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Summary

Age, growth and mortality were analysed for the common two-
banded seabream, Diplodus vulgaris, collected in the eastern
Adriatic (Croatian coast) from commercial fishery catches by
‘tramata’ fishing (2005-2006) to obtain growth estimation. The
oldest female was estimated to be age 11, the oldest male age
10 years. The von Bertalanffy growth parameters estimated by
reading scales were: L.. = 48.60 cm (SE = 1.101), K = 0.112
(SE = 0.005) and 7y = —2.366 (SE = 0.060) for all specimens;
L. = 5196 cm (SE = 2.153), K = 0.095 (SE = 0.007) and
to = —2.837 (SE = 0.120) for females and L.. = 56.25 cm
(SE = 2.662), K = 0.084 (SE = 0.067) and ¢, = —2.920
(SE = 0.117) for males. The overall sex ratio was 1.22 : 1 in
favour of males. Total mortality, corresponding to the slope of
the descending limb of the catch curve, was Z = 0.81 per year
for females and Z = 0.85 per year for males. Exploitation
ratios were £ = (.68 for females and £ = 0.73 for males.

Introduction

The common two-banded sea bream, Diplodus vulgaris
Geoffr., is a demersal species distributed throughout the
Mediterranean and along the eastern Atlantic coast from
France to Senegal, including the Madeira, the Azores and the
Canaries Archipelago (Bauchot and Hureau, 1986). It can be
found close to rocky and sand bottoms to a maximum depth of
160 m. It is common in the eastern Adriatic and is one of a
highly valuable commercial species in Croatia (Jardas, 1996).
In this region, sparids are subject to high commercial exploi-
tation and constitute the main target family of small-scale
fisheries (Jardas, 1996). According to some historical data,
total landings of common two-banded sea bream in Croatia
were around 15 tonnes per year (Grubisi¢, 1982).

The age, growth, mortality, sex ratio, spawning season,
feeding, size at maturity and fisheries aspects of common two-
banded sea bream have been studied thoroughly in various
areas of its distribution (Rosecchi, 1987; Gordoa and Moli,
1997; Erzini et al., 1998; Gongalves and Erzini, 2000; Gongal-
ves et al., 2003; Pajuelo and Lorenzo, 2003; Pajuelo et al.,
2006; Abecasis et al., 2008). However, published information
on its biology and ecology in the Adriatic Sea remain scarce.
Pallaoro et al. (1994) presented data on feeding habits of
juvenile stages of two-banded seabream in the eastern middle
Adriatic, while Dulc¢i¢ and Kraljevic (1996a) reported param-
eters of its length-weight relationship. Dulci¢ et al. (1997)
studied temporal fluctuations of abundance of common two-

banded seabream juveniles in the National Park Kornati
(eastern middle Adriatic). Studies on age, growth, mortality
and exploitation rates, which are crucial for stock assessment
of the common two-banded seabream, have not yet been
undertaken in the eastern Adriatic.

The present paper deals with the growth, age and mortality
of D. vulgaris to obtain growth estimation, which are impor-
tant input parameters to stock assessment techniques and will
provide an insight into the life history of this species.

Materials and methods

Specimens used in this study were obtained monthly from the
‘tramata’ fishing where D. vulgaris represents one of the target
species along with other high priced sparid species (see Cetini¢
et al., 2002). Sampling took place in the eastern middle
Adriatic, Croatian coast (Drvenik Island: 43°26'43” N —
16°08'45” E; Split: 43°30"34” N — 16°26’48” E; Hvar Island:
43°10'18” N — 16°42'26” E; Vis Island: 43°0229” N -
16°09°01” E) from May 2005 to June 2006, and a total of
3729 specimens of D. vulgaris was examined for this study.
Specimens were sampled from ‘ludar’, one of three kinds of
tramata fishing. Ropes (up to 4000 m) are used for enclosing a
large sea area (up to 4 km?, but because of coastal and bottom
configuration, mainly up to 1.5 km?), herding fish by vibra-
tions produced by the pulling of ropes, close to the coast; they
are then harvested by common gillnet, the stretched mesh size
of which must not be smaller than 56 mm. CPUE is around
288 individuals or 51.047 kg in one haul (average specimen:
180 g) (number representation 4.27%, weight representation
5.87%, immature specimens 31.93%) (Cetinic et al., 2002).
Age and growth were examined separately for males,
females, and sexes combined, including immature specimens
(for the total area). In all, 3729 fish were measured for total
length (TL) to the nearest millimeter and weighed to the nearest
gram. All specimens were sexed as male, female or immature
based on macroscopic observation of the gonads. Age was
determined by reading of the scale rings under a stereomicro-
scope at 100x magnification. Scales were removed (20-30 per
specimen) from the left side of the fish, just under the lateral line
and below the pectoral fin, and cleaned in 5% sodium peroxide.
Each scale was read three times by three different readers using
a compound microscope (magnification 1.6 X 11.2) with a
black background and under reflected light. Only coincident
readings of 93% individuals were accepted. The index of
average percent error (IAPE) (Beamish and Fournier, 1981) as
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well as the mean coefficient of variation (CV) (Chang, 1982)
were calculated to estimate the relative precision between
readings. Low values of the indices indicated a good precision
of age estimation. Ages were assigned based on techniques and
validation proposed by Abecasis et al. (2008). The counts were
converted into ages assuming 1 January as the designated day
of birth (Williams and Bedford, 1974).

Length-weight relationship was calculated by applying the
exponential regression W = aL”, where W is the fish weight
(g) and L the total length (TL) (cm). Growth type (isometric
and allometric) was determined by the Student’s r-test
(P < 0.05).

For estimation of growth, the mean lengths of individuals
assigned to each age group were used to fit the von Bertalanfty
growth model applying the FISAT program package (Gayanilo
et al., 1994).

Estimates of instantaneous total mortality (Z) were obtained
using the linearized length-converted catch curve (Pauly,
1984). Natural mortality (M) was estimated using the general
regression equation of Pauly (1980) with an annual mean water
temperature value of 15.6°C. The instantaneous rate of fishing
mortality (F) was estimated from the difference between Z and
M. The exploitation rate (E) was determined according to
Gulland (1971): E = F/Z.

Results

The common two-banded seabream specimens caught in the
middle Adriatic (Croatian coast) ranged from 10.6 to 37.5 cm
TL (mean 20.7 & 4.23) and from 19.0 to 797.0 g (mean
152.0 = 104.64). Females ranged from 14.5 to 37.5 cm (mean
21.8 + 3.93) and from 43 to 797 g (mean 173.6 + 107.49);
males from 14.5to 36.2 cm (mean 21.4 + 3.88) and from 46 to
760 g (mean 163 £+ 102.67). The gonads were macroscopically
examined mainly during the maturity and spawning season.
The mean size at first sexual maturity was 19.1 cm TL for
females and 18.5 cm TL for males. All specimens sampled were
fully mature above 22.0 cm TL (Fig. 1).

The length-weight relationship was calculated to include
both sexes, W = 0.0122 TL**% and separately for females
W = 0.0126 TL*** and for males W = 0.0126 TL*%. The
slope b was not significantly different from 3.0 (z-test,
P > 0.05) (in all cases), indicating isometric growth.

Results on age determination by reading the scale rings are
given in Table 1; 93% of the scales were readable (1620 males;
1333 females) for the study of age and growth. The index of
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Fig. 1. Sexual maturity ogive for Diplodus vulgaris as a function of size
(eastern middle Adriatic, 2005-2006)

Table 1
Mean total length (TL) for male, female and immature Diplodus
vulgaris at different ages

Males Females Immature

Age TL(cm) £SD N TL (cm) £SD N TL (cm) £SD N
1 16.22 0.740 180 15.98 0.895 146 14.73 1.563 345
2 18.49 0.898 481 19.05 0.845 363 17.77 0.732 170
3 21.94 1.261 595 21.95 1.329 481

4 25.04 0.940 186 24.99 1.082 186

5 27.24 1.013 100 27.45 0.972 80

6 29.40 1.084 22 29.57 0.826 27

7 31.05 1.005 42 31.20 1.095 39

8 33.92 0.535 10 33.50 0.790 6

9 34.57 0.503 3 34.63 0.231 3

10 36.2 - 1 354 - 1

11 37.5 - 1

Total 620 1333 515

SD, standard deviation; N, number of specimens.

average percent error (IAPE) of ring counts for each reader did
not differ greatly, and was slightly lower for the first author
(2.13) than for the second (2.41) and third (2.83). The precision
of the age estimates (CV) was 1.2. In general, scales were easy
to read, with clearly identifiable increments, although the
phenomenon of stacking of growth zone towards the scale
edge, especially in fish older than 8 years, was evident. Scales
showed clearly the ring pattern common to teleost fishes. The
opaque zone was created during the summer months and was
well presented on the scale margin during autumn.

The common two-banded seabream is a relatively long-lived
species in the Adriatic Sea; the oldest female was estimated to
be 11 years of age and the oldest male 10 years of age. Three-
year-old individuals ranging in lengths from 18.9 to 25.6 cm
TL (36.4%) dominated the sample. We estimated the von
Bertalanfty growth parameters for the combined sample:
L.. = 48.60 cm (SE = 1.101), K = 0.112 (SE = 0.005) and
fo = —2.366 (SE = 0.060) (R*> = 0.953). The non-linear least
squares estimated parameters are given in Table 2. The
calculated asymptotic length values agree well with the
maximum observed length. The Von Bertalanffy Growth
Function (VBGF) curve fitted the data reasonably well,
considering that individual observations of length-at-age were
used instead of the mean length-at-age. According to the
obtained von Bertalanffy growth equation, D. vulgaris growth
is intensive during first 4 years of its life with the growth rate
slowing down considerably after the fish reaches 5 years of age.

The overall sex ratio was 1.22 : 1 in favour of males. A chi-
square test revealed a non-significant departure from 1 : 1 sex
ratio (P < 0.05).

Total mortality, corresponding to the slope of the descend-
ing limb of the length converted catch curve (Fig. 2), was
Z = 0.81 per year for females and Z = 0.85 per year for
males. Values of natural mortality were M = 0.26 per year for
females and M = 0.23 per year for males. Calculation of
fishing mortality gave F = 0.55 for females and F = 0.62 for
males. With the values of M and F known, the exploitation
ratios were then computed as E = 0.68 for females and
E = 0.73 for males.

Discussion

Scales of the common two-banded seabream showed a regular
growth pattern with clearly identifiable growth increments,
which is in agreement with findings of Abecasis et al. (2008),
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Table 2

Growth parameters of Diplodus vulgaris, Adriatic Sea, estimated by non-linear regression from scale readings of all data, mature fish combined,

males and females. All lengths cm TL + SE.

Parameters All data Mature fish combined Females Males

L.. (cm) 48.60 + 1.101 54.06 + 1.695 51.96 + 2.153 56.25 + 2.662

K (per year) 0.112 £+ 0.005 0.089 + 0.005 0.095 + 0.007 0.084 + 0.067

to (year) -2.366 + 0.060 -2.875 + 0.084 ~2.837 £ 0.120 22920 + 0.117
8- o Not included regions, but could also be a consequence of different method-
71 . ° « Included ologies used for fish ageing. In our case, the von Bertalanffy
61 growth model explained more than 95% of the growth pattern
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Fig. 2. Length-converted catch curve,
Adriatic

Diplodus vulgaris, eastern

who noted that both otoliths and scales of D. vulgaris proved
to be easy to read with a high success rate in reading and
interpretation of scales, indicating that this structure could be
consistent enough for age determination. Although Abecasis
et al. (2008) concluded that otoliths are more appropriate for
age interpretation of common two-banded seabream, the
fishermen did not allow us to collect them because of the high
market value of this species. However, scales proved to be
useful as an alternative non-destructive technique for ageing
purposes.

The common two-banded seabream is a relatively long-lived
species in the Adriatic Sea. The oldest specimen in this study
was 11 years whereas Gongalves et al. (2003) and Abecasis
et al. (2008) reported oldest specimens of up to 14 years from
the south and south-west coast of Portugal (Table 3). These
values are the maximum observed age for D. vulgaris. Addi-
tionally, Man-Wai (1985) obtained a maximum age of 8 years
by scale readings and 14 years by LFA analysis for individuals
from the Gulf of Lyon. The von Bertalanffy growth param-
eters estimated by these investigators are given in Table 3. It is
clear from Table 3 that these parameters vary significantly due
to environmental and ecological factors present in different

observed in the common two-banded seabream. These results
are in agreement with those of Gordoa and Moli (1997) for
D. vulgaris off the Catalan coast and Pajuelo and Lorenzo
(2003) for Canarian waters. However, in all published works
on this species in which the von Bertalanffy growth model was
applied, the estimations of 7, tended to be negative and
different from zero. These estimations suggest that the von
Bertalanfty growth model does not accurately describe growth
in the early stages (Gordoa and Moli, 1997). Several other
authors report that early growth of Sparidac may not be
adequately represented by the von Beratalanffy growth model,
reporting that the first part of the curve corresponding to
juveniles is rather linear (Monteiro, 1989; Macpherson, 1998;
Vigliola et al., 1998) or could be described by the Gompertz
equation (Matic-Skoko et al., 2004, 2007a). Comparing
growth parameters obtained in this study with those presented
by other authors, it is clear that the eastern Adriatic popula-
tions of this species approach the theoretical asymptotic length
at the slowest rate (K value is the lowest among all calculated
for this species). Such trade-offs between growth rate and
asymptotic length are often found; these are influenced by
several factors such as temperature, mortality and food
availability. Although our growth coefficient value indicated
relatively low rate of attainment of maximal size, it is worth
mentioning that similar rates were found for other sparids in
the eastern Adriatic. There is an obvious similarity in growth
characteristics ~ with  Diplodus  annularis (K = 0.126)
(Mati¢-Skoko et al., 2007b), Diplodus puntazzo (K = 0.191)
(Kraljevic etal.,, 2007) and Spondyliosoma cantharus
(K = 0.178) (Dul¢ic and Kraljevie, 1996b) in the eastern
Adriatic. The observed maximum length TL = 37.5 c¢cm in this
study is lower than the maximum observed values in the
Adriatic; the previous values were TL = 45.4 (CetiniC et al.,
2002) and TL = 50.0 cm (approx. W = 2500 g) (I. Jardas,

Table 3
Parameters of Diplodus vulgaris growth (Age, L.., K, 1) from different study areas
Author Location Method Age (year) L.. (cm) K to
Girardin (1978) Gulf of Lion Scales 1-3 26.8 FL 0.26 —-0.607
Man-Wai (1985) Gulf of Lion Scales 1-8 37.8 TL 0.18 —-0.830
Mennes (1985) Eastern Atlantic LFA? - 39.0 FL 0.40 -
Gordoa and Moli (1997) NW Mediterranean Otoliths 1-6 28.8 TL 0.39 —-0.657
Gongalves (2000) SE Portugal Otoliths 0-10 28.5 TL 0.30 -1.618
Pajuelo and Lorenzo (2003) Canary Islands Otoliths 1-9 39.7 TL 0.23 —-0.908
Gongalves et al. (2003) SW Portugal Otoliths 0-14 27.7TL 0.40 -0.34
Abecasis et al. (2008) South Portugal Otoliths 0-14 274 TL 0.40 -0.77
Scales 0-14 345 TL 0.18 -1.27
This study Eastern Adriatic Scales 1-11 48.6 TL 0.11 -2.366

“LFA, length frequency analysis; FL, fork length; TL, total length.
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pers. comm.), probably representing the highest observed
values for the entire area of distribution for which Bauchot
(1987) reported maximal TL = 45.0 cm. In light of these
findings, asymptotic lengths calculated in this study
(L.. = 48.60 for all specimens, L., = 56.25 cm for males,
L. = 5196 cm for females) could not be considered as
unrealistic. Although our estimated L.. values were higher
than our largest observed fish, many authors found the
opposite situation (Monteiro, 1989; Gordoa and Moli, 1997;
Gongalves et al., 2003; Pajuelo and Lorenzo, 2003) and
concluded that this was due to deficiency of the von
Bertalanffy model for describing growth of species from the
family Sparidae, mainly due to their rapid growth in the first
year of life and subsequent slowing of growth rate. In our
study, when excluding immature specimens from the analysis
the value of L., is overestimated, while the value of K
underestimated. In more general terms, it would be of great
interest to determine to what extent the habitat conditions and
modifies the growth pattern of the species in their different
stages of development. It is clearly important to examine the
growth of the juvenile stages of the species and incorporate this
into studies of the adult population growth, since this could
show in a very simple manner the inconsistency of an
estimated growth pattern.

The mean size at first maturity of the common two-banded
seabream in the study area (males 18.5 cm, females 19.1 cm)
differs slightly from those reported in other areas of its
distribution: Canary Islands — 19.7 cm (Lozano et al., 1990);
Portuguese waters — males 17.27 cm, females 17.65 cm
(Gongalves et al., 2003), but is in agreement with those
reported for the entire eastern Adriatic area: males 18.7 cm,
females 19.5 (Cetini¢ et al., 2002). As reported by other
authors (Man-Wai, 1985; Gordoa and Moli, 1997) there was a
slight increase in the proportion of males with size, which
could be related to the protandrous hermaphroditism associ-
ated with D. vulgaris (Gongalves and Erzini, 2000) in those
areas. However, hermaphroditism was not detected in the
eastern Adriatic populations. The overall male : female ratio
did not differ significantly from the theoretical 1 : 1, although
it differed with season and length class. In general, differences
in sex ratio in relation to length correspond with differences in
growth and mortality rates, which have also been proposed for
other fish species (e.g. Turner et al., 1983).

Pauly (1980) reviewed the natural mortality rates of 174 fish
stocks, and modal mortality was between 0.2 and 0.3 (Vetter,
1988). The natural mortality of D. vulgaris in the area of study
is 0.26 for females and 0.23 for males, indicating that values
for the common two-banded seabream are within the reported
range characterizing low natural mortality. Values of natural
mortality (M = 0.753) obtained by Gongalves et al. (2003)
and (M = 0.66, for the NW African coast) Mennes (1985)
were greater than obtained in this study, but one estimate
(M = 0.21) by Man-Wai (1985) was similar to ours. A review
based on ten species of Sparidae from the Mediterranean and
NW Atlantic showed that estimated natural mortality rates
ranged from 0.19 to 0.66, with a mean of 0.36 (Erzini et al.,
2001). It is obvious that M estimated in this study is well
within the range of values for similar sized seabreams. The
estimated fishing mortality rates and exploitation rates
obtained in this study were in all cases fairly high, indicating
a high fishing pressure on the stock. However, the exploitation
rate estimate should be considered with caution, since
estimated total mortality was based on a relatively short
sampling period (1 year) and may be biased due to annual

differences in year-class strength. We must also take into
account that obtained results are within the domain of first
estimate. In future, appropriate investigations and longer-term
sampling should be required to verify this initial guessing. As
catches from commercial ‘tramata’ fishing do not include a
significant part of the undersized D. vulgaris, analysis of size
selectivity and mortality rates should be taken with caution,
because results may be biased without considering catches of
this species for all types of gear in present use. Particularly the
low values of fishing mortality may give an incorrect inter-
pretation of ‘healthy stock’. It is more realistic that due its
relatively high commercial value, D. vulgaris appears to be
under some fishing pressure, which is not yet sufficiently
quantified.
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