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Abstract: Sexual dimorphism in growth of the Black Sea turbot (n=119), Psetta maxima, was studied in a
long-lasting (12 months) growth experiment at ambient temperature. The ifiuence of onset of
puberty and subsequent maturation on growth was evaluated. There were no initial size
differences, but the final weight of females was larger than that of males (P < 0.05). Signficant
growth differences between sexes were detected at the age of 30 months post hatch (P < 0.05).
Maturing females had the highest growth rate and reached the largest size (1454.0 £369.99 g in
30 months), whereas male body weights leveled off around 1187.6+248.87 g. This growth
advantage substantiates the need to develop techniques for the production of all-female
juveniles in the hatchery.
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Ozet: Karadeniz Kalkanlnda__(Psetta maxima) Cinsiyet
Farkhihiginin Biiyiime Uzerine Etkisi

Karadeniz kalkaninda (Psetta maxima) (n=119) cinsiyet farkliligimmn bilyiime iizerine etkisi
dogal su sicakliginda 12 ay siiren biiylitme denemesi ile ¢alisildi. Baliklarin olgunlagmasinin
blyiime tizerine etkileri degerlendirildi. Baslangigta boy ve agirlik yoniinden farkliliklar yoktur
fakat disi baliklarin son agirliklar1 erkek baliklardan daha fazladir (P<0,05). Otuz ayhk
baliklarda cinsiyetler arasinda 6nemli bilyliime farkliligi bulunmustur (P<0,05). Olgunlagmakta
olan disi baliklar en yiiksek biiylime orani ile 30 ayda 1454.0 £369.99 g agirliga ulasmis iken
erkek baliklarin agirhg 1187.6+248.87 g da kalmistir. Disilerin biylme avantajlari tim disi
yavru Uretimine olan ihtiyaci ortay koymaktadir.
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Introduction

The turbot, Psetta maxima, is distributed from
Norway along the European coast to the
Mediterranean and Black Sea. The production of
the turbot has been attempted since the 1970°s in
some European countries due to its high
commercial value, and in recent years the
commercial culture of this species has benefited
from improvements in larval rearing methods,
and nutrition and husbandry practices in the
ongrowing phase (Jones, 1973; Person-Le Ruyet
and Noel, 1982; Burel et al., 1996; Mallekh et al.,
1998; Irwin, 1999). However, large individual
variations in growth performance have been
observed in turbot (Rosenberg and Haugen, 1982;
Imland et al. 1995) and there is a need to
optimize production characteristics (Lavens and
Remmerswaal, 1994).

Turbot exhibits sexually dimorphic growth.
Males start to grow less than females as early as
8 months after hatching (Imsland et al. 1997),
and this differential growth rate is maintained
throughout the remainder of the production cycle,
including sexual maturation. Maturing females
can reach 1.8 kg in 20 months whereas the
weight of males only reaches around 1 kg. Thus,
as is practiced with other cultured species, the
development of techniques for preferentially
producing female turbot is necessary to optimize
production of this species (Xu et al. 2008).

Reproductive status greatly affects individual
growth rates as less energy is committed to
somatic growth. The ability of a fish farmer to
control the ratio of male to female fish or to
produce single-sex stocks has significant
economic implications and many positive
benefits for the environment. By controlling the
number of males to females, the fish farmer can
reduce the number of broodstock necessary to
obtain a given egg take or increase egg take by
rearing mainly females. The sex showing the
greatest growth potential can also be selected for;
for example, the female turbot can grow to a
much larger size than the male.

The main aim of this study was to validate all-
female populations of turbot for commercial
production, first by determining whether females
grow at a faster rate than males during
commercial cultivation and second by identifying
the age and/or size at which sex linked growth
divergence occurs.
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Materials and Methods

Experimental trials were conducted at the
Central Fisheries Research Institute (CFRI),
Trabzon, Turkey. A total of 119 turbot (18
months old), 63 males weighing 582.5+112.50 g
and 56 females weighing 541.8+123.85 g, used in
this study were obtained from brood stock in the
spawning season in 2001 at the CFRI. The
experiment lasted 364 days, from 14 January
2003 to 14 January 2004.

Sex identification were done by using the
desk light irradiation method described by Ciftci
et. al (2002). A total of 2 experimental groups
were set up in replicates as follows: males and
females, and replaced in the circular fiberglass
indoor tanks of 3.14 m’? capacity, with an
operating depth of 50 cm. The water flow rate
was 15 I/min. The seawater used in the hatchery
was pre-treated using pressurized sand filters and
a UV sterilization system. Over the duration of
the study, water quality parameters were
maintained within safe limits. The water was
aerated with two air stones at a moderate rate.
Natural illumination and day-length were
maintained in the tanks during the experimental
period. Temperature (twice in a day), dissolved
oxygen (DO) and pH values (weekly intervals)
were measured. The specimens were hand-fed to
satiation with frozen whiting twice a day during
the light period and daily food consumption was
recorded for each tank.

Specific growth rate (SGR), the daily feeding
rate (FR), and food conversion ratio (FCR) were
calculated as follows:

SGR=100[In(Wy)-In(Wo)/t]
FR={(Xf)/[t*( Wi+W,)/2]}*100
FCR=(2f)/(W-Wo)+m;

where t: feeding days (day), Wy: initial live
weight of fish (g), W,: final live weight of fish (g)
and f,: dry weight of feed supplied by the group
of fish at each feeding (g), m: weight of dead fish

(9).

To calculate and monitor various growth
parameters and predict a daily food ration, total
length and weight of fish were taken individually
before the start of the trial and then again every 3
months.
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Data are represented as arithmetic means of
individual weights £SD. A Kolmogorov-Smirnov
test indicated that the data were distributed
normally (P >0.05) and homogeneity of variances
was tested using the Levene’s F-test. A t-test was
used to determine differences between replicates.
One-way ANOVA was used to test for
differences among experimental groups and was
followed by Tukey’s multiple range tests when
the differences were significant. Statistical
analyses were performed with Statistica 7, Stat
Soft. Inc.

Results and Discussion

Water quality was fairly constant during the
experimental period. Seawater temperature was
between 8.0 and 24.1 °C (15.0 £4.9). DO and pH
values ranged within optimal limits and were 5.3-
95 mg/l (7.1 +0.9) and 7.5-85 (8.1 +0.2),
respectively. There were no significant
differences among experimental treatments in
terms of DO and pH values.

The mean body weight and length measured
in 63 males and 56 females are shown in Table 1
and Table 2. There were no significant
differences in weight and length between
experimental groups at the beginning of the
experiment. No significant differences were
found between replicates of the groups over the
course of the experiment and so data from
replicates were pooled for each treatment prior to
analysis. Throughout the trial, all food was
consumed regardless of group, anfistall
remained healthy with no mortalities.

Growth and feeding data are displayed in
Table 3. Over the duration of the study, SGRs
ranged between 0.19 and 0.35% (mean
0.27%=0.039) for females, and between 0.13 and
0.26% (mean 0.20%x0.001) for males. The

growth data clearly indicated the SGR, growth
rate, mean growth and length gain values of
females were significantly higher than those of
males (Table 3; P < 0.05).

K values were checked at the beginning of the
study and every three months intervals.
Differences between sexes were not significant
(Table 3).

At the end of the study, on day 364, although
there was no difference between sexes on the FR,
the FCR in females were significantly higher than
males (P < 0.05).

In the present study, females grew better than
males in accordance with earlier studies on turbot
(Jones, 1974; Robert and Vianet, 1988; Déniel,
1990). Final weight of male was 82% of the
mean final weight of female.

The turbot specimens used in this study
were at 18 months post-hatch, and at this time we
could positively identify the sex of individuals.
The results showed no significant increase in
female proportion, suggesting that growth
divergence between the sexes had not taken
place. Furthermore, the average size of males and
females was approximately equal, as shown in
Table 1 and Table 2. However, a large range in
weight of individuals between sexes (1187.6-
1454.0 g) was observed, even after 30 months the
first sexual maturation had taken place, this may
be due to sex-linked growth traits. Parker (1992)
and Rypel (2007) stated that a divergence in body
size between sexes could be related to different
reproductive  investments.  Under  culture
conditions, the first sexual maturity in turbot
takes place at an age of about 24 months, and the
first maturity does not negatively affect growth,
since by that time, the gonads are still not too big
(Cal et al., 2006).

Table 1. Total length (in cm) of male and female turbot (SD: Standart deviation)

Days Min Max Mean SD
0 M 25.5 34.4 311 1.90
F 25.5 34.4 30.4 2.06
91 M 28.2 36.4 329 1.61
F 26.7 37.0 324 2.18
182 M 32.0 39.2 36.0 1.68
F 27.9 41.4 36.6 2.86
273 M 33.9 41.9 38.4 2.07
F 33.6 45.8 39.5 2.68
364 M 34.7 44.8 40.2 2.58
F 36.4 48.2 42.4 3.03
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Table 2. Body weight (in g) of male and female turbot (SD: Standart deviation).

Days Min Max Mean SD
0 M 311.3 825.8 582.5 112.50
F 268.9 808.0 541.8 123.85
91 M 417.7 920.9 665.1 106.79
F 318.0 917.3 641.2 144.77
182 M 603.1 11315 844.0 133.33
F 470.9 1248.0 882.7 198.39
273 M 634.5 1304.6 952.2 241.75
F 616.2 1548.4 1077.7 242.20
364 M 773.2 1738.7 1187.6 248.87
F 792.6 2178.2 1454.0 369.99

Table 3. Specific growth rate (SGR), feed conversion ratio (FCR), feeding rate (FR),
condition factor (K), percentage of growth, and length in turbot, Psetta maxima,

reared at ambient water temperature.

Growth parameters Male Female ANOVA
SGR 0.20£0.001 0.27+£0.039 *
FCR 6.9+0.354 5.1+0.071 *
FR 1.29+0.057 1.29+0.106 NS
K 1.8+£0.14 1.940.21 NS
% Growth/fish/day 0.56+0.012 0.73+£0.091 *
Mean growth/fish, g 1.66+0.018 2.46%0.226 *
Length gain/fish, mm 0.25+0.006 0.33+0.031 *
Values are means + SD, NS: No significant, *: P < 0.05

Lozéan (1992) found that on average, females Conclusion

consumed 73% more food than similar-sized
males, and that females had a significantly larger
digestive tract than males. He concluded that
because of these differences females would grow
better than males. According to Imsland et al.
(1997) there might be two explanations in growth
differences between sexes; one possible
explanation of the observed sexual growth
divergence might be differences in food intake,
and another possible explanation of growth
differences are sex-related maturity differences
influencing growth.

In this study, although there was no
differences between sexes on the FR, the FCR in
females were significantly higher than males (P <
0.05), and significant growth and size differences
between sexes were found in 30 months after
hatching (after first sexual maturation). It is
possible that part of the observed growth
differences seen in the present study originate
from different digestive tract and sexual
dimorphism.
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In conclusion, turbot males grew less than
females and significant growth differences
between females and males occurred at the age of
30 months after hatching. Maturing females had
the highest growth and reached the largest
average total length and weight (42.4 ¢cm and
1454.0 g in 30 months). Results from this study
illustrate a clear value to all-female production
for the commercial production of turbot.
Additionally, this growth advantage substantiates
the need to develop techniques for the production
of all-female juveniles in the hatchery.
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