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ABSTRACT

Greek swordfish, x;gnlg§~gigglg§ L., Iandinqc a:e.estimated at
1530 MT inm 1986 and 1179 MT in 1967. The buik of the catches is
wmade 'up of: young specxmens fThé catch-at-length and ‘the
catch~at—age indicate that most of the 1nd1v1dualsﬁbe1e up to three
years of age and belonged to tha length classes between 46 and 143
en. Estimates of age were made from counts of growth bands on anal
spine: sections.The ,estlmated von Bertalanffy. q:qwth_ parameters
wéfe: for malesx; Loo=203. 2, %=0.21; to='-2.0 .

for females Loo=236.5; k=0.17; to= -2.1
for both sexes Loo=243.8; X=0.147 to= -2.6.
Theoretical growth in weight was - obtained by’ converting length to

weight. Females qrow faster after the second year of age and reach

a larger size than males,
Total mortality rates computed by two methods were higher in 1986

(Z=0.464 and Z=0.443, 1986; 2=0.309 and Z=0.305, '1987).
INTRODUCTION:

In the years 1986 and 1987 a survey was, carried out in the Greek

seas on the fishery of large pelagic species (x;nhigg_glgg;ng L.,

Col.Vol.Sci.Pap. ICCAT, 33 : 168-178 (1990)

Thunnus _thynnus L., Thunnus alalunga Bonn.)}, financed by the

European Community Commission with the basic aim of obtaining an
estimate of the fishery in Greece in terms of total production and
of C.P.U.E, (De Metrio et.al., 1988),

In the present work swordfish data and biological material
collected on that occasion, at the various fishing ports, are used.
The aim is to provide information on the catch, size distribution,
growth and mortality ofkswordfish_exploited in the Greek Seas which
could be useful for ‘a future stock assessment of this species in

the Mediterranean Sea.
MATBERIALS AND METHODS

Data on the number of swordfish fishing fleets, on the number of
boats in each fleet and of the total catch of each boat was
collected, by means of inspections, interviews and direct surveys
for the whole of Greece, in 1986 and 1987. v

In two pilot ports( Kalimnos in Dodecanese and Chania on the
igland of Crete) in 1986 and in three (Kalimnos, Chania and Xithnos
in the Cyclades Islands) in 1987, permanent observers collected
additional data on: number of fishing days, number of hooks, number
and weight of fish caught per day. Measurments of lower jaw fork
length (LJFL) and the weight (free of all abdominal organs, fins
and aword) were taken. Anal fins were collected from 270 swordfish
of which the LJFL, the weight, the sex and the date of capture ware
recorded.

Using the data collected, the total sﬁcrdfish catch in weight
and in number of fish for the whole of Greece was calculated, both
for 1986 and 1987.

As it was seen that the length frequencies of the catch of the



6971

varius fleets showed differences due to the dimensions of the boats
and the fishing areas in which they operated, it was decided to
group all the Greek‘fleets by area and égsimilate the catch of each
area to that of the pilot port. -

Therefore in the first year of reééarch Greece was divided into

two large areas: Dodecanese, in which size samples from Xalimnos

‘were used to size the catches and the rest of Greece (Ionian

Islands, Crete, Peloponnese etc.), in whlch the gsize samples from
Chania were used to size the catches.

In the second year of the research, a morevaccur;te analysis of
the Greek fishing situation Ahd of the length frequencies,
suggested the necessity to establish a third pilot port in the
Cyclades Islands. For this the port of Klthnos was chosen. The size
samples of Kithnos were used to size the ‘catch of the Cyclades
Islands.

Réising the monthly size frequency sampieé to the corresponding
catch in number of fish, it was possible to calculate the
catch-at-length per month and per whole fishing season for each
pilot port and area. The raising factors were estimated by dividing
the catch in number by the total number of fish in the size
frequencies used. Gfbupinq the results of the individual areas it
was possible to estimate the catch-at-length for Greece. The
freqﬁencies wereg <calculated in number of swordfish by 5 cm
intervals of LJFL. ’

The age of the swordfish was estimated (MEGALO?ONOU and DE
METRIO, 1989) using sections of the spines of the anal fins. The
relationship between lower jaw fork 1ength and spine radius was
determlned with regression analy915. Back calculations of the
length at estimated age was obtained using the equation (TESCH,
1971; RICHER,1975):

In - ¢ = (sn/S) . (L - ¢)

where L = LJFL at the time of capture
Ln = LJFL when band n was formed
c = a correct%qn factor (intercept. on length axis from
regression of length on spine radius)
Sn = distance from spine focus to the edge of band n

s

[

radxus of the spine.

Mean back-calculated lengths at estlmated ages were calculated.
Estimates of theoretical growth in length were obtained by fitting
the mean back-calculated lengths at estimated ages to the von
Bertalanffy growth -eguation (SPARRE,1987). Theoretical growth in
weight ~was obtained by converting length to weight using the
lenqth—weiéth relatignéhips established in the present work and
that of De Metrio and Megalofonou (1987).

The catch-at-age was calculated from the total swordfish
catch~at-size (in number of fish by 2 cm intervals of LJFL) using
the mesn length§ at ages from the growth eguation developed for the
two sexes together. Lower and upper limits of LJFL at each age were
established and used to assign fish to an age class.

Two methods were taken into consideration for the calculation of
total mortality rates (2): 1) length converted catch curve analysis

2) Beverton and Holt equation {SPARRE, 1987).
RESULTS
A - Totai c#tch agd Lpnéth Distr;bution
In 1586 the total swordfish‘gaFépA;n Greece was estimated at
1530 ton# of which 712 tons were caught in the Dodecanese area

(pilot port Kalimnos) and 818 tons. in the rest of Greece (pilot

port Chania).
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At Kalimnos 4343 individual fish were weighed out of 8805
caught, and their average weight was 32.6 kg.

At Chania~756 individuals were -weighed out of 996 caught'and
their average weight was found to be 23.1 kg.

Assimilating the catch of the two . areas ~with that of the
respective pilot ports; the following résults were obtained,

Dodecanese cot 7X2oMTf 32.6 kg = 21840 individuals

Rest of Greece : 818 MT / 23.1 kg = 35411 individuals
Therefore, in 1986, the total number of individual fish caught was
presumably 57251.

In 1987 the total estimated cateh .was 1179 tons, of which 540
were caught in Dodecanese, 35 tons in the area of the Cyclades
Islands (pilot port Kithnos) and 604 in the rest of Greece.

The individuals weighed in the pilot ports were:

Kalimnos: 6209 individuals (100% of the catch) wiﬁh an -

average weight of 35.1 kgs;

Chania : 998 individuals (100% of the éatch) with an

average weight of 18 kgs;

Kithnos : 361 individuals, out of 451 caught, with an

average weight of 10.8 kgs

The catch of the different areas was assimilated with that of
the pilot ports and it was found that:

Do&ecanese : 540 MT / 35.1 kg = 15384 individuals

it

Cyclades Islands: 35 MT-/ 10.8 kg 3241 individuals

Rest of Greece : 604 MT / 18.0 kg = 33553 individuals
from which it‘can be deduced that the total number of individuals
caught in 1987 was probably 52178.

The distribution of the total swordfish catch in Greece,
according to¢ length, is shown in Table I for 1986 and in Table IT

for 1987. The percentage frequencies are shown  respectively in

Figure 1 and Figure 2.

B - Length-Weight Relatiohships, Kge and Growth

Swordfish length (LJFL) -ranged ‘from 71.5 to 207 cm while weight
was from 3 to 104 kg. Of the 241 specimens which were used in the
analysis’ 129 “were males and 108 Wére females. The length-weight

relationships (Figuré 3) are found to be:

-6 3.07

for males W = 7.416 x 10 x LJFL (r=0.97)
-8 3.19

for females W = 3.968 x 10 X LJFL (r=0.98)
-6 3,14

for both W= 5,371 x 10 X LIFL {(r=0,97)

‘The regreéssion analysis carried out between the radius of the
spine and the LJFIL, showed a sigﬁificant linear correlation for.bdth
sexes:

males LJIFL = 70.0 + 19.69 x § {r=0.91}
females LIFL = '71.1 '+ 19.20 x S (r=06.%3)

As no significant differénce‘Was observed between the two sexes;
the relationship was ' calculated together for ‘males and females
(figure 4):

"IJFL = 71.07 ¥+ 19.22 x 8 - (r=0.92)
which was used for the' back calculation analysis.’

Age estimates ranged from 0+ to 9+ years. The oldest fish found
was a nine year ‘old female 'with a LJFL of 207 cms; the oldest male
was 8 years oid. The relationship betweén the estimated age and the
LJFL 1is shown - in figure 5. Mean back calculated Ilengths at
estimated agés and the ‘lengths at age predicted by the model of von

Bertalanffy, are shown in Tableé IITI while the von Bertalanffy
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growth parameters and the confidence 1limits are illustrated in
Table IV. Von Bertalanffy’s equations for the theoretical growth in
length are: ' ' .

for the male 1t = 203.23 [ 1 - exp (-~ 0.21) (t+2.04) ]

for the female 1t = 236.49 { 1 - exp (-~ 0.17) (t+2.io) 1

‘ both 1t = 243.77 [ 1 - exp (~ 0.14) (t+2.60) ]

i

Theoretical - growth in weight (Table V), was obtained by
converting LJFL to weight using the equations established from the
regression analysis. Von Bertalanffy’s equations are:

3.07
for the male Wt = 50.4 ([ 1 - exp (- 0.21) (t+2.04) ]

3.19
for the female Wt = 153.0 [ 1 - exp (- 0.17) (t+2.10) ]

3.14

both Wt

168.0 [ 1 ~ exp (~ 0.14) (t+2.60) ]

Theoretical growth in weight for the two sexes together was also
obtained using the equation of De Metrio and Megalofonou (1987)
(Table V). Estimated Woo values are: 112 kg for males, 180.8 kg for

females and 198 kg for the sexes combined.
C - Catch-at-age

Because sex ratio samples were only available for one area, the
growth curve obtained from the sexes combined was selected as the
most appropriate for the purpose of aging the catch at size (Tabie
VI). Most of the swordfish catch consists of young individuals for
both 1986 and 1987. About 50% of the landing comprises fish one and

two years old.

1987: 2

D - Mortality

The estimates of total mortality rates (Z) carried out according

to the Beverton and Holt equation are:

1986: Z = 0.464 17 = 132.5 cms 1 = 156.7 cms

0.309 17 = 97.5 cms 1 = 141.8 cns

where 1/= length of smallest fish fully represented in the sample

and 1 = average length of all fish above 1’.

Calculation of the mortality rates through the analysis of
length-converted catch curves in 1986 showed
Z = 0.443; st.dev. 0.042; confidence limits from 0.352 to 0.534.
The.first length class used for the analysis was that with LJFL
bet;een i30 aﬁd 135 cm while the last one was between 205 and 210
cm; r= -0.94.

In 1987 Z = 0.305 was found with a standard deviation of 0.301
and confidenqe limits from 0.239 to ©.370.
First class used: 95 -~ 100 cms; last class: 205 -210 cms; r= ~0,90.
The length~converted catch curves for 1986 and 1987 are shown in

Figures 6 and 7 respectively.
CORCLUSIONS

Although swordfish fishery is a relatively recent activity in
Greece, it has evolved rapidly in the brief period of twenty years
and still shows a tendency to expand. Today, with an . annual

production of about 1.500 tons, .Greece has established itself
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decisively as the second most important country in the

Mediterranean for swordfish fishery (DE METRIO et al.,1988).

The characteristics of the catch reveals that, also in this
country, the majority of fish caught are from the first age groups,
with groups 1 and 2 being the most frequent. This situation now
seens a general characteristic in all parts of the Mediterranean.
In fact, the sizes, found in both years, do not seem different from

those reported, for the same perind, by us and other authors for

the Central and Western Mediterranean (DE METRIO and

MEGALOFONOU, 1987; DE METRIO et al.,1988; MARANO et al.,1987; REY et
al., 1987).

The results of the age estimates suggest a maximum lifespan of
at least 8 years for males and of at least 9 years for females.
Therefore the swordfish can be considered a large moderately
longlife pelagic fish. However, the maximum lifespan of the speéies
in this area could be higher in that individuals were caught which
are larger than those examined for this work. In fact, the largest
individual caught in the Aegean in the years 1986-87 had an LJFL of
221 cms, while the largest individual caught in the Gulf of Taranto
in the four years 1985-88 had an LJFL of 230 cms.

Estimates of population parameters indicated that females reach
a larger asymtotic size than males. Considering the fact that also
in aréas like the Atlantic, where the greatest dimensions for the
swordfish have been recorded, few males exceed an LJFL of 200 cns
{BECKETT, 1974), the estimate of a Loo of 203.4 cms for males seems
acceptable. ‘In fact among all the males examined in the Aegean
during the two years considered, none exceeded 200 cms. The
estimate of a Loo of 236.5 also seems acceptable for the female
considering the maximum dimensions of the animals recorded in the
Aegean and in the Ionian Sea (DE METRIO et al.,1986, 1988; DE
HETRIO. and MEGALOFONOU, 1987) in the Adriatic (MARANO et al.,1987)

and other areas of the Western Mediterranean (REY et al.,1987).
Anyway this is much smaller than those found in the Atlantic (Loc =
340 o©m BERKELEY and HOUDE, 1983, ‘hbo = 266.7 cm RADTKE and
HURLEY, 1983} . a lack of large females in the sample from the

Mediterranean may have had an effect on the resultlng Von

: Bertalanffy parameter of Loo.

The growth rate in the two sexes appears different as had
already been shown in previous studies (GUITART-MANDAY,1964;
BECKETT, 1974; BERKELEY and HOUDE, 1983; WILSOR and DEAN,1983;
RADTKE and HURLEY,lBBﬁ)L' It seems that the females, after the
gecond year of life, grow more guickly than the males. In any case
the différenceé in the growﬁh raﬁeé found in this work are less
than those observed ln the Atlantic by other authors (Table viI).
The results reported here are much closer to those of BERKELEY and
HOUDE (1983) than they are to those of WILSON and DEAN (1983) and
to those of RADTKE and HURLEY (1983). » '

The differences observed previously, relative to tﬁe vélues‘of
Loo and to X, although.they cﬁnnot be completely explained, éan
however be related to various factors: different technigues used,
different dimension range of the sample, the existence of different
populations, different environmental conditions.

Results of the length fregquency modal anélysis (DE METRIO and
MEGALOFONOU, 1987) have been used to examine the Validity of aée
estimates made on swordfish u51nq anal spxne gections. It was
observed that Jlength at aqes one and two derlved from spine
sections agreed well with the results of length freguency modal
analysis. In fact, modal analysis sﬁggested thatlihe sébrdfisb with
a length (LJFL) between 95 and 100 cm captured during July are one
year old and those with a length between 120 and 125 c¢m are two

yearsvdid. our results indicated that swordfish of one year old are
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97 cm in LJFL as regards males and 98.3 cm as regards females while
swordfish of two years old are 117.4 and 120.4 respectivelly. It is
obvious, that length fregquency modal analysis validate the method
for the first age groups but cannot be used for the older age
groups. - Considering that most of the catch consists of young
individuals, the validity of the two first groups is very
important, especially for the purpose of aging the catch at size.
However a complete validation of the method 1is necessary.
Examination of the hard parts of the swordfish marked and treated
with tetracycline could be a good solution in the future for the
validation problems.

As the complex rearrangement of the data does not permit the

drawing of definite conclusions on the mortality of swordfish in

the Mediterranean, it does however seem that the different values
of the mortality rates found in the two years studied, could be
attributed to the fact that recruiting is widely represented in the
catch and its contribution is ¢uantitatively subject to annual
variaticns dependent on the success of the reproductive process and
the survival of the larvae and juveniles. Initially a doubt had
emerged that the difference could be due to the incidence, in 1987,
of catch by the Kitgnos fleet. For this reason the mortality rate
for that year was recalculated excluding the Kithnos. catch. The
difference between the two calculations was not significant (0.305

with Kithnos; 0.295 without Kithnos).
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Table 1 ~ Swordfish catch-at-length. Greece 1986.
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Table 11 - Swordfish catch-at-length. Greece 1987.
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* - The catch of Kalimnos is not included
** - The cotch of Kithnos is mot included

TRBLE ITII - Mean back-calculated lengths at age and predicted
by the von Bertalanffy model for swordfish

LIFL LIFL
Age Back calculated von Bertalanffy
Males *'Females Males Females’ . Both
i o o . . et e S it S S i, e v -
1 96.4 97.8 97 97.0 98.3 99.0
2 117.9 120.2 118.9 - 117 .4 120.4 118.3
3 134.7 140.1- ‘137.4 133.9 138.8 135.0
4 148.0 155.0 151.7 L L47.3 ..154.3 149.5
5 158.2 167.8 16343 158.0 . 16€7.3 162.0
6 165.0 174.9 170.1 166,777 ~178.3 172.9
7 171.6 188.6 177.2 173.8 187.6 182.3
8 182.0 195.1 188.6 179.4 195.4 190.5
9 202.8 202.8 - 202.0 197.6

TABLE IV - Estimates of growth parameters, standard
deviation and confidence limits derived from
the von Bertalanffy growth equation

Estimate sfd.dev. confidence '1ixi1its
Loo 203.23 6.51 186.44 ~ 220.02
Males k 0.21° 0.02 0.15 -  0.28
to -2.04 0.28 -2.75 - ~-1.32
Loo 236.49 6.72 220.00 - 252.97
Females k 0.17 0.01 .13 - 0.21
to -2.10 0.21 -2.62 - -1.58
Loo 243.77 '21.50 191.09 = 296.44
Both X 0.14 0.03 0.05 - 0.23
to -2.60 Q.61 -4,15 - =1.14

Table V. Estimated weights at age. '* Weights calculated from
the equation of De Metrio and Megalofonou (1987)

Eviscerated . weight (kg)

Age - -

Males Females Both Sexes
1 9.3 .37 9.9 11.5 *
2 16.8 17.¢6 17.3 20.3
3 25.1 27.6 26.3 30.7
4 33.6 38.7 36.2 42.4
5 41.7 50.2 46.6 54.7
6 49.2 61.5 57.1 67.2
7 55.9 72.3 67.4 79.4
8 61.6 82.3 77.4 g91.3
2 91.5 86.9 102.5
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TABELLA VI Swordfish catch-at-age in the Greek Seas. Age 9+
refers to fish that were 9 or more years old

1986 | 1987
___________________ Ao e o
Age No % ! No %
1 17197  30.0% 19142 © 36.7%
2 15658 - 27.3% 6370  12.2%
3 9034  15.8% 8559  16.4%
4 5475 9.6% 5261  10.1%
5 3258 5.7% 5139 9.9%
6 3039 5.3% 2993 5.7%
7 1996 3.5% 2514 4.8%
8 835 1.5% 944 1.8%
9 + 758 1.3% 1255 2.4%
TOTALE | 987.251 1003 | 52.177 100%

TABLEA VII -~ Length at age estimates of swordfish from different

studies. M=male, F=female.

Berkeley and Wilson and Radke and -Megalofonou
Houde, 1983 Dean, 1983 Hurley, 1983 and De Metrio

Ags e e Ll Sl tetabod ottt aladeduded

M F M F M F M ¥

1 97.2 98.0 116.9 122.9 84 73 Q7.0 g8.3
2 118.5 119.9 123.3 1306.6 98 85 117.4 120.4
3 136.0 139.7 1306.2 138.8 110 114 133.9 138.8
4 150.4 157.8 137.4 147.5 122 131 147.3 154.3
5 162.3 174.3 145.0 156.8 133 147 158.0:. -1167.3
[ 172.0 189.3 153.0 166.6 143 160 166.7 178.3
7 180.0 202.9 161.5 177.1 153 172 173.8 187.6
8 186.6 215.3 170.4 188.2 161 183 179.4 195.4

101

R <OZmMCOmD™m

46 86 856 106 126 146 186 186 206 226

L:dFL om
Flg.t Length frequsncy distribution 1888

10+

R <QZmMcCOomom

46 66 86 106 126 146 186 186 206 226

LJFL cem
Fig.2 Lengih frequency distribution 1687
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