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Background. Prussian carp, Carassius gibelio (Bloch, 1782), is one of the successful invaders of freshwater sys-
tems of Turkey. Although, Prussian carp has rapidly expanded its area of distribution in Anatolia during the last
two decades, there is limited information about its biological features in new environments. In order to determine
the impact of invasive species on ecosystem, the life history characteristics of an exotic fish species in different
locations should be monitored. The presently reported study provides information about the growth and repro-
duction of Prussian carp introduced into a reservoir in Central Anatolia.

Materials and methods. Age, growth, and reproduction of Prussian carp were studied during a 3-year period in
Gelingiillii Reservoir, Kizilirmak River Basin. A total of 344 specimens were caught by gill nets. Age was deter-
mined from scales. Length—weight relation, von Bertalanffy equation, and specific growth rate were used to eval-
uate the fish growth. In order to assess growth and reproduction patterns, fecundity, GSI, and variations in oocyte
size were determined.

Results. Both males and females reached a maximum age of 5+ years. Fork length was 6—27 ¢m in males and
5.6-26.8 cm in females. Both sexes matured during their second year of life (1+ year). In the Gelingiillii
Reservoir population the males were predominant the overall sex ratio was 1 : 0.73 (193 males to 139 females)
and differed significantly from unity. The von Bertalanffy growth equation was L,=32.17 (1 — ¢ 0-232(=0.094)) ¢y

for males and L, = 36.03 (1 — e 02120~ 0209 ¢y for females. Growth in length was approximately 70% in males
and 85% in females during the first year of life. The somatic condition of the fish increased markedly during late
spring and summer. A prolonged spawning period was observed from April to August. Maximum egg diameter
was 1.51 mm and maximum absolute fecundity was 174 000 oocytes.

Conclusion. Compared to previously published data, the studied Prussian carp population was characterized by
more rapid growth during the first year of life, earlier maturity, higher fecundity, and a shorter life span. These
life history characteristics are typical of invasive species.
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INTRODUCTION

The genus Carassius includes carp-like species that
are widely distributed throughout Europe and Asia. A total
of four Carassius species have been reported from Europe:
goldfish, C. auratus (L.); crucian carp, C. carassius (L.);
Prussian carp, C. gibelio (Bloch, 1782); and ginbuna,
C. langsdorfii Temminck et Schlegel, 1846 (see Kalous et
al. 2007, Takada et al. 2010, Froese and Pauly 2012), but
according to Kottelat and Freyhof (2007) there are some
doubts about the establishment of C. langsdorfii in
Europe. Crucian carp, C. carassius, is native to European
waters; however, the natural distribution of C. gibelio
remains unclear; some researchers suggest that it is natu-

rally distributed in central and eastern Europe, Siberia,
Korea, and northeast China (Szczerbowski 2001, Kottelat
and Freyhof 2007). Recently a neotype of C. gibelio have
been designated based on a specimen from central Europe
(Kalous et al. 2012).

Prussian carp, C. gibelio, was first recorded in the
Thrace region of Turkey in 1986 (Ozulug et al. 2004).
According to some new records of this species in Turkey,
it can be concluded that Prussian carp has rapidly expand-
ed its area of distribution in Anatolia during the last two
decades (Sas1 and Balik 2003, Kalous et al. 2004, Ozulug
et al. 2004, ilhan et al. 2005, Ozulug et al. 2005a, b,
Gaygusuz et al. 2007). As in many European countries,
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Prussian carp is today widespread in Turkey because it is
commonly stocked either accidentally or intentionally
together with Cyprinus carpio, which is introduced, in par-
ticular, into artificial water bodies to support commercial or
recreational fisheries (Ozulug et al. 2004, Tarkan et al. 2006).

Prussian carp easily becomes a dominant species in stag-
nant- and slow-running water, and may change the flow of
nutrients in the entire ecosystem (Tsoumani et al. 2006). The
density of native species is also adversely affected by
Prussian carp introductions (Tarkan et al. 2012b). Therefore,
it has been considered as one of the most dangerous new-
comers to native fish communities (Crivelli 1995, Kalous et
al. 2004). Freshwater ecosystems are seriously imperilled
by the spread of non-native fishes thus establishing pro-
files of their life-history characteristics in an emerging tool
for developing conservation and management strategies
(Ribeiro et al. 2008). In order to determine the impact of
invasive organisms on native species and on ecosystem
functioning, more observational and experimental studies
are needed. Monitoring the life history characteristics of an
invasive fish species in different locations is a part of such
research (Garcia-Berthou 2007). To prevent the spread and
establishment of new populations of Prussian carp, and to
remove it from previously invaded environments, its bio-
logical characteristics should be determined in different
habitats.

In Turkey, the Prussian carp has been poorly studied
and very little biological information is available.
Comparison of some biological parameters of a given
species in different ecosystems allows us to support opin-
ions about the influence of environment on species
growth. The aim of the presently reported study was to
describe the growth and reproduction of Prussian carp
introduced into a reservoir in Central Anatolia.

MATERIALS AND METHODS

Study area. Fish specimens were caught from Gelingiillii
Reservoir, Yozgat, Central Anatolia (35°032'02"E,
39°36'30"'N). The reservoir was created for irrigation pur-
poses at the end of 1993 on the tributaries (Kanak and
Egrioz) of the Kizilirmak River. The reservoir is elevated
1050 m above the sea level and continental climatic con-
ditions typical of Central Anatolia prevail in the region.
According to mean temperature values for 1997-2003,
the maximum and minimum air temperatures in the area
were 19.6 °C in August and -2 °C in January, respective-
ly. While the water temperature varied between 8 and
10°C within the 5 m water layer below the surface in the
spring, it reached 20°C during summer. Water tempera-
ture was approximately 5°C throughout the autumn and
the water surface—especially in shallow parts of the
reservoir—was covered with ice in winter. Due to the cli-
matic conditions in the region, fishing is possible only
from March to November. Dissolved oxygen content of
the water was 11 mg - L™! in spring, but during summer—
especially in the deeper (around 5 m) parts of the water
column—it was below the critical level of 5 mg - L™ for
cyprinids. The water was slightly alkaline and pH ranged

from 7.9 to 9.2. Electrical conductivity of the water var-
ied from 423 to 636 uS - cm ™' (Kirankaya unpublished”).

The native ichthyofauna of the area consists of Capoeta
baliki Turan, Kottelat, Ekmek¢i et Imamoglu, 2006;
C. sieboldii (Steindachner, 1864); Squalius cephalus (L.);
Chondrostoma nasus (L.); Alburnus sp.; Alburnoides
bipunctatus (Bloch, 1782); Rhodeus amarus (Bloch, 1782);
Barbus tauricus Kessler, 1877; Cobitis simplicispina
Hankd, 1925; and Oxynoemacheilus brandtii (Kessler, 1877).
After the reservoir dam was constructed, a warm water cul-
ture fish—mirror carp (form of Cyprinus carpio L. —was
introduced into the reservoir between 1994 and 2001 to
provide employment opportunity, as had been done in other
reservoirs in Turkey. During 2001-2004 both scaled carp
and mirror carp (forms of Cyprinus carpio) were intro-
duced into the reservoir. Following these stocking activi-
ties, exotic species, such as Prussian carp; topmouth gud-
geon, Pseudorasbora parva (Temminck et Schlegel, 1846);
and big-scale sand smelt, Atherina boyeri Risso, 1810 were
observed in the reservoir.

Collection and identification of fish. During the period
of June 2002-July 2005, monthly sampling was per-
formed, except during the unfavourable winter season.
A total of 344 Prussian carp specimens were collected
using gill nets varying in mesh size from 20 x 20 mm up
to 100 x 100 mm with the aid of local professional fisher-
men. The fish captured were killed using an overdose of
2-phenoxyethanol and subsequently examined. The key to
species of Carassius in Europe given by Kottelat and
Freyhof (2007) was used for the identification of
Carassius gibelio.

Methods for collecting biological data. Fork length (FL)
and total length (TL) were measured to the nearest 0.5 cm
and wet body weight (/) was measured to the nearest
0.1 g. Age was determined by scale reading. Scales below
the first ray of the dorsal fin and above the lateral line were
removed, placed between two slides after cleaning with
4% KOH, and read under a binocular microscope inde-
pendently by two researchers (Lagler 1966).

Mean length at age data were used to estimate the von
Bertalanffy growth parameters: L, = Lip(1 — e~ ),
where L, is the FL of fish at time ¢, L;,¢ is the asymptotic FL,
k is the rate at which the asymptotic length is approached,
and ¢, is the hypothetical age at L, = 0.

The relation between FL [cm] and W [g] was estimat-
ed separately for males and females using log-trans-
formed data. Differences in length—weight relation curves
were compared between males and females, and to evalu-
ate the growth curve the variation of the coefficient b from
3 was determined using Student’s ¢-test (Zar 1999).

The specific growth rate (G) (Wootton 1990) was cal-
culated as follows:

Gy = (log.Ly - Ly !
and
Gy = (log, W, - Wy Hr!
where: G is the length growth rate, Gy is weight growth rate,
L, and W, are final L and final W, respectively, L and W,
are initial L and W, respectively, and ¢ is time interval.

* Kirankaya $.G. 2007. Gelingiillii Baraj Golii’ndeki (Yozgat) aynali sazan, pullu sazan (Cyprinus carpio L., 1758) ve giimiisi havuz bahg: [Carassius gibelio (Bloch, 1758)] nin
biiyiime, iireme ve beslenme biyolojisinin karsilagtirmali olarak incelenmesi. [A comperative study on growth, reproduction and feeding biology of mirror carp, wild
carp (Cyprinus carpio L., 1758) and Prussian carp [Carassius gibelio (Bloch, 1758)] in Gelingiillii Dam Lake (Yozgat-Turkey).] PhD Thesis, Institute of Science,

Hacettepe University, Ankara, Turkey. [In Turkish.]
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Fulton’s condition factor (K) was calculated monthly

using the equation (Lagler 1966):
K=W-FL?3

Nested ANOVA was used to determine the significance
of difference in K between sexes and years. Sex was deter-
mined by visual examination of gonads. The sex ratio was
determined using the chi-square (x?) test (Zar 1999).
Gonads were removed and weighed to the nearest 0.01 g, and
ovaries were preserved in 4% formaldehyde solution.
Temporal patterns in gonad development were described
using the gonadosomatic index (GSI), based on the equation:

GSI =100 GW - W'
where: GW is gonad weight and I is total body weight.
Mean GSI values were calculated monthly from March to
November. GSI was compared between sexes by nested
ANOVA (Zar 1999).

Age and length at first maturity were determined
according to the logistic regression model, using the fol-
lowing equations:

Pm — (1 + e[fr(tftm)])—l
and

Pm — (1 + e[—r(L - Lm)])
where: P, is the rate [%] of mature fish in each age and
length group, L is the mean value [cm] of each length
group, L, is the shortest length [cm] of the mature fish
comprising at least 50% all fish at this length, # is the age
group, t, is the youngest age (year) of the mature fish
comprising at least 50% of all fish of this age, and 7 is the
curve of the logistic function (King 1996).

Mature ovaries were sub-sampled (1 g) from the ante-
rior, middle, and posterior portions of each ovarian lobe,
and then the eggs were examined under a stereomicro-
scope. Egg diameter was measured using PC-based image
analysis BAB-Bs200Pro (Ankara, Turkey) software. Eggs
were classified into 3 groups, according to colour and size
as immature, maturing, and mature (Thompson and
Hannah 2010), and each group was counted separately.
Total fecundity (F;) was estimated by the gravimetric
method (Laevastu 1965, Bagenal and Braum 1971). The
relations between fecundity and fork length and total
weight were determined from the equations, F = aL” and
F=a+ bW, where F is the number of eggs (fecundity),
L is fork length [cm], W is total weight [g], and « and b
are the constant parameters in the regression analysis. The
percent contribution of each age group to total fecundity
of the population was estimated iteratively.

RESULTS

In total, 344 Prussian carp individuals were caught
during the study period. The sample comprised of 139
females and 193 males; 12 specimens were determined to
be juveniles. The overall sex ratio was 1 : 0.73 (male :
female) and differed significantly from parity (x> = 8.78,
P <0.05).

The Prussian carp population in Gelingiillii Reservoir
was represented by six age groups, ranging from 0+
years to 5+ years (Fig. 1). Age groups 2+ and 3+ pre-
dominated, representing 46% and 36% of all specimens,

respectively. Males were predominant in age groups 1+,
2+, and 3+.

The relation between TL and FL was described by the
equations:

TL = 0.8014FL + 0.9782 (> = 0.98)
for females and
TL = 0.7738FL + 1.2736 (+*> = 0.96) for males

FL in the Prussian carp ranged from 5.6 to 26.8 cm for
females and from 6 to 27 cm for males. In juveniles min-
imum and maximum FL were 7.5 and 14.3 cm, respec-
tively. The length frequency distribution showed that
there was a significant difference between males and
females (ANOVA: F'=3.87,df =1, P < 0.05) (Fig. 2).

Mean FL values were 5.6 cm at age 0+ and 26 cm at
age 5+ in females, versus 6 cm at age 0+ years and 27 cm
at age 5+ years for males (Fig. 3). There were no signifi-
cant differences in mean length between males and
females in any of the age groups.

Calculated von Bertalanffy growth parameters are pre-
sented in Table 1. According to Taylor (1962; cited after
Grabowska et al. 2011), the maximum observed length
should be approximately 95% of the estimated asymptotic
length (L;,) (Grabowska et al. 2011). In the studied Prussian
carp population, the maximum observed FL for males and
females were 27 and 26.8 cm, respectively. These values
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Fig. 1. Age structure of Prussian carp, Carassius gibelio,
in the Gelingiilli Reservoir, Turkey

40 -
35

@ Females

m Males
30 4

25
20 -
15

10 -

Frequency [%]

5 4

0 4
2 4 6 8 10 12 14 16 18 20 22 24 26 28
Fork Length [cm]

Fig. 2. Length frequencies of males and females of
Prussian carp, Carassius gibelio, from Gelingtllii
Reservoir, Turkey
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were 83.9% of males and 74.38% of females L;,. Therefore,
the model was slightly overestimated for females.

Body weight of the specimens ranged from 3.8 to 597 g
for females and from 4.3 to 539 g for males. In juveniles,
weight ranged from 3.3 to 101.8 g.

The regression of body weight on fork length revealed
that there was a significant difference in the slope of
regressions between the sexes (Student’s #-test, t = 2.79,
P <0.05) (Table 2). The results given in Table 2 indicated
that females grew isometrically and that there was no
deviations from b = 3 (Student’s #-test, = 0.88, P > 0.05),
whereas negative allometric growth was observed in the
males, with deviation from b = 3 (Student’s ¢-test,
t=3.68, P <0.05).

The annual specific growth rate decreased with age
(Fig. 4): for females age 1+ G, was 85% and G,, was
282%, whereas G and G,, were 20% and 52% for females
age 2+. In males G, decreased from 70% at age 1+ to 26%
at age 2+ and G,, was 237% at age 1+ and 70% at age 2+.
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Fig. 3. Mean fork length (FL) at age in males (m) and
females (f) of Prussian carp, Carassius gibelio, in
Gelingiillii Reservoir, Turkey

After the first year of life the growth rate in females was
lower than that in males.

The annual cycle of condition factor exhibited an
almost similar pattern for both sexes (ANOVA: F'=70.74,
df =1, P <0.05) (Table 3). In both sexes there was a ten-
dency for the condition factor to increase from spring to
summer. The minimum mean K was observed in March in
males and in November in females. The mean peak value
of K was in June in males and in May and June in females.
The condition in females was higher than that in males
throughout the year.

Mean age at first maturity was 1.74 years in females and
1.42 years in males. Mean length at maturity in the males
and females was 11.42 cm and 13.2 cm, respectively.

The gonadosomatic index varied throughout the year
(Table 3), but there were no significant difference between
the males and females (ANOVA: F = 126.7 df = 1,
P > 0.001). In females mean GSI began to increase in
March and attained 8.92 in April. Macroscopic analysis of
gonads showed that 14.9% of the mature females
spawned in April, when the mean water temperature was
11.7°C. During this time individual GSI values in the
female Prussian carp were highly variable, ranging from
0.38 to 15.8, and both spawning and spawned females
were observed simultaneously. In May and June mean
GSI was 14.37 and 14.34, respectively, but sharply
declined in July. Similar to the findings observed in April,
mean GSI in the females during July was highly variable;
approximately 70% of the mature females laid their eggs
at this time. In males mean GSI was 3.73 in March and
reached its maximum in June. After June mean GSI grad-
ually decreased to its minimum in August. According to
the monthly variation in mean GSI, a prolonged breeding
period was observed from April until the end of July.

Ovaries simultaneously contained eggs of three differ-
ent developmental stages—immature, maturing, and
mature—especially during the breeding season (Fig. 5).

Table 1

Estimation of von Bertalanffy parameters and their asymptotic standard errors (in parentheses) for Prussian carp
population from Gelingiillii Reservoir, Turkey

n o k t r
Males 193 32.17 (1.754) 0.232 (0.094) 0.094 0.958
Females 139 36.03 (2.255) 0.212 (0.139) 0.205 0.916

n = number of specimens, L;,; = asymptotic length, k = relative growth coefficient, z, = theoretical age when fish length is

zero, 1% = determination coefficient.

Table 2

Descriptive statistics and length—weight relation parameters for males and females of Prussian carp population from
Gelingiillii Reservoir, Turkey

n a SE (a) b SE (b) r P
Males 193 -1.40 0.060 2.80 0.04 0.94 <0.05
Females 139 -1.64 0.071 3.05 0.06 0.95 <0.05

n = number of specimens, SE = standard error, a = intercept of the regression line, b = regression coefficient, 7% = determi-

nation coefficient, P = P-value.
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Egg diameter ranged from 0.90 mm to 1.51 mm in mature
eggs, from 0.70 to 0.88 mm in maturing eggs, and from
0.30 to 0.70 mm in immature eggs.

Estimation of fecundity was complicated because
small (immature) oocytes predominated throughout the
year (Fig. 5); however, assuming that all oocytes could
mature during the spawning season total fecundity (F))
was considered as the number of all oocytes in ovaries.
Oocytes in the previtellogenic phase of development can
be a reservoir of reproductive cells for subsequent years.
The smallest female with mature eggs had FL of 12 cm
and weighed 49 g at age 1+; F| in this female was 8544.
The maximum individual fecundity value, with 174 057
eggs, was observed in a female aged 4+ years that had FL
of 22 cm and weighed 287.4 g. F, was related to female
fork length and body weight, based on the equations:

F,=0.434FL*77 (2 = 0.412)
and
F,=239.9 W-10.858, (* = 0.533),
respectively. Fecundity was not strongly associated with
body length or weight, as is expected in multi-spawners.
Mean F;increased gradually as the spawning period pro-
gressed, as seen in Table 3.
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The 3+ years age group contributed the highest percent-
age (55.8%) to total fecundity of the population (Table 4).

DISCUSSION

During our previous studies on carp in Gelingiilli
Reservoir we observed that approximately 20 adult
Prussian carp individuals were illegally introduced into
the reservoir by a local fisherman (Kirankaya and
Ekmekgi 2004). The other possible origin of this species
in the reservoir may have been scaled carp introduction
between 2000 and 2004. In many European countries
Prussian carp was detected following carp introduction
practices (Copp et al. 2005), as in many reservoirs in
Turkey. In Gelingiillii Reservoir the oldest Prussian carp
was aged 5+ years and the age structure of the Prussian
carp population indicated establishment of a new popula-
tion. The age structure of Prussian carp specimens from
Gelingiillii Reservoir was similar to that observed in nat-
ural lakes and reservoirs in Turkey (Table 5). Although
some records of Prussian carp from European freshwaters
have a long lifespan of between 10 and 11 years
(Szczerbowski 2001), in Turkish inland waters the maxi-
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Fig. 4. Growth rates in length (G;; A) and weight (Gy; B) of Prussian carp, Carassius gibelio, from Gelingiillii

Reservoir, Turkey

Table 3

Monthly variation in condition factor, gonadosomatic index, and mean fecundity of Prussian carp population from
Gelingiillii Reservoir, Turkey

Month K Gsl Mean F'
Female Male Female Male !

March 2.35(0.21) 2.12 (0.32) 8.40 (2.43) 3.73 (0.92) 22 959

April 2.52 (0.36) 2.24 (0.28) 8.92 (4.40) 3.66 (1.35) 29 472

May 2.77 (0.36) 2.38 (0.44) 14.37 (4.11) 5.35(1.55) 56 863

June 2.77 (0.26) 2.41(0.33) 14.34 (5.62) 5.78 (1.83) 76 612

July 2.68 (0.34) 2.27(0.28) 3.86 (3.58) 3.15 (1.53) 9416

August 2.50(0.23) 2.15(0.21) 0.9 (0.48) 2.07 (0.70)

September 2.46 (0.31) 2.33(0.07) 3.18 (2.56) 3.31 (1.69)

October 2.34(0.12) 2.33(0.31) 3.86 (1.56) 4.03 (1.24)

November 2.32(0.15) 2.27(0.31) 5.58 (1.65) 3.78 (0.90)

Values in parentheses are standard deviations; K = condition factor, GSI = gonadosomatic index, F, = total fecundity.
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mum is up to 9 years (Ozkdk et al. 2007). The most
numerous age groups observed in the presently reported
study were 2+ and 3+ (approximately 80% of the total), as
observed in many European (Szczerbowski 2001) and
Turkish populations (Balik et al. 2004, Sar1 et al. 2008,
Emiroglu unpublished”). The high fecundity observed in
the females in the presently reported study 3+ years age
group made a special contribution to the population
(Table 4). Prussian carp is not a commercially valuable
species for fisheries in Gelingiillii Reservoir and it was
incidentally caught by gill nets varying in mesh size that
are used for other species. Thus, selectivity of fishing gear
did not appear to have any effect on the age structure of
Prussian carp.

Maximum FL and W in Prussian carp was approxi-
mately 27 cm and 597 g, respectively, in this study.
Although there were fewer age groups in the studied pop-
ulation, as compared to European populations, maximum
length and body weight were similar to 26 cm and 750 g
reported by Szczerbowski (2001). Tsoumani et al. (2006)
found that fork length in Prussian carp specimens from 12
different lakes in Greece ranged from 14.5 to 37.7 cm.
Prussian carp can attain fork length of 33 cm and weight
of 873 g in Turkey (Balik et al. 2004, Emiroglu unpub-
lished”). According to the von Bertalanffy model, females
in the presently reported study were slightly larger than
males and the asymptotic length (L;,) in females was
greater than that in males.

The length—weight relation observed in this study also
suggested that there was a difference in growth between
sexes; negative allometric growth was observed in males,
whereas females grew isometrically. Negative allometry
appears to be a common pattern in Prussian carp, as
reported by Tsoumani et al. (2006).

Additional differences observed in growth parameters
between males and females in the presently reported study
are supported by the specific growth rate. During the first
year of life the specific growth rate in length was approx-
imately 85% for females and 70% for males. These high
values decreased sharply after sexual maturity was
attained. Similarly, the rate of weight increase was higher

mMature mmMaturing m=Immature —Water Temperature

100 25
90 i
80 205
= 70 5
= S
5 60 15 3
g 2
o 40 10 €
£ 2
& 30 -
20 5 &
10 =
o 2 B B E EBEBE,

M A M J J A S O N
Month

Fig. 5. Frequency of eggs at different developmental stage
in ovaries of Prussian carp, Carassius gibelio, from
Gelingiillii Reservoir, Turkey

in the females (282% for females and 237% for males)
during the first year of life. It is known that such an accel-
erated growth rate allows the fish to attain early maturity
(Tarkan 2006, Grabowska et al. 2011); thus, the annual
increase in growth diminishes sharply after sexual matu-
rity. A high growth rate during the first year was observed
in fish species that mature early (Nikolsky 1963).
In Prussian carp populations a high growth rate during the
first year of life may be an adaptation for increasing fit-
ness rapidly.

Both the length—age relation (Table 5) and von
Bertalanffy growth equations (Balik et al. 2004, Cinar et
al. 2007, Ozkok et al. 2007, Sari et al. 2008, Emiroglu
unpublished”) showed that Prussian carp in the Gelingiillii
Reservoir grew slower than the majority of other popula-
tions in Turkey. Although the species exhibits a higher
growth rate in artificial water bodies in Turkey (Tarkan et
al. 2012a), the lower growth rate observed in the present-
ly reported study was likely due to differences in climate,
food resources, density-dependent factors, and possible
competition for food with other carp. Moreover, Tsoumani
et al. (2006) reported that Prussian carp exhibits good
growth performance in mesotrophic and oligotrophic lakes.
Gelingiillii Reservoir is mesotrophic in character (unpub-
lished data by Kirankaya), but we also know that the growth
rate of Prussian carp markedly decreases in areas densely
stocked with carp (Szczerbowski 2001); therefore, the
observed lower growth rate of Prussian carp in Gelingilli
Reservoir might have been due to its location at 1050 m.
above sea level and its dense mirror- and scaled carp stocks.

The somatic condition cycle (K) varied according to
season in the present study; the lowest values were
recorded in early spring and autumn. As the water temper-
ature increased in spring, and feeding activity and gonadal
maturation started, K increased to its maximum value in
May and June. At the end of summer when spawning ter-
minated, the condition factor in the Prussian carp gradual-
ly decreased.

The male to female ratio in the present sample of
Prussian carp differed significantly from parity (in overall
specimens 1 : 0.73). In Prussian carp gonad differentiation
takes place between 60 and 70 days and sex differentiation

Table 4
Mean fecundity and percentage contribution
by age group to total number of released eggs
in Prussian carp population
from Gelingiillii Reservoir, Turkey

Age n F, % F,
1+ 4993 0.70
2+ 36 34 327 30.6
3+ 38 62318 55.8
4+ 2 130 475 12.9

n = number of specimens, F; = mean fecundity, F; = total
fecundity.

* Emiroglu O. 2008. Uluabat Golii (Bursa) Esox lucius (Linnaeus, 1758), Carassius gibelio (Bloch, 1782) ve Scardinius erythrophthalmus (Linnacus, 1758)
Populasyonlarinin Biyoekolojik Ozelliklerinin incelenmesi. [Investigation of bio-ecological features of Esox lucius (Linnaeus, 1758), Carassius gibelio (Bloch, 1782)
and Scardinius erythrophthalmus (Linnaeus, 1758) in Lake Uluabat (Bursa).] PhD Thesis, Institute of Science, Eskigehir Osmangazi University, Turkey. [In Turkish.]
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terminates at 120 days after hatching (Bieniarz 1986); there-
fore, sex was determined in the present study without any
doubt, even in some individuals in the O+ year group.
Indeed, a pronounced female bias in the sex ratio is quite
common in Prussian carp populations (Szczerbowski 2001).
Gynogenesis is the commonly known reproduction strategy
for Prussian carp, and females significantly outnumber
males in the majority of populations (Vetemaa et al. 2005,
Bostanci et al. 2007, Sari et al. 2008, Leonardos et al. 2008,
Liasko et al. 2011, Tarkan et al. 2012a), whereas bisexual
populations are also observed (Szczerbowski 2001).
Abundance of males in Gelingiillii Reservoir suggested that
this population is probably bisexual. Indeed, reproduction
mode of Prussian carp population in Gelingiillii Reservoir
could be accurately determined by genetic investigations.

In Gelingiilli Reservoir both males and females
attained sexual maturity the year following hatching.
Szczerbowski (2001) reported that Prussian carp attains
sexual maturity at age 3+, 4+, and 5+ according to latitude
in its range of occurrence, and at age 2+ in Romania, how-
ever, in the studied population both sexes reached maturity
after the first year of life as observed in many Prussian carp
population in Turkey (Tarkan et al. 2012a, b). Early matu-
rity is one of the most important characteristics of invasive
species, which ensures establishment of a sustainable popula-
tion in new environments (Rosecchi et al. 1993, Yang 1996,
Vila-Gispert et al. 2005). On the other hand, according to
life history theory, the cost of early maturity is a reduction
in lifespan (Oliva-Paterna et al. 2002). Early sexual matu-
rity in the present Prussian carp population might explain
its success and short life span.

The spawning season in the studied population was
longer than that recorded for Prussian carp in its natural
range, in which reproduction begins by the end of May or
during June at a water temperature of 18-19°C
(Szczerbowski 2001); however, in the presently reported
study it began in April, when the water temperature in
Gelingiillii Reservoir was 11.7°C. Paschos et al. (2004)
observed a short spawning period in the Pamvotis Lake

population between March and April at a water tempera-
ture of 12—14°C, but for introduced Prussian carp popula-
tions in Turkey the duration of the spawning season is
reported to last 3—4 months (Balik et al. 2004, Tarkan et
al. 2006, Emiroglu unpublished”), as observed in the pres-
ent study. The breeding season in fish species depends on
several environmental factors such as photoperiod and
water temperature (Wootton 1990); hence, populations of
a species in different geographic locations may exhibit
differences in their breeding period. On the other hand,
the prolonged spawning period is a key characteristic of
multiple spawners (Rinchard and Kestemont 1996).

The size frequency distribution of oocytes remained
polymodal throughout the year in the presently reported
study. Ovaries contained oocytes at different stages of
development (mature, maturing, and immature), indicating
that the females could spawn several times during the
reproductive period. Such asynchronous oocyte develop-
ment classifies this fish as a multi-spawner. Indeed,
Prussian carp is a multiple spawner and females release
2-3 batches of eggs each year (Muus and Dahlstrom 1981,
Szczerbowski 2001). Successful invaders have asynchro-
nous gonad (oocyte) development and multiple spawning
properties (Bogutskaya and Naseka 2002, Vila-Gispert et
al. 2005). The multiple spawning strategy has advantages
in fluctuating environments, as all progeny are not at risk
during one reproductive event, when a climatic change
could destroy all offspring in a given year (Oliva-Paterna
et al. 2002). Although ovaries were observed to be asyn-
chronous in the presently reported study, as there were
oocytes in different stages of vitellogenesis, three matura-
tion cycles of yolky eggs were noted. Thus, a female
could spawn at least two batches of eggs per breeding sea-
son. Both the GSI values and our observations on devel-
opment of eggs revealed that the Prussian carp in the pres-
ent study had a short gonadal quiescent period.
Development of gonads in autumn may be an advanta-
geous strategy for a species; thus, fish spawn early in
spring (Rinchard and Kestemont 1996).

Table 5

Length at age data for various Prussian carp population in Turkey

Mean observed length at ages

Location Length Source

A0 Al A2 A3 A4 AS A6 A7 A8 A9
Lake Egirdir FL 11.9 181 229 255 274 296 Balik et al. 2004
Buldan Reservoir ~ FL 11.66 14.13 1698 18.89 20.26 22.03 Sar1 et al. 2008
Lake Iznik TL 13.75 19.67 25.33 30.05 Tarkan et al. 2006
Omerli Reservoir ~ TL 12.61 2041 26.74 30.88 33.12 35.7 Tarkan et al. 2006
Topgam Reservoir  FL 23.8 2548 27.01 28.38 Sas1 2008
Lake Beysehir FL 92 120 19.6 221 243 26.7 Cinar et al. 2007
Lake Egirdir FL 946 11.96 18.62 21.82 2441 2686 2867 30.57 31.02 32.6 Ozkok et al. 2007
Lake Uluabat TL 17.61 23.07 2587 28.87 3125 3193 33.20 Emiroglu unp.”
Gelingillii Res. FL 637 126 158 184 223 26.6 This study

FL = fork length, TL = total length.

" See footnote on page 36.
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Mean F;, reached up to 130 000 in the population stud-
ied. According to Szczerbowski (2001), the fecundity in
Prussian carp in ponds varies from 3000 to 205 000.
Individual fecundity values exceeded 174 000 and it was
higher, in relation to other Prussian carp populations in
Turkey (Balik et al. 2004, Tarkan et al. 2006). The
observed fecundity values indicate that the Prussian carp
established a very fecund population in the Gelingiilli
Reservoir. On the other hand, mean fecundity increased as
the spawning period progressed, suggesting that there was
recruitment from the stock of the immature eggs.

Although the spawning season was between April and
July, spawning occurred mostly during May and June,
which is supported by both GSI and the ratio of mature
eggs to total eggs.

The Gelingiillii Reservoir Prussian carp population
was characterized by rapid growth, early maturity, a high
level of reproductive effort, and a short life span. These
life history characteristics are typical of populations in
unstable environments, in which adult mortality is high,
variable, or unpredictable (Fernandez-Delgado and
Herrera 1995). The species benefits from producing many
offspring early in life, because both factors contribute to a
higher rate of population increase. The corresponding cost
of reduced capacity for future reproduction is minimized,
because adult survival is low by default. Prussian carp are
able to expand their range of distribution through various
biological mechanisms, ecological plasticity, and a high
tolerance for unfavourable environmental conditions.
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