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Abstract: The total length of examined samples of striped sea bream in ‹skenderun Bay ranged from 9.1 to 27.7 cm. The lengthweight relationship constants for males (a = 0.0112, b = 3.042) and females (a = 0.0105, b = 3.069), showed no significant
difference from isometric growth (P < 0.05). Von Bertalanffy growth parameters in length were L∞ = 26.55 cm, K = 0.203 y-1
and to = -1.81 y for males and L∞ = 32.64 cm, K = 0.136 y-1 and to = –2.12 y for females. Sex inversion occurred at lengths
between 11.2 and 22.9 cm in age groups I-VI. Males were observed up to a length of 22.8 cm. Total, natural and fishing mortality
rates were Z = 1.15 y-1, M = 0.48 y-1 and F = 0.67 y-1 respectively. The exploitation rate of E = 0.60 indicates that the population
is being heavily exploited. Reproductive activity of striped sea bream in ‹skenderun Bay took place between the second half of April
and early August, with the greatest intensity in May. Lengths at first maturity were 13.4 cm for males and 13.9 cm for females.
Key Words: Striped sea bream, ‹skenderun Bay, Growth and reproductive characteristics, Mortality, Exploitation rates, Sex
inversion (hermaphroditism)

‹skenderun Körfezi’ndeki Çizgili Mercan Bal›¤›n›n›n, Lithognathus mormyrus L.,
Büyüme Özellikleri, Cinsiyet Dönüflümü ve Ölüm Oranlar›
Özet: ‹skenderun Körfezi’ndeki çizgili mercan bal›¤›n›n incelenen örneklerinde toplam boy 9,1-27,7 cm aras›nda de¤iflmifltir. Boya¤›rl›k iliflkileri erkek (a = 0,0112, b = 3,042) ve diflilerde (a = 0,0105, b = 3,069) izometrik büyümeden önemli bir farkl›l›k
göstermemifltir (P > 0,05). Boyca von Bertalanffy büyüme parametreleri erkekler ve difliler için s›ras›yla, L∞ = 26,55 cm, K = 0,203
y›l-1, to = -1,81 y›l ve L∞ = 32,64 cm, K = 0,136 y›l-1, to = –2,12 y›l olarak hesaplanm›flt›r. Efley oran›n›n (E:D) 1,09/1,00 olarak
saptand›¤› bu çal›flmada, efley dönüflümünün I ve VI. yafllar aras›nda (11,2-22,9 cm boy aral›¤›nda) gerçekleflti¤i ve maksimum 22.8
cm’e kadar erkek bireylerin oldu¤u tespit edilmifltir. Toplam (Z), do¤al (M) ve bal›kç›l›k nedeniyle olan (F) ölümlerin s›ras›yla, Z =
1,15 y›l-1, M = 0,48 y›l-1 ve F = 0,67 y›l-1 olarak hesapland›¤›; ve E = 0,60 olarak bulunan sömürülme oran› ile populasyonun yo¤un
bir flekilde avc›l›k bask›s› alt›nda oldu¤u belirlenmifltir. Nisan›n ikinci yar›s›ndan A¤ustos bafl›na kadar uzun bir süreyi kapsayan üreme
faaliyeti, yo¤un olarak May›s ay›nda gerçekleflmifltir. ‹lk efleysel olgunluk boylar› erkekler ve difliler için s›ras›yla 13,4 ve 13,9 cm
olarak hesaplanm›flt›r.
Anahtar Sözcükler: Çizgili Mercan, ‹skenderun Körfezi, Büyüme ve Üreme Özellikleri, Ölüm, Sömürülme Oranlar›, Efley Dönüflümü
(Hermafroditlik).

Introduction
The striped sea bream, Lithognathus mormyrus L., is
widely distributed in the Mediterranean and Red seas
(though not the Black Sea), and the Atlantic and West
Indian oceans, inhabiting littoral waters on sandy or
sandy-muddy bottoms down to a maximum depth of 50
m, but predominantly between 10 and 30 m (Bauchot et
al., 1986).
Adequate data on the age, growth, mortality and
reproduction properties of this species from ‹skenderun

Bay have not been published. Suau (1970) studied the
biology and life history of striped sea bream from the
Spanish Mediterranean. Kraljevic et al. (1995, 1996)
studied the age, growth, mortality and sexual maturity of
this species from the eastern coast of the Adriatic Sea and
the Northern Adriatic. Erzini et al. (1995) studied its
growth and reproduction from the south coast of
Portugal.
This paper deals with some aspects of the age,
growth, mortality, spawning and sex inversion of striped
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sea bream collected from ‹skenderun Bay (Northeastern
Mediterranean).
Materials and Methods
The study was performed in ‹skenderun Bay,
Northeastern Mediterranean (Figure 1). A total of 3336
specimens of striped sea bream were collected by
experimental trawl nets at depths of 0-30 m from
October 1998 to September 1999. For each fish, total
length (L) was measured to the nearest centimeter and
total weight (W) to the nearest 0.01 g. Sex and maturity
were determined macroscopically. The weight of the
gonads (Wg) was recorded to the nearest 0.01 g. The
sagittal otoliths were chosen for age reading and
interpretation since they are the largest and most
commonly used in these types of studies (Secor et al.,
1991). Otoliths removed from 3336 individuals were
cleaned, dipped in hydrochloric acid and sodium
hydroxide solution, and then ethyl alcohol (Chugunova,
1963; Chilton and Beamish, 1982). In order to enhance
the contrast and thus facilitate the reading and
interpretation of growth marks the otoliths were dipped

in glycerol and observed under a binocular dissecting
microscope with reflected light at a magnification of x16.
All otolith readings and interpretations were performed
independently by three researchers (Erzini et al., 1995).
Designation of age was done according to Chugunova
(1963), Williams and Bedford (1973) and Livadas
(1988).
Relationship between weight and length was
calculated applying the exponential regression equation,
W = aLb (Ricker, 1975). Confidence intervals (CI) were
calculated for the slopes (b) to see if these were
statistically different from 3 (α = 0.05). In addition, the
differences between the slopes (b) of males and females
were tested with the t-test as given by Düzgünefl et al.
(1983).
Von Bertalanffy growth curves were fitted to the
observed length at age data of the resulting age-length
key by means of a Marquard’s algorithm for non-linear
least squares parameter estimation (Saila et al., 1988).
The form of the growth curve is Lt = L∞ [1-e–K (t-t0)]
(Beverton and Holt, 1957). Statgraphics version 3.0 was
used to estimate the growth and the length-weight
parameters.
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Figure 1. Sampling stations in ‹skenderun Bay, Northeastern Mediterranean.
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Instantaneous total mortality rate (Z) was calculated
from the length-converted catch curve (Pauly and Munro,
1984), using the program Fisat (Gayanilo et al., 1994).
The natural mortality rate (M) was estimated by using the
calculated (L∞), (K) and the annual mean water
temperature (23.1 °C) based on the empirical equation of
Pauly (1983). Fishing mortality rate (F) was estimated
from F = Z - M, and the exploitation rate (E) from E = F
/ Z.
The spawning season was identified by using the
monthly changes of the gonadosomatic index (GSI),
calculated as follows: GSI = 100 Wg / Wt (Anderson and
Gutreuter, 1983). For the estimation of mean length at
50% maturity (length at first maturity), a logistic
function was fitted to the proportion of the mature
individuals by size class using non-linear regression. The
function used for calculating length at first maturity was
P = 1/{1+exp[-r(L-Lm)]}, where (P) is the proportion
mature in each size class, (r) (-b slope) is a parameter
controlling the slope of the curve and (Lm) is the size at
50% maturity. Lm = a/r, where a is intercept (Saila et al.,
1988). Differences between the length at first maturity
of males and females were tested with a regression
approach by comparing the slopes and intercepts of 2
equations belonging to both sexes. Gonads were
removed, weighed to an accuracy of ±0.001 g, and
identified as ovaries or testes from examinations of the
gonadal tissue by neck eye for bigger fish and with a
dissecting microscope for smaller fish (King, 1996). The
age group VII was ignored in the statistical calculations
since the number of samples was insufficient statistically.

Results
Age and growth
The ages of the fish ranged from I to VII years. Fish
ranged in size from 9.1 to 27.7 cm, and in weight from
8.9 to 303.2 g. Males ranged from 9.1 to 22.8 cm in
length and from 8.9 to 158.17 g in weight. The length
of females ranged from 10.4 to 27.7 cm and weight
from 12.31 to 303.2 g. Sex reversal started between
11.2 cm and 22.8 cm. Von Bertalanffy growth
parameters for males, females and their totals are given
in Table 1.
Length-weight relationship
The slopes of the length-weight regressions did not
differ significantly between the sexes (t-test; P < 0.05).
Isometric growth was observed for striped sea bream,
and the values of (b) for males, females and their totals
were not significantly different from 3 (Table 2).
Sex inversion
Among the examined specimens; 1626 individuals
were males, 1612 were females and 98 were
hermaphrodites. The overall male to female ratio of
1:0.99 in favor of males, was not significantly different
from 1:1. The striped sea bream is a hermaphrodite, and
so males predominated in smaller size intervals. Sex
inversion took place between 11.2 and 22.8 cm in age
groups I-VI. Males were observed up to a length of 22.8
cm. Individuals greater than 22.8 cm long were all
females (Figure 2).

Table 1. Von Bertalanffy growth parameters in length for males, females and their totals.
Sex

L∞ (cm)

K (y-1)

to (y)

r2 (Determination coefficient)

Males
Females
Total

26.55
32.64
30.22

0.203
0.136
0.157

-1.81
-2.34
-2.12

0.996
0.989
0.995

Table 2. Length-weight relationship parameters for each sex and their totals (SE: Standard error, r2: Determination
coefficient, CI: confidence interval, n: Sample size).
Sex

a

b

SE (b)

n

r2

CI

Males

0.0112

3.042

0.0316

1626

0.982

2.956-3.063

Females

0.0105

3.069

0.0327

1611

0.980

2.964-3.086

Total

0.0113

3.046

0.0198

3335

0.982

2.979-3.068

325

Growth Characteristics, Sex Inversion and Mortality Rates of Striped Sea Bream, Lithognathus mormyrus L., in ‹skenderun Bay

6

100

Male
Female

5

60

3
2

40

1
0

20
0

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Months (1998-1999)
10 12 14 16 18 20 22 24 26 28
Total length (cm)

Figure 4. Monthly change in the GSI of L. mormyrus.

Figure 2. Percentage sex inversion of L. mormyrus in each length
group (Length groups: 10: 9-11, 12: 11-13, 14: 1315,............................. 22: 21-23, 24: 23-25 cm).

Length at first maturity
Differences between the lengths at first maturity for
males and females were not statistically significant (P >
0.05). The maturity ogives for the striped sea bream
show that 50% of males and females are sexually mature
at total lengths of 13.4 and 13.9 cm respectively (Figure
3).
(Males)

Mortality
Total mortality, corresponding to the slope of the
descending limb of the catch curve, was 1.15 y-1 (Figure
5). Inserting in the equation, the growth parameters (K,
L∞) and the mean annual sea surface temperature at the
study area (T = 23.1 °C), M was 0.48 y-1, with fishing
mortality F = 0.67 y-1. With the values of M and F
available, the exploitation ratio was computed as E =
0.60.

Pmale = 1/{1+exp[-1.047(L-13.4)]}
r = 0.995
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Figure 3. Ogive of 1st maturity for the L. mormyrus in ‹skenderun Bay.

Spawning season
The GSI values of females were usually higher than
those of males, and both indices followed the same
pattern (Figure 4). Spawning continued from the second
half of April to early August, with the greatest intensity
occurring in May.
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Figure 5. Length-converted catch curve of L. mormyrus. (Arrows
indicate points used for the regression for the natural
logarithm of (N) on age, (n) is number of fish per length class
L1-L2 corresponding to age class t1-t2, dt = t2-t1 and t =
(t1+t2)/2).

Discussion
The striped seabream from ‹skenderun Bay is a
protandrous hermaphrodite, as has been reported by
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many researchers (Suau, 1970; Arias, 1980; Besseau,
1990; Besseau et al., 1991; Besseau and Bruslé-Sicard,
1995; Kraljević et al., 1995, 1996). Correspondingly,
males were dominant in the lower length classes of 9-17
cm. Sex inversion was indicated mainly at lengths
between 11.2 and 22.8 cm, in age groups I to VI. The
maximum length observed for males in this study was
22.8 cm. Suau (1970) established the presence of males
and females in almost all length groups (10-24 cm).
Kraljević et al. (1995) presented individual age
categories of striped sea bream from Mirma Bay in the
northern Adriatic as follows: age 2.5: 19.4 cm; age 3.5:
24.1 cm; age 4.5: 26.5 cm; age 5.5: 29.4 cm; age 6.5:
31.1 cm; and age 7.5: 32.8 cm (5 months after midspawning time), and from Kas̆tela Bay in the middle
Adriatic the results were age III: 21.7 cm; age IV: 26.8
cm; age V: 28.4 cm; age VI: 30.3 cm; and age VII: 31.6
cm. Kraljević et al. (1996) also presented individual age
categories of striped sea bream from the northern
Adriatic as follows: age III: 20.8 cm; age IV: 25.7 cm; age
V: 28.1 cm; age VI: 30 cm; and age VII: 31.3 cm. These
values differ considerably from the present results (age I:
11.80; age II: 14.54 cm; age III: 16.71 cm; age IV: 18.55
cm; age V: 20.57 cm; age VI: 21.86 cm; and age VII:
27.7 cm). However, the results obtained in our study are
similar to those reported by Suau (1970) for the eastern
coast of Spain (age II+: 14.5 cm; age III+: 17.8 cm: age
VI+: 20.9 cm).
Asymptotic length of L∞ = 30.22 cm in ‹skenderun
Bay is smaller than that reported by Suau (1970), L∞ =
33.3 cm; Kraljević et al. (1995), L∞ = 37.3 cm for Mirna
Bay in the northern Adriatic and L∞ = 36.2 cm for Kas̆tela
Bay; and Kraljević et al. (1996), 40.1 cm from the
northern Adriatic. The growth rate of this species in
‹skenderun Bay is slower than in other investigated
regions.
Differences in growth parameters between regions
can be attributed to the difference in the size of the
largest individual sampled in each area. It is possible that
the variations in the population parameters of striped sea
bream represent epigenetic responses to the different
conditions, such as temperature and food, prevailing in
different regions. It has been observed that cool waters
produce larger, older and later maturing individuals of a
species than do warm waters (Ross, 1988). The mean
annual temperature in ‹skenderun Bay is 23.1 °C, while
in the northern Adriatic it is 14.5 °C and in the middle

Adriatic it is 16.3 °C (Zore-Armanda, 1991). Thus the
differences in growth parameters may be connected to
temperature, and growth in ‹skenderun Bay is slower
than in the other areas.
The relationship between length and weight for this
species shows that growth in weight is isometric (b =
3.046) with a 95% confidence interval of 2.979 ≤ CI ≤
3.068. Kraljević et al. (1995) reported isometric growth
(b = 3.05) for Mirna Bay in the northern Adriatic and in
Kas̆tela Bay in the middle Adriatic negative allometric
growth (b = 2.69). Kraljević et al. (1996) reported
isometric growth (male = 3.02, female = 3.06) in the
northern Adriatic. Suau (1970) reported positive
allometric growth (b = 3.43) in eastern Spain. This
variation in the constants could be attributed to different
slopes in ontogenetic development, as well as to
differences in age, maturity and sex. Geographic location
and associated environmental conditions, such as
seasonality, stomach fullness, disease and parasite loads,
can also affect the value of b (Le Cren, 1951; Bagenal and
Tesch, 1978).
The smallest mature male and female in the present
study were 11.1 and 11.4 cm long respectively. Lengths
at first maturity were 13.4 cm for males and 13.9 cm for
females. The difference between the lengths at first
maturity of males and females were not statistically
significant (P > 0.05). Sexual maturity for this species
was reported by Suau (1970) at a minimum length of
14.1 cm. It was also reported that this species was
mature at lengths of 14 cm (Quéro, 1984) and 13.3 cm
(FAO, 1982), which are not considerably different from
the results of this study.
The reproductive season extends from the second half
of April to early August, with a peak in spawning activity
occurring in May. Bauchot and Hureau (1986) reported
that this species spawned during spring and summer in
the Mediterranean and Atlantic. Suau (1970) observed
the same situation in eastern Spanish coastal waters.
Grubis̆ić (1982) noted that striped sea bream spawned in
summer in the eastern middle Adriatic. Bini (1968) and
Tortonese (1975) reported that this species spawned in
June and July on the western Adriatic coast. Erzini et al.
(1995) reported that striped sea bream spawned
between June and August in the south of Portugal.
Length-converted catch curves showed a typical form
and justified the estimation of a single value of (Z) for all
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fish (Pauly, 1983). The exploitation rate (E = 0.60) is
higher than 0.50. Gulland (1971) suggested that as a rule
of thumb a fish stock is optimally exploited at a level of
fishing mortality that generates E = 0.50, where Fopt =
M, but in the present study F>Fopt = M. More recently
Pauly (1987) proposed a lower optimum fishing
mortality, Fopt = 0.4 M (F>Fopt). Therefore, the stock of
the striped sea bream from ‹skenderun Bay is being
heavily exploited.
There is no information about length at first maturity,
fishing size and spawning season or the prohibited season
of this species in the fishing circular of the Republic of
Turkey Ministry of Agriculture and Rural Affairs (2000).
In the light of these results and evaluations, in ‹skenderun
Bay, a minimum size limit should be implemented for L.
mormyrus. The lengths of fish captured from the bay are
smaller than the length at first maturity calculated from

the data of the present study. In order to maintain the
population in equilibrium, it is of great importance to give
each fish the chance to reproduce at least once in its
lifetime. Therefore, in the case of the striped sea bream,
the minimum fishing size should be 17.0 cm in terms of
total length, because the male and female of the species
mature at 13.4 and 13.9 cm total lengths respectively
(Lm). In addition, fishing should be prohibited from April
to August (during the spawning season of this species).
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