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GROWTH FEATURES OF THE AMUR SLEEPER, PERCCOTTUS GLENII
(ACTINOPTERYGII: PERCIFORMES: ODONTOBUTIDAE),
IN THE INVADED CARPATHIAN BASIN, HUNGARY
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Nyeste K., Kati S., Nagy S.A., Antal L. 2017. Growth features of the Amur sleeper, Perccottus glenii
(Actinopterygii: Perciformes: Odontobutidae), in the invaded Carpathian Basin, Hungary. Acta
Ichthyol. Piscat. 47 (1): 33–40.
Background. The Amur sleeper, Perccottus glenii Dybowski, 1877, is the most invasive alien fish species in
the native aquatic communities in central Europe. Although the accelerated invasion of P. glenii has been well
documented, there is little information on the ecological and growth parameters of non-native populations in this
region. The aim of this study was to describe the growth features of the population of P. glenii in a shallow oxbow
lake in the Carpathian Basin.
Materials and methods. Our study sample consisted of 1239 individuals (628 ♂ + 611 ♀) collected from an
oxbow lake near the Tisza River in the same month for three years (2013–2015). The length, weight, age structure,
sex-dependent growth rate, and the condition factor of the collected specimens were determined.
Results. The sex ratio was 0.49 (♀ ÷ (♀ + ♂)). The standard length and weight of the collected P. glenii specimens
ranged from 20.7 to 127.7 mm and from 0.3 to 75.8 g, respectively. The length–weight relations (SL–W) were
allometrically negative for the males (W = 3.2 × 10–5SL2.960), females (W = 3.8 × 10–5SL2.921), and both sexes (W =
3.5 × 10–5SL2.940), without significant differences between males and females. According to the length-frequency
analysis, five age groups were differentiated. The von Bertalanffy growth models were L∞ = 138.87 mm, k = 0.21,
t0 = –0.54 (♂), L∞ = 174.21 mm, k = 0.17, t0 = –0.33 (♀), L∞ = 154.01 mm, k = 0.19, t0 = –0.45 (♂ + ♀). The growth
performance parameters were Ф′ = 3.61 (♂), Ф′ = 3.71 (♀), Ф′ = 3.65 (♂ + ♀), respectively.
Conclusion. Due to unequal investment in reproduction, there was a significant difference in the growth rate
between males and females. The literature data showed that invasive gobies and odontobutids (e.g., P. glenii)
exhibit more opportunistic reproduction strategy in newly colonized areas, which may contribute to the invasion
success. This strategy (e.g., earlier maturation, longer spawning period, etc.) results in slower growth rate due to
energetic trade-off between reproduction and somatic growth. The observed growth rate of invasive Amur sleeper
population (especially in the older age groups) was slower than that of native and more established naturalized
populations in Eurasia.
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INTRODUCTION
Invasive species are causing serious negative
consequences for their new environment because they
can alter the entire habitat and ecosystem functioning,
by displacing native species and these processes have
significant economic impacts (Copp et al. 2005, Vilà et al.
2010, Ferincz et al. 2016). The success of an alien invasive
species depends on its high environmental tolerance and
its life-history traits (Grabowska and Przybylski 2015).
Therefore, in order to conserve the biodiversity, it is very
important to investigate the ecology of invasive species
(Erős 2005, Grabowska et al. 2011, Grabowska and
Przybylski 2015, Kati et al. 2015).

The Amur sleeper, Perccottus glenii Dybowski, 1877,
also known as rotan or Chinese sleeper is one of the most
invasive freshwater fishes in Eurasia (Copp et al. 2005,
Reshetnikov and Ficetola 2011, Reshetnikov 2013). The
native range of P. glenii covers the Russian Far East,
north-eastern China, and the northern part of the Korean
Peninsula (Berg 1949, Nikolskij 1956, Bogutskaya and
Naseka 2002). Amur sleeper appeared in western regions of
Eurasia in 1916 and it has been spreading very fast in eastern
and central Europe (Reshetnikov 2004, Reshetnikov et al.
2017). The first occurrence of Amur sleeper in the Danube
River system was observed in Hungary from the Lake
Tisza (Kisköre Reservoir) at Tiszafüred in 1997 (Harka
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1998). Nowadays P. glenii is widely established along the
Tisza River and its tributaries (Harka et al. 2003) and it was
found in canals located closely to Lake Balaton (Erős et al.
2008), middle section of the Danube River basin (Takács
and Vitál 2012), and the drainage system of the Drava
River (Takács et al. 2015). In 2013 the species appeared
in the upper part of the Danube River basin in Bavaria,
Germany (Reshetnikov and Schliewen 2013, Nehring and
Steinhof 2015). Reshetnikov and Karyagina (2015) have
reported the long-term existence of a stable population of
P. glenii in a lake in Naturschutzgebiet Charlottenhofer
Weihergebiet in Germany
The Amur sleeper prefers lentic waters, canals, lakes,
ponds, backwaters, and bogs with dense submerged
vegetation (Kottelat and Freyhof 2007). The abundance
of the species can increase rapidly in these habitats
(Bogutskaya and Naseka 2002, Harka et al. 2003). Amur
sleeper is a very effective predator of a wide range of
aquatic animal species at all trophic levels. It mainly
consumes macroinvertebrates, eggs, and even larvae and
juveniles of fishes and amphibians (Reshetnikov 2003,
Koščo et al. 2008, Grabowska et al. 2009, Kati et al.
2015). Many studies have reported a negative correlation
between the abundance of P. glenii and that of native
fishes (e.g., Rešetnikov 2001, Reshetnikov 2003, Koščo
et al. 2003a).
The human-mediated factors (e.g., aquarists, anglers,
and cyprinid stocking) are important only in the first
stage of introduction (Reshetnikov 2004, Grabowska et
al. 2011). The species has spread from the initial areas
of introduction relatively fast and successfully due to
its biological features (Bogutskaya and Naseka 2002,
Reshetnikov 2004, Grabowska et al. 2011). However,
there are great variations between the populations in their
life-history traits as a result of variable local environmental
conditions (Grabowska et al. 2011, Fox and Copp 2014).
It has been reported, that P. glenii populations exhibit
more opportunistic traits (e.g., earlier maturity and higher
fecundity of females, longer spawning season) in their
introduced central European range than in their introduced
east European and native range (Grabowska et al. 2011).
The success of the Amur sleeper in the early invasion stage
(even populations in central Europe) depends on the higher
investment in reproduction, but this energy allocation
leads to decrease in growth rate due to energetic tradeoff between reproduction and somatic growth (Kozłowski
1996, 2006, Grabowska et al. 2011).
Studies focusing on the growth of the Amur sleeper
in central Europe are underrepresented in the literature,
despite the high-risk expansion of the species (Koščo et al.
2003b, Grabowska et al. 2011). Our previous study about
growth features of P. glenii in the middle Tisza region
revealed no significant differences between populations
of five sampling sites, including Rakamazi-Nagy-morotva
(RNM) (Harka et al. 2012). The RNM is a shallow oxbow
lake near the Tisza River with a length of 4.4 km, a mean
width of 200 m, and a mean depth of 1.8 m. RNM is a
suitable habitat for Amur sleeper characterized by dense
areas of submerged, floating and emergent vegetation

(mainly Stratoides aloides, Hydrocharis morsus-ranae,
Ceratophyllum demersum, Ceratophyllum submersum,
Phragmites australis, Potamogeton sp., Lemna sp.). Since
the Amur sleeper is one of the most abundant fish species
of the oxbow lake, the aim of the presently reported study
was to describe the:
• Age structure;
• Sex-dependent growth rate;
• Condition
of P. glenii population in RNM, Hungary, central Europe.
MATERIAL AND METHODS
A total of 1239 specimens of the Amur sleeper were
collected in RNM (coordinates: 48°05′45.2′′N,
21°27′45.8′′E) by electrofishing (Hans Grassl IG200/2b,
PDC, 75–100 Hz, 350–650 V, max. power output 10 kW/
impulse, Hans Grassl GmbH, Germany) at the end of vegetation period in November 2013, 2014, and 2015. Fish
individuals were euthanized with an overdose of clove oil
and preserved in 5% (V/V) formaldehyde.
Standard length (SL), total length (TL), and body
weight (W) of fish were measured using digital calliper (to
the nearest 0.01 mm) and digital analytical laboratory scale
(to the nearest 0.01 g), respectively. Sex determination
was performed by direct observation of gonads. Sex ratio
was expressed as a proportion of females to all specimens
(♀÷ (♀ + ♂)), and tested with Chi-squared analyses (χ2).
The relation between SL and TL was calculated by linear
regression
TL = a + bSL
Based on log-converted weight and standard length,
the parameters a and b of the length–weight regression
analysis were calculated according to the equation
(Le Cren 1951, Froese et al. 2011)
ln W = ln (a) + ln (b)SL
and expressed as
W = aSLb
The Student’s t-test was used to test the allometry
in growth (Zar 2010). Analysis of Covariance
(ANCOVA) was performed to test for differences in
the length–weight relations between sexes (Zar 2010).
Logarithmic transformation was used to improve the
normality of data.
The age groups were determined using the Petersen
method (Tesch 1968) based on the length-frequency
distribution with each high peak representing a separate
age group (Tesch 1968). Descriptive statistics of age groups
were calculated by the Bhattacharya method (Bhattacharya
1967) using FiSAT software (Gayanilo et al. 2005). The
Bhattacharya method was not applicable in case of 5+ and
6+ age groups due to the small number of individuals of
these groups. Therefore those data were not included in the
statistical evaluations and were mentioned as informative
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aspect only. Subsequently, individuals representing mean
standard length of each age group and sex were subjected
for scale ageing procedure (using criteria of Tesch (1968))
as a verification of our calculation. Kolmogorov–Smirnov
two-sample test was used to compare the size frequency
distribution between males and females. A two way
Analysis of Variance (ANOVA) was performed involving
individuals representing mean SL of age groups ± 5mm
(426 males and 394 females) to test statistical differences
in size distribution according to age and sex (Zar 2010).
Fulton’s equation (Fulton 1911, Froese 2006) was used
to calculate the condition factor for each individual
K = 100WSL–3
The von Bertalanffy growth model (VBGM)
Lt = L∞ (1 – exp(–k(t – t0)))
was applied for mathematical description of growth (von
Bertalanffy 1934, Ricker 1975) using FiSAT software
(Gayanilo et al. 2005). Since the von Bertalanffy
equation’s k parameter is negatively related to L∞, as much
as rapid rate of population growth (the highest k) was
faster, so L∞ was smaller and vice versa (Raikova-Petrova
et al. 2011), therefore a phi-prime (Ф′) parameter (Munro
and Pauly 1983) were calculated as indices of growth
performance
Ф′= log10 (k) + 2log10 (L∞)
Since the Ф′ parameter can only provide qualitative
information, therefore it is not appropriate to be used for
comparisons of growth rate (Živkov et al. 1999), analysis
of the residual sum of squares (ARSS) was performed to
compare VBGMs between the sexes (Chen et al. 1992).
Past 3.03 (Hammer et al. 2001), IBM SPSS Statistics
for Windows (Version 20.0), Statistica 12.0*, and Microsoft
Excel 2013 software were used for statistical evaluation of
our data.
RESULTS
A total of 628 individuals were identified as males
and 611 as females. The sex ratio was 0.49. A chi-square
revealed no significant deviation from the theoretical 1 ÷
1 sex ratio (χ2 = 0.75, DF = 1, P > 0.05). The respective
ranges of SL, TL, and W of males amounted to 23.5–115.6
mm, 30.6–140.2 mm, and 0.4–43.5 g. The SL, TL, and W

of females ranged from 20.7 to 127.71 mm, 27.3 to 149.0
mm and 0.3 to 75.8, respectively. The relation between
SL and TL was described by equations:
TL = 1.207SL + 1.428; r2 = 0.996 (P < 0.05) for males,
TL = 1.191SL + 2.013; r2 = 0.996 (P < 0.05) for females,
and
TL = 1.199SL + 1.721; r2 = 0.996 (P < 0.05) for both
sexes.
The estimated parameters for the length–weight
regressions are given in Table 1. Our data indicated that
both sexes showed negative allometric growth (males:
t-student = –3.077, n = 625; P < 0.05; females: t-student
= –6.077, n = 608; P < 0.05; sex combined: t-student
= –6.667, n = 1233; P < 0.05). ANCOVA on the log
transformed values of length and weight did not detect
a significant sex-based difference in the length–weight
relation for this population (F = 3.237, DF = 1, P > 0.05).
Length groups were formed from the standard length
data of collected specimens using 2 mm class intervals
for the length-frequency analysis. According to the
Bhattacharya method, five age groups were identified (Fig.
1). There was no significant difference in length-frequency
distribution between males and females (Kolmogorov–
Smirnov, D = 0.089, P > 0.05). Descriptive statistics of
these groups were revealed by the Bhattacharya method
(Table 2). The 0+ age group (♂ 50.26%, ♀ 49.30%) was
dominant in both sexes, followed by 1+, 2+, 3+, and 4+ age
groups. Two-way ANOVA showed significant differences
in class size for all age groups between males and females
(age: F = 4997.9, DF = 4, P < 0.05; sex: F = 18.2, DF =
1, P < 0.05; age × sex: F = 34.3, DF = 4, P < 0.05). The
mean SL at age and the annual linear increments of males
and females are presented in Fig. 2A–B. Annual mean
values of Fulton’s condition factor (K) are presented in
Fig. 2C. In case of males, the annual mean values of K
showed an increasing trend, unlike in case of females,
where a decreasing tendency was observed. Linear
regression analysis showed that regression slopes (Fig. 2)
are statistically different from 0 (P < 0.05).
The von Bertalanffy growth curves were fitted to the
SL at age data for sexes both separately and in combination.
The estimated parameters of Bertalanffy equations were:
L∞ = 138.87 mm (±26.60), k = 0.21 (±0.10), t0 = –0.54
(±0.06) for males, L∞ = 174.21 mm (±30.24), k = 0.17
(±0.06), t0 = –0.33 (±0.03) for females, L∞ = 154.01 mm
(±24.54), k = 0.19 (±0.01), t0 = –0.45 (±0.04) for all

Length–weight relation parameters for male and female Perccottus glenii from the Rakamazi-Nagy-morotva

Table 1

Sex

n

a

CI 95% (a)

b

CI 95% (b)

r2

M
F
T

625
608
1233

0.000032
0.000038
0.000035

0.000029–0.000035
0.000034–0.000042
0.000033–0.000037

2.960
2.921
2.940

2.935–2.985
2.896–2.946
2.922–2.958

0.989
0.988
0.989

M = male, F = female, T = total; n = number of specimens, a = intercept (mean value), b = slope of the regression (mean value), CI =
confidence interval, r2 = coefficient of determination. P-values were less than 0.05 in all cases.
*

Anonymous 2013. Statistica (data analysis software system), version 12.0. www.statsoft.com.
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Table 2
Descriptive statistics of age groups of males and females
of Perccottus glenii identified by the Bhattacharya
method
Sex

♂

Age
group

Rate
[%]

Standard
length
[mm]

CI (95%)

Separation
index

1 (0+)
2 (1+)
3 (2+)
4 (3+)
5 (4+)
1 (0+)
2 (1+)
3 (2+)
4 (3+)
5 (4+)

50.26
35.93
9.79
2.27
1.74
49.30
41.93
6.29
1.39
1.09

36.45 ± 5.76
60.60 ± 5.30
72.82 ± 3.21
82.76 ± 1.68
90.33 ± 3.40
35.69 ± 5.99
56.76 ± 5.90
76.81 ± 4.75
92.69 ± 1.49
101.00 ± 2.37

35.80–37.10
59.89–61.31
71.99–73.65
81.78–83.74
87.99–92.67
35.01–36.37
56.03–57.49
75.25–78.37
91.48–93.90
98.69–103.31

—
2.62
2.11
2.13
2.06
—
2.44
2.30
2.24
2.09

♀
Fig. 1. Frequency distribution of standard length (SL) of
males and females of Perccottus glenii; Cells are leftopened and right-closed intervals; Dotted line stands
for the fitted normal distribution estimated by the Standard length values are mean ± standard deviation, CI =
confidence interval. Rate = relative frequency of individuals found
Bhattacharya method
in each age group by sexes.

specimens. The growth performance indices were Ф′ = 3.61
for males, Ф′ = 3.71 for females, and Ф′ = 3.65 for both
sexes, respectively. ARSS showed no significant differences
in VBGMs between the sexes (F = 1.028, P > 0.05).
DISCUSSION
In this study the growth features of one of the most
invasive freshwater fish, Amur sleeper, were investigated.
This alien species is spreading aggressively in central
Europe, threatening populations of native fish species. Up to
now, the largest Amur sleeper reported in the literature (250
mm of total length, 10 years of age) was caught in the
invaded area in Lake Glubokoe, Russia (Reshetnikov 2003)
indicating an approximately 207.4 mm standard length
based on the SL–TL relation determined in the presently
reported study. In central Europe, the largest male (130 mm
standard length, 7 years of age) and female (142 mm standard
length, 7 years of age) of Amur sleeper were reported from
the Vistula River, Poland (Grabowska et al. 2011). In the
population covered in our study, the largest male had 115.6
mm standard length (7 years of age), and the largest female
had 140.2 mm standard length (7 years of age). The sex ratio
did not differ from parity (1 ÷ 1), similarly to the observation
in the Vistula River (Grabowska et al. 2011).
Our data showed < 3.0 calculated b-values indicating a
negative allometric growth in both sexes with no significant
differences in the SL–W relation. A hypoallometric growth
pattern implies the fish becomes more slender as it increases
in length (Froese et al. 2011). In the above-mentioned study
of Grabowska et al. (2011) an isometric growth pattern
was reported for both sexes in the Vistula. Since RNM is a
shallow oxbow lake with controlled and intermittent water
supply from the Tisza River, different environmental
Fig. 2. Observed standard length (SL) at age (A), and
conditions may cause this discrepancy in growth pattern.
changes in the annual linear increments (B), and the
Our analyses revealed that the growth rate of males in
Fulton’s condition factors (C) for males and females of
their first two years of life was more intensive than that of
Perccottus glenii
females, while the growth rate of both sexes became just
less intensive from the third year of life (Fig. 2A). Amur
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sleeper (both sexes), in their native area, matured about the
age of 2+ or 3+ (Bogutskaya and Naseka 2002) while in
the introduced distribution range, including the European
part of Russia (Spanovskaâ et al. 1964) and Poland
(Grabowska et al. 2011), females reached their maturity
at the age of 1+. Similar results were observed in a study
based on aquarium experiments (Bogutskaya and Naseka
2002). In our study, well developed ovaries were found in
1+ females during the dissection of individuals indicating
earlier maturation of females. It suggests that females have
to allocate energy for earlier development of gonads. The
energy channelled into the gonads detracts from the somatic
growth (Roff 1983, Kozłowski 2006), so females achieve
smaller length due to earlier gonad development during
the first two years. In contrast, the majority of males reach
maturity at the age of 2+ both in native (Nikolskij 1956)
and in introduced area (Bogutskaya and Naseka 2002). The
role of males in reproduction is not only the fertilisation
of oocytes, but also aggressive protection of the nest and
fanning the eggs with their pectoral fins, preventing oxygen
deficiency of embryos (Bogutskaya and Naseka 2002).
In contrast, the role of females in reproduction is only
laying their eggs. Therefore, the post-maturation growth
of males (from age of 2+) is slower due to the energetic
trade-off between reproduction and somatic growth (Lester
et al. 2004, Kozłowski 2006). Our analysis of the annual
linear increments revealed higher linear increment of males
in their pre-mature period, but lower annual increment was
observed in the post-mature life span (Fig. 2B). The higher
parental investment into reproduction and the decreased
feeding during the nest guarding may be major causes of
this phenomenon (Grabowska et al. 2011).
The annual fluctuation in Fulton’s condition factors
showed a decreasing tendency in females but an increasing
trend in males (Fig. 2C). Our data indicated that the higher
was the annual linear increment the lower was the condition
factor of the individuals by sexes (Fig. 2B–C). Due to the
hypoallometric growth a spindly individual with higher
linear increment had a relatively lower condition factor in
the same year. The key of the evolutionary success of nest
guarding males is their good condition at the end of the
growth season. In the majority of cases, a larger male in good
condition overwintered with lower energy deficit, could
fertilize more eggs and was a more effective nest guardian
because it could sustain longer period of starvation during the
nest defending (Ridgway et al. 1991, Fessehaye et al. 2006,
Wotton and Smith 2014). On the other hand, Amur sleeper
females exhibit no parental care, they should not present high
condition factor to perform successfully spawning, therefore
longer but slender, spindly females have lower condition
factor than robust males in their post-mature life.
Our results on growth performance parameters (based
on the von Bertalanffy growth equation) suggest that the
growth of Amur sleeper in RNM was relatively faster than
that in the Vistula River, but there were no significant
different among VBGMs for pooled data (F = 0.4425, P >
0.05) (Grabowska et al. 2011).
Comparison of previously published growth data
of different P. glenii populations with our recent results
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implies that the growth of Amur sleeper is variable
depending on the geographic range (Table 3). In general,
populations in invaded areas (mainly in the former Soviet
Union) grow faster than those in native range (Fig. 3). In the
European part of Russia, the well established naturalized
populations grew rapidly, likely due to favourable
environmental conditions (e.g., favourable climate, food
resources, and lack of control by natural enemies) (Table
3, Fig. 3). The growth of Amur sleeper in RNM seems to
be slower in comparison with both native and introduced
areas, especially after maturation. Higher investment in
reproduction (development of gonads, multiple and longer
spawning season, early maturation of females, parental
care of males, etc.) may result in decrease in growth rate
in these populations.
The most successful non-native invasive species in
central Europe (especially the Ponto-Caspian gobies
and the odontobutid Amur sleeper) collectively exhibit
characteristic life-history traits like short maximum
body length, short-life spawn, early maturation, multiple
spawning events, extended breeding season, low fecundity
but relatively large eggs and parental care (Erős 2005,
Grabowska et al. 2011, Grabowska and Przybylski 2015).
These features help them to maximize the colonizing
capacity in the relatively early stage of naturalization.
Breeding season of P. glenii in its native range usually
lasts from the end of May through June (Nikolskij 1956),
while in our study we observed an extended spawning
period of Amur sleeper populations in the Carpathian
Basin. The spawning season of Amur sleeper lasts from
April to September in the rapidly warming shallow lakes
and ponds (Harka et al. 2012).
Our results revealed significant differences in growth
features of Amur sleeper between males and females due to
the unequal investment in reproduction. Like other invasive
alien species, Amur sleeper shows characteristic life-history
traits in the early stage of invasion resulting in successful
colonization of the new habitat. This opportunistic strategy
of Amur sleeper populations in central Europe is leading to
slower growth of individuals than in other ranges, where

Fig. 3. Growth of Perccottus glenii in Rakamazi-Nagymorotva, Hungary (presently reported study) in
comparison with mean values of standard length (SL) at
age from native and other introduced range, based on
Table 3; Vertical lines indicate the minimum and
maximum SL at age
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Table 3
Standard lengths (SL) at age of native and introduced populations of Perccottus glenii from different areas
Location

Lake Khanka, RU
Suifun River, RU
Amur River, RU
Moscow region I, RU
Moscow region II, RU
Moscow region III, RU
Moscow region IV, RU
Moscow region V, RU
Moscow region VI, RU
Leningrad region, RU
Selenga River, RU
Penza region I, RU
Penza region II, RU
Bodrog River, SK
Komi Republic, RU
Lake Glubokoke, RU
Lake Glubokoke, RU
Moscow region I, RU
Moscow region II, RU
Gusinoe Lake, RU
Selenga River delta, RU
Moscow region, RU
Vistula River, PL
RNM, HU

PP
NAT
NAT
NAT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT

0+
35
32
38
66
66
55
71
45
60
29
39
47
34
31
40
55
40
50
69
37
36

1+
55
55
68
94
90
64
90
66
104
68
65
63
45
63
70
71
70
82
70
60
87
53
59

Observed SL at age [mm]
2+
3+
4+
5+
77
77
85
111
123
100
114
110
130
100
125
120
72
149
72
94
96
88
62
95
79

134
85
151
94
112
112
106
84
111

91
108
110
80
123
69
74

118
122
140
100

164
165
120

83
87

97
94

140

6+
136
136

167

188

112
110

122
118

149

Reference
Yakovlev 1925a
Kirpichnikov 1945b
Nikolskij 1956
Spanovskaâ et al. 1964
Spanovskaâ et al. 1964
Spanovskaâ et al. 1964
Spanovskaâ et al. 1964
Spanovskaâ et al. 1964
Spanovskaâ et al. 1964
Kuderskiy 1982a
Litvinov and O’Gorman 1996c
Baklanov 2001c
Baklanov 2001c
Koščo et al. 2003b
Boznak 2004c
Dgebuadze and Skomorokhov 2005c
Dgebuadze and Skomorokhov 2005c
Dgebuadze and Skomorokhov 2005c
Dgebuadze and Skomorokhov 2005c
Bolonev and Pronin 2005c
Bolonev and Pronin 2005 c
Rešetnikov, unpublished datac
Grabowska et al. 2011
Presently reported study

PP = population, NAT = native, INT = introduced; Some references are based on a Bogutskaya and Naseka (2002), b Koščo et al. (2003b),
and c Grabowska et al. (2011); HU = Hungary, PL = Poland, RU = Russia, SK = Slovakia, RNM = Rakamazi-Nagy-morotva; Bold font
denotes the mean SL of 5+ and 6+ age groups are only informative; The Bhattacharya method was not applicable due to the small number of
individuals of these age groups, thus these data were not used to other statistical evaluations; Mean standard length of 5+ and 6+ age groups
were calculated based on data of 1–2 specimens; These data were not used to other statistical evaluations, but we have wanted to present
there in this table (for aspect of comparability).

the species is native or already well established. Due to
A.M. (eds.) Freshwater fishes of Russia. Zoological
the irreversible influence of expanding invasive fish on
Institute, Russian Academy of Sciences.
native species, the continuous and systematic monitoring of Chen, Y., Jackson, D.A., Harvey H.H. 1992. A
ecology of these non-native species should have a priority.
comparison of von Bertalanffy and polynomial
functions in modelling fish growth data. Canadian
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