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CATCH, SIZE DISTRIBUTION, GROWTH AND SZX RATIO OF SWORDFISH
{Xiphias sladius L.) IN THE GULF OF TARANTO

by

G. De Metrio aznd P. Megalofonou
Istituto Comunale di Biologia Marina di Nard3d (Lecce) — Italy

ie INTRODUCTION

Since 1984 we have been investigating in the south Ionian Sea all the area along both the
Apulian and the Calabrian coasts from Otranto to Capo Spartiventc, as part of a vast research
project on stock assessment of big Scombroidei exploited by Ttalian Fishery set up and financed by
the Miniscry of zhe Merchant Navy.

Preliminary results concerning the whole area and referring to investigations carried ocut om
the size of the “leer, equipment and fishing areas, on the rvoral catch, fishing effort and cpue have
been reported elsewhere (De Metrio et al., 19R6).

Here, we think it of interest to report data for Xiphias gladius L. concerning only Portoe
Cesareo, situated on the lonian coast of the Salento in the Gulf of Taranto which, independently of
the above-mentioned project, has been the object of ocur studies since 1978 (De Metrio ct al., 1981,
1982, 1984). Therefore this study, on the basis of data collected over nine years, enables us today
to draw cerctain conclusions as to the tendency of the catches and also to arrive at conclusions
concerning the biolegy of the species.

2. MATERIALS AND METHODS

The number and weight of swordfish caught by the vessels of Porto Cesarec regularly
effectuating f{ishery were taken daily during the fishing season from 1978 to 1986. The number of
hoaks and fishing days was alsoc recorded. In 1985 and 1986 data concerning lower jaw fork length in
centimetres and eviscerated weight in kilogrammes of 779 specimens were recorded. In the same years
the gonads of 233 specimens were examined in order to estimate the sex and sexual maturity.

3. RESULTS AND DISCUSSION
3.1 Fishing Season

From the investigations carried out in the course of nine years it results chat the fishing
season can cover the period from the seccond ten days of April to the end of August or, at most, To

the second ten days of September (Figure l). Beginning of activity is conditioned by:

(a) meteomarine conditions,
{b) results of :trial catches by vessels.

The end of the {ishing season is determined by:

{a) poor catch,
(t) the beginning of albacore fishing.

However, as observed in Figure !, since !982 the fishing scason has shortened considerably and

! 2
activity is mainly concentracted in the months of July and August.

3.2 Fishing Areas

The fishing area is situated in the Gulf of Taranto at a distance of between 20 to 40 miles
from the coast {Figure 2). Fishery takes place at a depth range from approximately 550 te 750 =.

3.3 Fishing Equipment

Cnly the longline is used. Both its length and number of hooks have increased considerably.
In 1978 it was 25 km long and supplied wich 700 hooks; now it is 35 km long with about I 000 hcoks.
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3.4 Ffishing Effort and cpue

The fishing effort has heen obtained with the formula

where 4/l 000 represents the average number of hooks placed daily in the sea divided by the unit of
zmeasure of the effort considered in i 000 hooks and g the number of fishing days. The cpue were
calenlated in biomass and in the number of specimens with the forwmulae

o .
g N . specimens

[
|
I+

In Figure 1 data referring te the nine years under consideration are summarized. Total number
of hooks, rtotal cateh in kilogrammes, total number of specimens, cpue in biomass and in number of
+ . - 4
specimens, average weight are reported for zach year. It can be seen that the greatest fishing
H

C

gfforz was in 1980 with 560 000 hooks at sea corresponding in cpue to 98.3 kg also the highest
figure in the nine years under study. The minimum effort is found in 1983 with 116 250 hooks
corresponding to 54.2 kg in cpue which, although low, does not however represent the minimum found.

The entity of fishing effort in total numbetr of hooks and total quantity of fish caught in
kilogrammes, over the vears, is illustrared in Figure 3. 1In the first three vears the effort is
Zore ¢t less constant while in 1981 it decreases suddenly. This is more accentuacted in 1982 and
i983 where it touches minimum to then show an upward trend in 1984 with greater increase in 1985. A
cerzaln drop is evident in [G86.
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Figure 3 Total quantity catches and fishing effort for swordfish caught by the
vessels of P. Cesareco during 1978-86

Comparing this graph with the one for rhe fishing period it can be noticed rhat the variacions
in effert are reiated to the time span during which fishing has been carried out. This would
reasonably lead to the coneclusion thart the variations Iin effort are to be acrributed to bad
itmospneric conditions. Poor catches will also certainly have forced fisherzmen to look te other

The total quantity of fish caught s clearly in proportion to the efforr and the highest figure
reported is in 1980 wich 53 2888 kg of bproduction while the minimum is in 1983 with 5 340 kg.
1

Observing the overall period of nine years it is evident that maximum production was obtained in the
three year period 1978-8C, the minimum in the three year phase 1981-83 followed by s certain pick—up
in the last thr

ee years, 2ven though production still falls way behind that of che first pericd.
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Analysing the graph (Figure 4) for the cpue in biomass it is clear that they underz
considerable shifts in the course of the years with highest peaks in 1979, 1980, 1982, and 1984 an
lowest peints in 1981, 1983, 1983 and 1986 and from 1980, high and low points alternate yearl
interrupted in 1980. However, it is important to notice that increases reported in 1982 and |98
respectively with 77.5 and 78.18 kg/Unit Effort have never reached the levels in 1979 and 1980 agal
with, respectively 88.9 and 98.3 kg/Unit Effort. .
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Figure 4 Catches-per-unit-effort in biomass and in number of specimens in
1978-86 for swordfish. Unit effort = I 000 hooks

Comparing this graph with the one for cpue in number of specimens it appers clear that maxi:
and minimum figures do not always correspond. Sometimes they are even in contrast. This ig v
avident in 1980 and 1985.

In the first case a low cpue in numbers concrasts with a high cpue in biomass together with
high average weight of specimens. It is clear that chis depends on the fact that the catch was mac.
up of big fish which, when compared to data for other years, must be considered an excepziz:
difficult to account for.

\

In the second case the oppesite is found: the highest cpue in number of specimens wit
average weight of 18.5 kg, the lowest recorded, corresponds to a fairly low cpue in biomass.
this it is clear that catches were mainly of young fish.

The explanation for this lies in the fact that in the summer of 1984, as we were able =
observe from the frequency of the catches of very young specimens in the months of Septembar an
October during the fishing period, there was a vast production and hi gh survival rate for young i
in the area that contributed to the steck on which the fishing effort was directed in 1985. Tk¢
can also be deduced from the distribution of the frequency of sizes. A similar situation mus: have
come about between 1977 and 1978 and probably between 1978 and 1979 as well.

Table 2 arnd Figure 5 present the data and the tendency of cpue in biomass in differenc m
The lowest wvalues are generally observed in June.

3.5 Average Weight

The maximum average weight, 48.2 kg, was recorded in 1980 while the minimum weight of [8.4 k::
was in 1985, Observing the graph relative te weight variation over the years a sudden rise i:-
evident from 1978 to 1980 feollewed by a constant decrease up =o 1985. In 1986 a slight gain i
reported,
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Table 1

Summarized results of swordfish fishery data from the porc of Porto Cesareo from 1973 to 1986

Effort Cateh Avera Average cpue cpue
, Number Catch N ] ge weight in kg in number
Year . S in weight
ooks in kg . ) geometr. per 1 GOC per 1 000
/1 000 Aumbe £ in ke in kg hooks hooks
1978 491.17 32 646 1 375 23.74 18.2 66.5 2.80
1979 451,50 40 047 1 387 28.87 21.7 88.9 3.10
1980 559,50 53 888 1 118 48.20 40. 4 98.3 2.00
1981 256.94 14 803 397 37.29 28.8 57.8 1.50
11982 15G.10 11 632 325 35.79 28.8 77.5 2.20
1983 116.25 6 340 192 33.00 28,1 54.2 1.70
1984 232.80 18§ 200 660 30.53 25.5 78.18 2.83
1985 334.40 19 674 1 084 19.45 4.6 58.83 8.26
1986 264.75 10 871 476 24.05 19.1 41.07 1.30
Table 2

Capture per unit efforr in biomass of swordfish caught by the vessels of Porto Cesareo
in different months during the nine-year pericd 1978-86

. cpue kg
Year : .
April May June July August September
1878 - 70.59 26.84 71.67 33,91 -
1979 - 58.88 77.63 102.70 136.75 -
1980 116.41 102.36 48.23 100.51 102.53 -
1981 62.07 54.58 51.19 53.15 69.51 -
1982 - - - 380.14 75.63 -
1983 - - - 65.59 42,44 -
1984 - 67.34 88.56 68.3 82.92 86.0
1935 - 28.70 39.96 50.14 64.45 70.38
1086 - 53.49 23.61 48.1 36.45 -
A
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Figure 5 Honthly variations of cpue in biomass of swordfish during the nine-year period
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For closer study of yearly variations it weuld seem advisable to consider thF drop in 198@ as
casual and examine the curve from i981. From that moment there is a decrease in average weight
which was gradual until the heavy recruitment on specimens born in 1984, A recovery follows, to bf
expected, which would confirm with its low figure, the general tendency tg gradual decrease of
average welght during the years. The liow average weight values reocorded in 1978 and 1979 also
appear te be the results of a former drop caused by the same reasons as those in 1985,

Taking into consideration that the weight generally follows

a loglinear distribution, the
geometrical average values were computed to
H

X = In {(kg)

These values were transformed In kilogrammes (Figure 6}
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Figure ¢ Annual variations of average weight (arithmetrje and geometric)

of
swordfish from }1978 t2 1986

3.6 Size Distribution
——=r Lostribution

The study of tha distribution of sizes was carried out on 1985 and 98¢ catches.

In 1985 the fork length of 442 specimens
64 cm and the biggest 205 cm. Tha main bulk of

(69.22).  The nost frequent class was
between 110 and 135 cm made up 17%

was measured. The smallest fish ip the sample wag
the catches came frem specimens with FL up to 110 ¢n
the one with FL between 95 ang 105 em. Swardfish wirk L
while those with FL 135 were only 13.37.

In 1986, 317 Specimens with minimum FL 75 em and maximum 225 cm were measured. The specimens
with FL up to 110 em were 40,4% while the most frequent class wag the one with a Fr, between 115 an¢
125 em wich 2 percentage of 21.5%. The class

from 95 to 105 cm Were present with 18.3%. Figh wiry
FL between 110 and 135 em represented 23g.5% wvhile rhose with FL 135 cm, 21.17.

Considering that the Tish with FL up
between 110 ang 135 e¢m to the second clas
catch, B6.2% in 1985 and 78.9% in )98

3.7 Length~Weight Rclationshig

A total of 442 swordfish was measured during the fig
between fork length and eviscerated
and the biggest 205 em.

to 110 cm belong to the first age class and those with FL
§ it may be concluded that, in porh years, most of the
was made up of the first two age classes.

hing period ip 1985 and the relacionship

weight was computed. The smallest fish in rha sample was 64 en

We found che following relationship:

W= 5701 x 107% o pr3-16 T = 0.953

: L AV
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where W is the eviscerated weight in kilogrammes

FL is the lower jaw fork length in centimetres

r iz the regression coefficient
In Figure 8 the graph demaonstration of the weight—length relationship 1s reported.
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Figure 7 Length frequency distributions of 462 and 317 swordfish caught by the
longline vessels of Porto Cesareo in 1985 and 1986 respectively

3.8 Growth Rate

Information on swordfish growth is limited and somewhat contradictory. Attempts at ageing have
been made by using several techniques. Until recently, most preliminary size—at-age or growth
estimates have been based on modal analysis of size frequency distributions (Yabe et al., 1959; Kume
and Joseph 1969; Beckett 1974; Ovchinnikov et al., 1680).

In this study following the Petersen methed, an approximare monthly and annual growth race of
swordfish has been estimated as well as the length at first and second years of life.

Figure 9 presents the length frequency distributions of swordfish caught by the longline
vessels of Porto Cesareo in different months during the period of 1985-86. Each node usually
corresponds to individual age groups. Due to a successful spawning in the summer of 1984 the first
two modes {(a) and (b) are clearly evident.

In June 1985 the first mode (b) at 87.5 cm corresponds to the young individuals which were
spawned during the summer of 19B4. This mode moves on to 97!5 c¢m in July and arrives at 102.5 cm in
September. At the same time, in September, the mode (a) appears at 062.5 cm corresponding to the
smell fish spawned during the summer of the same vear (1985).
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Figure 8 Length-weight correlation of swordfish from Gulf of Taranto

In June 1985 the mode (b) is ar 122.5 em, it stays at 122.5 cm in July and moves on to 132.5 in
August. Mode (a) in 1986 follows the same progression of mode (b} in 1985. In Junme it is found at
B7.5 cm, in July at 97.5 cm and arrives at 102.5 em in August.

Taking into consideration; first the faet that swordfish spawn
the peak of the spawning season in July (Seila, 1911; Sanzo, 1922; Cavaliere, 1963} and seconcd the
above length frequencies, it is possible to estimate approximately the size ar the first rup vears
of life. Thus the average size of swerdfish in the first year is about 97.5 ¢m and it reaches
122.5 em in the second year of age. DBesides fairly reasonable estimates are obtained for grouth

from June through Augus:t with

rates:
Table 3
The growth pattern of swordfish derived from the interpretation
of the length frequency distributions
. Monthly growth
X By 3
Growth Honthly growth rate on annual
Months rate .
(cm) basis
(cm)
(cm)
From July 84-September B4 (2-3) 62.5 20.8 - 231.2
September 84-June 85 (9) 25 2.7 !
June B85-September 85 (3) 15 5 3.3 (40) {
September 85-June 86 (9) 20 2.2 1‘
June B6-August 86 (2) 10 5 2.7 (32.7) i
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Figure 9 Length frequency curves of swordfish in varied meonths during the two
vear period 1685-1986

It is evident that the individuals of 62.5 em grow about 40 cm after one year with an average
monthly growth rate of 3.3 cm. After one more year the same individuals increase in size about
32.7 cm with an average monthly growth of 2.7 em. Besides the growth rate in summet is higher than

that in other months.
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3.9 Recruitment f

The size at first capture by longline in the Gulf of Tarantc is between 3% and 65 em. These
young specimens, born from the end of June to the end c¢f July, begin their recruitmenr during
September and October, so that at time of capture they are two or three months old. The reasons for
such a precoeious reeruitmenr are mainly due to:

{(a} accidental capture coinciding with adult swordfish ecatech and above all with long linre fishing
of alhacore;

(b} specific fishing for sport;
(e} specific professional fishing, this latter in minor degree.

For the fisherman of Ports Cesareo recruitment of voung fish is due exelusively to facter
(2) while factors (b) and (e) concern the ports of the Ionian coast of Calabria.

The phenomenon Interests all of the Gulf of Taranto and 1t is quite widely spread (De Macrio
et al., 1983, 1984, 1986) even if it does not lend itself to assessment given the difficulty in
collecting data. It is, in faer, illegal fishing, inasmuch as Italian law fixes minimum size of
capture at TL not inferior to 140 cm {including sword). Howver, we have calculated that along the
Ionian coast of Calabria about 650 000 small swordfish were captured in 1984, of which abour 2/3
were to be attributed to sport fishery. 1In the same year 3 309 fish were captured agcidenzally by
the Porto Cesareo vessels during albacore longline fisherv.

3.10 Sex-Ratio

During the two year pericd 1985-86 the gorads cof 233 specimens were examined. Tt was cobserved
that females outnumbered males. The sex-ratio, as males/females was found to he B.7C in 1985 and
0.47 in 1985.

Taking intvo acecont the size, it is noted that the propertion of famales to males was roughly
equal over the size range 60-135 cm (51.4-48.5%) but above this range the proportion of females
becomes higher (16.7%-83.3%) (Figure 10). The gonad examination also indiecated rhat males bagin to
reach sexuzl maturity at the end of their first year. The smaller swordfish with mature tosces was
90 ¢m long. No mature female under two vears old was found.
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Figure 10 Size frequency discributions of male and female swordfish caught A
the vessels of Porto Cesareo in 1985
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4. CONCLUSIONS

Although nine years of observation have given a considerable guantity of information it must be
remembered that P.C. is only one of the ports in the Mediterranean and therefore cannot be
considered representative enough to be able to reach general conclusion, on the basis of collected
data, on a species which, for itrs bioclegy, is subject to frequent and vast migration. Perhaps this
will be possible when the other investigation we are carrying out at the moment in the rest of the
Ionian Sea and in the Aegean will allow us to collect a vaster quantity of data. It seems necessary
to examine some considerations furcher.

The quantities of total catch are in proportion to the fishing effort which varies according to
marine conditions. In fact, the vessels are relatively small {I2 to 14 m long) and therefore their
activity is considerably limited by bad weather conditions.

Capture per unit effort osecillarions shown over the years may, very probably, be parcly
actributed to differing conditions in temperature and in the density of the waters in the various
years which may have affected the presence and the permanence of spawning swordfish in the area and
parcly to the lesser or greater survival of juveniles. The catch of the latter in the following
year contributed on one hand to raise the values of cpue in number but on the other hand to diminish
the values of cpue in biomass and so cause sudden drops in average weights.

From an examination of the size frequency distribution it can be deduced that in 1984
production and survival rate of juveniles were high and this increased the stock on which fishing
effort was carried cut in 1985 and 1986. In fact the main bulk of the catch in these years was made
up of fish, one or two years old.

A study of the catches in the fishing port of Croton, in the Gulf of Taranto and in Creta in
the Aegean gave the same resuits so It can be concluded 'that the 1984 phenomenon concerned vast
areas of the Mediterranean.

Growth rate in the first twe vears of life is wvery rapid. At the end of the first year we
found a FL of 97.5 cm and at the end of the second, a FL of 122.5 cm.

Our resuits agree perfectly with those of Berkeley and Houde (1983} who calculated the age of
swordfish in the straits of Florida using the spines of the anal pin.

The size at first capture is between 535 and 65 c¢m when the age of the fish is about two or
three monchs.

Recruitment begins in September and continues throughout October and November. The capture of
voung fish is abundant particularly when longlines are used with small hooks (Longline for albacore
fishing) and this fact is beginning to worry professional fishermen who are urging for measures to
be raken. The problem concerns vast areas of the Mediterranean and would require solutions, the
results of the elaboration of a common strategy agreed on by the different countries interasted in
the exploitation of this resource.

The datermination of the gex carried out with gonad examinations both in 1985 and 1986 revealed
a higher number of females.

In a sample of 233 specimens the proportion between males and females was almost equal up to a
fL size of 135 cm while, over that size, females predominated.

The gonad examination also enabled us to establish that males reach sexual maturity at the end
of their first year. Instead, no females in their first or second years have been observed to have

macure gonads. .
5. SUMMARY

The results of investigations carried out from 1978 to 1986 on the swordfish longline fishery
in the Gulf of Taranto by the fishing fleet of the pilot port of Porro Cesareo, situared on the
Ionian coast of the Salento, are reported.

For the nine years studied, the yearly variations of the fishing effort and the cpue both in
biomass and in number of specimens are reported. A constant tendency te average weight decrease in
the specimens caught is reported from [980.

The size distribution and weight/length relationship were also studied in the last two years
{1985-86) on representative samples of the catch (462 in 1985 and 317 in 1986). It is noted that
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the main bulk of the catch comes from specimens aged up to two years and that age at recruitmen
colncides with the second-third month of 14fa. A rough estimation of the size at first capture i
between 55-65 cm,

A growrh pattern of swordfish ig given, according to the Petersen method, from =k
interpretarion of the frequency of the sizes. Swordfish 97.5 em long is considered one year ol
while 122.5 cm two years old. Specimens hetween 62 cm and 132 cm grow about 36 cm/year.

The gonad examination of 233 specimens indicated that males mature at a smaller size rhar
females. Males begin to reach sexual maturity at the end of the first year at a length of arounc

30 cm.

Lastly, the sex ratioc was computed. It is found thae females outnumber males with 58.9% in
1985 and 67.9% in 1986. The proportion of females to males was roughly equal over the size range

60~135 cm.
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