centrale di Statistica.

and Sardinia by year as reported by the Instituto

Year Traps Fish Tons Fish Tons Average Wt.
(x1000) (x1000) per Trap per Trap (kg)
1938 25 16.7 1.6 667 63 95
1939 29 17.4 1.6 600 54 89
1946 32 212 2.1 662 64 97
1947 28 20.3 2.1 724 75 104
1948 30 114 1.1 381 35 93
1949 32 18.1 2.1 565 67 118
1950 31 18.2 1.7 588 56 95
1951 30 19.3 18 644 61 94
1952 29 9.4 1.0 324 33 103
1953 30 13.3 2.0 443 65 147
1954 27 12.2 1.7 451 62 138
1955 28 12.5 1.5 447 54 121
1956 25 10.8 1.5 434 60 139
1957 22 15.2 2.5 694 112 162
1958 27 17.9 2:6 663 96 146
1959 24 13.5 1.8 566 74 131
1960 21 11.7 1.2 560 58 104
1961 21 11.6 14 553 67 122
1962 19 12.5 1.3 661 66 100
1963 17 22 1.2 540 71 132
1964 15 12.3 1.4 819 106 130
1965 14 10.2 1.3 732 122 89
1966 15 9.2 0.9 611 62 102
1967 13 16.4 1.9 1,63 148 118
1968 13 13.2 1.7 1,016 132 130
1969 12 89 1.3 741 - 109 148
1970 9 6.6 1.0 733 106 144
1971 9 6.8 1.0 852 115 151
1972 8 4.6 0.8 576 103 120
1973 7 1.6 0.4 236 52 219

Sources: Instituto Centrale di Statistica 1949, 1951, 1954, 1957, 1960, 1963, 1966 1969, 1972, 1974.

southwestern Sardinia did not pro-
duce especially large fish in this later
period.

Sara (1965¢, 1968) discusscd the
historical importance of the smaller
bluefin (40-50 kg, ages 5-6) locally
known as “golfitani” (Cetti 1777) in
the Italian trap fisheries. In the years
before 1920, when the fisheries were
flourishing, these smaller fish formed
a large percentage of the captures,

somctimes as high as 90%. When the
catches of large tuna were poor, as
they often were, substantial catches
of golfitani kept the fishery solvent.
About 1925, the catches of these fish
began to decrease gradually until they
virtually ceased about 1935. This
caused a real crisis in the industry. In
1943-1945 (the first post-war years)
there was a transitory appearanceof
golfitani possibly because of the de-

56

crease in fishing effort during the
war. In 1964, these fish appeared
again in the catches, increasing year
by year. Sara thought that this occur-
rence was not transitory, because of
the local abundance of herring, an-
chovies and mackerel, on which they
fed. Consequently he believed that
the future of the trap fishery was
good. Sara (personal communication,
1973), however, reported that the



"Pash U39 SARY SAN[BA UBIWI SUIOS ‘JUSISISUOIUT U}JO aIe eye(] (SUOROIMUILIod

Teuosiad) preg ~f ‘(suoneotunurwos feuosiad) eusIy g ‘(bL6 1 “7L61) BONSHEIS Ip S[ENUD OyunsU] (B[L61) 'T& 12 S[OUOTY (996 1) Te 19 d1ureH] (6881) 1s2avd '$201M0g
"PauIquIOd BIIULIO] pue eUeuUSIAR,] 10 93RIdARSI 810°6 »
"pauIquUIO) BUBLJ B[OS] PUE 0SNIS 0)I0 ] ‘Bi[Sed 0M0( ,
PaUIqUIOD OSTIOS OMO0] Pue ei[Sed oMod
*9UIOS 10J PALMII0 dARY AeWI SFUT))AS JUS3I JIOW "996 | I9yJe 198 jou sden 10,1,
"UOTJRULIOJUI OU - $J9S JOU = X Udjed ou ng1es = () )puada]
X X X X X X X 0 X X 168°1 AOISHS  omssedade)  XBN 000
X X X X X X X X X X LT 6561 T6EL AOISHS  eieued vjues -000 €
X X X X X X X X X S01 000°1 A1101S AN LDATIO
X X X X 0T¢ 0007 AT19IS MN ojuejog  "3AV 000°1
009 €02 X 89 0Lz (/23 6LT 8L1 e 6L 000°T  ATIS MN offadoog
- - - - - - - - - - 0181 eqrq BUBIOIE]N  J9PIQ PINYL
£0S 096 v6S ¥81 S0S L61°T 086 P60'T  L66'T  6SET . - AToIS m eOTULIO]  XEN 000°S
X X X X X X X X X X S0 69[‘c  emmpregp  wSowsum[y  3AV(00°C
X X X X X X X X X X T0L'E ATe1r MS BUOAIY 19pIQ PU0IDS
9Ey1680T  TLL'L 0L6 €20°T  ObET 89€°1  ¥68C 0STE  LITY 810 AToIS M eueudiae] "XeW 000°01
X X X X X X X 0 X oL 6£6'y  AIOIS MS TUSUIEZIE
X X X X X X X X X X 9 1¥9°S Are)I MS ozzid
- - 0S¢ ¥9¢ 001°C 169°¢  ®IUIpIES MS eueldejos]  ‘3AV 000°S
- - 0 Sl SWLIT  W8LLT  2090°€ sT98°C  269L°E L6S°9  eIUIpIES MS 0SNAS 0404
- - 0s 002 ST €CY'y empreS MS  ®erSed opod
- - - X 8¢ $91 0T 89¢ I LL 61L°L empres MN SulfeS  IOPIQISTY
9L61  SL61 vL61  €L61  TL6I 1L61  0L61 6961 8961  L961 YoR) X  €8-6/81  UONBIOT] dery  umumxep
PI033Y 1521 J%eToAy a8eroAy
Ipio

“UMOUS 9T SISPIO I} ISITY 3 bno "996 1 2OUISYSTJ JO SIDQUINU UT SOYI)RI IS} PUR £88 [ -6, 8 | UIIYSnes ysij Jo oqumu 33eIaAe a1 0} Suipiosoe siopio ui padnois sdex uetfe)] 11 dqelL

57



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

Order Number of Tuna per Year Number of Traps
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 11
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 Traps Fish Tons Fish Tons Average
(x1000)  (x1000) per Trap per Trap Weight (kg)
1970 ? 3.3 0.7 205
1971 ? 3.9 0.7 191
1972 9 33 0.7 364 74.1 204
1973 7 1.4 0.3 193 453 234
1974 5 2.6 0.7 522 141 270
1975 6 3.7 0.7 624 119 190
1976 4 3.2 0.6 793 161 203

Table 14. Maximum, minimum, and average weights per Italian compartment
which contained important tuna traps for 1971-1957.

Annual Average Weight (kg)

Compartment Area  Location Minimum Maximum Average
Trapani Sicily W) 106 178 140
Palermo Sicily (NW) 71 184 121
Messina Sicily (NE) 33 160 104
Siracusa Sicily (E) 20 174 114
Agrigento Sicily (SW) 66 133 101
Cagliari Sardinia (SW) 67 115 93
Sassari Sardinia  (N) 75 181 126
Catanzaro Mainland (SW) 16 78 46

golfitani which had appeared in good
numbers in 1967-1968 had been prac-
tically annihilated by 1972, and that
the typical mean weight of the catches
had consequently increased from
about 150 kg in 1967-1968 to about
270 kg in 1972. He characterized the
1972 fishery as depending on “the
remnants of ancient year classes, with
no possibility of compensating for
their loss with the younger classes
which should have constituted the
strength of the catches.” Sara (per-
sonal communication) also informed
us that the early landings in 1973

consisted of enormous fish, includ-
ing one “matanza” (removal of fish
from the trap) of 111 fish whose av-
erage weight was 470 kg! The catches
at the end of the season, on the other
hand, were mainly of fish weighing
about 80 kg. Despite this recruitment
of smaller fish, however, the annual
catch had still declined drastically
and the average weight of the fish
caught had increased remarkably
(Table 10). Sara (personal commu-
nication) advised us that the 1975
catches consisted of large fish up to
June 7-8, after which they continued
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with very small tuna weighing 25-30
ke. The season ended about June 10
rather than at the usual date, about
June 24-25. The figures for this year
(Miyake 1976) indicated the first real
improvement in the stock since 1970.
The size of the catch had increased:
for the second time, and the average
weight of the fish had decreased sig-
nificantly for the first time, since
1973.

Samples of the Sicilian trap
catches in 1958 and 1965-1971 (Fig-
ure 57) suggest that giant fish were
most important in all but two years,
constituting from 35 to 100 percent
of the individual samples. The me-
dium fish, or golfitani, made up the
majority of the catch in two years,
and contributed from 0 to 65 percent
of the respective samples. Small fish
were apparently insignificant in the
catches, never exceeding 2 percent
of a sample. The golfitani were most
importantin 1958 and 1967, and were
less so from 1968 on.

The 13 available samples of in-
dividual catches of Sicilian traps
(Aloncle et al. 1974, Miyake 1976)
provide striking evidence of the ten-
dency of the bluefin to school by
size. Six samples consisted entirely
of medium fish, 122-185 cm long,
and six consisted entirely of giants,
over 195 cm long. Only one con- .
tained a mixture of the two groups,
including fish from 147 to 233 cm
long. The spreads between the mini-
mum and maximum lengths ranged
from 28 to 39 cm, with an average of
33 cm, in the samples of medium
fish, and from 34 to 52 cm, with an
average of 46 cm, in those of large
fish. The 1958 sample (Figure 57)
consisted of two catches, taken two
days apart. One consisted entirely of
giant fish, and the other entirely of
medium fish. The same situation ex-
isted for samples of two different
catches taken in a single trap on the
same day in June 1965. This ten-
dency to school by size indicates that
size data must be collected on a more
continuous basis than has been pos-
sible in the Italian fishery to permit
accurate estimates of the composi-
tion of the annual landings.

The use of purse seines for blue-
fin tuna was introduced into the Ital-
jan waters of the Tyrrhenian and



Adriatic Seas in 1950 (Scaccini and
Biancalana 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 bluefin tuna taken weighed
from 4 to 30 kg. Their statistics
showed that the total Italian purse
seine catches from 1950 through 1957
ranged from 351 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 bluefin 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 bluefin less
than a year old (55 cm long) have
been caught (Sara 1965c, 1968; de
Cristofaro 1970, P. Arena, personal
communication). Sara (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 albacore 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 fleet of
modern 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 albacore.

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. The 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 longline 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 by 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 of fish in the
40 to 100 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 albacore. P. Arena (personal
communication) advised us that sein-
ers had taken about 2,600 tons of
bluefin 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-
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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 Biancalana
1959). This purse seine fishery has
been described by Levi (1977). The
season extended from the end of
March to mid-November, and the
fishing 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 (1965) have described this
fishery, which embraced two distinct -
seasons. The fall-winter fishery (Sep-
tember-March) occurred in the north-
ern part of the Strait of Messina, and
took small or medium sized fish be-
tween spawning seasons. The 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 1928-1935. Genovese pre-
sented the size composition, by
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Figure 57. Lengths of bluefin tuna taken in the Sicilian trap catches in 1958 and 1965-1971 ("+" on graph means less than

0.5%).

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 fish 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 month, 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 very slight
predominance of females (about 52%
females), which did not vary greatly
between months and years. Arena
(1959a) described a productive line
fishery off the 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
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longliners fished primarily for
broadbill swordfish, but caught blue-
fin tuna incidentally (Sara and Arena
1967). Their tuna catches have not
beenrecorded in the statistics. R. Sara
(personal communication) estimated
that the swordfish longliners might
have captured “not over 500” tuna
with an average weight of about 150
kg during the 1972 season. Sara and
Arena (1967) noted that smaller
longlines used primarily tfor dolphin
(fish), Coryphaena hippurus
Linnaeus (1758), also took
unrecorded numbers of small blue-
fin.



The Japanese longline fishery en-
tered the Mediterranean in 1972, tak-
ing 459 bluefin between 10°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 of fish 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-
jied from 0 to 12.8 in May, 7.8 to 14.6
in June, and 0 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 (Thunnus alalunga)
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
tunas a day for a well crewed boat
with expert anglers. This average de-
clined to 0 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 of the 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 Boats Fish Tons Average
Weight (kg)
1972 8 9,000 2,300 256
1973 11 8,500 2,200 259
1974 15 -13,000 3,500 269
1975 16 32,000 5,800 181
1976 4,120

tioned in this report. Cesareo (1974b)
stated that there had always been gi-
ant bluefin along the Italian Adriatic
coast from the delta of the Po south-
ward, from Punta Pila to Porto Corsini
(Figure 58). They were especially
numerous in 1968-1970. Catches
were scarce, however, because of the
lack of sport fishing effort. Cesareo’s
comments were in response to a let-
ter from a sportsman who reported
the capture of a giant fish weighing
176 kg off Punta Pila in 1974, and
recalled taking one weighing 152 kg
in the same area in 1971.

Scaccini (1961) discussed the
distribution of young bluefin tuna in
the Adriatic in relation to physical,
chemical and dynamic conditions of
the environment (Figure 58). Very
small fish (11-20 cm, 40-100 g) oc-
curred in summer close to the coast
from north of Rimini to Ancona over
sandy bottom. Fish 40-60 cm long
(3-5 kg) and larger ones 10-12 kg
and up to 1 m long were fished by
seine from April to September in the
north Adriatic from the mouths of
the Po to just north of Ancona, al-
ways from 6-7 to 12 miles offshore.

On the other hand fish of the same
size were found from one halfto five
miles off the coast in very shallow
water in the middle Adriatic between
San Benedetto de Tronto and the
Gargano promontory. They also oc-
curred in the mid-Adriatic, always
on the surface, north of the island of
Pianosa over the trench of Pomo.
Bluefin of 30-70 kg and more than a
meter long, rare in the western
Adriatic, were caught habitually in
the eastern Adriatic, and in summer
and early fall north of the mouths of
the Po near Venice. Scaccini showed
that this apparently strange pattern
was based on currents whose waters
were more favorable than the sur-
rounding ones for the tuna of the
sizes in question.

The oldest bluefin tuna fishery
in the Adriatic is by traps situated
along the northern coasts of Yugo-
slavia and the adjacent islands. As
elsewhere in the Mediterranean, the
number of traps fishing off Yugosla-
via has decreased greatly. Whereas
Parona (1919) listed 38 active em-
placements, only 21 existed in 1957
and 17 in 1958-1959 (Belloc 1961).

Table 16. Size data for catches of the Italian purse seine fishery in the southeastern
Tyrrhenian Sea (P. Arena, personal communication).

Percentage of

Percentage of

Size Range (kg) 1974 Catch 1975 Catch
40-100 kg 30%
100-200 kg 20% 25%
200-300 kg 50% 35%
300-500 kg 30% 10%
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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 11 in the period 1947-1951. 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 11 traps have op-
erated in some years (Gaudilliére
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 1863 (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 five (M. Zaouali, per-
sonal communication). Thus, the Tu-
nisian trap fishery for bluefin 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
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Sardinia. Roule (1924) 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 1910-1923 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 71 to 108 kg (Heldt 1932,
1934, 1937, 1938). The three traps
operating in 1955 caught 3,985 blue-
fin averaging 119 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 1952-1958 ranged from 677
to 1,013 tons (Belloc 1961). Postel’s
(1956) 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 1924 (Gruvel
1926) and an experimental trap at
Ras Mustapha (Bellon 1954). For
1931-37, the first trap catches were
from May 19 to June 9, and the last
from June 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 for 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. Heldt’s (1932, 1934,



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. Postel’s (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 Libyan 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 1921-
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 1,160
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
110 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 1936 was

75 kg. Catches totalled 1,120 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 1928a, 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 El 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
112 to 436 tuna per year are listed for
Bengasi or Cyrenaica for 1930-33
(Anonymous 1932a, 1934a).

In 1927, 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 are 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
(1929b) 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.

¢. 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 1957 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 et al. 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 all but two on the
Peleponnesus. Ninni (1922) quoted
Vinciguerra (1896) 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 (1923, 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.



45 - il -15
N _
s 1 ] _
10 - I i | _ 1 i 10
11 | 1
1 I _ -
,
5~ - -5
o T T lﬂ n v T 0
1860 65 70 75 80 8s 90 95 1900
15 - -15
10 - -10
B
S -5
o LR o
1904 05 10 15 20 25 30 38 40
10 - - 10
] NUMBER OF FISH /103
59 @ METRIC TONS /102 -5
0 ¥ vV v ¥ T 0
1941 as 50 55 60 €5 70 75 80
Year

Figure 59. Annual catch of bluefin tuna from the Sidi Daoud trap in Tunisia in thousands of fish and hundreds of metric

tons.

Turkish fishing for bluetin tuna
is by trap, handline and harpoon
(Ninni 1922, Devedjian 1926,
Hovasse 1929, Lebedetf 1936, Akyiiz
and Artiiz 1957, lyigiingér 1957,
Belloc 1961). Lebedett (1936) de-
scribed sport fishing near Istanbul in
the winter of 1935-36. The favorable
situation for developing a sport fish-
ery there was also mentioned by
Iyigiingor (1957), but we have no
further information on this subject.

Parona (1919) showed 26 loca-
tions for traps in the castern Sca of
Marmora and the Bosphorus. Belloe
(1961) noted that Devedjian (1926)
showed 225 emplacements for Turk-
ish traps in the Black Sea, Bosphorus,
Marmora and Dardanelles, but his
charts show only 19 in the Bosphorus
and castern Marmora and two in the
Dardanelles. Only a few of these werc
noted for catching bluefin tuna. Ninni
(1922) noted that therc were some
“summer” and some “winter” traps,
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but lyigiingdr (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 tuna. Opinions also differed as
to the periods of passage. Ninni de-
scribed an “arrival” (northward) run
trom late March to mid-August-and a
“return” (southward run from early
August to December or even Febru-
ary. Hovasse (1927), on the basis of
catch records for the years 1915 and
1921-1923, found three maxima in
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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 from the Black Sea. He did not
understand the significance of the
third maximum. lyigiingér (1957)
listed three rather similar runs:
March-April, July-autumn, and No-
vember-January. Akyiiz 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 Artiiz 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, lyigiingor 1957).

The hook-and-line fishing seasons are
November-January and March-April;
the fish do not take bait July-October
(Lyigiing6r, 1957). 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
Burnum 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 Akyiiz and
Artiiz (1957) at the Istanbul market
(1955-1956) were in the 1.70-280 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). Lebedeff (1936)
mentions that heok and ling catches
in 1936 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
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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-
fin tuna occurred in the Aegean Sea-
Marmara-Black Sea area in waters of
extremely different salinities, from
18.3 o/00 in the Black Sea to 39 o/o0
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 stenothermic
and stenohaline tuna.

Small bluefin tuna range along
the Mediterranean coasts of Turkey
and Syria, and occasionally occur off
Cyprus (Carp 1951, Oren etal. 1959,
Sara 1964). Carp reported a Turkish
fishery for bluefin (apparently 10-30
kg) along the Anatolian coast and in
the Gulf of Mersin. Oren etal: (1959) -
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 corner 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
bluefin tuna. The stranding of a single
bluefin 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 of good
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. Sard’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



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
(1964) chart are off western Sardinia,
Sicily, Tunisia and western Libya.

Other occurrences are shown near
Gibraltar, in the Gulf of Lion, in the
Bosphorus, and off Bengasi. Sara
(loc. cit.) believed that the major oc-
currence of large bluefin 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 of fish which stay in areas where
food is plentiful, such as the Gulf of
Lion (off the mouth of the Rhone),
the Tuscan Archipelago, the Aeolian
Islands, the Strait of Messina and the
Dardanelles.
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The fisheries for large bluefin
were historically the most important
in the Mediterranean, and laws pro-
hibited the capture of young fish in
Italian waters more than a century
ago. Catches of young bluefin have
increased since 1920, and this ten-
dency has accelerated after World
War 1II. Perhaps in consequence of
this, the landings of large bluefin by
the traditional trap method declined,
especially in the 1970s. The intro-
duction of longline and purse seine
fisheries for large bluefin in this pe-
riod, however, had réstored "the
catches of large fish to their earlier
level by 1974.



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. The 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-
ern 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, we
found no information whatsoever on
the spawning of the species in the South
Atlantic. The paucity of knowledge 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 10 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 arbitrarily limited the
term “juvenile” to include individuals
from 12 to 120 mm. Bluefin tuna only
slightly larger than 120 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

V. SPAWNING

gonads. This index is therefore inversely
proportional to the maturity of the 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 two approaches
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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

5.1 mm NL

6.0 mm SL

Figure 63. Early life history stages of Thunnus thynnus of the western central

Atlantic (Richards 1989).
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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 walls of the ovaries
also provide indications of maturity.

The more objective criteria include
indices of maturity, usually expressed
as arelationship between the weight of
the ovaries and some measurement of
the fish from which they were taken.
Examination of histological 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-
Jject 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, fully ripe bluefin
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 (1910a) 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 of the bluefin. Likewise Rodriguez-
Roda (19644, 1967a) 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 [V) 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 Managas 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
fully 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 of the
same length. This fact introduces er-
rors when indices for fish in these dif-
ferent phases are compared. In addi-
tion, the testes of males decrease in size
much more than the 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 gofiad 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 of error 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
off New England in August 1975, was
1,152 g, while the average weight of
the gonads themselves was 1,114 g.

The 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 determination, or
estimation, of the seasons and areas of
spawning. When eggs or extremely
small larvae can be identified, it may
be assumed that spawning occurred not
very long before the time of collection
and not very far from the collecting
locality. Estimating the time and place
of spawning when larger larvac or ju-
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veniles are collected, however, requires
knowledge of their growth 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 of eggs and larvae is difficult. Blue-
fin eggs cannot be positively identified
unless they are hatched and the larvae
are reared to an identifiable size
(Piccinetti and Piccinetti Manfrin 1970),
which is a most difficult 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 “Orcynus thynnus L.”, and
Richards reidentified several of
Ehrenbaum’s larvae of tunas and tuna-
like species. Duclerc et al. (1973) found
it impossible to distinguish eggs and
larvae of “Thunnus thynnus L.”, from
those of “Auxis thazard”, even after the
eggs had been hatched and the 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 of “Orcynus
thynnus Ltkn.”, and felt that they should
be verified. Some encouraging progress
has been made recently, however.
Duclerc etal. (1973) and Scaccini et al.
(1975) have reared larval bluefin tuna
for periods of up to eight days from
eggs collected at sea. Richards and
Potthoff (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 surprisingly early age. They attain
their full complement of caudal rays at
about 16 mm SL (Potthoff 1975). Sella
(1929a) stated that the bluefin tuna
could already be considered an active
fish at the age of 15 days.

Most of the available data on the
growth of the early stages of the blue-
fin (Section I1I) have been presented in
terms of weight. Growth data in terms
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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
of bluefin tuna (d’ Amico 1816, Bourge
1908, Heldt 1930, Piccinetti and
Piccinetti Manfrin 1970) 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 thynnus
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 of the 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 occurred
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 repeated by many authors.
His hypothesis was that the bluefin tuna
lived in the Atlantic for most of the
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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 1875 to 1925 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 born in that sea and
had remained there until they attained

.about 150 kg. These problems are dis-

cussed in detail in Sections 1V 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 of fish
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



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 of the identifiable
bluefin tuna larvae which he had col-
lected off Messina. 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.
1973, Scaccini et al. 1975). Collections
of larger larvae and juveniles were also
reported (Sella 1924, 1929a; Sparta
1933, Padoa 1956, Scaccini 1965,
Piccinetti and Piccinetti Manftrin 1970).
Although Sella (1924) explained the
differences between juvenile 7. thynnus
thynnus, T. alalunga and Auxis bisus,
these early collections were not thor-
oughly described or illustrated. Recently
Scaccini (1961) and Scaccini et al.
(1975) published a photograph of some
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
1960 (Watson and Mather 1961). 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. T.C.
Potthoff (personal communication)
identified 60 of the specimens which
had been collected in Sicilian waters
during the months of July, August and
September as Thunnus thynnus thynnus.
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
“Euthynnus alliteratus Raf. (?)”, taken
near the Balearic Islands in late August
1910, as Thunnus thynnus thynnus.
Roule (1917) had tentatively listed these
islands as a spawning area for this spe-
cies. In 1972 Duclerc et al. (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. thynnus thynnus from those
of “Auxis thazard”.

Dieuzeide (1951) listed the cap-
tures of three bluefin tuna larvae off the
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. Potthoff subsequently
confirmed her determinations and identified the remaining individuals.

Collection Area
Collection Date

Standard Length (mm)’

1. Straits of Messina
July, 1949
July 15 - Aug 31, 1958
July - August, 1959
June 30 - July 1, 1960
July 18 - 20, 1960
July 24 - 25, 1960
July 26 - 27, 1960
August 20 - 21, 1960
August - September, 1960
August 10 - 20, 1963
Unknown
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16.9

17.6

17.4,19.4,24.9,34.3,36.8, 37.1
30.5,31.0,31.0, 32.0, 34.2 .

17.0,17.7,19.5,22.5,24.8,25.1,26.3,26.9
17.7, 18.9, 20.9, 21.0, 25.9, 28.0, 28.9
32.4,33.4,34.5,38.5

45.3,50.4 50.5

62.0, 64.6, 66.4, 71.3, 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,
20.3,20.5,27.3,304

2.Palermo
August 1, 1963

107.8,117.5

The Messina specimens were purchased by the Woods Hole Oceanographic Institution
from G. Arena of Messina. The Palermo specimens were donated to the Institution by F.
Tarantino of Dorchester, Massachusetts. All of the specimens were subsequently donated
to the Southeast Fisheries Science Center, National Marine Fisheries Service, Miami,

Florida, and are now in its collection.

71



Recently, Piccinetti (1973),
Piccinetti and Piccinetti Manfrin (1973),
and Piccinetti et al. (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 (1976) thought that a lar-
val specimen collected off Cape
Matapan, Greece, on August 26, 1911,
and originally identified by Ehrenbaum
(1924) as “Orcynus germo Lacep. (7)”
was probably Thunnus thynnus thynnus.

Richards agreed with Sella (1929a)
that the specimens identified by Ehren-
baum (1924) as “Orcynus thynnus L.
(2)” were not of that species.

Several scientists have reported on
eggs and larvae of bluefin 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 of maturity 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 of 70-60, whereas those
taken toward the end of this fishery in
mid June had indices of about 25. An
index of about 40 was the most fre-
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 early July, were of fully mature fish
with indices of about 50. By late July,
this had increased to 91, 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-
ern Atlantic at the same time.

Gonad studies related to the spawn-
ing of bluefin tuna in the Black Sea
depended mainly on material collected
near Istanbul, Turkey. Hovasse (1927),
after 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 of the females taken in the spring
were full, whereas those taken in July
contained no eggs. Akyiiz and Artiiz
(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. lyigiingor (1957),
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 thoroughly. The available evi-

dence indicates that they begin to spawn
later than the 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 early August, but conclusions
based on catch records and gonad con-
dition are inconsistent.

The most completely documented
bluefin tuna spawning areas in the
Mediterranean are off northeastern 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 of spawning
off western Sardinia, northern Tunisia,
and Tripolitania. More fragmentary data
suggest reproduction in the Adriatic
Sea, off Algeria and Greece, and in the
Aegean Sea. Scaccini etal. (1975) con-
cluded that additional intensive research
will show that the spawning areas of T.
thynnus 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 7. 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 two
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 of June 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 1928), these facts were known
to the fishermen for centuries before
the scientists arrived on the scene. In
fact, they may have played arole 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 “return” 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 the
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 of the 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 very 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 of the con-
dition of the gonads of bluefin tuna
caught in the Ibero-Moroccan Bay, we
have selected for discussion those of
Frade and Managas (1933) and Frade
(1937a) for Portugal, F. de Buen (1927)
and Rodriguez-Roda (1964a) for Spain,
and Lozano Cabo (1957, 1958) and
Furnestin and Dardignac (1962) for
Morocco.

Frade and Managas (1933) pre-
sented one of the 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 of the spawning of the
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 1 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 Managas 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 of the fish, divided by the weight
of the ovaries. He also used a factor K
(the ratio of the weight of ovaries to the
weight of testes at the same stage, as
determined by histological studies, usu-
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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 of the
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 reached 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) predominate 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 fully ripe stage (A) have
disappeared from the catches. -

F. de Buen (1927) 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 of June and July,
and that the males had attained sexual
maturity before the females (Table 19).

In one of his major works on the
biology of the bluefin tuna taken in the
traps off the southern coast of Spain,
Rodriguez-Roda (1964a) provided
much information on the variations in
gonad condition through the spawning
season. He set up the following scale
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for stages of maturity, based on the
color of the ovaries:

1. Immature: Gonads of rosy color.

I1. Prematuration: Male gonads of a
violaceous color, and female of a
rose color.

I1I. 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.

VL. 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 of prematuration
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 of June 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-spawning stage
(stage VI) in July and August. The
small percentage of tuna of both sexes
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which were in stages I and II were not
large individuals. Those in stage I in
June were 95 and 80 cm long, res-
pectively. Those of both sexes in stage
11 were 115 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 1II. The only
specimen in stage IV was a male 170
cm long taken in June.
Rodriguez-Roda (1964a) 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 off the 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 maturity of samples of blue-
fin tuna taken in 1955 by the trap at Los
Cenizosos (near Larache) in 1955
(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 fishery did not



Table 17. Indices of maturity and condition of gonads (Frade 1937a).

Indices of Maturity Condition of
Stage Female Male Gonads
A Upto7 Upto 10.5 Full
B 7-12 10.5-18.0 "
C 12-17 18.0-25.5 "
D 17-22 25.5-33.0 Intermediate
E 22-27 33.0-40.5 "
F 27-32 40.5-48.0 Empty
G 32-37 48.0-55.5 "

Table 18. Stages of maturity for 171 bluefin tuna examined at Vila Real de Santo
Antonio, Portugal, May 3 1-August 18, 1933 (Frade 1937a).

FEMALES
A B C D E F G
29 Tuna 13 11 4 1 — — — May3l-June5
% 45 38 14 3 _ = =
21 Tuna 3 5 7 4 2 —  —
% 14 24 33 19 100 _  July7-18
.54 Tuna — 3 10 15 14 6 6
% — 6 19 28 26 11 11 August 5-18
MALES
A B C D E F G
16 Tuna 9 3 2 2 — — — May3l-June5
% 56 19 13 13 —_ - =
17 Tuna 3 8 4 - 1 1 - July7-18
% 18 47 24 6 6 —
34 Tuna 1 8 9 4 6 3 3 August5-18
% 3 24 26 12 18 9 9
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Figure 66. Plot showing the changes in sexual maturity of Atlantic bluefin tuna
by month. The data are the same as in Table 18.
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become productive until the index
reached 63.6 (Lozano Cabo 1957). The
maturity of the females decreased
slightly (index rising from 40.0 to 43.9)
from the second to the third ten days of
June. This was caused by the capture of
some spent, post-spawning, or “return”
fish in this “arrival” trap. The only in-
dices for males, taken in the last ten
days of May, ranged from 42.7t0 131.2,
with a mean of 76.8. These figures do
not differ greatly from those for fe-
males taken in the same period.

Fumestin and Dardignac (1942)
tabulated the mean “gonado-somatic
indices” (evidently the “gonosomatic
relation” of Rodriguez-Roda 1964a) for
males and females taken in the trap at
Moulay-bou-Selham (near Kenitra) in
the first and second halves of May and
the first half of June (Table 23).

The indices for males increased
rather regularly from 1.10 in the first
half of May to 2.04 in the first half of
June. Those of the females followed a
similar trend, from 1.52 to 1.99 over
the same period. These values showed
a more consistent increase in maturity
through the season than those of Lozano
Cabo (1958). Furnestin and Dardignac
(1962) also plotted the gonado-somatic
indices for each sex against the length
of fish. Those for females increased
with length, but those for males only
increased up to a length of 210 cm and
decreased slightly in longer individu-
als. The authors attributed this to the
fact that the largest fish were caught at
the beginning of the season, when their
maturity would normally have been less
advanced. The maturity of the fish taken
in the first half of June at Moulay-bou-
Selham is generally comparable to that
found by Rodriguez-Roda (1964a) for
fish taken at Barbate, Spain, in the first
twenty days of June. Lozano Cabo
(1958), however, reported that the blue-
fin tuna which he examined at Los
Cenizosos were less mature than those
which he had examined at Barbate.

There is strong circumstantial evi-
dence that bluefin tuna spawn in the
Ibero-Moroccan Bay, but conclusive
proof of this is lacking. Great numbers
of maturing individuals occur there in
May and June, and recently spent fish
are abundant in July and August. The
stages of maturity of these fish have
been verified by many investigations.
On the other hand, much research and



Table 19. Bluefin maturity by month from the trap fishery along the southern
Atlantic coast of Spain (F. de Buen 1927).

Males Females
% Not %Fully % % Not % Fully %
Month Mature Mature Spent Mature Mature Spent
May 100 0% 0 100 0
June 32 60 8 67 30 3
July 1 33 66 26 12 62
August (beg.) O 0 100 0 0 100

two intensive surveys have failed to
produce a single identifiable egg or
early stage (less than 10 cm long) of the
species from the area.

O. de Buen (1924) and F. de Buen
(1924, 1925, 1927) failed to find any
eggs or early stages of bluefin tuna
during their intensive 1923 survey of
the Ibero-Moroccan Bay, west of
Gibraltar, and the Alboran Sea, east of
it. They explained this apparent contra-
diction of their theory that the Ibero-
Moroccan Bay was a major spawning
ground for bluefin tuna, and that the
maturing fish did not enter the Medi-
terranean to spawn, as follows. The
bluefin spawned in this Bay, but the
eggs and larvae were carried from it by
the surface (Atlantic) current into the
Mediterranean before they attained full
mobility. There they accumulated off
the Moroccan coast between Punta
Almina and Cape Tres Forcas, where
the rich plankton provided food for the
early stages. Roule’s (1923) contrary
view, that bluefin larvae were abyssal
and were passively transported from
the Mediterranean into the Atlantic by
the deep outflowing (Mediterranean)
current will be discussed in Section
'VE2. More recently, Spanish scientists
in the research vessel “Cornide de

Saavedra” conducted an intensive
planktonic and hydrographic survey of
the waters east and west of Gibraltar in
1972. The period of the survey, 19
June-16 July, was chosen because this
was regarded. as the period of maxi-
mum spawning of bluefin tuna in the
area (Rodriguez-Roda 1975). During
this cruise 66 stations were occupied in
the Atlantic, four in the Strait of
Gibraltar, and 82 in the Mediterranean
(Rodriguez-Roda 1975). No identifi-
able larval or juvenile bluefin tuna were
collected.

Until eggs or early stages collected
in the Ibero-Moroccan Bay are posi-
tively identified as those of bluefin tuna,
this area must be regarded as only a
hypothetical spawning area for this spe-
cies.

F. de Buen (1937) proposed a sec-
ond spawning area for the eastern At-
lantic bluefin in the southeastern cor-
ner of the Bay of Biscay. This hypoth-
esis was based on reports of bluefin
with ripe ovaries being taken there in
June. Le Gall (1952) reported similar
findings there during the 1950 and 1951
seasons. Creac’h (1952) described the
sizes of bluefin tuna landed at Saint-
Jean-de-Luz through the 1951 season
(April 12-October 26) and the condi-

tion of their gonads. The ovaries of
very few specimens among the bluefin
landed in the period June.16-30 were
ripe. The fish landed in this period were
in the 15-25 kg weight range. Creac’h
(1952) noted that a similar situation
had been observed for the first time, in
about the same period, during the 1950
season. No observations of mature fish
during the remainder of the season were
reported.

Cort et al. (1976) and Cort (1977)
provided the first detailed information
on the gonads of maturing bluefin taken
in the Bay of Biscay. These authors
examined four bluefin 125-149 cm long
taken in the Bay of Biscay June 25-26,
1976, and seven 111 to 161 cm long
taken there on July 15, 1976. On the
basis of color (Rodriguez-Roda 1964a),
they estimated that the two males in the
first group were fully mature, whereas
one female was in pre-spawning con-
dition and the other specimen was spent.
They classified three females in the
second group as pre-spawning and two
as spent, and considered one male to be
fully mature and the other spent.

Cort et al. (1976), using the tech-
nique of Rodriguez-Roda (1967), mea-
sured the diameters of eggs from two
females, 148 and 152 c¢m long, of the
second group. The diameters for the
148 cm specimen ranged from 0.10 to
0.66 mm, with many from 0.22 to 0.58
mm and the highest mode at 0.50 mm
Those from the other ranged from 0.14
to 0.58 mm, with most between 0.30
and 0.53 mm and a wide mode be-
tween 0.40 and 0.46 mm They classi-
fied these fish as in stage I'V (pre-spawn-
ing) or between stage III (maturation)
and stage 1V, since the diameters were
greater than those of the ova and oo-
cytes of the specimens placed by
Rodriguez-Roda (1967) in stage Il
Cort (1977) noted that these observa-

Table 20. Monthly percentage of the sexual stages (years 1956-1959) of tuna at Barbate (Rodriguez-Roda 1964a).

Sexual Stages of Males. Number = 284

Sexual Stages of Females. Number = 495:

Month 1 I m v Vv VI | I n m I \% VI
May  — — 10000 — — — — — 10000 — @ — —
June 062 309 9506 — — 123 041 326 9633 — @ — —
July — 185 555 185 —  90.74 — — 946 —  — 9054
August — — 317 —  — 982 — — 106 — — 9894
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Table 21a. Variation of gonosomatic relation* with length of fish and period of capture for male and female bluefin tuna
taken in the Barbate trap in 1956 ‘(Rodriguez-Roda 1964a). ST '

... 130-134.5  135-139.5

Fork Length: 95-99.5 100-104.5 105-109.5 110-114.5 115-119.5 120-124.5
‘ ' - " Males (Arrivals) - - T
June 1-10 0.11 - - e - - 0.55 - - -
June 11-20 - : - - - - - - 1.44 -
June 21-30 - - - - - - - - 1.37
Males (Returns)
July 10-20 - - - . - - - - - -
July 20-30 - - - - - - - - 0.33
Females (Arrivals)
June 1-10 - - - - - - - 1.44 0.93
June 11-20 - - - - 1.14 - - 1.55 1.19
June 21-30 - - } - - - - - - 1.16
Females (Returns) ‘
July 10-20 - - - - - - - - -
July 20-30 - - - - - - - - 0.51
Fork Length:  140-144.5  145-149.§ ~ 150-154.5 155-159.8 160-164.5 165-169.5 170-174.5- 175-179.5 - 180-184.5
Males (Arrivals)
June 1-10 1.30 - - 1.35 1.89 - ) 1.21 - _ -
~ June 11-20 1.28 - - - 1.66 0.80 1.19 1.18 2.28
June 21-30 0.96 - - - - 2.00 0.97 - -
Males (Returns)
July 10-20 .- - - - - ) - 0.69 0.71 -
July 20-30 - - ) - - 1.00 0.54 084 . - 0.51
. ; Females (Arrivals)
June 1-10 1.36 0.80 1.39 - 1.46 1.18 0.96 - -
June 11-20 1.38 1.71 1.33 2.03 1.09 1.38 1.33 2.50 - ~1.41
June 21-30 - - - 1.90 - 1.71 - - oo-
Females (Returns)
July 10-20 - - - 0.98 ) - 1.07 0.84 - -
July 20-30 0.73 0.80 .- 0.74 0.69 0.78 0.75 0.79 0.82
‘Fork Length:  '185-189.5 . 190-194.§ 195-199.5 200-204.5  205-209.5 210-214.5  215-219.5 T e lyijean
Males (Arrivals)
June 1-10 - 1.37 1.62 1.13 1.45 1.91 - 20 ! .31
June 11-20 - 143 2.48 171 2.28 - 1.22 22 ) 1.48
June 21-30 - 1.22 2.57 1.96 - - 1.31 10 1.63
Males (Returns)
July 10-20 - 1.17 » 0.69 - - - - 5 0.89
July 20-30 0.63 0.44 ) - 0.57 0.66 - - 16 0.63
Females (Arrivals)
June 1-10 1.80 1.53 1.25 2.06 1.14 1.7 1.83 37 1.53
June 11-20 - 1.85 1.01 2.34 1.69 - 1.55 36 1.51
June 21-30 1.54 2.02 2.07 - - 1.24 - 24 1.73
Females (Returns)
July 10-20 1.03 1.06 0.94 0.93 0.79 0.82 - 26 . 0.92
July 20-30 0.76 0.82 0.75 0.79 0.85 - - 64 0.77

*Maturity index obtained by multiplying the ratio of the weight of the gonads to the-total 'weigﬁt of the fish by 100 (Rodriguez-Roda 1964a).
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Table 21b. Variation of gonosomatlc relatlon* wnth Iength of fish and penod of capture for male and female btueﬁn tuna
taken in the Barbate trap in 1958 (Rodriguez-Roda 1964a). -

150-154.8

160-164.5 ‘

Fork Lengﬂl: " 120-124.5  125-129.8  130-134.5 135-139.5 140-144.5 145-149.8 185-189.5
Males (Arrivals)
June 1-10 - 2,67 - 1.90 1.48 1.54 1.29 1.63 -
June 11-20 - - - 2.58 1.92 - - - 1.39
June 21-30 - - - - R - - - -
Males (Returns)
July 20-20 - - - - - - - 0.87 -
Aug 1-10 - - - - - 0.60 0.52 - -
Females (Arrivals)
June 1-10 0.95 - 1.54 . Lo4 247 1.25 0.72 2.13 2.02
June 11-20 - - - 1.10 1.78 1.70 1.26 1.40 1.62
June 21-30 - - - - - - - - -
» Females (Returns)
July 20-30 - - - - - 0.77 - - 1.04
Aug 1-10 - - 0.77 - - - 0.81 0.69 0.80
Fork Length: 165-169.5 170-174.5 = 175-179.5 180-184.5 185-189.5 196-194.5 - 195-199.58  200-204.5 - 205-109.5
Males (Arrivals)
June 1-10 - 1.32 1.30 2.41 1.69 - 1.38 1.22 -
June 11-20 - 2.02 - - - 1.73 2.06 1.87 1.86
June 21-30 - - - - - - - - -
Males (Returns)
July 20-30 1.10° - - - 0.80 0.63 - - -
Aug 1-10 0.66 1.00 0.68 0.55 - - 0.81 0.44 0.60
" Females (Arrivals)
June 1-10 2.4 - 1.95 - 1.50 2.13 1.46 1.33 1.60 1.00
June 11-20 1.37 1.64 1.34 1.75 2.05 1.75 1.53 - © 314
June 21-30 - - - - - - - - -
Females (Returns)
July 20-30 - 1.18 0.90 1.19 1.00 1.16 - - -
Aug 1-10 0.67 0.80 ©0.92 - 0.84 0.69 0.88 - -
Fork Length: 210-214.5 . 215-219.5 . 220-224.5 1225-229.§  230-234.5 235-239.8 240-244.5 "24'5-549.5 "ﬁ50-254.5 n © v Mean
Males (Arrivals)
June 1-10 2.51 2.13 1.30 - 1.99 - - - - ‘31 173
June 11-20 1.07 2.25 1.73 - - - - - - 15 191
June 21-30 - 2.64 2.76 - - - - - 3.06 6 2.87
Males (Returns)

July 20-30 - - 0.64 0.90 /) - 0.47 < 0.61 - 12 0.72
Aug 1-10 0.42 - - - - - 0.48 0.47 - 13 0.59
. Females (Arrivals)

June 1-10 1.98 1.89 2.1 - - - - - - 41 . 1.65
June 11-20 2.49 247 - 2.17 - - - - - 38 - .. 1.68
June 21-30 - - - - 1.94 - - - - 1 1.94
) Fennles (Rctums)

July 20-30 - 0.72 0.74 0. 89 0.94 - - - - 17 0.96
Aug 1-10 - - - - - - - - - 23 089

*Maturity index obtained by multiplying the ratio of the weight of the gonads to the total weight of the fish by 100 (Rodriguez-Roda 1964a).
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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).

Indices for Females Indices for Males
Month Min. Avg.  Max. Min.  Avg. Max.
May 20-30 37.1 80.8 1428 42.7 76.8 131.2
June 1-10 254 46.2 62.7 e — —
June 11-20 30.0 40.0 52.0 — — —
June 21-30 — 439 — — — —

* The index of maturity is the ratio of the total weight of the fish to the wei ght of its gonads.
** Seventy-six were examined individually in the first three periods. The index for the last
period was obtained by dividing the total weight of 64 fish by the total weight of their

ovaries

tions were too few to be conclusive,
but hoped that future research might
determine the possible existence of a
bluefin spawning ground in the Bay of
Biscay.

Aloncle (1964) found that many
30-60 kg bluefin wintered between the
Canary Islands and Morocco and hy-
pothesized that one group of them
spawned between Lanzarote Island (Ca-
naries), Conception Bank, and the Mo-
roccan coast. Distributional data sup-
port this hypothesis, but studies of go-
nad condition and collections of eggs
and early stages are required to verify
it.

Ferreira (1932) reported that ripe
bluefin were sometimes landed in the
Azores in spring, but his statistics indi-
cated that the species was not abundant
there.

The only reports of larval bluefin
taken in the eastern Atlantic are from
equatorial waters off Africa. Fourteen
small larvae (mostly 2.5-4.5 mm long)
were taken in the area bounded by lati-
tudes 6°N and 8°S and longitudes 0°
and 15°30'W. One of these was col-
lected in February, eight in March and
five in August (Richards 1969, Richards
and Simmons 1971, unpublished
NMFS data reports for Geronimo
cruises 3, 4 and 5). The surveys in
which these collections were made were
carried out in the periods February-
April and August-October, missing
most of the period in which the eastern

Atlantic bluefin are believed to spawn.
The oceanic distribution of bluefin tuna
(Wise and Davis 1973) in the first quar-
ter of the year shows concentrations of
bluefin near where these larvae were
found, but the distribution in the third
quarter does not. It would be desirable
to conduct a survey in this area in the
second quarter, and also to examine the
gonads of bluefin caught there in the
months of February through August.
Much remains to be learned about
the spawning of bluefin in the eastern
Atlantic, and about the possible role of
the Mediterranean, both as a spawning
ground and a nursery area for bluefin
tuna from the eastern Atlantic. The de-
gree of mixing of adults and new-born

Atlantic and Mediterranean tuna, if they
are indeed separate, is another impor-
tant matter about which there is no
quantitative information. In view of the
possible passive transport of spawning
products from the Ibero-Moroccan Bay
into the Mediterranean, the technique
of collecting pelagic eggs, hatching
them, and rearing the larvae to identifi-
able size appears to be the most prom-
ising approach to solving the important
problem of whether bluefin tuna actu-
ally spawn there. The failure to find
identifiable eggs or early stages of blue-
fin in the Alboran Sea (westernmost
Mediterranean) as well as in the Ibero-
Moroccan Bay during the 1923 and
1972 surveys, however, does not sup-
port the theory of passive drift of spawn
from the latter area to the former.

3. Western North Atlantic

a. General Information

Important information on the
spawning of Thunnus thynnus thynnus
in the western North Atlantic has been
obtained through collections of larvae
and juveniles. Ripe or nearly ripe fish
have been captured over extensive ad-
ditional areas.

The great majority of ghe captures
of larvae and juveniles have occurred
in the Gulf of Mexico and the Straits of
Florida. Scattered occurrences farther
north include one larva east of northern
Florida and seven juveniles (17.5-33. 2
mm SL) off the Carolinas, Maryland
and New Jersey (Figure 67).

Occurrences of ripe or nearly ripe
fish have spread over some additional

Table 23. Variations in the mean gonado-somatic indices® of bluefin tuna® taken
in the trap at Moulay-bou-Selham (near Kenitra, Morocco) in May and June,

1955 (Furnestin and Dardignac 1962).

Sex May 1-15 May 16-31 June 1-15

Males 1.10 1.25 2.04
n=21) n=9) (n=175)

Females 1.52 1.42 1.99
(n=238) (n=18) (n=91)

*The gonado-somatic index is 100 times the ratio of the weight of the gonads to the total

weight of the fish. *The term n is the number of fish in each sample.
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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 of the
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 of the 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 from the western North
Atlantic area were taken in the Gulf of
Mexico. During extensive
ichthyoplankton surveys of the Gulf by
the Centro de Investigaciones Pesqueras
of Cuba in April to May 1973, and in
May to June 1974, numerous bluefin
tuna larvae were taken over extensive

areas (Juarez, M. 1974b, Montolio and
Juérez, M. 1977) (Figure 68). The rela-
tive abundance of larvae per 100 m?
was calculated by the formula:

‘NT/V X 100
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
m3,

In the 1973 cruise, which covered
the eastern half of the 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 11
stations within the area bounded by
latitudes 25°N and 30° N and longi-
tudes 87°W and 91°W. 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 m?

Relative abundance of larvae
(number per 100 m? of sea surface)
were 2,000 for one station, 649 at an-
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Figure 67. Collection locations for larval and juvenile bluefin tuna in the western

North Atlantic.
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other, 101 to 331 at three stations, and
100 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
31,442 X 10° (Richards 1976). Bluefin
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 Juarez 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? T. thynnus
thynnus larvae were taken at five sta-
tions well spread over the area. Ten
stations produced 101-500 per 100 m?,
and only two of the successful stations
yielded 100 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 T.
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
Gulfin 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



23°50'N latitude, 88°40'W longitude
on May 17, 1972 (Juirez 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 thynnus 5.5 mm SL
June 29, 1969, and four larvae 3.6-4.2
mm SL on July 6, 1969, in the northern
Gulf of Mexico 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 Juérez (1977) took most
of their specimens, but the dates of
capture extend the time of occurrence
of the bluefin tuna larvae in the Gulf of
Mexico into July.

Richards (1977) provided addi-
tional data on occurrences of bluefin
tuna larvae in the Gulf of Mexico. 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, with surface tows (from
1969 to 1971) 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
164 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 half of April, but rose
to 1.8 to 3.5 in the half month periods
of May and June, with maxima in the
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
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Figure 68. Bluefin tuna larvae sampled in the Gulf of Mexico.
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four stations (oblique tows at station
number | near the Miami harbor en-
trance buoy were omitted because the
depth of the water was insufficient).
The catch rates in numbers of larvae
per tow (both types combined) were
maximum, 0.8 and 0.6, at stations 2
and 3. Lower catch rates, 0.1 and 0.2,
were obtained at stations 1 and 4, and
no larvae at all were caught at station 5
on the Bahamas side of the Straits. This
distribution is rather surprising, as large
bluefin tuna are observed and caught in
considerable numbers along the edge
of the Great Bahama Bank near Bimini
in May and June but are a rarity on the
Florida side (Rivas 1954, Mather
1963a). A single larva (8 mm SL) col-
lected off St. Augustine, northeastern
Florida, (Figure 67) in May 1968 (T.C.
Potthoff, personal communication)
completes our knowledge of the distri-
bution of bluefin tuna larvae in the
western North Atlantic system.

The known range of small juve-
nile (12-120 mm SL) bluefin tuna in-
cludes much of that covered by the
larvae, but extends considerably far-
ther north (Figure 67). Rivas (1954)
collected a 45 mm SL juvenile off Mi-
ami on June 9, 1953. Potthoff and
Richards (1970) identified 40 juvenile
bluefin 22-118 mm long which had
been regurgitated by terns during a tern-
banding operation at the Dry Tortugas,
Florida, in June and the first half of
July 1960-1967. None were found in
May, although juveniles of other
scombrids were collected. No
scombrids less than 20 mm long were
collected in this manner. Twenty addi-
tional juvenile bluefin in the same gen-
eral size range and season have been
obtained from terns at the Dry Tortugas
subsequent to the 1970 publication
(T.C. Potthoff, personal communica-
tion). T.C. Potthoff (personal commu-
nication) also informed us of five juve-
nile bluefin 22-33 mm long collected
in the Gulf of Mexico in late May and
early June, and four others, 16-21 mm
long collected off the Carolinas in May.
A most surprising record, also provided
by Potthoff, was of a 17.1 mm SL
Jjuvenile collected off Mobile, Alabama,
on August 19, 1954. This specimen
must have been spawned long after
adult bluefin have usually left the Gulf,
and also in amonth when the extensive
Cuban ichthyoplankton survey in 1973



failed to collect a single larva of this
species (Juarez 1974b). Three juveniles
21-33 mm long collected off Maryland
(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 1961) 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 (Mather 1974, 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 (Mather l963a 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 of juveniles (Mather
1974, Baglin 1976).

Rivas (1954) examined the gonads
of 95 large (199.7-255.0 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 of the ovarian eggs, and the amount

of milt present, as recently spent, partly
spent, or ripe.

All of the 29 males examined were
classed as recently spent. He also con-
sidered that 61 of the 66 females exam-
ined were recently spent, but one was
judged 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 (1954) 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 S-year-old (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
(143.5-157.2 cm), were examined. The
testes of all of the 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 of this 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 transect of the Straits of Florida from :
Miami to Bimini, Bahamas, in 1975°. Data are from Richards (1976).

Station 1 (1969-71, 1975)

Stations 2-5 (1975)

Total

Date Tows Larvae Larv./Tow Tows Larvae Larv./Tow Tows Larvae Larv./Tow
April 1-15 6 0 0 8 0 0 14 0 0
April 16-30 5 1 0.2 4 0 0 9 1 0.1
May 1-15 8 45 6.7 8 7 0.9 16 52 3.2
May 16-31 6 6 1.0 8 20 25 14 26 1.8
June 1-15 8 23 29 8 10 1.2 15 33 20
June 16-30 10 52 5.2 S 0 0 15 52 3.5
July 1-12 4 0 0 S 0 0 9 0 0
Total 47 127 2.7 46 37 0.8 93 164 1.8

*The vessel and nets used in 1969-1971 differed considerably from those used in 1975
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“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 Guif Stream off
the northeastern United States. We have
noted (Section VC1) 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
buthave 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 1964a) 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 (1976) 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 of the 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 (1965) 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 198 to
238 cm (average 219.4 cm) long, and

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 (Juérez
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
Jjuvenile collected in the northern Gulf
in August, almost certainly represented
an aberrant occurrence, or a case of
incorrect collection data, since the
northward migration of spent adult blue-
fin through the Straits of Florida ceases
before the end of June (Rivas 1954,
Mather 1963a), and no adults of the
species have been recorded in the Gulf
of Mexico 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 (1967) re-
ports of bluefin tuna larvae in the Gulf
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Figure 69. Seasonal variation in mean gonadal-somatic indices of western
Atlantic bluefin tuna greater than 100 kg (number of fish indicated above bars)

(Baglin 1976).
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of Mexico in September, and in Cuban
waters in September and October
(Potthoff and Richards 1970, Richards
1976). The major spawning of giant
bluefin 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 of this 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), Potthoff and
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 eastern 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 Gulf of Mexico.
Bluefin tuna have very rarely been ob-
served off the Florida Keys (Section
IV), but, as Juarez (1974b) 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 of the 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 of environmen-
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 of these
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, 1917), a pio-
neer in these studies, concluded that
the bluefin tuna was “stenothermic”
and “stenohaline.” 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-
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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 of the fish to these properties of
the water were heightened during the
period of gonadal maturation. He con-
cluded that, in this period, the bluefin
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 of maximum ther-
mal increment, crossing isotherms of
successively higher temperatures at
right angles. The isotherms at a depth
of 10m had been traced during an
oceanographic survey made in the
spring of 1923.

Roule (1924) 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 the 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 (1914a, 1917) believed that
the relatively cold waters of the Strait
of Gibraltar prevented the passage of
any significant numbers of bluefin 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 Braganga’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 (1914a)
stated that all of the traps for spawning
bluefin were designed to capture fish
which were swimming against the fish-
able current.

Sella (1927, 1929a, 1929b, 1932a,
1932b) 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 of these supported the views
of Pavesi (1887), de Braganga (1899),
Sanzo, (1910a) and Roule (1914a, 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 of temperature 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 thermal 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-
18.8°C) and salinity are relatively low,
took mainly large maturing fish. The
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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 (1927) 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 (1932b) 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 of zooplank-
ton) and water temperature strongly
influenced local movements of matur-
ing fish in the vicinity of the: traps. A
requirement for successful fishing of
the traps in the Tyrrhenian Sea was the
presence of a “hypothermia barrier” of
water with a temperature of 14°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 determining 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



the state of the gonads, determined the
movements of the species during the
spawning season.

Sara (1964, 1973) also maintained
that the entrance of bluefin 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. Sara
felt that the vertical thickness of the
17°C layer was a determining factor.
He agreed with Scordia that the 15°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
nearly 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 transparency 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 1961-1962,
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 15.5 °C to 21.5°C. In general,
however, his findings supported Sella’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 the 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 of early
stages of bluefin through the Strait of
Gibraltar, it would be from the Atlantic
to the Mediterranean, with the inflowing
surface current. Sparta (1933) and Sara
(1973) supported Sella’s opinion that
juvenile bluefin were attracted to light.

Scaccini et al. (1975) concluded
that the early stages of the bluefin tuna
could withstand a wide range of hydro-
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-
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