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Background. The turbot, Scophthalmus maximus (Linnaeus, 1758), is of high economical value in Turkey and 
its biological characteristics have hitherto not been studied in the South-western Black Sea. The purpose of this 
study was to determine the age and growth, length–weight relation, condition factor, sex ratio, age and length at 
fi rst maturity, and reproduction period of the turbot in the south-western Black Sea coast of Turkey. 
Materials and methods. Turbots were collected monthly in the south-western Black Sea coast of Turkey using 
bottom trawl and turbot gillnets. The fi sh samples were obtained between October 2004 and September 2005. 
Results. A total of 264 turbots were sampled and the age groups ranged from I to X (no individuals found at age 
group IX). Total lengths were between 14.0 and 70.0 cm, while weights varied from 34 to 5550 g. The length–we-
ight relation for combined sexes was determined as W = 0.0085L3.1581. The von Bertalanffy growth equation para-
meters were: L = 73.55 cm, k = 0.17 year–1, t0 = –0.12 year. The observed sex ratio (female : male) was 1 : 0.35. 
The length at fi rst maturity (L50) of the species was 20.38 cm for females and 24.68 cm for males (both at two years 
old). Monthly gonadosomatic index (GSI) values suggest the spawning activity extends from 15 April to late June. 
Conclusion. The legal fi shing season of the turbot, imposed in 2012, begins on 15 June. We recommend that this 
date should be postponed to 30 of June due to turbot’s reproduction extending to late June.
Keywords: Turbot, age and growth, reproduction period, Black Sea

INTRODUCTION
The turbot, Scophthalmus maximus (Linnaeus, 1758), 

is a member of the family Scophthalmidae, a widely dis-
tributed family in the north-eastern Atlantic, including the 
Baltic Sea, Mediterranean Sea, and the Black Sea (Nelson 
2006). Turbots inhabit sandy and rocky bottoms down to 
70–80 m, feeding mainly on fi sh, crustaceans and bivalves 
(Mengi 1971, Nielsen 1986). The turbot is one of the most 
expensive commercially captured fi shes in Turkey. It oc-
curs in coastal waters in the Black Sea, and grows up to 
100 cm in total length, and 20 kg in body weight (Fischer 
et al. 1987). In the coastal waters of south-western Black 
Sea, it has been caught mainly by turbot gillnets at depths 
down to 50 m and otter trawls at depths greater than 50 m 
(Zengin and Düzgüneş 2003, Aydın and Şahin 2011).

Within 1964–1992, Turkey was the leading country in 
the Black Sea area in terms of turbot landings with a mean 
of 1991.1 t (71.26%) (Prodanov 1997). Total landings of 
turbot decreased dramatically in 2002 to a mean of 428.71 
t while it was 1983.3 t between 1996 and 2001 (Anony-
mous 2014). In total, 209.4 t of turbot were obtained in 

2013 from Turkish seas comprising the south-western 
Black Sea, south-eastern Black Sea, Sea of Marmara, and 
north Aegean Sea. These waters yielded 118.6, 75.0, 14.4, 
and 1.4 t, respectively (Anonymous 2014). 

Turbot, Scophthalmus maximus has been a target spe-
cies in marine aquaculture for several European countries 
due to its high economical value (Kohno et al. 2001). A 
number of researchers carried out studies on the age and 
growth relation of turbot (Szlakowski 1990, Robert and 
Vianet 1988, Arneri et al. 2001, Caputo et al. 2001, Suzuki 
et al. 2001, Zengin et al. 2006), while others studied the 
reproductive biology of the species (Arneri et al. 2001, 
Caputo et al. 2001, Stankus 2001, 2003, Aydın and Şahin 
2011). Studies on broodstock management were conduct-
ed by Hara et al. (2002) and Başaran and Samsun (2004), 
while the larval and juvenile developmental stages of the 
species were investigated by Moteki et al. (2001) and 
Türker et al. (2006). The effects of different stocking den-
sities on growth performance were evaluated by Aksungur 
et al. (2007). The one study on the turbot stock assessment 
was carried out by Avşar (1999). 
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The purpose of the presently reported study was to de-
termine the biological characteristics of a declining pop-
ulation turbot from the south-western Black Sea coasts of 
Turkey. This survey covered the age and growth, length–
weight relation, condition factor, sex ratio, fi rst maturity 
age and length, and reproduction period and it was the fi rst 
such investigation from this area. 

MATERIALS AND METHODS
Specimens of turbot, Scophthalmus maximus, were col-

lected monthly with bottom trawl and turbot gillnets (165 
mm mesh size; single-walled tangle nets) along the con-
tinental shelf area of the south-western Black Sea coast of 
Turkey between October 2004 and September 2005. Total 
length (TL) and body weight (W) were determined on fresh 
samples to the nearest 0.1 mm and 0.1 g, respectively.

The length–weight relation was calculated by the 
equation 

W = aLb

where W is the total body weight [g], L is the total length 
[cm], and a and b are coeffi cients (Le Cren 1951). Anal-
ysis of covariance was performed to test for differences 
in the length–weight relations between sexes (Zar 1999). 
Difference in mean length and weight between sexes was 
tested with t-test.

The Allometric Condition Factor (K) was calculated 
using the equation given by Lima-Junior et al. (2002), 
modifi ed from Fulton’s (1902) formula:

K = (W ·L–b) · 100
where W is the total weight, L is the total length, and b is 
the allometric regression coeffi cient.

Sex and maturation were determined fi rstly by visual 
gonad examination. Especially the sex of young individ-
uals was confi rmed by means of binocular microscope 
and the others by gross (macroscopic) examination. Sex 
ratio was compared through chi-squared analysis with 
an expected ratio of 1 : 1. The gonads were removed and 
weighed to the nearest 0.0001 g. The monthly gonadoso-
matic index (GSI) values of male and female individuals 
were calculated with the following formula from Wootton 
(1998):

GSI = 100WG · W–1

where WG is the gonad weight, and W is the total weight. 
The maturity stages of the gonads were determined 

following the seven-point scale for fl atfi shes proposed by 
Witthames (2003): 1 = juvenile, 2 = developing virgin/
resting spent, 3 = ripening 1, 4 = ripening 2, 5 = ripe, 6 = 
running, 7 = spent. To estimate lengths at 50% maturity 
(L50), a logistic function was fi tted to the proportion of the 
mature individuals by size class using a nonlinear regres-
sion from King (2007):

P = 1 · (1 + e [–r(TL – L50)] )–1

where P is the proportion mature in each size class, r is 
the slope of the curve, TL is the total length, and L50 is 

the mean of total length at sexual maturity of the sampled 
turbots. L50 = a · r–1, where a is an intercept. 

Sagittal otoliths were removed, cleaned, and stored dry 
in small polyethylene bags for age determination. Age was 
estimated by counting presumptive annual growth rings on 
otoliths. The otoliths were immersed fi rst in ethanol (70%) 
and then in glycerine and xylol solution about 5 min and 
examined with binocular microscope under refl ected light 
over a black background (Uysal 1992). Otoliths were read 
at least twice. After determination of ages, fi shes were cat-
egorized in age groups and classifi ed by their lengths with 
5-cm intervals.

Length at age was described by the von Bertalanffy 
growth model:

Lt = L∞ (1 – e–k(t – t0))
where Lt is the length at age t, L∞ is the predicted as-

ymptotic length, k is the growth coeffi cient, and t0 is the 
age at ‘zero’ length (von Bertalanffy 1938). The formula 
was estimated with the fi rst VIII age groups due to ex-
treme deviation observed on the length–age curve asso-
ciated with the lack of individuals in the IX and X year 
classes.

Growth performance index (φ′, phi-prime) was used 
for comparing fi sh growth in length (Pauly and Munro 
1984): 

φ′ = log10 k + 2 log10 L∞

All statistical analyses and graphics were prepared 
with the MS Excel.

RESULTS
Length-frequency distribution. A total of 264 turbot in-
dividuals were collected with a total length ranging from 
14.0 to 70.0 cm, and total body weight from 34 to 5550 g. 
The mean total length and weight of each presumptive age 
group are given in Table 1.

The mean total length and weight of females were 
higher than males. No signifi cant difference was observed 
in mean length and weight between sexes (P > 0.05).

Table 1
Total length and weight values of presumptive age 
groups of turbot, Scophthalmus maximus, from the 

south-western coasts of Black Sea, Turkey

Age n TL [cm] W [g]
I 21 15.76 ± 1.7 55.71 ± 24.1)
II 143 21.28 ± 2.8 138.51 ± 61.4)
III 54 29.55 ± 3.8 388.40 ± 179.0)
IV 28 42.70 ± 4.9 1321.00 ± 420.6)
V 11 52.65 ± 1.1 2416.30 ± 272.6)
VI 3 56.13 ± 0.6 3116.67 ± 236.3)
VII 2 59.40 ± 0.0 3500.00 ± 0.0)
VIII 1 61 4100.00 
X 1 70 5550.00 

Values are mean ± standard deviation (where applicable); n = 
number of specimens studied.
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Age composition and sex ratio. The presumptive age 
of Scophthalmus maximus varied between I and X years. 
The age group II (54.17%) was dominant in both sexes, 
followed by age III (20.45%), IV (10.61%), I (7.95%), V 
(4.17%), VI (1.14%), VII (0.76%), VIII (0.38%), and X 
(0.38%) age groups. The age–length key for turbot is pre-
sented in Table 2, which shows a considerable range in 
length for each age group.

A total of 195 females (73.86%) and 69 males (26.14%) 
were used in the reproductive biology study. The sex ratio 
of female to male was 1 : 0.35. The chi-square test showed 
that there was a signifi cant difference in the sex ratio (P
< 0.05).
Growth. The von Bertalanffy growth parameters were 
computed as L = 73.55 cm, k = 0.17 year–1, t0 = –0.12 
years for all samples. The growth curve is shown in Fig. 1. 

The estimated growth performance index (φ′) was 
6.82.
Length–weight relation. ANCOVA did not detect a sig-
nifi cant sex-based difference in the length–weight relation 
of Scophthalmus maximus (P > 0.05). 

The equation for combined sexes was:

W = 0.0085 L3.1581 (n = 264, R2 = 0.989)
The length–weight curve of the samples is presented in 

Fig. 2. The exponent b > 3 indicates a positive allometric 
growth characteristic. 

Condition factors. Monthly mean values of condition 
factor (K) are presented in Fig. 3. The highest value oc-
curred in May (0.95) and the lowest value in March (0.80) 
in the south-western Black Sea. 

Gonad development and spawning period. A total 
of 264 turbots, consisting of 195 females (73.86%) and 69 
males (26.14%) were used in the study. 

Mean monthly GSI values were highest from May to 
June and the lowest from September to April (Fig. 4). Ac-

cording to the gonadosomatic index (GSI), the reproduc-
tion period for this species in the south-western Black Sea 
extended from early May to mid or late June, when the 
water temperature was 12.5ºC (Eryilmaz unpublished). 
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Fig. 1. The von Bertalanffy growth curve fi tted by length 
at age data of turbot, Scophthalmus maximus, from the 
south-western coasts of Black Sea, Turkey (n = 263)

Fig. 2. The length–weight relation for combined sexes of 
turbot, Scophthalmus maximus, from the south-western 
coasts of Black Sea, Turkey 

Table 2
Age–length key for females and males of turbot, Scophthalmus maximus, from the south-western coasts 

of Black Sea, Turkey, based on otolith readings

Total length 
[cm]

Age group

I II III IV V VI VII VIII IX X Total

F M F M F M F M F M F M F M F M F M F M F M n
14.0–18.9 17 2 25 5 42 7 49
19.0–23.9 1 1 59 26 1 1 61 28 89
24.0–28.9 15 13 19 7 1 34 21 55
29.0–33.9 14 3 14 3 17
34.0–38.9 7 2 1 2 8 4 12
39.0–43.9 10 2 10 2 12
44.0–48.9 9 2 9 2 11
49.0–53.9 1 8 1 8 2 10
54.0–58.9 2 3 5 0 5
59.0–63.9 2 1 3 0 3
64.0–68.9 0 0 0
69.0–73.9 1 1 0 1

Total 18 3 99 44 41 13 20 8 10 1 3 0 2 0 1 0 0 0 1 0 195 69 264

F = females, M = males, n = number of specimens studied.
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Size at fi rst maturity was different between sexes, with 
females reaching maturity at a smaller size than males. 
The estimated value of L50 was 20.38 cm for females and 
24.68 cm for males (Fig. 5). The number of mature and 
immature samples in each size group is given in Fig. 6.

Pfemale = 1 · (1 + e[–1.053 (TL – 20.38)])–1

Pmale = 1 · (1 + e[–0.6123(TL – 24.68])–1

The age at fi rst maturity was estimated as 2 years for 
both sexes. 

Fig. 3. Monthly fl uctuation in the condition factors for 
combined sexes of turbot, Scophthalmus maximus from 
the south-western coasts of Black Sea, Turkey

Fig. 4. Gonadosomatic index (GSI) values of female (1) and 
male (2) by month for turbot, Scophthalmus maximus, 
from the south-western coasts of Black Sea, Turkey; 
The error bars represent ± standard deviation

Fig. 5. Percentage of mature males and females of turbot, 
Scophthalmus maximus from the south-western coasts 
of Black Sea, Turkey in individual 2-cm length classes

DISCUSSION
It has been suggested that environmental conditions 

and fi shing pressure are the main factors affecting the 
growth of fi shes (Weatherley and Gill 1987). Different 
maximum lengths have been reported for turbot in the 
Black Sea such as 85 cm (Fischer et al. 1987) and 100 cm 
(Nielsen 1986). Szlakowski (1990) reported a maximum 
length of 48 cm for females and 32 cm for males in the 
Pomeranian Bay (Baltic Sea). The largest specimen mea-
sured in the Lithuanian waters of the Baltic Sea was 52.5 
cm (Stankus 2001), although it should be noted that all 
marine fi sh attain smaller sizes in the this brackish-water 
see. Length values increased up to 70 cm in the Mediter-
ranean and Black Sea. Caputo et al. (2001) and Arneri et 
al. (2001) determined the maximum length as 79 cm in 
the Adriatic Sea. Also, Zengin et al. (2006) determined a 
maximum length of 82 cm for the eastern Turkish coast 
of the Black Sea and mentioned that the female turbots 
are larger than the males. In this study, the maximum to-
tal length measured for females and males were 70 cm 
and 50.8 cm, respectively. The most dominant age groups 
were the 2- and 3-year ages and the highest estimated age 
were 10 years for females and 5 years for males (Table 2). 
The maximum age was reported as 11 years on the east-
ern Black Sea (Suzuki et al. 2001, Zengin et al. 2006). 
Szlakowski (1990) studied 159 turbot samples and report-
ed their maximum age as 9 (female) and 7 (male) in the 
Pomeranian Bay. However, Stankus (2001) stated that for 
total 720 turbots in the Baltic Sea (northern part of the 
Lithuanian zone), the maximum age among females was 
16 years and males was 11 years. At the same time, for to-
tal 227 turbots in the Adriatic Sea, the maximum age was 
reported as 18 years by Arneri et al. (2001). These length 
and age values indicated that the Mediterranean and Black 
Sea populations of the turbot contain larger specimens 
than the Baltic Sea populations. Arneri et al. (2001) argued 
that the growth rate of turbot in the Adriatic Sea is slightly 
higher than in the North Sea and considerably higher than 
in the Baltic Sea and the north-western Mediterranean Sea 
due to higher temperature and food availability. 
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The von Bertalanffy growth parameters showed that 
asymptotic length (L∞ = 73.55 cm) was close to the largest 
fi sh and growth coeffi cient value (k = 0.17 year–1) indicat-
ed slow attainment of maximal size such as the obtained 
values in studies achieved in the Black Sea (Table 3). 
Growth rates of the Baltic Sea turbot were slightly higher 
than the Black Sea turbot growth rates. In all of aforemen-
tioned regions, reasons for the differences in growth rates 
may be varied, caused by methodological differences in 
the age and growth studies, variation in temperature sa-
linity, or differences in feeding habits. The result of Pauly 
and Munro (1984) growth performance index (φ′) value in 
the south-western Black Sea turbot is in accordance with 
those from other areas (Table 3). The φ′ value was test-
ed with values obtained from age and growth studies on 
turbot (Avsar 1998). It showed that there is no signifi cant 
difference (P > 0.05) between the overall growth perfor-
mances of the turbot sampled from the other areas.

The length–weight relation for combined sex Zengin 
et al. (2006) reported as:

W = 0.0112 L3.12 (n = 1434, R2 = 0.99)
Şahin and Güneş (2011) as: 

W = 0.0106 L3.1268 (R2 = 0.973)
and Arneri et al. (2001) as:

W = 0.011 L3.104 (n = 155, R2 = 0.99)
These values are in accordance with our study, addition-

ally, none of the length–weight relation studies of this spe-
cies showed any differences between males and females.

The lowest estimated condition factor was in November 
(1.31) and the highest in May (1.62) as shown in Fig. 3. The 
peak in condition factor may be highly attributed to the fi ll-
ing gonads in May, but the fl uctuations of the other month 
changes with abundance of the feed items (Le Cren 1951). 

1 
3 

6 
8 

2 2 3 1 2 2 1 1 0 2 1 

8 

14 
6 

3 
3 4 

18 

18 
16 11 

8 9 

4 

5 2 

4 1 6 3 

2 
4 

2 
6 

3 2 2 
1 1 

13 

22 

15 

12 

1 

0 

10 

20 

30 

40 

50 

 1
4–

15
.9

 

 1
6–

17
.9

 

 1
8–

19
.9

 

 2
0–

21
.9

 

 2
2–

23
.9

 

 2
4–

25
.9

 

 2
6–

27
.9

 

 2
8–

29
.9

 

 3
0–

31
.9

 

 3
2–

33
.9

 

 3
4–

35
.9

 

 3
6–

37
.9

 

 3
8–

39
.9

 

 4
0–

41
.9

 

 4
2–

43
.9

 

 4
4–

45
.9

 

 4
6–

47
.9

 

 4
8–

49
.9

 

 5
0–

51
.9

 

 5
2–

53
.9

 

 5
4–

55
.9

 

 5
6–

57
.9

 

 5
8–

59
.9

 

 6
0–

61
.9

 

 6
2–

63
.9

 

 6
4–

65
.9

 

 6
6–

67
.9

 

 6
8–

69
.9

 

 7
0–

71
.9

 

N
um

er
ic

al
 fr

eq
ue

nc
y 

Total length [cm] 

Male Mature Male Immature Female Mature Female Immature 

Fig. 6. Numbers of mature–immature individuals of turbot, Scophthalmus maximus, from the south-western coasts of 
Black Sea, Turkey, according to size groups in females and males

Table 3
A comparison of the growth parameters and growth performance indexes obtained from previous studies of turbot, 

Scophthalmus maximus

Reference Location Sex L∞ k [year–1] t0 φ’
Ivanov and Beverton 1985 Black Sea, Romania Combined 87.2 0.125 6.86
Prodanov et al. 1997 Black Sea, Ukraine Combined 77.1 0.130 –0.881 6.65
Szlakowski 1990 Pomeranian Bay Female 51.9 0.200 0.296 6.30

Male 33.4 0.347 0.413 6.00
Stankus 2001 Baltic Sea Female 53.5 0,186 0.280 6.30

Male 35.0 0.301 0.350 5.91
Arneri 2001 Adriatic Sea Female 81.5 0.210 –0.480 7.24

Male 66.2 0.310 –0.140 7.21
Suzuki et al. 2001 S-E Black Sea Female 54.8 0.481 –0.011 7.28

Male 45.0 0.597 –0.011 7.10
Zengin et al. 2006 S-E Black Sea Combined 96.2 0.119 –0.010 7.01
This study S-E Black Sea Combined 73.6 0.170 –0.120 6.82
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The sex ratio varies from species to species, from 
population to another population and from year to year in 
the same population (Nikolsky 1963). The sex ratio was 
signifi cantly female-biased (1 : 0.35). The ratio of males 
found in the study of Şahin and Güneş (2011) is more 
than two times of our value. The number of females is 
more than the number of males in all age groups, and VI, 
VII, VIII, and X age groups were exclusively female. The 
number of the individuals decreased with age.

The fi rst maturity lengths (L50) calculated are 20.38 cm 
for females and 24.68 cm for males in the south-western 
Black Sea. It should be noted that we observed one mature 
male individual measured as 21.7 cm during laboratory 
studies in May. In the South-eastern Black Sea, the lengths 
at fi rst maturity found were 38.8 cm (female) and 34.6 cm 
(male) (Zengin and Düzgüneş 2003). These values are 
higher than the ones obtained in this study. The presently 
reported study results and those of Zengin and Düzgüneş 
(2003) are incomparably different. The fi rst maturity 
length of the turbot should be renewed with studies have 
more samples in the south Black Sea. 

The fi rst maturity age in both female and male turbots 
was estimated as 2 years. Various fi rst maturity ages have 
been reported in the literature. Fischer et al. (1987) men-
tioned that the females reach maturity after the fi rst 3–4 
years. Ivanov and Beverton (1985) stated that turbots in 
Bulgarian–Romanian coasts reach sexual maturity in their 
2nd year. Hara et al. (2002) indicated that natural spawn-
ing begins at 2 years of age in hatchery-bred stock at a 
water temperature of 14ºC. In Bulgarian waters, Prodan-
ov and Mikhailov (2003) found the fi rst maturity age as 
3 years.

The GSI values indicate that the reproduction period of 
the turbot is from early May to mid or late June (Fig. 4). The 
reproductive period was reported by Slastenenko (1956) 
and Fischer et al. (1987) as March and June in the Black 
Sea while Nielsen (1986) mentioned that it was from April 
to August. In Ukrainian waters of the Black Sea, Gordina 
(1990) observed the spawning period extending from April 
to mid-June, and Shlyakhov and Charova (2003) found that 
it occurs from late March to late June. In Turkish waters of 
the Black Sea, Şahin and Güneş (2011) reported that the 
spawning takes place between April and June with a peak 
in May in the south-eastern Black Sea. In all studies carried 
out in the Black Sea, May and June are in the reproduction 
periods. According to Wootton (1998), temperature appears 
to be the most important factor among those that may in-
fl uence the reproduction of fi shes. Shlyakhov and Charova 
(2003) indicated that the water temperature needed for the 
spawning of the turbot is 8–12ºC. Also, we measured the 
water temperature as 12.5ºC in May 2005. Thus, our fi nding 
is supporting this opinion. 

In this study, the fi rst maturity length was estimated 
for 20.38 cm for females and 24.68 cm for males, while 
minimum landing size of turbot, Scophthalmus maximus, 
in the Turkish waters of the Black Sea is 45 cm (Anony-
mous 2012). This signifi cant difference in numbers will 
eliminate with comprehensive studies in the Black Sea. 
In fact that this situation is benefi cial for the population. 

Besides, fi shing of turbot is banned between 15 April and 
15 June since 2012. In our opinion, the fi shing ban period 
should be extended to 30 June due to turbot reproduction 
extending to late June. 
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