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AGE AND GROWTH OF THE BLUEFIN TUNA, THUNNUS THYNNUS {L.) OF THE NORTHEAST ATLANTIC
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Instituto Espaiiol de Oceanografia, Aptdo. 240, Santander, Spain

SUMMARY

This paper studies tha growth and age of east Atlantic bluefin tuns based
on the observation snd snslysis of havrd parts (fin ray sections}.

The different parts and typea of rings observed on the fin ray section ars
defined. ¥rom thig study it can be deduced thav:

--the hysline rings are winter rings which are formed between fall and

winter (October-March);

--the opaque areas of active growth start forming in spring and conclude

their formation in the fall (March-October);

--for younger aged bluefin (age-classes | to 3), summer growth iz from 3

to 4 times move in size and from 4.5 to 6 times more in weight than winter

growth; ‘

~~the winter hyaline rings can be single (thin ‘or thick) or double.

From the growth equstion cobtained by combining data from the juvenile
bluefin fishery of the Cantabrian Sea (north of Spain) with that from tha adult
blvefin fishery of the Strait of Gibralter area, a value of Leo= 318.85 cm ie
obtsined, which corresponde to a Ve of 615.50 kg.

RESUME

La présent document étudie 1'dge et la crolssance du thon rougs est-atlan-
tique en 88 fondant sur lfobssrvation et 1'analyse de structures csgsuses (coupes
de rayonms &pineux).

Les différents 8léments st types d'anneauxn observés sur la coupe de rayon
épineux sont définis. Cstis étude permet de déduirs quei

- les aunnesux hyalins constituent une formation hiveinale qui se produit en
automne-hiver (octobre-mesrs);

- la formation dea zones opagues de croisancs active commence au printemps
et se termine en sutoune (meve-octobre);

- chez les thone rouges Juvdnlles {classes d’dge 1 4 3), la croissance
estivalae est 3 & 4 fols plus vapide qua la crodssance hivernpals pour la

taille, et 4,5 & & fols pour le poids;
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les annesux hyalins hivernsux peuvent &tra uniques {larges ou $troits) ocu

doubles.

L'dquation de crolssance cbtenue en combinant les donndes sur la péche de
thon rouge juvénile en mer Cantabrique (au nord de 1’Espagne) avac celles da la
péche da thon rouge adulte de ls réglon du détroit ds Gibraltar perwet da

caleuler une valeur de Lo = 318,85 em, ce qui correspond & un Wee de 615,90 kg.

RESUMEY

El presente documento estudia el crecimiento y la sdad del atim rojo del
Atléntice este, basfndose en ls observacién y snélisls de partes dures (secciones
da radiocas).

Se definen lag diferentes partes y tipoe de snillos observadaze en las
secelones de radios. De este ss deduce lo siguienta: - Los anilloe de hislina
son anillos invernales qua se forman em otofic e inviernc (octubre-marzo).

- Las zonas opacas de crecimiento active inlcian su formecidn su primavera,
terminando en otofio (marzo-wctubra}.

- En el atin rojo juvenil (edadss 1-3), el crscimients en verano es deé 3
s & veces superior en talla y de 4.5 a 6 veces superior enm peso al de invierno.

-~ Los anillos de hialina en invierno pusden eer sencillos (snchos o
estrechos) o dobles.

- D& la ecuscién de crecimiente que se obtiens couwbinando datos ds la
pesqueria de atGa rojo juvenil en el mar Cantdbrico (norte de Espafia} con la
procedents de la pesqueria de etin rojo adulto em la zons del Estrscho ds
Gibrultar, se obtiens un velor ds Loo = 318.85 cm que corrésponde & una Woo da
615.90 kg.



INTRODUCTION

The age and growth of the blusefin tuna is studiaed,
paying special attention to the intsrpretation of the signs
manifestad in some hard parts of its body (in this cass, the
spinal sections).

MATERIALS AND METHODS

The taking of samples was done in northern and southern
ports of Spain betwean the months of May and November.

The range of sizes convered is batween «J and 200 cm in the
fisharie of the Cantabrian Sea {(northern of Spain), and between
170 and 304 cm in tha traps of tha Gulf orf Cadiz (southern of
Spain). [n both cases fork length as refarence was taken.

The method of extraction, preparation and the cutting of the
spine, is the ons described by Compedn-Jimeénez & Bard (1980a;
1980b) .

Following their same method, some Cross sacrvional cuts
ranging from 0.5 to 0.7 mm in thickness on the first dorsal fin
using & slow rotaving diamond saw were made .

The .cuts were prapared on &lides covered with a highly
transparent rasin, and a slide cover.

The measuring and reading of the spinal sgections was carried
out with a profils projector using a zoom of about 10 to 30.

The back-calculated growth size of the fish and the
diameter of its spine wers calculated for a sample of 300 tunas,
by Ray & Cortv (1984). The range of sizes in this raelation, is

from 29 to 200 cm fork length (PL); thosa fish undsr 50 com
were from the Hediterranean Sea.

(Including these fish gave us a bstter fit to the back-calculated
growch).
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THE VON BERTALANFFY MODEL

It is expressed by the following relations

-K {t - to )

LT = Lo (1 - @ ]
K (=~ € )

KT = Yo [1 ~ @ ]

Yhere

LT, WT = Sizxe (length or weight) of the fish at <t
moment .

Le, e = Haximum average (asymptovig), size (length or
welght)

K= Physiological mean constant (catabolism coefficient).

t= Theoretical instant where L=0 or #=0.

The averags wvalue by age, of Dbluafin tuna from the

Cantabrican Sea, between | and 8 years of age, was sstimaved from
the following equation:

0.574
T = 12.780863 X
(Por 12, 24, 36, 48, 60, 72, 84 y ?4; X = month)

The equaction is obrtained by potential adjustmant of tha
modal valuas of monthly size digstributions (Corct, 1989).

RESULTS.
GROWTH IN HARD PARTS (SPINE SECTIONS)

The cross sectional cuts of the apines show an alternation
of wide areag (active growth) and translucent bands (slow
grovwth) .- The correct interpretation of these marks, is
fundamental in order to develop the atudy on grouth as well as to
come Yo conclusions on tha biclogical and scoleogical aspects of
this species.



Parts of a dissected spine

In the Cross sectional cuts on the spines, the

following parts can be noticaed :

1. - Translucent area of slow growth which can be formed by
two rings or just one. ’

2. - Opagque area of fast growth,

3. =~ Vascularized nucleus, which in fish over 2 years old
has & reabsorbsd part in which ths translucid bands disappear,
and

4. - Diameter of the spine.

In young individuals (up to 3 years old) it is eassy to find
ail the hyaline rings of a spine. However, in fish over 3 years
tha cantral area of thae spine is reabsorbed and consequantly the
bands are gone.- Tharefore for those fish a back calculation of
the size of the fish at the moment of the formation of the first
visible rings must be made.
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WINTER GROWTH

Por . samples of the spinal sections of bluefin caught
in the Cantvabrian Sea during the 1985 fishing season, different
observations and mesasurements have besn carried out on the
translucent rings to study ths development of the sizes by age in
1 ~ 7 yoar oid fish (50 to 173 cm).

The translucent rings found respond to different
interpretations due to their shape and apparent composition
{Figure 1).

1.~ In some <ases two thin translucsnt rings c¢an be saen
separated by an opaque band. This is called couplet and the
interpretation of these is as follows

The first ring indicates the beginning of the c¢old season
(this translucent band shows a poor protein dosis which causss a
visible aswumulation of minerals in the bonny parts), which can
coincide with the outward migration from the Cantabrian Sea to
the wintering areas.

The opaqgue band which appesars next (between the two rings
that form the couplet) is the wintar growth.

Finally theres is the second ring which shows the eand of
winter. This ons, which can ceincide with the migration to the
areas of active feeding, has the same composition as its twin.

2.~ Pine,single rings.

Thase show that the fish scarcely grew during winter. Since
the begining of the cold season until the fish zreturn to the
active feeding area (in Spring), the growth slowaed down quite
notably.

3.~ Thick, translucent rings.

This indicate that tha bluafin had a more active growth than
in the previous case. Hera the growth is the same as in the first
case, but tha diet had no protsing.

After having esxplained the different cases of apinal rings,
the growth of bluefin tuna during the winter can be shown. To
do s0, measurements of the diameter of the translucent rings were
taken, from the beginming ¢f these (whether simple or double)
till the end of them.

Using & aample of 3483 bluefin tuna aged 1 to 7, the
distribution of fraecuencies of the diameter of the winter rings
wera obtained. The results and their corresponding parameterse,
are shown in tables 1 and 2.



Using this equation:
Y = - 0.551 + 0.060 X (Rey & Cort, 1984}

which relates Y (diametesr of the spine) with X (zowlugical
length of the tuna), the results shown in Tables 3 and 4 ware
obtained. In these tables the size distributions back-calculated
to tha beginning of the winter ring sre expressed as TC (1-7) and
by TP (1 - 7) as the end of the winter ring. {(Ths paremstsrs of
these back-calculated size distributions ars shown in Table §).

The winter growth of bluafin from the Cantabrian Sea was
obtained by calculating the difference betwesn the avarage
valuses by age at the end and at the beginning of the rings
{data obtained from Table 5). Tha final results are expressed as
follows:
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SUMMER GROWTH

To estimate the summer growth of bluefin tuna, sSampling of

spines from fish of age groups 1, 2 and 3 was carried out.
These fish are normally found in the Bay of Biscay from the
beginning of the summer season {(June), until the and of the

season (Outober).

The idea is to follow from the beginning, the distance from

the last visible ring in the cuts ©of the spines, to the end of
the ring.

As the fishing season advances, the ring becomes farther and
farther from the end of the cut. In the beginning of the season
(Juna) this ring was &% the edge of the spine.

The results are shown in Table 6 and in Figure 2, where tha
following growth can be observed for the three cases
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(43
AGE RING $IZE OF THE EISH INCREASE
- &7.4 .70 <m
1 c.22 - 0.67 {(0.45 mm) 57.7 &
2 Q.16 = ©.75 (0.59 am) 75.25- 68.40 13-;2 cm
3 0.15 -~ 0.81 (0.4 mm) $3.88~10% .28 i15. cm

(¢ Pork length (FL) in cm

Therefors, ths avérage increase in length and wgight forhzgg
different age classes of bluefin tuna in the Cantabrian Sea W
studied is as follows:

FALL-WINTER £(0) SUNMER-FALL (&)
KGE T lem) (kz? Cem) (kg)
2.90 0.4 %.70 2.5
; 3.11 7.3 13.15 5.8
3 3.63 1.7 15.40 10.3
A 6.39 4.0 13.00 *  10.5 {(June-Sept.)
; 7:00 S 4 14.00 * 14.8 (Juns-Sept.)
6 621 7.4
7 6.03 9.4

* Average values taken from from Table Ba-

(0) Batween Octobsr and Harch.
(&) Between June and October.

Summer growth in relation to winter growth, is as follows
for the ages studied:

BGE MULTIBLE OF

(6 0 SR A S
FS
Q
[ ]

(0) Growth in size (cmi.
(&) Growth in weight (kgl-

That . is, for dge classes 2 and 3, summac %rowth (;n :Z;,
is 4 times more than winter growth. - For the ?chem ag? ; ?sfisﬁ
summer growth is at least twice as much,“ and in a9 z'ast 3 e
it is over 3 times mors. AsS regards wexghc_fcr che' 1:§mes ke
groups, Sammer growth is on the average, five to six ¢l
than winter growht.



DISCYSSION ON THE STUDY OF THE GROWTH OF THE BLUEFIN TUNA PROK

FIN RAY SPINES.

At  this stage, a discussion can take place on the results
obtained in this study and sarlier studies by Compedn-Jiménaez
(1980} and Compsin-~Jiméner & Bard (i983).

According to these authors, and refarring to bluafin tuna
from the Cantabrian Sea, it can ba seen that::

* The rapid growth of the bluafin tuna during their
years of life enables ths identification of the
classes. it is therefore possible to sorrelate the observad
bands (fish collected in the Bay of Biscay) with the ecalogical
conditions to which the fish are subjected. Thus, the first
growth band corresponds to the migration from the Haditerransan
Sea to the Atlantic voast of Horocco (Sara 1973; Raey 1979). This
is  supportad by the fact that the first band is not presant in
age class 0 fish caught while they are still in the Mediterranean
$a3. In the following two couplets, the first band of each pair
(bands 2
from southern Horocco to the lberian Coast and the Bay of Biscay-
The second band in these same couplets (bands 3 and 5,
respectively) corresponds te the tuna's return to the wintering
area in the Ibero-Horoccan Bay (Bréthes 1979; Lambosuf 1975). The
sixth band or first mark of the third coupleat results from a

@arly
first sage

summer migration from Moroccan watars to their point of capturs
in the Bay of Biscay (Bard 1977).
According tae the back-calculated sizs frequency curves

{(Figs. 7, 8, and 2), it seams that the band that appears at the
end of the fishing season (June to September) in juvenilae bluefin
tunas is formed just before their arrival in the Bay of Biscay,
and it is only visible after their period of growth has started.
It is known that juvenile bluefin tuna grow during their stay in
the Bay cof Biscay. Cort (1974) reported a growth of 15 ¢m PL in
this period for tunas of estimatad age 2. In this study, the sama
growth was found by comparing the mean length of samples at the
beginning (Fig. 8) and end of the fishing sesson (Fig. 9)«.

Conclusion from Compein-Jiménez & Bard (1983):

“

It is interesting teo note that migratory movements may be
the <ause of band formetion in bluefin runa, at least in the

eastern Aclantic area. This is particuliarly true for young,
immaturas fish. For adults, the anergetic problems involved in
reproduction probably overlap the conseqguences of migration.

Navertheless, band formation in both young and adult blusefin
tunas could be a function of biocenergetic stress associated with
migration. This process clearly distinguishes bluefin tuna from
other marine, temperate, sedentary fishes in which the reduction
or lack of growth in winter reflects physical conditions of the
enviraonment. It should be pointed out that Sharp and Dotson

and 4, respectively) corresponds to the summer migration |
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(1977) indicated a high probability of lipid utilization as an
energy source by migrating albacore, T. zlalunga. Other tempsrate
tunas that undergo long distance migrations probably register two

growth bands each year (Bard & Compedn-~Jiménez 1980)".

The information obtained on the interpretation of the bands
on the fin ray spines helps us to undsrstand some aspects of the
ralation between bluefin tuna and its evironement.

L Brronaous
this

Howaver, these Iinterpretations can lead  to
conclusions. Therafore, the discrepancies found bstwasn
study wich those mentioned earlier are ag follows:

Compedn-Jiménez (1980}
Compedn-Jiménez & Bard
€1983)

Exit from Mediterranean to First Winter (%)

Atlantic.

yad
—
=z
CY
1413
1]
i
=4
ie]
IS

Higration to Bay of Biscay Beginning of cold season

(baginning of fall).

rl
—
'z
)
I
iKa
i
12
[Lo=]
n

"End of cold season
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Return to wintering areas
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Winter growth . Summaer growth

(x) 1 year old fish caught in tha Hediterranean have this ring-



According to this, Compedn-Jiménez & Bard interpret that ths
phase of rapid growth corresponds to winter, and the coupler of
the rings indicated migrations to and from the Bay of Blscay. In
this way, the growth corresponding to the Bay of Biscay, woeuld be
betwaan baoth rings.

These conclusicons are completaly opposite thoss reached, In
this study, which are :

1.~ Between the translucent bands of slow growth, there
are at laeast 8 months {(Octobsr-March), and

2.- The fast growth band ( epaque band) corresponds to
summer and early fall (June-October), though it starts to form in
Spring. (This would be ths case if double rings are visible).

According to Meunier et. al. (1979) the translucid sreas are
{dentified as slow growth areas dus to their hypermineralization.

Therefore, the conclusions from the present study concerning
the formastion of translucid rings are ss follows:

The first band is formed in the fall, and ths second at
the and of winter or early spring (March-April), befors
bluefin start their wmigration to tha Bay of Bicay-

The beginning of the formation of the bands coincides with

the important c¢hange 'in hydrological conditions in the
temperata area of the ocean, such as the progressive decrease in
the surface water temperature from fall until winter when

minimum temperaturas are reached, and when the formation of the
translucent ring has concluded.

According to this, for fish entering in the Bay of Biscay,
and which have formed twoe translucent rings, ths location of this
rings is unlike the conclusions reached in the study carried out
by Cope&n-Jiménez & Bard (gp- git.).- That is, thav the two rings
formed the same yasr would correspond to the same couplet, but
that between two rings of the samée couplet, there are at lesast §
months difference (October teo Narch) and therefore, a change of a

calendar year in betwesen.

These conclussions are also valid for cases where the
translucent rings are not doubled. In such circumstances, between
the beginning and the end of the translucent ring (whether
it's thin ox thick) there exists a period of 5 months in which
feeding i{s different from summer feeding.

VON BERTALANFFY GROWTH HODEL

One general model has been used for the whole species, using
the age-class values (1-8) of the Bay of Blscay, and the 1%84
bluafin trap fisheriy in the Gulf of CSdiz (age classes % to 19),
from which fin ray spines are avallable (Table 7).

The valuas usaed are:

HONTH AGE FL (gm)y 8 N Observations
According to equation
’ 0.57%
12 1 53.48 - - Y = 12.780843 X
24 2 79.72 - - " " "
34 3 100. 69 - - " & *
48 4 118.84 - - " * “
&0 5 135.14 - - " " "
72 & 150.10 - - " " b
84 7 164 .04 - - " " °
) 8 1?27.15 - - * " e
9 190.91 7.54 23 traps samples
10 206.21  11.93 24 " "
" 214.11 10.90 38 b v
12 222.52 8.18 21 " "
13 232.38 .28 21 o "
14 241.58 14.06 19 " "
15 247.24 12.1& 2% " ‘

The parameters of Von Bertalanffy aquation, applying che fit
of the model! by Pord & Wadford (in Gulland, 1%71), are:

Le = 318.85 (cm)
te = -0.?97 (year}
kK = 0.093 (annual)

The equation Is as follows :

~0.093 (¢t + 0.97)
Lt = 318.85 {1 ~ @ 3

The estimate of We is difficult for bluefin due to the
numarous size/weight equations calculated in arsas where there
are inmature and adult tunas.

Out of thesa, the equation by Rodriguez-Roda (1944) was
selected sinces it has a wider range of sizes (25 ~ 279 cm, FL).
Thie equation is as follows:

3
R = 0.000019 L



Replacing in this equation:
3
We = 0.000019 L&

Where We = 615.90 kg (for Le = 318.85 cm).
The Von Bertzlanffy weighted equation would be :

-3.093% ( ©t + Q.97 )
He = 615.90 L 1 ~ @ pi

The only information available on the intaegral growth of
gastern bluefin tuna is from Rodrigusz-Roda (19464), Compedn-
Jiménez (1980) and Compedn-Jiménez & Bard (1983) although the
last studies are very similar with slight variations-

Figure 3 shows the theoretic Von Bartalanffy curves for
the three aforementioned studies. The results show & good fiv of
the presant study to that by Compedn-Jiménez & Bard (1983), both
of which were carried out by reading the fin ray spines.

In thess two studies differences can bs sesn from the age 11 on,
since the above mantionesd authors, carried their study
considering 19 different ages of bluefin tuna. While in the
present study we only cover 18.

The Rodriguez-Roda (1944) curve deviates from previous ones
after the third year (this study was done by age reading of
caudal vertebrae).

APPLICATIONS OF THE DESCRIBED STUDY

Studies on bluefin growth, as noted in the preceding
chapter, show a considerable metabeolic activity of this species
during ths months they spend in the Cantabrian Sea (from the end
of spring to mid-fall).

Dua to the almost complete stop in growth in the months
corresponding to the cold season (November to MHMarchl, it is
important to peoint that bluefin return to thes Cantabrian Sea the
following year and are the same size they were when they left 7
months before (see Tables 8a,8Db).

Because of this, the application of the size/age keys have
to be done seasonally. The use of only one key for al the catches
would distort the size distribution of thesa catches.
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[} 65 65 73 73 68 68 56 56 37 37 37 37 27 27

; 2.1 2,33 3.8 3.606 1;.,7‘9 5.02 5.90 6.2% 7.19 7.82 8.47 B.B4& 9.28 9.65
(-mm )

G 0;18 0.20 0.41 0.39 0.3 0.44° 0.%52 0.58 0.54 0.55 0.57 0.5% 0.60 0.57

Sy 2.10 2.28 3.39 3.57 4,63 4.92 5.76 6.1k 7.02  7.4% 8.20 9.02 8,05 9.43

Sx {Int.Conf. 2.18 Z2.38 3.57 3.7% 4.89 5.12 6.04 B.44 7.36 7.80C 8.65 8.66 9.5 9.87
954

Tabla 2. Valores y pardmetros obtenidos en la medicién de
los anillos invernales. (A la izquierda se expresa el
didmetro al comienzo de la formacidn del anillo,
a la derecha al final del mismo).

Table 2. Values and parameters obtained from measuring the
wintesr rings. (The diameter at the beginning of the
formation of thse ring is shown on the laft; the
diameter at the end of the ring formation is
given on the right
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FL {em) IE L P 2 I 2 IP 4 e 8 IE ¢ I 7
FL f(gm) ZIE 1 IE 2 T 3 IE 4 IE B IE ¢ IE 2
35 - 39 3 - - - - - - - T -
40 - 44 28 - - - - hd - 35 - 39 - ~ - - - - -
45 - 49 31 - - - - - - 40 - 44 14 - ~ - - - -
50 ~ 54 3 1 - - - - - 45 - 49 32 - - - - - -
58 - 5% - a - - - - - 50 ~ 54 i8 - - - - - -
50 - &4 - 23 - - - - - 55 - 59 1 - - - - - -
65 = &9 - 17 - - - - - 40 - &4 - 18 - - - - .
70 - 74 - 14 - - - - - &5 =~ 469 ~ 25 - - - - -
75 - 7% - 5 3 - - - - 720 -~ 74 - 14 - - - - -
an - 84 - 5 20 - - - - 75 -~ 79 - g - -~ - - -
85 ~ 89 - - 1% - - - - B8O - 84 - 5 a - - - .
%0 ~ 94 - - ] & - - ~ as - 89 - 3 24 - - - -
95 - 99 - - 11 4 - - - $0 - 94 - - 14 - - - -
100 - 104 - - 5 11 - - - 98 - 99 - - 7 5 - - -
108 - 109 - - 1 15 - - - : 100 - 104 - - 16 5 - - -
11C -~ 114 - - - ? - - - 105 - 109 - - 5 7 - - -
115 - 112 - - - ) 5 - - 116 ~- 114 - - - 14 - - -
120 - 124 - - - 4 10 - - 115 = 419 - - - I - - -
125 - 129 - - - - 7 - - 120 ~ 124 - - - 11 4 . .
130 - 134 - - - 1 & - - 125 - 129 - - - 3 7 - -
135 - 139 - - - & 5 - 130 - 134 - - - 2 7 - -
140 - 144 - - - - % 1 135 - 139 - - - 2 & - -
145 - 149 - - - - 2 5 2 140 -~ 144 - - - - I~ 4 .
150 - 154 - - - - 1 7 1 145 ~ 14% - - - - 1 5 2
1865 - 159 - - - - - 5 5 150 ~ 154 - - - - 1 ) -
160 ~ 144 - - - - - 3 7 185 - 159 - - - - 2 7 1
165 ~ 149 - - - - - 2 ) 160 ~ 164 - - - - - 5 4
170 - 174 - - - - 1 2 165 - 149 - - - - - k1 8
175 =~ 179 - - - - - - - 170 ~ 174 - - ~- - - 3 5
180 - 184 - - - - - - 2 178 = 1?9 - - - - - i 4
185 - 189 - - - - - - 1 180 - 184 - - - -~ - - 1
190 - 194 - - - - - - - 185 - 189 - - - - - - i
------------------------------------------------------------------- 190 - 194 - -~ - - - - 1
N &5 73 &8 8¢ 37 37 27 e e e e e e e e e e e e v s e v =
N $5 73 48 54 37 37 27
Tabla 3. Valores numéricos de las distribuciones de tallas
retrocalculadas al comiaenzo del anillo invernal Tabla 4. Valores numéricos de las distribuciones de tallas
(edades 1-7). retrocalculadas al final del anillo invernal.
(Edades 1-7).
Table 3. Numeric. values of the size distributions
back-calculated to the beginning of the winter Tablea 4. Numeric values of the size distributions
ring. (Ages 1~-7). back-caleulated to the end of the winter ring.

{Agas 1-7).
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(mmmmmmmmamnn
AGE ‘1  SPINES
(N
JUNE 23
JULY 21
AUGUST 19
SEPT. 32
ocr. 38
P SR
AGE 2  SPINES
(N
JUNE 40
JoLy 35
AUGUST 33
BEPT. 39
ocT. 36
{wmmm=vmswess-LAST
AGE 3  SPINES
()
JUNE 38
JULY 44
AVGUST 42
SEPT. 20
ocT. 35

~LAST RING-+~-===ww=e===}

a X 5Y /8%
{mm} Cine )
0,069 0,22 G, 19
0,25
0,096 0,28 G, 18
0,26
0,078 Q,32 8,27
0,37
0,13 0,51 0,46
a,56
0,20 0,67 0,60
G, 74
PING----e== e
) X sSY/8K
Cmm ) {omm)
6,062 0,1 o, 14
¢,18
0,12 0,27 0,23
6,31
0,12 0,38 0,34
0,42
0,17 0,68 0,461
9,71
G, 14 0,75 ¢,70
©,80
RING-=~-swmmm=~-— -—2
¢ X 8Y/8X
Cmae) { ozt )
0,048 0,18 0,13
0,17
0,0s7 0,28 0,246
0,30
6,13 0,46 ©,42
0,50
0,11 0,78 0,7
Q,81
0,15 0,8t ©,74
0,848

SARPLE
omme e YRLYRG e
N 9 PL SY/SX
(cw) (cw)
23 §,48 57,7 57t
58,3
21 2,72 87,7 56,5
58,9
$ 2,00 &0 86,7
&1,3
32 2,38 41,8 &e 3
&5, %
34 3,47 87,4 463
468,85
{uwnmweSARPLE-~-=~"">
N -] FL 5¥ /5%
(em) {cml
40 2,9% 7%,3 74,3
76,1
35 3,16 BC,0 8,3
81,7
33 4,88 80,3 e,7
82,0
39 4,34 88,4 87,1
8% .8
35 3,20 B8,4 89,5
87,3
Lrrmmmm SANPLE--~~--—~2
N a PL BYs5%
(cm) (cm)
35 5,49 93,9 92,1
95,7
44 6,14 10,8 9.9
103, 4
41 8,4% 102,8 00,1
108, 4-
20 2,48 109,98 110.8
108, 4
35 3,58 109,3 108,19
110,98

Tabla §. Valores numéricos pertenecientes a l& avolucidn del
Gltimo anillo visible en espinas y su correspondientw

transformacidn en tamafios pars al atdn rojo

dael Maxr Cantébrico.

fable 4.

spinee
for

Rumeric

(Edades 1-3).

Cantabrian Sea.

valuws of the last visible ring on
their corresponding conversion to sizes
bluefin tuna from the
{(Agws 1~3}.

the
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AGE {(YEARS?

ElLfcm) ¢ 7 8 2 19 11 12 13 14 158 1& 17 18 12
~174 z 2z 1 1
232-179 3 2 AGE MAY JUNE JUOLY RUGUST SEPT - oCT. NOV
O~ 184 1 2 i 4 et ettt et
335-189 5 1 - 3.5 3,46 4,0 4,8 3,2 5,4
190~ 154 15 2 1 1 2,8 4.1 4,7 <,8 3,9 4,8 7,9
5~199 i & 4 1
;38—204 1 4 4 - 7,7 8,8 $,0 10,8 13,4 15,2
205~20% 1 1 4 8 2 7,9 $,3 10,4 12,5 12, 6,0 18,3
10~214 1 4 3 1
215—219 3 4 & - 15,2 14,7 17,0 19,8 27,6 -
220-~224 3 6 303 3 15,2 17,6 19,8 22,9 26,2 N -
225~22% 8 4 4 1 L]
230-234 1 2 4 & 4 2 - 27,9 28,8 32,4 36,3 - -
235-23% 2z T3 4 - 30, o 41,5 42 4 " -
240-544 4 5 2
Se5-240 5 1 - 42,0 49,1 49,5 55,4 - -
R250-264 1 1 2 1 5 - 48,0 55,8 &1,4 44,3 - -
255-259 2 g .
260-264 1
2465-24% 1 2 & 6,9 - 79,48
270-274 i
275-279
;80-28¢ 1 7 84,4 - 101,3
285-289 1
290-294 :
295299 8 109,3 - 117,7
3I00-304 B TS e s mmess e
i 3 rd 7 23 24 38 21 2t 1% 21 3 2 2 4 ]
- - Tabla 8a. Limites de peso por eodad y tiempo en el atdn rojo
FL (cm} =~ - ~ 121 208 214 222 232 242 247 - - - - dgl HMar Cantébrico.
Table B8a. Range of weights by age and by month for blusfin
tuna from the Centabrian Sea.
9 10 i1 . 12 13 14 15
Inot. Conf. 187.8 201.4 212.8 219.0 228.4 235.3 242.0
(953X 194.0 211.0 219.6 226.0  236.3 247.9  252.4

Tabla 7. Clave tallasedad del atdn rojo capturado en las
almadrabas dsl sur ds Espaia.

Tables 7. Size/age key of bluefin tuna caught by traps off
the south of Spain.



AGE MAY JUNE JULY ARUGUST SEPT. OCT. NOV.

- 55.5 55.7 57.8 61.7 66.2 &7
1 50.%9 58.3 $1.2 $1.7 55.1 &8.4 711 el
5 "
- 721 746.5 77 81.4 88.8 2.9 0’; oy
2 73.4 771 81.7 86.46 87.4 ?4.4 ?5.2 [ 5
. ) [ »
- ?1.9 ?1.8 6.6 102 111.6 -
3 2.9 Q4.7 102 107.4 112.7 117.6 - - o
(24 - Beer
- 115.2 116.8 121.5 126.5 - - wm oY wm-9a
4 - 118.8 127.4 132.7 133.7 - - . o - . 3]
m 3 !
o ee
-~ 132.2 140.%9 141.3 147 - -
(8 » BB a
5 - 139.7 147.4 152.5 155 - - mEFTE FEE,
TP EMNQ e D
gu lg O e ot [T o
t59Ro 000~=.
) 1587.2 - 161.7 - - [~ Q0@
Noonh oD ann
& 000 W
ZERES 3973
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MO e fQ
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Tabla B8b. Limites de talla por adad y tiempo en el atGn rojo 22 23
del Mar Cantébrico. 1 @ b
< 0 70
Table 8b. Range of sizes by age and by month for bluefin tuna ﬁ% 3'-;
from the Cantabrian Sea. @ - %0
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Figura 2. Evolucién del Gltimo anillo visible en la espina

da! atGn rojo del Mar Cantdbrico {derecha) y su
transformacidn aen tamafio a la LH (izquierda).

Pigure 2. Davslopment of the last visible ring on the spine
of bluefin tuna from the Cantabrian Sea (right panel) and
conversion to size in fork length (FL) (left panel).
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Figura 2b. Evolucidn estacional del didmetro de la espina
de atGn rojo,salcoulada a parvir del Glcimo
anillo vigible (clases de edad 1-5}.
(Los puntos indican los nesss en los cuales hay musstras).

Figure 2b. The seasonal development of the diamater of the
spine of bluefin tuna, calculated from the last
visible ring (age classes 1 to 3).
(The dots indicate the months for which samples are available)
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Figura 3. Crescimiento de atin rojo del Atlantico Este segin
distintos autores.

Figure 3. Growth of East Atlantic bluefin tuna according
to different authors.
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PHOTOGRAFH CAPTIONS

Photograph n@ 1

(East Atlantic)

Tag number: K9%760
Date of tagging: 08/29/1984
Dates of recovary: 0&/13/1985

Spine: 4.82 mm (diamater)

Photograph n2 2

Thunnus thynnus (Cantabrian Sea)
FL = 112 cm

Date caught: 10/21/71985

Spina: 6.92 mm (diamater)

Photograph n2 3
Thunnus thynnus (Nediterransan S$ea)

Yaight: 17.3 kg

FL = 96 ¢m

Date caught: 04/23/1984
Location: Gulf of Lion

Spina: 5.292 mm (diameter).

Photograhp n2 4
FL : 51 cm

Date caught: 07/14/1983
Location: 37°N/05°E (Algerie)

Spine: 2.58 mm (diameter).
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Ne 4. The section of this spine corresponds to a bluefin
tuna that had just become 3 years old.

It has three winter rings. The first one, which is hard to
distinguish from the reabsorbed area of the spine, has a diameter
of 2.1 wm; the second is 3.9 mm, and the last ring, fermed during
wintsr which had recently ended, ig 4.6 mm.

From the time of capture, in the spring, and the area
(429N/12°W), in migration towards the Bay of Biscay, it can be
sean that the ring was not formed during migration.

The slight growth observed from the end of winter {last
visible ring) and the end of the spine (time of recovery), is
formed during the time of active growih. The ring, thersfore,
begins to form before fish migration towards the Bay of Biscay.

In this particular case, involving a bilusfin which was
tagged and recoverasd, and for which its measuremsnts are known,
the fish shows a lesser growth than that corresponding 3 year-old
pivafin. FPrecisely in the summer when it was tagged, lesser
growth is observed. This tagging experiment could have had some
affect on the active growth of the fish.

N® 2. This is a section of a spina of a 3 year-oid bluefin
tuna which is at the end of its active growth period.

Only two rings ere visible (the first is reabsorbad in the
gentral area of the spine). The second winter ring has a daimster
of 3.4 mm and the last one 5.2 mm.

It is verified that the active growth period corresponds o
the opaque area of the spine- In this case there was considerable
growth during summer (at lesst 15 cm) which csased one month
baefore the fish was caught.

The last winter ring {& very far from the edgs of the spine.

Ne 3. This shows a fin ray spine of a bluefin tuna
caught in the Hediterranean Sea. This fish is not yet 3 years
old, but it has lived 3 winters.

Part of the first ring is difficult to see in tha reabsorbed
area of the spine. The diameter of the ring is 2.0 mm. The second
ring is 3.4 mn in diameter and the third is 5.1 mm.

Thisg sample shows that as ocours in the Atlantic,
#editerranean bluefin tuna form the wring during winter, and
therafores these are considered winter rings.



This fish, which was caught in @arly spring, has the last
ring next to the adge of the spine, which shows that ics
formatvion ended recently. Since then it has experisnced through
slight growth (such as pocourred with thae sampleé in photograph n®
1) which will be completed at the end of fall (which is the end
of tha svtive growth period).

No 4. This shows & one-ysar old bluefin tuna, supposedly
born in the Nediterransan Sea, caught off the coast of hlgeria.

Cnly one ring measuring 2.0 mm diameter which formed during
the past winter, can be ssen. The back-calculated &ize of
this bluefin when {t formed the ring was 42 cm (PL), and it had
sinca the grown ¢ cm that form part of active growth in the
outside opaquse ares of the spine.

Considering that the only known spawning area for the
East Atlantic bluefin tuna is the MNediterranean Sea, the
winterly aspect of the ring is obvicus, as {s the case of the
other samples studied in thess photographs.

Compadn-Jiménez (1980) attribute the formation of ths first

ring during the fall, for bluefin tuna (age class 0) which
migrate across the Strait of Gibraltvar. Sample n?* 4 indicates
that 1 year- old tuna which did not cross the Strait, have this

ring in the fin ray spines.
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