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Abstract. Age, growth, reproduction, mortality, and length-weight relationships of 733 specimens of Carassius gibelio caught
monthly using fishing nets of different mesh sizes (9 to 90 mm) in June 2015 - November 2016 from Demirkoprii Reservoir, Aegean
Region, were studied. Of the 689 fish specimens whose sex was determined, 475 were female and 214 were male. The total length
and weight were determined to range between 10.7-39.6 cm and 12- 928 g, respectively. The length-weight relationships of females,
males, and the entire population were described by the equations W=0.010xL310, W=0.010xL?18, and W=0.010xL32, respectively. The
condition factor (CF) of the population did not vary by month and was generally in a similar value range. Gonadosomatic index
(GSI) values reached the highest value in female individuals in March, while male individuals in February. The spawning period
was determined to be from April to August when GSI values decreased, and the spent maturity stage female individuals were seen.
According to the age identification using vertebrae, the population was in the age range of I - XIII. With 17%, the III age group had
the highest ratio in all individuals. Growth parameters of the population were: L. = 44.49 cm, K = 0.20 year™ and fo = —1.92 years for
females; L. = 38.32 cm, K = 0.25 year™! and #) = —2.14 years for males and L. = 44.84 cm, K = 0.20 year™! and ty = —1.83 years for all
population. The growth performance index (®') was calculated as 2.60, 2.56, and 2.60, for females, males, and all individuals,
respectively. The natural mortality (M) rate was calculated to be 0.17 year~! for females and males. Total mortality (Z), fishing
mortality, and (F) exploitation (E) rates were calculated to be 0.34, 0.17 year™?, and 50% for females; 0.31, 0.14 year~!, and 45% for
males, respectively. As a result, the invasive Carassius gibelio was found to be best adapted to the environment in Demirkoprii

Reservoir, where it was first recorded in the 2011 fishing reports.
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Introduction

The Prussian carp [Carassius gibelio (Bloch, 1782)], with a
natural distribution area between Central Europe and
Siberia, has spread to the rest of Europe except for the
Northern Baltic basin, Iceland, Ireland, Scotland, and the
Mediterranean islands (Froese & Pauly 2020). This species
was considered the world's most successful invader in the
last century (Japoshvili et al. 2013). C. gibelio can easily
become the dominant fish species in stagnant and slow-
flowing waters given its ability to compete with natural
species for food and habitat, its gynogenetic reproduction
strategy, early sexual maturity, and high egg production,
and may exhibit invasive features in its novel environments
(Paulovits et al. 1998, Tarkan et al. 2006, Emiroglu et al.
2012). C. gibelio also has the ability to adapt to different and
extreme habitats. It can protect itself against low water
temperatures in the winter period by burying itself in soft
mud (Yilmaz et al. 2007) and can also survive in thermal
waters (Somogyi et al. 2019).

C. gibelio’s first entry in Turkey’s lakes and reservoirs
was reported at Lake Gala (Edirne) in 1988 (Baran & Ongan
1988, Sag 2010). Later, it spread to many natural lakes and
reservoirs (dam lakes and ponds) (ilhan et al. 2005, Ozcan
2007). In the literature, it has been reported that the species is
found in many lakes and reservoirs in Anatolia, however
studies on its biology have been limited (Balik et al. 2004,
Bostanci et al. 2007a, Sar1 et al. 2008, Sast 2008, Emiroglu
2008, Bulut et al. 2013, Yazicioglu et al. 2013, Uysal et al.
2015, Dereli & Dinctiirk 2016, Manasirli et al. 2019).

Invasive Prussian carp was recorded in the fishing
records of the Demirkoprii Reservoir since 2011. The

reservoir is in the Gediz River basin in western Anatolia and
has the largest surface area (45.7 km?) within the Aegean
region. Despite its low commercial value compared to other
native species, it became dominant in 2014 (MPDAF 2016).
Fishermen target this species to provide additional income
from November to February, when it is inefficient to fish for
the high commercial value carp (Cyprinus carpio). There is no
minimum landing size for Prussian carp in the legislation
that regulates commercial fishing in Turkey (Anonymous
2016). However, for this species, only individuals over 300 g
are marketable in Middle Eastern countries and are recorded
at fisheries on Demirkoprii Reservoir. This indicates that
only a portion of the population in the lake has been landed,
suggesting that these ecologically inconvenient species have
a greater stock size in the lake (Dereli et al. 2018). There are
no published studies that demonstrate the stock and
invasive status of the Prussian carp population in
Demirkoprii Reservoir. Thus, actual scientific biological data
(age, reproduction, growth, and mortality characteristics,
etc.) on C. gibelio are urgently needed.

Therefore, the present study aimed to determine the
biological characteristics of the C. gibelio, including age,
reproduction, growth, and mortality, and to compare with
the populations of the species in other areas.

Materials and Methods

Fish specimens were caught from Demirkoprii Reservoir in the
Aegean region of Turkey (Fig. 1). The lake was built on the Gediz
River between 1954 - 1960 for energy, irrigation and flood control.
Intense fishing activities are also carried out in the lake, which has a
maximum water depth of 50 meters (Anonymous 2014, GDSHW
2015).
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Figure 1. Study area

Monthly sampling was carried out by local commercial fishermen in
different areas of the lake over 18 months (June 2015 to November
2016). The fish collection was permitted by the Turkish Ministry of
Food, Agriculture, and Livestock, General Directorate of Fisheries
and Aquaculture (codes for the protocols: 67852565/140.03.03-2051-
2098) and by the Turkish Ministry of Forestry and Water Affairs, the
General Directorate of State Hydraulic Works, the Operation and
Maintenance Department (codes for the protocols: 41609641-622.02-
494140). Fourteen kinds of gillnets (up to 90 mm using 45 mm mesh
size monofilament fishing line and up to 80 mm using 65 mm mesh
size multifilament fishing line), 6 kinds of fyke nets (28 to 40 mm
mesh size), and beach seine (9 mm mesh size) were used for the
sampling. As a result of the use of fishing gear with different mesh
sizes, a total of 733 individuals were caught, representing all the
species size groups. The information on the Carassius species in
Europe given by Kottelat & Freyhof (2007) was used for
identification. Also, to discriminate between C. gibelio and other
Carassius species, we have used the number of gill rakers (42 to 54 for
C. gibelio; 26 to 33 for C. carassius; 36 to 40 for C. auratus) on the first
gill (Porcellotti 2001, flhan et al. 2005). Fish samples were
immediately transferred to the laboratories of the Faculty of Fisheries
at Izmir Katip Celebi University in cooler boxes.

The total length (TL) of the specimens was measured to the
nearest 0.1 cm and the total weight (W) was measured to the nearest
1g. Fork length (FL) values were also measured along with total
length in 106 individuals. Length-length relationship (LLR) was
measured as FL = a + bTL equations to standardize the length values
used in other studies. Following the dissection, sex was determined
by the macroscopic observation of gonads while sexual maturity
stages were determined with the five-staged maturity scale (Holden
& Raitt 1974), and gonad weights were measured to the nearest
0.01g.

Length-weight relationships were determined according to the
equation W = a x Lb. To confirm if the values of b obtained in the
linear regressions were significantly different from the isometric
value (b =3), a t-test (Ho, b = 3) with a confidence level of +5% was
applied, expressed by the following equation (Sokal & Rohlf 1987): s
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= (b -3) / Sv where t; = t-test value, b = slope, Sy = standard error of
the slope (b). An allometric coefficient (b) larger or smaller,
significantly than 3.0 shows an allometric growth (Bagenal & Tesch
1978). All statistical analyses were evaluated at a p<0.05 significance
level. Sex ratios were compared for equal proportions by month and
season using the chi-square (x?) test (Zar 1999). The condition factor
(CF) and the Gonadosomatic index (GSI) were estimated for both
sexes using CF=Wx 100/L? (Ricker 1975) and GSI = Guw/Bw % 100,
where Gw and Bw are the gonad and total weights for both sexes,
respectively (Bagenal & Tesch 1978).

To determine the age, 3 different bony structures, including
scales, otolith and vertebrae were taken from the examined fish. But
otolith and scales were not found to be suitable for age

(2007b)
leads to

determination in the present study. Bostanci et al
emphasized that a false annulus on the scales
overestimations of age, and the overlapping of rings on the edge of
the scales at a higher age led to underestimations of age. In line with
these findings, the vertebrae were accepted as the most reliable
structure in our study, as stated by Bostanc1 (2005) for the population
of species in Bafra Lake. The vertebrae obtained from 698 of 733 fish
were evaluated for age determination. The vertebrae (4th to 10th)
were removed - approximately 5 for each fish - and a total of 3500
vertebrae were obtained. The vertebrae were first kept in boiled pure
water for 3 to 4 minutes and then the attached muscles were cleaned
with a scalpel and forceps. The cleaned vertebrae were dried for 15
minutes in an oven at 103° C (Chugunova 1963). Then, the vertebrae
in black-based Petri dishes were separately and independently
analyzed by two researchers under a Nikon SMZ 445 stereo-zoom
microscope with overhead lighting.

Non-linear regression fitting (FISAT package program) was used
to calculate the von Bertalanffy growth equation parameters L., K
and to, based on length-at-age readings from the whole vertebra. The
equation Lt = Lx [1 — e"K(-)] was used, where L is the length (cm) of
the fish at time ¢, L= is the asymptotic length (cm), e is the logarithmic
base (2.71828), K is the Brody growth coefficient and t is the
hypothetical age at Lt = 0 (Beverton & Holt 1957). The growth
performance index () of the present population was estimated and
compared with the growth parameters obtained by other authors in
different geographical regions and populations. This index was
calculated by the equation: @ = log10(k) + 210g10(Lcx).

Total mortality (Z) was calculated by the Z equation based on
Beverton’s and Holt’s mean length data (Sparre et al. 1989):

Z = K(Lx-Lc)/ (Le-L')
where K and L« are the parameters in von Bertalanffy’s equation. Lc
defines the mean length of the fish used in calculating the
coefficients of the growth equation and L' defines the length of the
first capture for the species of interest and the catch method.

The natural mortality (M) was calculated by using the mean
weight method which is described by Ursin (1967) (Pauly & Munro
1984, Sparre et al. 1989). Following the calculation of Z and M,
fishing mortality (F) was calculated using the formula F = Z - M and
the exploitation rate using the formula E = F/Z (Ricker 1975, Pauly
1984). The exploitation rate (E) is an index of fishing levels, and it
should be E = 0.50 for maximum sustainable fishing (Gulland 1971).

Results

As a result of the 18-month sampling in Demirkoprii
Reservoir, a total of 733 Prussian carp individuals were
sampled. It was determined that 475 (65%) of the samples
were females, 214 (29%) were males and 44 (6%) were
undetermined due to their immature or emptied gonads.
The sex ratio (?:3) was calculated to be 1:0.45. There was a
significant difference in the numbers of males and females
by month (x2: 60.43, p < 0.05) and season (x2 18.66, p < 0.05).
The minimum and maximum total length values of females
and males were 10.7 to 39.6cm and 10.8 to 35cm,
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respectively. The frequency of the total length distribution
showed that the 251 to 29.0cm length range was
predominant in the females and the whole population, with
ratios of 32% and 30%. On the other hand, the 21.1-25.0 cm
lengths range was predominant for the male individuals
(Fig. 2). The minimum and maximum weight values of
females and males were 12 to 928g and 12 to 692g,
respectively. About the weight, the 10 to 100 g weight range
was the predominant range for females and the whole
population, with ratios of 23% and 22%, respectively. On the
other hand, the 201 to 300g weight range was the
predominant range for the males.

The lowest condition factor value was determined in
March (1.54) for female individuals and in April (1.56) for
male individuals. The highest values for females and males
were determined in June (1.89) and in October (1.80),
respectively (Fig. 3). The condition factor of the population
did not vary by month and was generally in a similar value
range.

Gonadosomatic index (GSI) values reached the highest
value in female individuals in March (20.36) and decreased
subsequently until September (0.96). A second, smaller peak
occurred in November (6.09) and December (6.60). Although
it was seen throughout most of the year (except September),
the ratio of ripe (stage IV) individuals were higher during
the February-March period, when the GSI values peaked.
Spent (stage V) individuals were observed in the April-
August period when the GSI values were in a decline (Fig.
4). In male individuals, GSI reached the highest value in
February (4.58) and decreased afterward until August (0.20).
Thereafter, it increased from September (0.41) to December
(349). The ratio of ripening (stage III) and ripe (stage IV)
individuals increased from October. The all-male population
consisted of individuals at the III and IV stages in February
when the GSI values peaked. The ratio of spent (stage V)
individuals increased in May and July when GSI was in
decline (Fig. 5).

The length-weight relationships that were separately
calculated for the females, males, and the whole population
are presented in Table 1. The growth characteristics of the
population differed for the sexes by month. However, the
female, male and all individuals of the general population
had positive allometric growth (Table 1). The relation
between TL and FL was described by the equation FL =
0.011 + 1.091TL (r2= 0.96).

The results of age determination showed that the
Prussian carp population in Demirkoprii Reservoir had an
age range of I to XIII. Age group III predominated,
representing 17% of both all specimens and females. Males
were predominant in age group IV. Most of the female and
male populations were in the III and IV age groups,
respectively (Table 2).

The growth parameters of the population were L, =
4449 cm, K = 0.20 year!, tp = —=1.92 years for females, L, =
38.32 cm, K = 0.25 year, fp = —2.14 years for males, and L, =
44.84 cm, K = 0.20 year!, tp = —1.83 years for all populations.
The growth performance index (®') was calculated to be
2.60, 2.56, and 2.60, respectively for females, males, and all
individuals. The natural mortality (M) rate was calculated to
be 0.17 year~* for the female, male and all individuals.
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Table 2. Total length values for each age group of female and male individuals (N: number of individuals, TL: total length, SE: standard
error)
Age Min. M QM Min. M EM Min. M ZM
in.-Max ean o in.-Max ean o in.-Max ean o
groups N L TLesE N TLesE N L TLesE
I 42 107-18.0  14.72+032 9.1 14 108-164 1440047 6.9 67 107-179 1474+025 9.6
)il 74 143-222  17.2620.23 16.1 19 13.6-21.6 17.07+046 94 105 13.6-19.0 1731+020 150
1T 78 155-245 2044027 17.0 37 17.0-245 2145035 183 118 155-245 2039+022 169
v 53  19.2-26.7  23.65+0.22 115 46 21.3-282  24.05+0.24 228 106 19.2-282 23.81+0.15 152
\Y 54  223-274  2549+017 117 40 219274 2488+0.22 1938 95 219-274 2523+018 13.6
VI 41 244298 2662020 8.9 20 235288  2640+030 9.9 62 244-282 2665+0.16 8.9
viI 53 252-31.0 27.80x0.16 115 12 238286  2696x039 59 67 258-29.7 27.64+016 9.6
VIII 37 283-314 2884021 81 9 278323 2983057 45 46 275-313 29.03+021 6.6
IX 8 295346 2938+074 17 3 293335 31.33+1.89 1.5 10 272-319 3033047 14
X 5 312361 3156£1.17 1.1 2 306-350 3205+#145 1.0 7 293-335 3067052 1.0
XI 4 302-337 31.87¢1.32 09 - - - - 4 302-337 3187132 0.6
XII 6 316-335 3233+027 13 - - - - 6 316-335 3233x027 09
XIII 5 337-396 3562£092 11 - - - - 5 337-39.6 3562+092 07

Total mortality (Z) and fishing mortality (F) rates were
calculated to be 0.34 and 0.17 year™ for females; 0.31 and
0.14 year~! for males; 0.36 and 0.19 year~! for all populations,
respectively. Additionally, the exploitation rate (E) of the
female and male populations was found to be 50% and 45%,
respectively.

Discussion

The results of this study and the fishing records showed that
the invasive Prussian carp, Carassius gibelio (Bloch, 1782) has
spread in Demirkoprii Reservoir and has been dominant

over the past decade. The most important factor for this
result is the reproductive characteristics of the species. It was
found that approximately 70% of the specimens obtained in
the study were female. Similarly, it was seen that females
were a significantly high number in many areas in Turkey
(Table 3), thought that the gynogenetic
reproduction, the well-known reproduction strategy of

and it is

Prussian carp, caused this situation.

The invasive populations are often triploid and mainly
composed of females that exhibit gynogenetic reproduction
- using the sperm of the other species (e.g., Cyprinus carpio)
to activate but not fertilize their eggs (Berg 1949, Vetemaa et
al. 2005).

Table 3. Sex ratio and reproduction season of C. gibelio in different locations in Turkey’s inland waters (?: female, 3: male)

Sexiatio Proporton. Reproduction 1 1y / egion Author(s)

1:1.15 46.60 March-April Egirdir Lake / Mediterranean Balik et al. 2004
March-April Egirdir Lake / Mediterranean Bostanci et al. 2007a

1:0.12 89.00 Omerli Dam Lake / Marmara Gaygusuz et al. 2007

1:1.09 47.93 Egirdir Lake / Mediterranean Ozkok et al. 2007

1:0.92 52.10 Beysehir Lake / Central Anatolia Cinar et al. 2007

1:0.00 99.44 Buldan Dam Lake / Aegean Sar1 et al. 2008

1:0.01 98.84 March-August Topgam Dam Lake / Aegean Sag1 2008

1:0.37 73.25 March-May Uluabat Lake / Marmara Emiroglu et al. 2012

1:0.58 63.30 Aksu River / Mediterranean Innal 2012

1:0.20 82.55 Seyitler Reservoir / Aegean Bulut et al. 2013

1:1.39 40.41 April-August Gelingiillti Reservoir / Central Anatolia Kirankaya & Ekmekgci 2013

1:0.28 77.99 Ikizcetepeler Dam Lake / Marmara Erdogan et al. 2014

1:0.13 88.75 Seyhan Dam Lake / Mediterranean Ergiiden 2015

1:0.52 65.96 Iznik Lake / Marmara Uysal et al. 2015
April-August Biiytikcekmece Lake / Marmara Sag¢ & Okgerman 2015

1:0.12 98.84 March-August ~ Biiyiik Menderes Basin / Aegean Sas1 2015

1:0.93 52.00 April-July Beysehir Lake / Central Anatolia Dereli & Dingtiirk 2016

1:0.80 55.00 May-June Atatiirk Dam Lake / Southeastern Anatolia  Parmaksiz et al. 2017

1:0.35 73.91 Asartepe Dam Lake / Black Sea Saylar et al. 2019

1:0.45 65.00 April-August Demirkoprii Reservoir / Aegean Present study

In the Demirkdprii Reservoir, a prolonged spawning the monthly variation in GSI and maturity stages of females.
period was observed from April to late August according to In other studies that determined the spawning period using
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GSI, it was stated that the species reproduced in spring and
summer, similar to this study (Table 3). Similarly, it was
concluded that high reproductive investment, early
maturity, high relative fecundity and gonadosomatic index
values and a gynogenetic reproduction strategy may be the
key factor in the successful settlement of this fish in Lake
Uluabat (Emiroglu 2008). Also, the Prussian carp are
considered to be a successful invasive species in Turkey
because of their high reproduction capacity through
gynogenesis and tolerance to environmental changes (Yerli
2014).
photoperiod and water temperature can affect the breeding

et al Various environmental factors such as

Dereli et al.

season in fish species (Wootton 1990). In the present study,
macroscopic analysis of gonads showed that 87.5% of the
females spawned in May when the mean water temperature
was 13.8°C, as reported by Erdogus (2016). The relationship
between water temperature and the spawning period of C.
gibelio has also been emphasized in many studies (Balik et al.
2004, Bostanci et al. 2007a). The measured length ranges
(total or fork length) for species in different
localities/regions of Turkey are given in Table 4. The
maximum total length value determined in this study was
39.6 cm, and a similar result was found in the Kizilirmak
River Basin (39.5 cm).

Table 4. Length-weight parameters estimates of Carassius gibelio by different locality of Turkey inland waters (N: number of individuals,
a: intercept, b: slope, FL: fork length, TL: total length, ¢: female, 3: male, }: all individuals)

Length range (cm) Lengthtype Sex N a b Locality / Region Author(s)

- FL Q 287  0.0134 311 Egirdir Lake / Mediterranean Balik et al. 2004

- FL 3 329  0.0185 322 Egirdir Lake / Mediterranean Balik et al. 2004

9.0-33.0 FL > 616  0.0165 3.15 Egirdir Lake / Mediterranean Balik et al. 2004

7.5-33.3 FL Q 823  0.0137 320 Egirdir Lake / Mediterranean Ozkok et al. 2007
7.7-28.7 FL 3 894  0.0192 3.05 Egirdir Lake / Mediterranean Ozkok et al. 2007
7.5-33.3 FL > 1717 0.0160 3.13 Egirdir Lake / Mediterranean Ozkok et al. 2007
7.1-27.4 FL Q 251 0.0126 323  Beysehir Lake / Central Anatolia Cinar et al. 2007
7.1-24.8 FL 3 231 0.0161 3.12 Beysehir Lake / Central Anatolia Cinar et al. 2007
7.1-27.4 FL > 482 0.0139 3.19 Beysehir Lake / Central Anatolia Cinar et al. 2007
16.9-30.0 FL > 173 0.0265 298 Bafra Fish Lake / Black Sea Bostanci et al. 2007¢
9.7-25.5 FL > 2325 0.0310 2.87 Buldan Dam Lake / Aegean Sari et al. 2008

16.2-33.3 TL Q 302 0.0219 295 Uluabat Lake / Marmara Emiroglu 2008

9.4-30.6 TL 3 157 0.0183 299 Uluabat Lake / Marmara Emiroglu. 2008

9.4-33.3 TL > 466 0.0165 3.04 Uluabat Lake / Marmara Emiroglu 2008

- FL Q 123 0.0696 213  Seyitler Reservoir / Aegean Bulut et al. 2013

- FL 3 24 0.2942 264 Seyitler Reservoir / Aegean Bulut et al. 2013
14.8-32.5 FL > 149  0.0274 294 Seyitler Reservoir / Aegean Bulut et al. 2013
13.4-26.5 FL > 155 0.0168 3.15 Ladik Lake / Black Sea Yazicioglu et al. 2013
5.6-26.8 FL Q 139 1.6400 3.05 Gelingiillii Reservoir / Central Anatolia Kirankaya & Ekmekgi 2013
6.0-27.0 FL 3 193 14000 2.80 Gelingiillii Reservoir / Central Anatolia Kirankaya & Ekmekgi 2013
23.6-31.3 TL Q 374 00240 289 Ikizcetepeler Dam Lake / Marmara Erdogan et al. 2014
23.0-31.4 TL 3 106  0.0160 298 fkizcetepeler Dam Lake / Marmara Erdogan et al. 2014
6.8-27.5 TL > 2213  0.0173 297 Marmara Lake / Aegean ilhan & Sar1 2015
11.1-29.5 TL > 160  0.0519 2.65 Seyhan Dam Lake / Mediterranean Ergtiden 2015

23.8-29.5 FL > 175  0.0362 2.88 Biiyiik Menderes Basin / Aegean Sas1 2015

- FL Q 2054 00152 3.14 Iznik Lake / Marmara Uysal et al. 2015

- FL 3 1060 0.0175 3.08 Iznik Lake / Marmara Uysal et al. 2015
7.8-32.2 FL > 3114 0.0158 3.13 Iznik Lake / Marmara Uysal et al. 2015
9.9-34.5 TL » 395  0.0120 3.11 Biiyiikcekmece Reservoir / Marmara Sag & Okgerman 2016
12.2-39.5 TL > 144  0.0230 286 Kizilirmak River Basin /Central Anatolia  Birecikligil et al. 2016
8,5-25,9 TL > 1868 0.0170 2,96  Beysehir Lake / Central Anatolia Dereli & Dingtiirk 2016
22.5-36.5 TL Q 34 0.0246 290 Asartepe Dam Lake / Black Sea Saylar et al. 2019
19.0-28.5 TL 3 12 0.0116 3.31 Asartepe Dam Lake / Black Sea Saylar et al. 2019
19.0-36.5 TL > 46 0.0199 3.04 Asartepe Dam Lake / Black Sea Saylar et al. 2019
20.5-35.2 TL Q 361 0.0326 293 Egirdir Lake / Mediterranean Korkmaz & Kusat, 2020
21.2-29.4 TL 3 126 0.0248 296 Egirdir Lake / Mediterranean Korkmaz & Kusat, 2020
20.5-35.2 TL > 495 0.0141 3.17 Egirdir Lake / Mediterranean Korkmaz & Kusat, 2020
12.0-39.6 TL Q 475 00132 310 Demirkoprii Reservoir / Aegean Present study

10.8-35.0 TL 3 214  0.0097 3.18 Demirkoprii Reservoir / Aegean Present study

10.7-39.6 TL > 733 0.0123 3.12 Demirkoprii Reservoir / Aegean Present study
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Also, the maximum total length for the species was reported
to be 46.6 cm in Flanders (Belgium) (Verreycken et al. 2011).
The selectivity of the fishing gear is known to be the most
common error factor in the collection and evaluation of
growth data (Geldiay & Balik 1988, Pauly 1984).

In this current study, the use of fishing gear with
different mesh sizes enabled small and large individuals to
be caught at the same time. Thus, the error factor (selectivity
of gear) was corrected, and it was possible to interpret the
whole population by evaluating a wide length range.

The comparison of the results with other studies showed
that the length-weight values determined in the present
study differed from some studies (Table 4). Differences can
be caused by many factors, such as gonad maturity, sex, age,
diet, stomach fullness, health, sampling methods, sample
sizes and preservation techniques. Also, season, habitat and
environmental conditions affect the fish condition and
length-weight relationships of the fish (Adaka et al. 2015).

According to the findings of the present study, it was
thought that the structure of the lake (depth and surface
area) and the environmental conditions associated with it
had an important effect on the growth and length-weight
relation of the species. Tsoumani et al. (2006) reported that C.
gibelio grew very well in mesotrophic or oligotrophic lakes,
but its growth in eutrophic and hypertrophic small and
shallow lakes was negatively affected.

The trophic status of Demirkoprii Reservoir was
determined by Tirk Culha and Erdogus (2018) as
hypereutrophic according to the Chlorophyll-a value, and
eutrophic according to the phosphate phosphorus and secchi
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disc depth values. The relationship between the trophic
status of the reservoir and the positive allometric growth of
the species obtained in the present study was different from
the relationship mentioned by Tsoumani et al. (2006). This
difference was thought to be because Demirkoprii Reservoir
is not small and shallow, on the contrary, it is deep (50 m)
and has a large surface area.

Vertebrae have been reported to be the most reliable
bony structure for age determination for some populations
of the species (Bostanci et al. 2007b). However, vertebrae
may not have been preferred due to the difficulty in
obtaining them in other studies using the scales. In
Demirkoprii Reservoir the oldest Prussian carp was aged
XIII and the age structure of the Prussian carp population
indicated an elderly population. The fact that the species was
first seen in the fishery records in 2011 supported this fact. In
addition, when compared to other studies in Turkey (Table
5), it was seen that the highest age group (13) was obtained
in this study. Most of the population was in the III age group
(Table 2). This result showed similarities with those of other
studies carried out in Europe (Szczerbowski 2001) and
Turkey (Balik et al. 2004, Sar1 et al. 2008, Emiroglu 2008,
Kirankaya & Ekmekg¢i 2013) reporting the prevalence of the
2+ and 3+ age groups. According to the von Bertalanffy
model, the asymptotic length value calculated for the species
was 44.84cm. The age groups and asymptotic length (L.)
values for species in other localities/regions of Turkey are
different. On the contrary, in the present study, females have
greater asymptotic length (L) values than males, similar to
those observed in other studies from Turkey (Table 5).

Table 5. Various growth parameters of Carassius gibelio by different locality of Turkey inland waters (L«: asymptotic length, K: Brody growth
coefficient, fo: hypothetical age at Lt = 0, ®": growth performance index, FL: fork length, TL: total length, ¢: female, 3: male, J: all

Locality / Region Author(s)

individuals)
Lo (cm) Length Age L Age K (1/y) to(years) Sex @’
type determination groups

3420 FL Scales I-VI 0.32 -0.35 9 243
2950 FL Scales I-v 0.47 -0.12 3 244
3330 FL Scales I-VI 0.35 -0.30 > 244
3740 FL Scales 0-v 0.19 -1.32 9 241
3710 FL Scales 0-1IvV 0.20 -1.21 3 241
3620 FL Scales 0-v 0.21 -1.27 v 241
3930 FL Scales 0-IX 0.17 -1.61 9 217
3870 FL Scales 0-VI 0.17 -1.50 3 264
3890 FL Scales 0-IX 0.17 -1.60 > 244
31.66 FL Scales I-VI 0.15 -2.15 > 238
3640 TL Scales I-XII 0.33 -0.98 213
3686 TL Scales I-VI 0.24 -0.79 v 252
36.03 FL Scales 0-V 0.21 0.21 9 237
3217 FL Scales I-v 0.23 0.09 3 252
48.09 FL Scales I-VII 0.09 0.29 > 248
3489 TL Scales m-vi - 0.11 -7.66 9 251
3209 TL Scales m-vi - 0.23 -5.83 3 224
39.70  FL Scales 0-VI 0.21 -1.16 9 285
3290 FL Scales 0-v 0.28 -1.05 3 243
40.00 FL Scales 0-VI 0.20 -1.18 > 244
4146 FL Scales m-vi  0.10 -5.52 > 256
4449 TL Vertebra I-XII  0.20 -1.92 ? 260
3832 TL Vertebra I-X 0.25 -2.14 3 256
4484 TL Vertebra I-XIII  0.20 -1.83 > 2.60

Egirdir Lake / Mediterranean
Egirdir Lake / Mediterranean
Egirdir Lake / Mediterranean
Beysehir Lake / Central Anatolia
Beysehir Lake / Central Anatolia
Beysehir Lake / Central Anatolia
Egirdir Lake / Mediterranean
Egirdir Lake / Mediterranean
Egirdir Lake / Mediterranean
Buldan Dam Lake / Aegean
Uluabat Lake / Marmara

Aksu River / Mediterranean

Gelingiillii Reservoir / Central Anatolia

Gelingiillti Reservoir / Central Anatolia

Seyitler Reservoir / Aegean

Ikizcetepeler Dam Lake / Marmara

Ikizcetepeler Dam Lake / Marmara

Iznik Lake / Marmara
Iznik Lake / Marmara
Iznik Lake / Marmara
Biiyiik Menderes Basin / Aegean
Demirkoprii Reservoir / Aegean
Demirkoprii Reservoir / Aegean
Demirkoprii Reservoir / Aegean

Balik et al. 2004
Balik et al. 2004
Balik et al. 2004
Cinar et al. 2007
Cinar et al. 2007
Cinar et al. 2007
Ozkok et al. 2007
Ozkok et al. 2007
Ozkok et al. 2007
Sar1 et al. 2008
Emiroglu 2008
Innal 2012

Kirankaya & Ekmekgi 2013
Kirankaya & Ekmekgci 2013

Bulut et al. 2013
Erdogan et al. 2014
Erdogan et al. 2014
Uysal et al. 2015
Uysal et al. 2015
Uysal et al. 2015
Sas1 2015
Present study
Present study
Present study
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The fish show infinite growth characteristics and huge
differences can be observed between the growth of
individuals in any fish population and the growth of
individuals in different populations of the same species
distributed over other areas (Weatherley & Gill 1987). It was
found that the natural mortality was equal to or higher than
the fishing mortality, due to insufficient fishing. Fishermen
target C. gibelio for a limited period of the year (November-
February) when other high-commercial-value species give
insufficient catch (Dereli et al. 2018).

The exploitation rate (E) of the females and males
Prussian carp shows the undesirable exploitation amount
(E<0.5). Similarly, there was no threat to the species
population in Egirdir Lake (Balik et al. 2004), Buldan Dam
Lake (Sar1 et al. 2008) and Topgam Dam Lake (Sas1 2015),
where the exploitation rate was calculated to be less than
0.50. As there is no fishing pressure, the population exhibits
a natural developmental process. On the other hand, in the
future, if the species is evaluated commercially and fishing is
encouraged to combat this invasive species, exploitation
rates may increase.

Thanks to its successful invasive feature, it is known that
Carassius gibelio has become the dominant species in many
inland water areas where it is distributed (Tarkan et al. 2006,
Emiroglu et al. 2012). As a result of the present study, this
invasive species was also found to be best adapted to the
Demirkoprii Reservoir environment, where it was first
recorded in the 2011 fishing reports. For this reason, the
status of C. gibelio in Demirkdprii Reservoir should be
constantly monitored for the healthy sustainability of the
whole ecosystem, especially the indigenous species.
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