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Abstract

Biiylikgekmece Lake is a lagoon lake located at the mouth of Karasu Stream, which drains into the Sea
of Marmara. The sea connection of the lagoon was blocked by the Biiylikgekmece Dam in 1985, so the
lagoon became a freshwater lake over time. Non—native Carassius gibelio (Bloch 1782) was introduced
to the lake by a fisherman in early 1990s. By the time, it has become one of the most dominant fish
species in the lake despite predators like Esox lucius, Linneaeus 1758, Silurus glanis Linnaeus, 1758
and also other cyprinids such as Cyprinus carpio, Linneaeus 1758, Scardinius erythrophthalmus
(Linneaeus 1758) which have similar feeding regime. The aim of the current study was to study the
growth and reproduction characteristics of gibel carp living in the lake. Field surveys were carried out
monthly between March 2009 and April 2010. Fork length and body weight were determined between
4.4-31.4 cm and 1.44-774.4 g, respectively. The female:male ratio of total 487 gibel carp specimens
was estimated as 20.1:1.0. The age composition of the population ranged from age class I to XI. The
length—weight relationships, condition factor and von Bertalanffy growth parameters were estimated
for all individuals as W=0.0154FL*"*, K=2.26 (SE=0.02) and L=33.97[1-e*"*“1?)]  respectively.
Length at first maturity was calculated as 13.23 cm FL for females. Mean absolute fecundity in a mature
female was 46,628 eggs (SE = 3,880), ranging from 5,266 eggs (16.7 cm FL) to 78,416 eggs (25.3 cm
FL). The relationships between fecundity and fish size (fork length and weight) were calculated by
regression analysis and the fecundity increased exponentially with the fish length and weight.
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Biiyiikcekmece Golii (Istanbul, Tiirkiye)’nde yasayan
egzotik balik tiiriui Carassius gibelio (Bloch, 1782)’nun
biiyiimesi ve iiremesi

Ozet
Biiylikgekmece Golii, Karasu Cay1’nin Marmara Denizi’ne dokiildiigii yerde olusmus bir lagiin gdlidiir.
1985 yilinda insa edilen Biiyiikgekmece Baraji ile deniz baglantisi kesilmis ve zamanla tatli su 6zelligi
kazanmistir. Yabanct bir tiir olan Carassius gibelio (Bloch 1782), 1990’larin basinda bir balik¢t
tarafindan gole birakilmistir. Gole girisinin ardindan, avci karakterdeki Esox lucius Linnaeus, 1758 ve
Silurus glanis Linnaeus, 1758 ile benzer beslenme 6zelligi gosterdigi Cyprinus carpio, Linneaeus 1758,
Scardinius erythrophthalmus (Linneaeus 1758) gibi diger sazangillere ragmen, goldeki baskin balik
tiirlerinden biri olmustur. Sunulan ¢alismanin amaci, gélde yasayan giimiisi havuz baligimin biiyiime
ve tireme Ozelliklerini incelemektir. Saha ¢aligmalart Mart 2009 ile Nisan 2010 tarihleri arasinda aylik
olarak yapilmistir. Catal boy ve viicut agirligi sirasiyla 4,4-31,4 cm ile 1,44-774,4 g’dir. Toplam 487
adet giimiisi havuz bahigmin disi:erkek orani 20,1:1,0 olarak hesaplanmistir. incelenen 6rneklerin yas
dagilimy, I ile XI yas sinifi arasinda dagilim gostermistir. Boy—agirlik iliskisi, kondisyon faktorii ve
von Bertalanffy biiyiime parametresi tiim bireyler i¢in sirasiyla W=0,0154FL>'3, K=2,26 (SH=0,02) ve
L=33,97[1-e""%0199] olarak hesaplanmistir. Disiler igin ilk eseysel olgunluk boyu 13,23 ¢cm olarak
hesaplanmistir. Fekonditesi, 5.266 yumurta (16,7 cm CB) ve 78.416 yumurta (25,3 cm CB) arasinda
degismekle birlikte ortalama 46.628 yumurta (SH=3.880) dir. Fekondite ile balik biyiikliigii (boy ve
agirlik) arasindaki iliski regresyon analizi ile hesaplanmis ve fekonditenin balik boyu ve agirhigr ile

birlikte tissel olarak arttig1 belirlenmistir.

Anahtar Kelimeler: Giimiisi havuz baligy, istilaci, ginogenez, yas, fekondite.

Introduction

Adaptations in life-history characteristics
and biogeographical models of growth
and habitation are the main themes in the
adaptations of invasion and colonization
theory for the introduction of fish species
into new freshwater ecosystems (Villeneuve
et al. 2005). Some of non-native fish species
have invasive characteristics and modify
local ecological conditions by re-shaping the
reproduction, growth, and improvement of
native species, as well as by hybridisation and
introducing diseases and parasites (Latini and
Petrene 2004). A good example of this case is
Carassius gibelio (Bloch, 1782) gibel carp. It
is a non-native fish species of Turkish inland
waters, and the first record was given from
Gala Lake in Thrace in 1988 (Baran and Ongan
1988). The introduction of gibel carp to new
inland water occurred either by the fisherman,
or some government sponsored initiatives with
the aim of stocking mirror and common carp

(C. carpio) for aquaculture purposes (Ozulug et
al. 2004; Bostanci et al. 2007). However, it is
evident that gibel carp has detrimental effects
on the native fish fauna. A monitoring study
carried out in Omerli Reservoir (north-west
of Turkey) for 3 years showed that gibel carp
abundance (mean CPUE) increased up to 245%
and this related significantly with the reduction
in the CPUE of large-bodied native species
such as Baltic vimba Vimba vimba (L. 1758)
(52%) and rudd Scardinius erythropthalmus
(L. 1758) (44%) (Gaygusuz, et al. 2007).
The gibel carp was intentionally introduced
into Biiyiikcekmece Lake in the early 1990s
by a fisherman for a stocking purpose from
Kayali Reservoir to Bilylikgekmece Lake
(Ozulug 1999; Innal and Erk’akan 2006). For
approximately 25 years, it has been reported
from numerous areas of Turkey (Ozulug 1999;
Sast and Balik 2003; Balik et al. 2003; Ozulug
et al. 2004; Ilhan et al. 2005; Mendil et al.
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2005; Yegen et al. 2006; Bostanci et al. 2007;
Gaygusuz et al. 2007; Mendil and Uluozlii
2007; Ugurlu and Polat 2007; Emiroglu et al.
2008; ilhan and Balik 2008; Ozcan 2008; Cicek
et al. 2009; Bulut 2010; Emiroglu et al. 2010;
Aydin et al. 2011; Emiroglu 2011; Emiroglu et
al. 2012; innal 2011; Onsoy et al. 2011; Ozvarol
and Karabacak 2011; Cakmak et al. 2012;
Ergiliden and Goksu 2012; Tarkan et al. 2012a;
Yilmaz et al. 2012; Zengin et al. 2012; Karakus
et al. 2013; Keskin et al. 2013; Kirankaya and
Ekmekei 2013; Gaygusuz et al. 2013; Sag¢ and

Ozulug 2014).
Most of the studies carried out in
Biiyilkgekmece Lake was  about the

composition and taxonomy of fishes (Balik,
1985; Merig, 1986; Ozulug, 1999) and there
were only two studies (Erman 1959; Tarkan et
al. 2006a) on population parameters of these
fishes while there was no study to determine of
gibel carp’s population dynamics. The aim of
the present study was to determine the growth
and reproduction properties of gibel carp living
in Biiyilkgekmece Lake and to provide basic
information to further studies on the invasion
effects of the species on the indigenous species

of the lake.

Materials and methods
Study site

Biiyiikgekmece Lake is a lagoon lake located
at the mouth of the Karasu Stream, which drains
into the Sea of Marmara. The sea connection
of the lagoon was blocked by Biiyiikgekmece
Dam in 1985, and the lagoon became a fresh-
water lake over time. The surface area of the
lake is 28.5 km? with the maximum water depth
of about 6 m (Aktan et al. 2006). The lake is a
shallow lake, which has a dynamical structure
due to climatic changes. There are four streams
feeding the Biiylikcekmece Lake; the biggest
one is the Karasu Stream, which is located in
northern part of the lake. There are a lot of little
streams connecting to Karasu Stream. The oth-
er streams feeding the lake are Hamza located
in the northern, Kesli¢iftligi located in eastern
and Cekmece located in western of the lake
(Ozulug, 1999). The specimens were caught in
the southern east of the lake at a depth of about

3 meters.

Due to connection with the Sea of Marmara
until 1985, marine species such as Pomatomus
saltatrix (L. 1766), Syngnathus abaster Risso,
1827, Mugil cephalus L., 1758, Sardina
pilchardus ~ (Walbaum  1792),  Engraulis
encrasicolus (L. 1758) were common in
Biiyiilkgekmece Lake along with some of
freshwater fish species such as Tinca tinca
(L. 1758), Rutilus rutilus (L. 1758), Anguilla
anguilla (L. 1758). But, after the construction of
the dam, the fish fauna of the lake has changed
rapidly and freshwater species have replaced
the marine species due to the decrease in salinity
over time (Balik 1985; Meri¢ 1986) and, a total
of 23 freshwater fishes were determined in the
lake (Ozulug 1999).

Sampling and analysis

A total of 487 individuals was captured us-
ing gillnets having different mesh sizes (10x10
mm, 20x20 mm, 30x30 mm, 40x40 mm and
50x50 mm) from the lake from March 2009 to
April 2010. Water temperature was measured
with a digital thermometer during these month-
ly surveys.

Samples were measured to the nearest 0.1
cm standard length (SL), fork length (FL) and
total length (TL) and, weighed to the nearest
0.01 g total body weight (W). For length-length
relationships, the following relationships were
constituted using linear regression analysis: (a)
FL versus TL; (b) FL versus SL; (c) SL versus
TL. Scales were used for age determination. For
this purpose, scales were taken from the region
of the fish between the dorsal and the lateral
line, put into small envelopes and preserved
as dry. Scales were then placed on polycarbon
plastic plates, which were 1 mm in thickness, 3
cm in length and 1.5 cm in width and pressed
under a cylinder pressure. After the scales were
removed, their marks were left on the polycar-
bon plastic plate. These preparates were read
using a Microfish Reader (Lagler 1969; Giirsoy
et al. 2005). To confirm the ages of the popula-
tion, two independent age determinations were
done by two different readers. Only the age of
425 specimens were determined because some
scales, which belong to 62 specimens were de-
formed. Length—weight relationship was ana-



Sa¢ and Okgerman / IUFS Journal of Biology 2015, 74(1): 1-12

lyzed by using the equation: W=aL?, where W
is the total weight (g), L is the fork length (cm),
and @ and b are the equation parameters (Le
Cren 1951; Froese 2006). The condition coef-
ficient was calculated using the Fulton’s Con-
dition Factor K=(W/FL*)x100 (Ricker 1975).
Growth in length was determined by the von
Bertalanffy equations; L=L [1-e "], where
Lt is length at time t, L_ is asymptotic length,
t is age, t is age when the length equals to 0
and k coefficient of development (Cailliet et al.
1986).

Gonad maturation was determined accord-
ing to Nikolsky (1963) with the naked eye or
microscopic examination. To determine the
spawning period, gonadosomatic index (GSI)
was calculated for females by using the formu-
la GSI=(G/W)x100 where G is gonad weight
and W is total body weight (Le Cren, 1951;
King 2007). For the estimation of mean length
at 50% maturity, a logistic function was per-
formed to the proportion of the mature speci-

mens by size class using non-linear regression.
The function used for estimating length at first
maturity was P=1/(1+exp[-r(L-L )]), where P
is the proportion mature in each size class, r (-b
slope) is a parameter controlling the slope of the
curve and L_ is the size at 50% maturity (King
2007). The absolute fecundity was calculated
by gravimetric method. With this method, the
subsamples of 1 g were taken from 3 different
parts of the ovaries and then, the number of the
sub-samples was multiplied up to the weight of
the ovary using the formula F=f(G/g) (Le Cren
1951). Relative fecundity was estimated us-
ing the equations; RF, =(F/W) and RF =(F/L),
where F is absolute fecundity, W total weight
and L fork length. The relationships between
fecundity and fish size (fork length/weight)
were calculated by regression analysis; F=aXb.
Where F=fecundity, X=fork length of fish (cm)
or weight of fish (g), a=regression constant and
b=regression coefficient.

Table 1. The range of fork length (FL, cm), body weight (W, g) and condition factor (K) values in
different age classes of Carassius gibelio, Biiyilkcekmece Lake, Istanbul, Turkey (n: number of

specimens; SE: standard error)

Age Classes n FL (SE) W (+SE) K (&SE)

(min. - max., cm) (min. - max., g) (min. - max.)

I 37 73+£03 9.86 +1.30 2.14 +£0.04
(44-9.9) (1.44 -23.27) (1.83 - 2.40)

I 129 11.8+0.1 3839+ 1.52 2.21+0.02
9.9-14.7) (20.23 - 78.99) (1.78 - 2.88)

I 41 16.2+0.2 101.45+£3.72 2.32+0.02
(14.8-18.1) (69.01 - 152.12) (2.11-2.72)

v 31 19.6 +£0.2 179.53 £4.70 2.33+£0.03
(18.2-21.0) (135.87 - 226.40) (2.11 - 2.60)

v 70 22.5+0.1 271.92 +3.20 2.33+0.02
(21.2-23.2) (203.70 - 329.50) (1.99 - 2.60)

e 79 23.9+0.1 311.49+3.70 2.26+0.01
(23.2-25.0) (215.70 - 373.30) (1.98 -2.43)

VI 16 254+0.1 383.89+9.89 2.24+£0.02
(25.0-26.0) (345.70 - 476.83) (2.13 - 2.40)

VI 10 26.6+0.1 437.02 +9.35 2.32+0.03
(26.1-27.2) (388.78 - 492.20) (2.16-2.41)

IX 7 27.6+0.2 494.88 +£13.40 2.31£0.02
(27.3-28.2) (459.40 - 553.10) (2.21-2.37)

X By 28.6+0.1 538.20 +4.20 2.30+0.01
(28.5-28.7) (534.00 - 542.40) (2.29 - 2.30)

X1 3 30.6+04 680.30 £ 50.29 2.28 +£0.05
(30.0-31.4) (602.50 - 774.40) (2.23-2.34)
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Results

The fork length and weight of 487 samples
varied between 4.4-31.4 cm and 1.44-774.4 g,
respectively. Age distribution of the population
ranged between age classes I and XI. Domi-
nant age class was determined as age class II
(30.35%), and it was followed by age class VI
(18.59%) and V (16.47%). Since the mesh size
was not sufficiently small (minimum 10 mm),

fish samples in the age class 0 were not cap-
tured in surveys (Table 1).

Length-weight relationship of gibel carp was
calculated for females, males and all individuals
as  W=0.014FL*"°,  W=0.015FL*>'  and
W=0.015FL*"**, respectively. The regression
coefficient b indicated positive allometric
growth for the population with deviation from
b=3 (Table 2).

Table 2. Descriptive statistics and estimated parameters of length-weight relationships of Carassius
gibelio, Biiyiikcekmece Lake, Istanbul, Turkey (n: number of individuals; FL: fork length; W: body
weight; Min.: minimum; Max.: maximum; a: intercept; b: slope; CL: confidence limits; 1% coefficient

correlation)
Fork length Body weight Regression Confidence
Sexes I (FL, cm) W, g) parameters limits 2
Min. Max. Min. Max. a b 95% CL of b
Female | 462 44 314 1.44 774.40 | 0.014 | 3.159 0.002 0.991
Male 23 52 304 2.62 727.90 | 0.015 | 3.107 0.036 0.923
Allind. | 487 4.4 314 1.44 774.40 | 0.015 | 3.134 0.002 0.996
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Figure 1. Monthly mean condition factors (K) of Carassius gibelio (both sexes combined) in

Biiyiikgekmece Lake, Istanbul, Turkey.

The mean condition factor was calculated as
2.22 (SE=0.01) for females, 2.11 (SE=0.10) for
males and 2.26 (SE=0.02) for all individuals.

According to the monthly variation of condition
factor, the maximum and minimum condition
factor values were calculated as 2.34 (SE=0.03)
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in July 2009 and 2.19 (SE=0.03) in March 2009,
respectively (Table 1). Monthly variation of
condition factor was shown in Fig. 1. Maximum
condition factor values were detected for age
classIV and V (Table 1). Von Bertalanffy growth
parameters were calculated for all individuals
as L=33.97(1-!%*0162)) Results of length-
length relationships are FL=0.917L-0.039
(r’=0.998), FL=1.19SL+0.220 (1>=0.997) and
SL=0.77TL-0.179 (r’=0.996), respectively.

The sex composition of the population was
determined as 462 (94.87%) females and 23
(4.72%) males. The ratio of females to males
was calculated as 20.1:1.0. According to the
monthly variation of GSI (Fig. 2), a prolonged
spawning period was observed from April to
August. The mean GSI began to increase in
March and attained maximum value in April
(8.36%) indicating the pre-spawning period. In
May, GSI sharply declined (2.61%) and in the
following months, it showed a gradual decrease

until August. Furthermore, macroscopic inves-
tigations of the gonads also showed spawning
has begun in May when the prominent tem-
perature increasing happened (20.9°C). How-
ever, at the end of June, the spawning ended,
and there was no female carrying ripe eggs in
July. The size at first maturity where 50% of
females were identified as sexually mature was
13.23 cm FL (P=1/(1+el0888CT1323D) " and cor-
responding age class was II. Mean absolute
fecundity in mature female was 46,628 eggs
(SE=3,880), ranging from 5,266 eggs (a female
of fork length 16.7 cm) to 78,416 eggs (a fe-
male of fork length 25.3 cm). Relative fecundi-
ty was estimated with 2,025 eggs at fork length
(ranged from 315 to 3,180 eggs.FL') and 179
eggs at total body weight (ranged from 51 to
250 eggs.W'). The relationships of absolute
fecundity versus body size (length and weight)
were calculated as F=1.427FL*3% (r>=0.61) )
and F=95.446W'2% (r>=0.59), respectively.
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-+ 50

Water Temperature (°C)

——GSI (%)
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---a--- Water Temperature (°C)

Figure 2. Monthly variations in the gonadosomatic index (GSI) of female Carassius gibelio and water
temperature (°C) in Biiyiikcekmece Lake, Istanbul, Turkey.

Discussion

The existence of non-native gibel carp in
Biiyiikgekmece Lake was detected in the 1990s
(Ozulug, 1999) and it became one of the most
dominant fish species in due time (personal

communication, Arif Pasa, fisherman). The
reason for the increase of population density
and the strong establishment of the species
might be explained with its successful spawning
strategy and high ability at colonization in
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new environments. One of the main factors on
reproductive and also invasion success of gibel
carp is definitely gynogenesis (To6th et al. 2005;
Vetemaa et al. 2005; Emiroglu et al. 2011;
Tarkan et al. 2012a; Tarkan et al. 2012b).

Gibel carp reproduces bisexually when
conspecific sperm are used for fertilization
or experiences gynogenesis spontaneously
or preternaturally by fertilizing its eggs with
heterologous sperm from closely related
species such as common carp (Xu et al. 2005).
It populates as a bisexual population inclusive
of females as the majority and males as the
20%)

ecosystems, whereas other gynogenetic species

minority (approximately in natural
are composed of all-female populations (Zhou et
al. 2000). Fan and Shen (1990) has hypothesized
that the offspring of gynogenetic populations
had been composed of 5% males and 95%
females, and if some of the eggs develop into
males, gibel carp may be able to reproduce both
gynogenetically and bisexually. It was thought
that gibel carp living in Turkish inland waters had
either bisexual or gynogenetical reproduction
characteristics. While female:male rates from
Omerli (14.17:1), Topcam (98.84%:1.16%),
Seyitler (82.55%:16.11%), Uluabat (2.7:1.0),
ikizcetepeler (77.92%:22.08%), Ladik
(93.5%:6.5%) and Buldan (99.44%:0.56%)
that gibel
reproduce with gynogenesis, female/male rates
from Iznik (1.58:1), Egirdir (46.6%-53.4%),
Beysehir  (52.1%:47.9%) and Gelingiilli
lakes (1:1.39) showed that it probably may
reproduce bisexually (Tarkan et al. 2006b;
Sas1 2008; Sar1 et al. 2008; Balik et al. 2004a,
Cinar et al. 2007; Emiroglu et al. 2011; Bulut
et al. 2013; Kirankaya and Ekmek¢i 2013;
Yazicioglu et al. 2013; Erdogan et al. 2014).
The ratio of female:male (20.1:1.0) would
indicate gynogenetic reproduction of gibel carp

reservoirs showed carp may

in Biiyiikgekmece Lake population. Depending
on that small percentage (approximately 5%) of

males, in addition to gynogenetic reproduction,
bisexual reproduction is another option for the
population to some extent.

The length distribution in different age
classes of gibel carp population living in
Biiyiilkgekmece Lake were smaller, and the
growth was slower than the other gibel carp
populations living in Egirdir, Beysehir and
Gelingiillii lakes (Balik et al. 2004a; Cinar
et al. 2007; Kirankaya and Ekmekc¢i 2013).
Food abundance, which is the most important
factor effecting growth, is higher in eutrophic
lakes than that in the oligotrophic lakes, and
consequently, fish growth is faster in eutrophic
lakes (Demir 1996). Compared to the eutrophic
Buldan (Balik et al. 2004b), Topgam (Somek
et al. 2005) and Omerli (Albay and Akgaalan
2003) reservoirs, it was thought that the slower
growth of gibel carp could be the result of
the nutritional deficiency in oligotrophic
Biiyiikgekmece Lake (Aktan et al. 2006).
However, because of high abundance of the
other omnivorous cyprinids such as roach (R.
rutilus) and bitterling (R. amarus) (Sag 2010),
interspecific food competition might negatively
affect gibel carp growth. According to
Szczerbowski (2001), the growth rate of gibel
carp decreased substantially in areas where
common carp intensively were stocked. These
changes on age-dependent length values usually
depend on population density, food supply,
ecological conditions and food interactions
(Szczerbowski 2001; Ricker 1975). The age
of gibel carp specimens from Biiyiilkgekmece
Lake was similar to some records from
European inland waters, which have 10 and 11
years lifespan (Szczerbowski 2001). However,
the maximum age of gibel carp for Turkish
inland waters was observed in Lake Uluabat
population to be 12 years, while the common
age structure was six years in most populations
of the species such as Egirdir, Buldan, Omerli
and Topgam lakes (Table 3).
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Table 3. Length at age values of Carassius gibelio populations from various water bodies in Turkey.

The mean lengths of the different age classes
Water bodies | Length References
0 1 1I | Iv | v | VI | VII |VIII| IX | X | XTI | XII
Lake Egirdir | FL | - |11.9|18.1]229(255(27.4]206| - | - | - | - | - | - | Babketat.2004
Lakeiznik | TL | - [138]19.7]253(300| - | - | - | - | - | - | - | - |Tarkanetal.2006b
Omerli Reser- Tarkan et al. 2006b
. TL - 112.6(20.4(26.7(30.9|33.1|35.7| - - - - - -
Voir
Lake Beyschir | FL | 9.2 |12.0]19.6[22.1|243]267] - | - | - | - | - | - | - | Cwmaretal 2007
Buldan Sari et al. 2008
. FL - | 11.7]14.7]17.0|18.9]120.3|22.0| - - - - - -
Reservoir
Emiroglu et al.
Lake Uluabat SL - |48 (7.0(9.0 |11.2]13.3]153|17.2|19.1|21.3|23.4|24.3(27.3 2012
Gelingilli Kirankaya and
. FL | 6.4 [12.6|15.8|18.4|223|26.6| - - - - - - - .
Reservoir Ekmekgei 2013
Seyitler Bulut et al. 2013
. FL - | 154]17.7]21.0|23.8|25.6|31.8| - - - - - -
Reservoir
ikizcetepeler Erdogan et al.
. TL - - - 1252(26.6(27.5(288]| - - - - - -
Reservoir 2014
Biiyiikgekmece Present study
Lak FL - | 73 [11.8[16.2|19.6]22.5(23.9(25.4|26.6(27.6|28.6(30.6| -
ake

According to GSI, gibel carp population
living in Biiyilkcekmece Lake spawned only
once a year. In spite of that, multiple spawning
was reported in some gibel carp populations.
Gudkov (1986), Kizina (1987) and Pipoyan
and Rukhkyan (1998) mentioned multiple
spawning for gibel carp populations at Volga
Delta and Armenia inland waters. These
differences could be related to environmental
conditions such as water temperature, flow
regime or the abundance of food (e.g. Tarkan
et al. 2007). In its natural distribution area,
gibel carp begins to spawn by the end of May
and during June at a water temperature of up
to 18-19°C (Szczerbowski 2001). In gibel carp
population living in Biiyiikcekmece Lake, the
duration of the spawning period was similar to
that observed in the natural range; it began in
May, when the water temperature in the lake
was 20.9°C, and ended at the end of June. In
spite of this, the spawning period of non-native
gibel carp populations in Turkish inland waters
was reported to be longer; in most populations
such as Lake Egirdir, Lake Uluabat and
Gelingiillii Reservoir, it started to spawn in

April and continued until July or August (Balik
et al. 2008; Emiroglu et al. 2012; Kirankaya
and Ekmekgi 2013).

In conclusion, Biiylikgekmece Lake is one
of the main resources for domestic waters of the
[stanbul city and because of this fact, the fishing
that continues illegally in the lake is forbidden.
However, the abundance of economic fish
species living in the lake such as pike and
catfish is decreasing due to overfishing so; it is
considered that these predator fish species do
not have any predation pressure on gibel carp
and other species, as well. Gibel carp, due to
having many small fishbones, does not have
any economic values and is not consumed as
human food, but is captured accidentally by
the nets (with the mesh size of 50x50 mm and
up) used in the fishing of economic species.
Its population density in the lake has increased
since its introduction, and it has become one of
most dominant fish species. The gynogenetic
reproductive strategy is thought to be the most
important factor for its increasing population
density in Biiylikgekmece Lake.



Sag and Okgerman / IUFS Journal of Biology 2015, 74(1): 1-12

Acknowledgement

This work was supported by Scientific
Research  Projects Coordination Unit of
Istanbul University with project number 2799.
This study is dedicated to Dog¢. Dr. Hacer
Okgerman, who passed away on February 14,
2015, following a tragic disease. Authors would
like to thank Ozcan Gaygusuz, Basak Oguz and
Gizem Kotiloglu for their help in laboratory
and field works. We also would like to thank
fisherman Arif Pasa, who helped us in the field
sampling.

References

Aktan Y., Aykulu G., Albay M., Okgerman H.,
Akgaalan R., Giirevin C. and Dorak Z.
(2006) Biiyiik¢ekmece Golii’'nde agir1 artig
gosteren fitoplankterlerin gelisimini kon-
trol eden faktorlerin arastirilmasi. Tiibitak
Projesi, CAYDAG-103Y127, 112s.

Albay M. and Akgaalan R. (2003) Factors
influencing the phytoplankton steady
state assemblages in a drinking-water
reservoir (Omerli Reservoir, Istanbul).
Hydrobiologia, 502: 85-95.

Aydin H., Gaygusuz O., Tarkan A.S., Top N.,
Emiroglu N. and Giirsoy Gaygusuz C.
(2011) Invasion of freshwater bodies in
the Marmara region (northwestern Turkey)
by nonnative gibel carp, Carassius gibelio
(Bloch, 1782). Turkish Journal of Zoology,
35 (6): 829-836.

Balik S. (1985) Trakya Bolgesi i¢su baliklarinin
bugiinkii durumu ve taksonomik revizyonu.
Doga Bilim Dergisi A2, 9(2): 147-160.

Balik S., Karasahin B., Ozkok R., Cubuk H.
and Uysal R. (2003) Diet of silver crucian
carp Carasssius gibelio in Lake Egirdir.
Turkish Journal of Fisheries and Aquatic
Sciences 3: 87-91.

Balik S., Ozkék R., Cubuk H. and Uysal R.
(2004a) Investigation of some biological
characteristics of the silver crucian carp,
Carassius gibelio (Bloch 1782) Population
in Lake Egirdir. Turkish Journal of
Zoology, 28: 19-28.

Balik S., Ustaoglu M.R., Ozbek M., Tasdemir
A. and Yildiz S. (2004b) Benthic fauna of
Buldan Reservoir (Denizli, Turkey). Ege
University Journal of Fisheries & Aquatic

Sciences, 21(1-2): 139-141.

Baran 1. and Ongan, T. (1988) Gala Gélii’niin
limnolojik 6zellikleri, balik¢ilik sorunlar
ve Oneriler, Gala Golii ve Sorunlari Sem-
pozyumu, Dogal Hayati Koruma Dernegi
Bilimsel Yaywmlar Serisi, 46—54.

Bostanci D., Polat N., Kandemir S. and Yil-
maz S. (2007) Determination of condi-
tion factor and length-weight relationship
of the crucian carp, Carassius gibelio
(Bloch, 1782) inhabiting Bafra Fish Lake.
SDU Fen Edebiyat Fakiiltesi, Fen Dergisi
(e-Dergi) 2(2): 117-125.

Bulut S. (2010) Seyitler Baraj Golii'nde
(Afyonkarahisar) yasayan Carassius gi-
belio’nun kas dokusundaki yag asidi kom-
pozisyonunun degisimi. Gida Teknolojileri
Elektronik Dergisi, 5(2): 69-75.

Bulut S., Mert R., Algan B., Ozbek M., Unal
B. and Konuk M. (2013). Several Growth
Characteristics of an Invasive Cyprinid
Fish (Carassius gibelio Bloch, 1782). Not-
ulae Scientia Biologicae, 5(2): 133—138

Cailliet G.M., Love M.S. and Ebeling A.W.
(1986) Fishes, A Field and Laboratory
Manuel on Their Structure, Identification
and Natural History. Wadsworth Publish-
ing Company, pp. 194.

Cakmak Y.S., Zengin G., Giiler G.O., Aktiim-
sek A. and Ozparlak H. (2012) Fatty acid
composition and €3/Q6 ratios of the mus-
cle lipids of six species in Sugla Lake,
Turkey. Archives of Biological Sciences,
Belgrade, 64(2): 471-477.

Cicek A., Emiroglu O. and Arslan N. (2009)
Heavy metal concentration in fish of Lake
Manyas, 13. World Lake Conference, 1-5
November, 2009, Wuhan China.

Cmar S., Cubuk H., Ozkok R., Tiimgelir L.,
Cetinkaya S., Erol K.G. and Ceylan M.
(2007) Beysehir Golii’'ndeki glimiisi havuz
baligi (Carassius gibelio Bloch, 1782)
populasyonunun biiytime o6zellikleri. Ulu-
sal Su Giinleri, Antalya. s: 401-409.

Demir N. (1996) Ihtiyoloji. Nobel Yayin 924
(31), ISBN 975-591-909-0. Ankara, 423s.

Emiroglu O., Arslan N., Malkog S., Kog B. and
Cigek A. (2008) Determination of cadmi-
um levels in lake water, sediment, meio-
benthos (Chironomidae) and three fish



10

Sa¢ and Okgerman / IUFS Journal of Biology 2015, 74(1): 1-12

species from Lake Uluabat (a Ramsar site
in Turkey). EIFAC Occasional Paper, 44:
263.

Emiroglu O., Uyanoglu M., Canbek M. and
Bagkurt S. (2010) Erythrocyte sizes of
Carassius gibelio species in Porsuk Dam
Lake (Eskisehir/Turkey). Journal of An-
imal and Veterinary Advances, 9(24):
3077-3082.

Emiroglu O. (2011) Alien fish species in upper
Sakarya River and their distribution. Af-
rican Journal of Biotechnology, 10 (73):
16674-16681.

Emiroglu O., Bayramoglu G., Oztiirk D. and
Yaylac1 K. (2011) Determination of the gy-
nogenetic reproduction characteristics of
Carassius gibelio in Uluabat Lake. Asian
Journal of Animal and Veterinary Advenc-
es, ISSN 1683-9919/ DOI: 10.3923/aja-
va.2011. © 2011 Academic Journals Inc.

Emiroglu O., Uyanoglu M. and Bagkurt S.
(2012) Comparison of the erythrocyte
sizes of Carassius gibelio and Carassius
carassius species living together in Ak-
g6l (Adapazari/Turkey). Asian Journal
of Animal and Veterinary Advances, 7(9):
876-883.

Erdogan Z., Torcu Ko¢ H., Giingér S. and
Ulunehir G. (2014). Age, growth and re-
productive properties of an invasive spe-
cies Carassius gibelio (Bloch, 1782) (Cy-
prinidae) in the Ikizcetepeler Dam Lake
(Balikesir), Turkey. Periodicum Biologo-
rum, 116(3): 285-291.

Ergliden S.A. and Goksu, M.Z.L. (2012) The
fish fauna of Seyhan Dam Lake (Adana).
Journal of FisheriesSciences.com, 6(1):
39-52.

Erman F. (1959) Has kefal (Mugil cephalus L.)
‘i biyolojisi. Hidrobiyoloji Mecmuast A 5
(1-4): 62-86.

Fan Z. and Shen J. (1990) Studies on the evo-
lution of bisexsual reproduction in crucian
carp (Carassius auratus gibelio Bloch).
Aquaculture, 84: 235-244.

Froese R. (2006) Cube law, condition factor,
weight-length relationships: history, me-
ta-analysis and recommendations. Journal
of Applied Ichthyology, 22: 241-253.

Gaygusuz O., Tarkan A.S. and Gaygusuz, C.G.
(2007) Changes in the fish community of

the Omerli Reservoir (Turkey) following
the introduction of non-native gibel carp
Carassius gibelio (Bloch, 1782) and other
human impacts. Aquatic Invasions Volume
2 (2): 117-120.

Gaygusuz O., Emiroglu O., Tarkan A.S., Aydmn
H., Top N., Dorak Z., Karakus U. and
Bagkurt S. (2013) Assessing the potential
impact of nonnative fish on native fish by
relative condition. Turkish Journal of Zo-
ology, 37: 84-91

Gudkov P.K. (1985) Biology of goldfish, Car-
assius auratus gibelio, from the Volga Del-
ta. Journal of Ichthyology, 25(4): 157-160.

Giirsoy C., Tarkan A.S., Acipmar H. and Gay-
gusuz O. (2005) Validation of the scales for
age determination in a Cyprinid, Scardin-
ius erythrophthalmus (L., 1758). Interna-
tional Journal of Zoological Research,
1(1): 33-36.

Ilhan A., Balik S., Sar1 H.M. and Ustaoglu,
M.R. (2005) Bat1 ve Orta Anadolu, Giiney
Marmara, Trakya ve Bat1 Karadeniz bdlge-
leri igsularindaki Carassius (Cyprinidae,
Pisces) tiirleri ve dagilimlari. Ege Univer-
sitesi Su Uriinleri Dergisi, 22(3-4): 343—
346.

Innal D. and Erk’akan F. (2006) Effects of ex-
otic and translocated fish species in the
inland waters of Turkey. Rev. Fish Biol.
Fisheries, 16: 39-50.

Ilhan A. and Balik S. (2008) Bati Karaden-
iz Bolgesi ig¢sularinin balik faunasi. Ege
Universitesi Su Uriinleri Dergisi, 25(1):
75-82.

Innal D. (2011). Distribution and impacts of
Carassius species (Cyprinidae) in Turkey:
a review. Management of Biological Inva-
sions, 2: 57-98.

Karakus U., Agdamar S., Tarkan A.S. and Oz-
demir N. (2013) Range extension of the
invasive freshwater fish species, gibel carp
Carassius gibelio (Bloch, 1782) in west-
ern Turkey. Biolnvasions Records, 2(2):
153-157.

Keskin E., Agdamar S. and Tarkan A.S. (2013)
DNA barcoding common non-native fresh-
water fish species in Turkey: low genetic
diversity but high population structuring.
Mitochondrial DNA, 2(3): 276-287.

Kirankaya S.G. and Ekmek¢i F.G. (2013)



11

Sag and Okgerman / IUFS Journal of Biology 2015, 74(1): 1-12

Life-history traits of the invasive popu-
lation of prussian carp Carassius gibelio
(Actinopterigi: Cypriniformes: Cyprini-
dae) from Gelingiillii Reservoir, Yozgat,
Turkey. Acta Ichthyologica Et Piscatoria,
43(1): 31-40.

King M. (2007) Fisheries Biology, Assessment
and Management. 2™ Edition, Blackwell
Scientific Publications, Oxford. pp. 1-381.

Kizina L.P. (1986) Some data on the biology of
the Genus Carassius from the lower reach-
es of the Volga Delta. Journal of Ichthyol-
0gy, 26(4): 31-40.

Lagler K.L. (1969). Freshwater Fishery Biolo-
gy. 2" Edition, W.M.C. Brown Company
Publishes. Dubuque Iowa. pp. 421.

Latini A. O. and Petrere M. Jr. (2004) Reduc-
tion of a native fish fauna by alien species:
an example from Brazilian freshwater
tropical lakes. Fisheries Management and
Ecology, 11: 71-79.

Le Cren E.D. (1951) The length-weight re-
lationship and seasonal cycle in gonad
weight and condition in the perch (Perca
fluviatilis). Journal of Animal Ecology, 20:
201-218.

Mendil D., Uluézlii O.D., Hasdemir E., Tiizen
M., Sar1 H. and Suigmez H. (2005) Deter-
mination of trace metal levels in seven fish
species in lakes in Tokat, Turkey. Food
Chemistry, 90(1-2): 175-179.

Mendil D. and Uludzlii O.D. (2007) Determi-
nation of trace metal levels in sediment
and five fish species from lakes in Tokat,
Turkey. Food Chemistry, 101(2): 739-745.

Merig N. (1986) Fishes encountered in
Biiyiikcekmece Lake, Istanbul. Istanbul
Univ. Fen Fak. Mec. B, 51: 41-46.

Nikolsky G.V. (1963) The Ecology of Fishes.
6" Edition, London, Academic Press, pp.
353.

Onsoy B., Filiz H., Tarkan A.S., Bilge, G. and
Tarkan A.N. (2011) Occurrence of non-na-
tive fishes in a small man-made lake (Lake
Ula, Mugla): past, present, future perspec-
tives. Turkish Journal of Fisheries and
Aquatic Sciences, 11: 209-215

Ozcan G. (2008) Biiyiik Menderes Nehir Hav-
zast’'ndaki Egzotik Balik Tiirleri ve Et-
kileri. Tiirk Bilimsel Derlemeler Dergisi,
1(2): 23-25.

Ozulug M. (1999) A taxonomic study on the fish
in the basin of Biiyiikcekmece Dam Lake.
Turkish Journal of Zoology, 23, 439—451.

Ozulug M., Merig, N. and Freyhof J. (2004).
The distribution of Carassius gibelio
(Bloch, 1782) (Teleostei: Cyprinidae) in
Thrace (Turkey). Journal of Middle East
31: 63-66.

Ozvarol Z.A.B. and Karabacak G.S. (2011)
Changes in the population structure of
pikeperch (Sander lucioperca Linnaeus,
1758) Karacadren-I Dam Lake, Turkey.
Journal of Animal and Veterinary Advanc-
es, 10(2): 224-228.

Pipoyan S.K. and Rukhkyan R.G. (1998) Re-
production and development of Carassius
auratus gibelio in water bodies of Arme-
nia. Journal of Ichthyology, 38(5): 374—
379.

Ricker W.E. (1975) Computations and Inter-
pretation of Biological Statistics of Fish
Populations. Fish. Res. Bd. Canada Bull.
191. pp. 382.

Sa¢ G. (2010) Growth and reproduction of
prussian carp Carassius gibelio (Bloch,
1782) in Biiyiikgekmece Dam Lake. MSc
Thesis, Istanbul University, Istanbul.

Sa¢ G. and Ozulug M (2014) Five new records
for the fish fauna of Durusu Lake Basin
(Istanbul). Journal of Fisheries Sciences.
com, 8(4): 291-297.

Sar1 M.H., Balik S., Ustaoglu M.R. and ilhan
A. (2008) Population structure, growth
and mortality of Carassius gibelio (Bloch,
1782) in Buldan Dam Lake. Turkish Jour-
nal of Fisheries and Aquatic Sciences, 8:
25-29.

Somek H., Balik S. and Ustaoglu M.R. (2005)
Phytoplankton of Topgam Dam Lake
(Cine-Aydin) and their seasonal variations.
Egirdir Su Uriinleri Fakiiltesi Dergisi,
1(1): 26-32.

Szczerbowski J.A. (2001) Carassius Jarocki,
1822. p. 1-15, edited by Petru M. Banares-
cu and Hans- Joachim Paepke, The Fresh-
water Fishes of Europe, Volume: 5/11I,
305pp. AULA—Verlag.

Sas1 H. and Balik S. (2003) The Distribution of
Three Exotic Fishes in Anatolia. Turkish
Journal of Zoology, 27: 319-322.

Sas1 H. (2008) The lenght and weight relations



12

Sa¢ and Okgerman / IUFS Journal of Biology 2015, 74(1): 1-12

of some reproduction characteristics of
prussian carp, Carassius gibelio (Bloch,
1782) in the South Agean Region (Aydin-
Turkey). Turkish Journal of Fisheries and
Aquatic Sciences, 8: 87-92.

Tarkan A.S., Gaygusuz O., Acipmar H., Giirsoy
C. and Ozulug M. (2006a). Length-weight
relationship of fishes from the Marmara
region (NW-Turkey). Journal of Applied
Ichthyology, 22: 271-273.

Tarkan A.S., Gaygusuz O., Giirsoy C., Acipinar
H. and Bilge G. (2006b). A new predator
species Carassius gibelio (Bloch, 1782)
in Marmara Region: Successful or not?
1. Baliklandirma ve Rezervuar Yonetimi
Sempozyumu, Antalya, s:195-203.

Tarkan A.N., Gaygusuz O., Tarkan A.S., Giir-
soy C. and Acipmar H. (2007) Interannual
variability of fecundity and egg size of an
invasive cyprinid, Carassius gibelio: Ef-
fect of density-dependent and density-in-
dependent factors. Journal of Freshwater
Ecology, 22(1): 11-17.

Tarkan A.S., Copp G.H., Top N., Ozdemir N.,
Onsoy B., Bilge G., Filiz H., Yapic1 S.,
Emiroglu O., Gaygusuz O., Giirsoy Gay-
gusuz C., Oymak A., Ozcan G. ve Sag G.
(2012a). Are introduced gibel carp Car-
assius gibelio in Turkey more invasive in
artificial than in natural waters? Fisheries
Management and Ecology, 19:178—187.

Tarkan A.S., Gaygusuz O., Giirsoy Gaygusuz
C., Sag G. and Copp G. (2012b). Circum-
stantial evidence of gibel carp, Carassius
gibelio, reproductive competition exerted
on native fish species in a mesotrophic res-
ervoir. Fisheries Management and Ecolo-
2, 19:167-177.

Toth B., Varkonyi E., Hidas A. Edviné Meleg
E. and Varadi L. (2005) Genetic analysis
of offspring from intra- and interspecific
crosses of Carassius auratus gibelio by
chromosome and RAPD analysis. Journal
of Fish Biology, 66: 784—797.

Ugurlu S. and Polat N. (2007) Samsun ili tat-
I1 su kaynaklarinda yasayan egzotik balik
tiirleri. Journal of FisheriesSciences.com,
1(3): 139-151.

Vetemaa M., Eschbaum R., Albert A. and Saat

T. (2005) Distribution, sex ratio and growth
of Carassius gibelio (Bloch) in coastal and
inland waters of Estonia (North—eastern
Baltic Sea). Journal of Applied Ichthyolo-
gy, 21: 287-291.

Villeneuve F., Copp G.H., Fox M.G. amd Stak-
enas S. (2005) Interpopulation variation in
growth and life — history traits of the in-
troduced sunfish, pumpkinseed Lepomis
gibbosus, in southern England. Journal of
Applied Ichthyology, 21: 275-281.

Xu H., Gui J. and Hong Y. (2005) Differential
expression of vasa RNA and protein dur-
ing spermatogenesis and oogenesis in the
gibel carp (Carassius auratus gibelio), a
bisexually and gynogenetically reproduc-
ing vertebrate. Developmental Dynamics
233: 872-882.

Yazicioglu O., Yilmaz S., Yazici R. and Polat
N. (2013) Ladik Golii (Samsun, Tiirki-
ye)’nde yasayan havuz baligi, Carassius
gibelio (Bloch, 1782)’nin kondisyon fak-
torii, boy-agirlik ve boy-boy iliskileri. Ka-
radeniz Fen Bilimleri Dergisi, 3(9): 72-80.

Yegen V., Balik S., Bostan H., Uysal R. and
Bilgen E. (2006) Goller Bolgesi’ndeki bazi
g0l ve baraj goéllerinin balik faunalarinin
son durumu. /. Ulusal Baliklandirma ve
Rezervuar Yonetimi Sempozyumu, 7-9
Subat 2006, Antalya.

Yilmaz S., Yazicioglu O., Erbasaran M., Esen
S., Zengin M. and Polat N. (2012) Length-
weight relationship and relative condition
factor of white bream, Blicca bjoerkna (L.,
1758), from Lake Ladik, Turkey. Journal
of Black Sea Mediterranean Environment,
18(3): 380-387.

Zengin M., Yerli S.V., Dagtekin M. and Akp1-
nar 1.0. (2012) Son yirmi yillik siirecte
Cildir Golii balik¢iliginda meydana gelen
degisimler. V. Ulusal Limnoloji Sempozyu-
mu, 27-29 Agustos, Siileyman Demirel
Universitesi, Egirdir Su Uriinleri Fakiilte-
si, Isparta.

Zhou L., Wang Y. and Gui J.F. (2000) Genetic
evidence for gonochoristic reproduction in
gynogenetic silver crucian carp (Carassi-
us auratus gibelio Bloch) as revealed by
RAPD Assays. J. Mol. Evol. 51: 498—506.





