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ABSTRACT
In this study, age and sex compositions, length distributions, growth parameters and length-weight 
relationships of common sole populations were determined in Güllük Bay, southern Aegean Sea, 
Turkey. Trammel nets and beach seines which have different full mesh sizes were used to obtain 
samples. Sex ratio (female:male) was found to be 1.14:1. Growth parameters of the common sole 
in Güllük Bay was described as; L∞=33.95, K=0.208 y-1, t0=-0.032, L∞=31.98, K=0.236 y-1, t0=-0.037 y 
and L∞=29.11, K=0.324 y-1, t0=-0.030 y, for sexes combined, females and males, respectively. Length-
weight relationships for combined sexes, females and males were W=0.0079L3.064, W=0.0072L3.101 
and W=0.0088L3.024, respectively. Combined individuals and females showed positive allometric 
growth and males showed isometric growth. Ages ranged between 0-9 years. Study results could 
be useful for further common sole fishery management strategies. 
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INTRODUCTION

Flatfishes are a highly diverse fish group. Ac-
cording to taxonomists, 1820 species have been 
identified, however, 1073 are valid and the Solei-
dae family includes approximately 281 species 
(181 valid species) (Eschmeyer & Fong, 2017). 56 
of these flatfish species have commercial impor-
tance all over the world and 10 in the Mediterra-
nean (Ulutürk, 2012). In Turkey, a few turbots, 
sole and flounder species are commercial (TUİK, 
2016). Common sole (Solea solea) is one of the 
highest commercial flatfish species in Turkey 
(Türkmen, 2003) as in some other parts of the 
world (Teixeira, 2007). Therefore, it is a targeted 
species by fishermen in some periods.

Güllük Bay is an important fishery area for both 
small-scale and industrial fisheries. Beside 
trawling and purse-seining, small-scale fishery 
(especially trammel net fishery) is common in 
this area. Species-specific fishing gear (such as 
red mullet nets, shrimp nets, common dentex 

nets etc.) are densely used. One of these nets is 
the common sole trammel net and is used in 
certain periods in Güllük Bay. Especially, the pe-
riod which is from the middle of September to 
the middle of February, is locally named as 
common sole period.

Due to having high commercial importance, the 
common sole stocks need proper management 
strategies. Therefore, there have been many 
studies conducted on common sole including 
growth (Deniel, 1990; Enberg et al., 2008), stock 
assessment (Mehanna & Salem, 2012), and pop-
ulation parameters (Türkmen, 2003). 

Common sole studies are both discontinuous 
and insufficient in Turkey. The objective of the 
present study was to determine age and sex 
compositions, length distributions, growth pa-
rameters and length-weight relationships of the 
common sole population in Güllük Bay for fur-
ther fishery management strategies.

https://orcid.org/0000-0003-3025-1444
https://orcid.org/0000-0003-0533-4512


37

Aquat Sci Eng 2020; 35(2): 36-42
Cerim and Ateş. Age, Growth and Length-weight Relations of Common Sole (Solea solea Linnaeus, 1758) from Southern Aegean Sea

MATERIALS AND METHODS

Fishing operations were conducted between October 2013 – 
November 2015 in Güllük Bay and Boğaziçi lagoon, which are in 
the Southern Aegean Sea, Turkey (Figure 1). 

Samplings consisted of two parts; first was just total length mea-
surement on board due to difficulties of taking weights of the 
specimens by a digital laboratory scale, second was laboratory 
examinations for length, weight and age determinations.

Data were obtained from commercial small-scale fishermen who 
use 80-90 mm full mesh size trammel nets. Additionally, beach 
seine and 52-56-64 mm full mesh size PA trammel nets were used 
to obtain various length classes in the lagoon area. Sampling 
depths varied between 0.5m and 70m. Samples were stored in 
ice and were brought to the laboratory. 

Total lengths were measured to the nearest 0.1 cm and weighed 
individually to the nearest 0.01 g. Sagittal otoliths were removed, 
cleaned and stored in Eppendorf tubes. Otoliths were embed-
ded in polyester, and two thin sections (0.1 mm) were cut along a 
transverse plane through the focus of the otolith by a Buehler 
Isomet Lowspeed Saw. The ages were read under a light micro-
scope by three independent experts. Contradictory readings 
were discarded from age estimations. The theoretical birthday 
was considered as 1 January (Froglia & Giannetti, 1985). Exact 
ages were calculated according to sampling month (1 
month=0.083 year). 

Length weight relationships were calculated according to formula 
W=a*Lb (Ricker, 1973). Where; L is the total length, W is the total 
weight, a is the intercept of the regression curve and b is the re-
gression coefficient. If b value is 3, <3 or >3, it means isometry, neg-
ative allometry and positive allometry, respectively. Significant dif-
ference of b values from 3 were tested with the t-test (Pauly, 1993).

Growth coefficient (K), age at zero length (t0) and asymptotic length 
(L∞) were estimated with the least square method (Legendre, 1805).

The Chi-square (χ2) test was used to examine significant differ-
ences (p<0.05) between sexes.

Growth performance was estimated with the phi-prime test (Ø) 
(Pauly and Munro, 1984);

Ø = logK + 2logL∞.

RESULT AND DISCUSSION

On board measurements and laboratory examinations
In total, 2165 individuals were evaluated in the study. The total 
length of 1029 individuals were recorded on board. The total 
lengths varied between 19.1 and 42.1 cm (Figure 2). The maxi-
mum total length, 42.1 cm, was measured on board. It was not 
possible to determine the sexes of the individuals on board.

According to laboratory examinations, 1136 individuals were 
evaluated and 607 of the individuals were female and 529 indi-
viduals were male. Sex ratio was found as 1.14:1, female to male, 
respectively. According to the chi square test, a significant differ-
ence was found between female and male (p<0.05, χ2=5.35). 

Female total lengths ranged between 7.1-31.1 cm and male total 
lengths ranged between 3.9-28.7 cm (Figure 3). 

Total lengths and weights of 1136 individuals were evaluated to 
determine length and weight relations. Total lengths ranged 

Figure 2. Length-frequency of on board measurements. 

Figure 3. Total length-frequency of common sole. 

Figure 1. Study area (Cerim, 2017). 
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from 3.9 to 31.1 cm and weights ranged from 0.24 to 458.67 g. 
Total lengths and weight regressions were calculated for com-
bined sexes, females and males, separately. b values of com-
bined, female and male individuals were compared with isomet-
ric growth. While combined individuals and females showed 
positive allometric growth (p>0.05), males showed isometric 
growth (p<0.05) (Table 1).

Length-frequency distributions provide a vision (Khan & Khan, 2014) 
to help understand when the fishing pressure starts and ends. 
Length range (2.9-42.1cm) shows us the significance of the area in 
terms of maintaining common sole’s generations. According to 
Turkish fishery communiques, the minimum landing size of common 
sole is 20cm. However, an individual with only 9.1 cm total length 
was caught in a commercial 52mm trammel net. Capture of small in-
dividuals by commercial nets means fishing pressure is at the begin-
ning of the common sole lifespan. Cerim & Ateş (2016) found opti-
mum catch sizes to be 23.20 and 27.02 cm for 80 mm and 90 mm full 
mesh sized trammel nets, respectively. These findings are suitable in 
terms of length-based fishery management. However, the 16-22 cm 
length range (the second most observed length range in length-fre-
quency distribution) originated from lagoon samplings (52, 56 and 
64 mm full mesh size trammel nets). According to length-frequency 
distributions, as a great majority of small individuals are captured in 
the lagoon area, Boğaziçi lagoon area could be characterized as a 
spawning or nursery area. Therefore, lagoon fisheries should be 
managed by taking into consideration this feature. On the other 
hand, if the fishing pressure exceeds the optimal population growth, 
common sole stocks may collapse in the future.

Age determinations
The otoliths of 235 individuals were used for age determination. 
Fishes were chosen randomly to obtain various length classes 
without considering their sexes. Therefore, the number of fe-
males and males varies. 

Ages were between 0-9 years. Ages distributed between 1-8 year 
for females (148 individuals) and 1-7 years for males (75 individu-
als) (Figure 4). For some fish, sex determinations were impossible 
due to having too small or transparent gonads and no internal 
organs (occasionally, internal organs are eaten by an Isopod spe-
cies after the fish is entangled in the net). However, these individ-
uals (i.e. 12 unsexed individuals) were incorporated into age de-
termination (some of 0, 8 and 9 years old individuals belong to 
this unsexed group). Length related ages of combined females 
and males are shown in Tables 2, 3 and 4.

Length at ages are given in Table 5. Methods of the previous 
studies’ age determinations were similar. However, some of the 
total lengths which were related to their ages in other previous 
studies, are larger or smaller than the present study results. First-
ly, the difference in size-compositions could be an effect on these 

variations. On the other hand, these variations could have origi-
nated due to some environmental factors such as pollution (Au-
thman et al, 2015), fishing and temperature (Tu et al., 2018) and 
especially food availability (Ujjania et al., 2012; Gupta & Baner-
jee, 2015). Furthermore, size variation may be affected by genet-

Table 1. Total length-weight parameters
Sex n a b C.I. of b S.E. of b R2 Growth Type
Combined 1136 0.0079 3.064 3.046-3.080 0.03617 0.9915 A+
Female 607 0.0072 3.101 3.085-3.139 0.03535 0.9866 A+
Male 529 0.0088 3.024 2.997-3.042 0.03586 0.9925 I

Figure 4. Age-Length relationship of common sole. 
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Table 2. Age-length key for the common sole in Güllük Bay based on otolith readings
Age (years)

N
0 1 2 3 4 5 6 7 8 9

2-4.9 3 3
5-7.9 7 9
8-10.9 1 1
11-13.9 5 5 10
14-16.9 3 16 19
17-19.9 13 12 25
20-22.9 3 25 10 38
23-25.9 1 8 35 25 7 76
26-28.9 3 14 25 6 48
29-31.9 3 3 2 8
Total 10 9 37 38 18 38 39 35 9 2

235Mean (cm) 5.7 12.8 16.8 20.5 22.6 24.9 25.8 26.8 28.0 30.3
S.D. 1.2 1.2 2.3 1.4 1.4 0.7 0.5 0.6 0.5 1.5

Table 3. Age-length key for female common sole in Güllük Bay based on otolith readings

Age (years)
N

0 1 2 3 4 5 6 7 8
2-4.9
5-7.9
8-10.9
11-13.9 2 2 4
14-16.9 1 9 10
17-19.9 4 6 10
20-22.9 2 19 4 25
23-25.9 1 7 25 16 4 53
26-28.9 2 13 20 6 41
29-31.9 2 3 5
Total 3 17 26 11 27 29 26 9

148Mean (cm) 13.7 16.5 21.1 23.4 24.8 25.8 28.2 28.5
S.D. 2.0 2.2 1.1 1.3 0.9 0.5 1.7 1.9

Table 4. Age-length key for male common sole in Güllük Bay based on otolith readings
Age (years)

N
0 1 2 3 4 5 6 7

2-4.9
5-7.9
8-10.9 1 1
11-13.9 3 3 6
14-16.9 2 7 9
17-19.9 9 6 15
20-22.9 1 6 6 13
23-25.9 1 10 9 3 23
26-28.9 1 1 5 7
29-31.9 1 1
Total 6 20 12 7 11 10 9

75Mean (cm) 12.4 17.0 20.1 22.3 25.1 26.1 26.6
S.D. 1.4 2.1 1.5 1.5 0.7 0.8 0.6
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Table 6. Some growth parameters of common sole from Güllük Bay and other study locations

Sex n K (yr-1) t0 (yr) L∞ (cm) Ø* Locations

Ramos (1982) F 179 0.220 -0.749 46.40 2.68 Western Mediterranean
M 151 0.240 -1.085 38.80 2.56

Froglia & Gianetti (1985) F+M 671 0.041 -3.574 38.25 1.78 Adriatic
Vianet et al. (1989) F 287 0.270 -0.410 51.56 2.86

Gulf of LionM 274 1.030 -0.070 26.38 5.86
F+M 561 0.240 -0.770 48.83 2.76

Papaconstantinou (1990) F+M 0.380 -0.410 34.88 2.66 Amvrakikos Gulf
Deniel (1990) F 558 0.329 0.075 48.20 2.88

France
M 351 0.397 0.093 42.40 2.85

Oral (1996) F+M 523 0.273 -1.166 37.12 2.58
Sea of MarmaraF 218 0.729 -1.065 35.79 2.97

M 206 0.629 -0.911 28.63 2.71
Stergiou et al. (1997) 0.380 -0.410 34.90 2.67 Aegean Sea
Hoşsucu et al. (1999) F+M 340 0.280 -1.109 34.75 2.53

İzmir BayF 184 0.170 -1.956 42.45 2.49
M 156 0.330 -1.043 31.14 2.51

Türkmen (2003) F 553 0.181 -1.550 29.95 2.21
İskenderun Bay

M 550 0.221 -1.310 26.03 2.18
Mehanna & Salem (2012) 2179 0.330 -0.450 44.36 2.81 Egypt
Mehanna et al. (2015) F+M 0.580 -0.003 35.81 2.87

EgyptF 0.620 -0.009 36.24 2.91
M 0.550 -0.060 34.77 2.82

This Study F+M 1136 0.208 -0.032 33.95 2.38
Güllük BayF 607 0.236 -0.037 31.98 2.38

M 529 0.324 -0.030 29.11 2.44
* Ø estimated by the present author.

Table 5. Age-length distribution of common sole from Güllük Bay and other locations

Sex
Age (year)

Locations
0 I II III IV V VI VII VIII IX

Ghirardelli (1959) F+M - 16.8 21.4 23.9 25.6 33.1 - - - - Adriatic
Hoşsucu et al. 
(1999)

F - 16.80 21.30 24.52 26.98 29.36 31.90 - - -
İzmir Bay

M - 15.30 20.06 22.75 25.08 27.04 - - - -
Oral (1996) F+M - 16.42 21.52 25.32 27.65 29.90 31.88 33.20 - -

Sea of 
Marmara

F - 16.57 22.24 25.70 27.90 29.90 31.88 33.20 - -
M - 16.83 21.18 23.99 25.68 - - - - -

Gonzales & 
Carillo (1985)

F - 11.3 17.0 22.9 26.6 32.0 - - - -
Atlantic

M - 13.0 16.9 20.3 23.1 26.7 - - - -
Ramos (1982) F - 17.1 22.4 26.5 30.3 33.7 36.3 38.4 - - Western 

Medit.M - 17.5 21.1 24.8 27.4 30.4 33.4 36.0 - -
Papaconstantinou 
et al. (1990)

F+M - 18.09 24.16 26.61 28.39 25.99 33.0 - - - Aegean Sea

Froglia & 
Gianetti (1985)

F+M - 18.0 25.63 30.94 32.5 36.25 - - - - Adriatic

Gurbet (2000) F+M - - 22.5 25.8 - - - - - - İzmir Bay

F+M - - 20.5 25.1 30.1 - - - - -
Aliağa-

Çandarlı Bay.
F+M - - 21.5 26.0 36.0 - - - - - Edremit Bay

Piccinetti & 
Giovanardi (1984)

F+M - 18-20 21-30 - - - - - - - Adriatic

This study F+M 5.7 12.8 16.8 20.5 22.6 24.9 25.8 26.8 28.0 30.3
Güllük BayF - 13.7 16.5 21.1 23.4 24.8 25.8 28.2 28.5 -

M - 12.4 17.0 20.1 22.3 25.1 26.1 26.6 -
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ic factors (Exadactylos et al, 2013). Phi-prime values of previous 
studies showed no differences with the present study (p>0.05). 
Therefore, the growth of common sole could not be correlated 
with just food availability and other environmental factors could 
be responsible for length at age variation.

L∞ values are different from other studies (Table 6). This variation 
could emanate from different sampling gears and maximum 
catch lengths. Moreover, the L∞ of combined sexes was higher 
than the L∞ of males and females. This situation was due to the 
incorporation of unsexed individuals into the age estimation.

Possible effects on growth
Growth of fishes is different from other animals. After maturation, 
although growth slows down due to the transferring of resources 
to reproductive parts of body, it continues (Enberg et al., 2008). 
Flatfishes also have similar lifecycles to other fishes and this sim-
ilarity is likely to reflect temperature, food availability and ener-
getics (Nash & Geffen, 2015). 

Growth of common sole were revealed by different observations 
and considerations. According to some researchers, growth of 
common sole does not depend on food limitation (van der Veer 
et al., 2001; Pihl, 1989). Exadactylos et al. (2013) mentioned a po-
tential genetic effect on growth and size variability in cultured 
common sole and turbot. Nash & Geffen (2015) stated that many 
flatfish species show an increased growth rate within increasing 
exploitation levels due to a decrease in population size and an 
increase in food availability under these circumstances. On the 
other hand, during the first 2 to 3 years, juveniles are found in 
nurseries before migrating to deeper waters  (ICES, 2012) and 
also food availability and temperature effects the growth on the 
nursery grounds (Nash & Geffen, 2015). 

Growth may be affected by interspecific food competitions. 
Vinagre (2007) found that priority of cohort colonization of both 
S. senegalensis and S. solea in estuaries effects growth rate and 
S. senegalensis has a higher growth rate than S. solea. In early 
colonization, low competition and high food availability may af-
fect the growth rate. Besides, Molinero et al. (1991) determined 
that diets of S. solea and S. senegalensis are very similar in the 
western Mediterranean and S. senegalensis is now extending its 
range to the west Mediterranean Sea and is thought to be com-
peting with S. solea, at least in the north-west part of the basin 
(Tous et al., 2015). Similarly, S. solea may have food competition 
with other flatfishes (e.g. Microchirus ocellatus, Monochirus his-
pidus, Citharus liguatula, Arnoglossus spp. etc.).

Except competitions, water pollution may be another reason that 
effects fish growth. Bhatnagar & Devi (2013) stated that good wa-
ter quality is important for survival and growth of fish. Güllük Bay 
sampling area is the most important aquaculture center in Turkey. 
Yıldız et al. (2002) conducted a study in Güllük Bay about marine 
pollution sources and they mentioned the Sarıçay river (sewage 
from the Milas district discharges into the Sarıçay river), Güllük 
Harbor and marine traffic, tourism, aquaculture systems, domestic 
wastes and atmospheric pollutants may have a pressure on Güllük 
Bay. Fish growth may be negatively affected by the existence of 
the aforementioned pollution types. 

CONCLUSION

Monitoring of biological parameters constitutes the main data 
for fisheries. Therefore, fishery management should be struc-
tured on biological data to understand the status and to manage 
fish stocks. More studies should be conducted in different fishing 
areas to gain more information about wild stocks for managing 
commercial flatfish fisheries and aquaculture trials. 
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