
INTRODUCTION
The topmouth gudgeon, Pseudorasbora parva

(Temminck et Schlegel, 1846) (known also as stone
moroko), is a small cyprinid species native to Japan, China,
Korea, and the Amur River basin, and it is a highly invasive
fish species in Europe (Caiola and De Sostoa 2002, Pinder
et al. 2005, Ekmekçi and Kirankaya 2006).

The species was introduced probably with stocking
material of herbivorous fish, such as: grass carp,
Ctenopharyngodon idella (Valenciennes, 1844); bighead
carp, Hypophthalmichthys nobilis (Richardson, 1845);
and silver carp, H. molitrix (Valenciennes, 1844) import-
ed from China and it has spread in the last 40 years
through almost the entire continent of Europe (Witkowski
1991a, b, 2006, Rosecchi et al. 2001, Gozlan et al. 2002,
Copp et al. 2005, Pollux and Körösi 2006).

The invasion success of P. parva can be explained by
several of its biological attributes: physiological toler-
ance, short generation time, high reproductive potential,
feeding flexibility, and parental care (Adámek and
Siddiqui 1997, Katano and Maekawa 1997, Rosecchi et
al. 2001, Pollux et al. 2006).

Research issues concerning P. parva are mainly
focused on the first records of this species in different
regions of Europe (Wildekamp et al. 1997, Caiola and
De Sostoa 2002, Pinder et al. 2005, Ekmekçi and
Kirankaya 2006) as well as its morphometry, biology,
behaviour, age, and growth (Sunardi at al. 2005, 2007,
Kapusta et al. 2008, Záhorská et al. 2009, 2010). In recent
years, a few papers concerning the impact of predatory
fish on P. parva and the possibility of eradicating this
species from freshwater ecosystems have appeared
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Background. The topmouth gudgeon, Pseudorasbora parva (Temminck et Schlegel, 1846) (known also as stone
moroko), is an alien species of the fish fauna of many European freshwater ecosystems. In large quantities, its
may affect negatively the fish fauna and the functioning of ecosystems. It competes for food with native fish
species and they occupy their habitat. The knowledge about the invasion dynamics may help to find suitable con-
trol measures. The aim of this study was to find and observe the population of P. parva in a small river.
Materials and methods. Inventory fishing on three sampling sites at the Ciemięga River was carried out from 2003 to 2007.
The abundance and density of P. parva in the river were calculated. The size distribution of P. parva and its length–weight
relation were determined. Abundance, density, length, and mass of the fish from all study sites were analyzed statistically.
Results. P. parva was first recorded in the Ciemięga River in the autumn of 2005. The abundance of P. parva
in relation to the structure of the local ichthyofauna was the smallest in the spring and the highest in autumn.
The total length of P. parva ranged from 15 to 104 mm, and the mass from 0.2 to 10.4 g. Taking into account
the number of the specimens, P. parva constituted between 0.9% and 57.2% of the local ichthyofauna, while its
mass ranged from 0.0% to 35.1% depending on the study site and the season. The density of P. parva ranged
from 72.9 to 6.5 CPUEN, while the mean value for the river was 30.6 CPUEN.
Conclusion. In Polish waters P. parva is an alien species and there is still little information about its occurrence
in the flowing waters. Since 2005, this species was present almost in all inventory catches in the Ciemięga River.
Its presence was dependent on the kind of the habitat and the presence of predatory fish species (eg brown trout).
P. parva occurring numerous may be a lot of competition for native fish species, and therefore an important prob-
lem is to understand his habitat preferences and interactions with native fish species.
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(Brazier and Britton 2006, Musil and Adámek 2007,
Britton et al. 2008).

In Poland P. parva was recorded for the first time as
late as 1990; it got here with stocking material of carp,
and in recent years has spread to almost all lowland rivers
of the country (Witkowski 1991a, b, 2002).

The aim of the presently reported study was to find
and observe the population of topmouth gudgeon,
P. parva, in a small river in south-eastern Poland. The
monitoring of populations of P. parva in a small upland
river may be a unique opportunity for determining, over
a period of several years, the share of these species in the
ichthyofauna of the watercourse, and may be
a contribution to better understanding of the ecology of
this species and its impact on water ecosystems.

MATERIAL AND METHODS
The research area was the Ciemięga River located in

south-eastern Poland. This river is 36 km long and a part
of its course is considered a mountain-type river, a trout
and grayling zone. The catchment area of the Ciemięga
River covers 157 km2 and the average water flow amounts
to 0.58 m3 · s–1 (Michalczyk et al. 1997, Gliński and
Stępniewska 2005). In 1990, the Ciemięga Valley
Landscape Protection Area was created in the valley of
Ciemięga.

Three 100-m long sampling sites (located in the vicin-
ity of villages: Jastków (S1), Dys (S2), and Pliszczyn (S3)
were defined on the Ciemięga River:

S1 (Jastków): bottom covered by sand and gravel,
many submerged macrophytes; river bed straight; low,
flat embankment; bank vegetation dominated by stinging
nettle, Urtica dioica L., and white deadnettle, Lamium
album L.; few trees; some sections of the river regulated.

S2 (Dys): bottom covered by sand and gravel with
occasional mud, many submerged macrophytes; river bed
irregular with small meanders, high and steep embank-
ment; bank vegetation dominated by stinging nettle,
Urtica dioica L., and white deadnettle, Lamium album L.;
few trees; some sections of the river regulated; near the
bridge the embankment with concrete blocks.

S3 (Pliszczyn): bottom covered by gravel and sand, few
macrophytes; river shallow, river bed straight, flat banks,
elevated valley slopes; banks with trees: black alder,
Alnus glutinosa L., and white willow, Salix alba L.; river
natural, without modifications, a weir above the study site.

Other characteristics of the sampling sites are presented
in Table 1. Between the second and the third study sites
(S2 and S3), above the village Pliszczyn, there is a several-
meter-high weir, preventing the upstream fish migration.

Inventory fishing on all study sites was conducted ten times
in total: autumn 2003, autumn 2004, spring and autumn 2005,
and spring, summer, and autumn 2006 and 2007.
The fish were caught using electrofishing device IUP-12
(220–250V, 7A) across the whole width of the river bed,
and wading up the river (Hickley 1990). Before the inven-
tory fishing, each of the sections from both sites (upper and
lower) was separated by a net barrier of 8-mm mesh size.

The fish collected were identified to the species level
and weighed (W; to nearest 0.1 g); total length (TL) and
standard length (SL) were measured (to nearest 1 mm).
Native fish specimens were put back into the water. The
specimens of topmouth gudgeon were killed with an over-
dose of 2-phenoxyethanol, followed by immediate preser-
vation in 4% formaldehyde.

The density of P. parva was estimated as catch per
unit effort, which was related either to the number-
(CPUEN) or to the biomass (CPUEB) of fish caught with-
in a 100-m stretch of the river during 1 h of fishing
(Anonymous 2008). Those parameters were convenient
for comparison of the fish abundance and the abundance
of topmouth gudgeon on all study sites. At each sampling
site and at all sampling dates the abundance P. parva in
terms of the number and in terms of the biomass of the
ichthyofauna were determined. The frequency of top-
mouth gudgeon TL was determined using the
Kolmogorov–Smirnov test and fitted for log-normal dis-
tribution. Length–weight relations were developed by
regression of log W [g] against log TL [mm] for each
specimen, producing values for the parameters a and b in
the length–weight equation: W = aTLb. where: W = body
mass [g], TL = total length [mm], a and b = parameters
describing linear regression (Schneider et al. 2000).

The statistical significance of the differences between
topmouth gudgeon abundance, density, TL, and body mass
of fish from all study sites was evaluated by non- paramet-
rical ANOVA at the level P ≤ 0.05 (Anonymous 2001).

The presently reported study has been carried out in accor-
dance with Polish regulations on experiments on animals.

RESULTS
A total of 2633 specimens representing 15 species and 7

families were collected from 2003 to 2007. The first pres-
ence of topmouth gudgeon in the Ciemięga River was noted
in summer 2005. This species was recorded only on site S1
in Jastków (Fig. 1). The topmouth gudgeon was also present
in all subsequent catches at sites S1 and S2. The lowest
number of P. parva specimens was caught on site S3, where
its presence was noted only in spring and summer 2006 and
in summer 2007 (Fig. 1). The presence and the share of
P. parva in the overall fish abundance and the total number
of fish caught in the Ciemięga River is shown in Fig. 1.

The contribution of this species was variable depend-
ing on the study site (with no statistical differences) and
ranged from 0.9% to 57.2% on site S1. The share of
P. parva in the catches on site S2 was from 1.7% to
22.9%, while on site S3, if it was present, it had a share
from 3.4% to 27.0% (Fig. 1).

A certain seasonal trend was observed, especially in
the case of site S1, where the presence of P. parva
increased in the successive seasons, the smallest partici-
pation of the species being noted in spring and the highest
in autumn (Fig. 1). In total, topmouth gudgeon participa-
tion in the fish biomass of the Ciemięga River was low
and ranged from 0.0 to 35.1%, with the largest abundance
on site S1 (Table 2).
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Overall density of the species ranged from 2.4 to 324
CPUEN depending on the season and the study site, and
the differences, though notable, were not statistically sig-
nificant (Table 2). The highest average density of
P. parva was recorded in site S1, where 73 specimens of
this species were caught, and the lowest—more than ten
times smaller—on site S3 (6.5 CPUEN).

The biomass density of P. parva on sites S2 and S3
was similar and ranged from 24 to 25 CPUEB, and the
highest CPUEB was recorded on site S1 (CPUEB = 162),
with significant statistical differences (ANOVA, F = 9.98,
P = 0.0371) (Table 2).

The TL of topmouth gudgeon ranged from 15 mm to
104 mm. The mass of the fish varied from 0.2 to 10.40 g
(Table 3). The highest average length and average body
mass were recorded for P. parva from site S3 (Table 3),
and they proved to be significantly higher then for fish
from S1 and S2 (TL: ANOVA, F = 9.64, P = 0.0001;
W: ANOVA, F = 15.05, P < 0.0001). The smallest aver-
age total length was noted for P. parva from site S2.

The Kolmogorov–Smirnov test showed that the distri-
bution of total length of topmouth gudgeon in the
Ciemięga River corresponds to the log-normal distribu-
tion (KS test, D = 0.999, P < 0.01). The largest numbers
of individuals were noted within the body length range
from 50 to 60 mm. The relation between total length (TL)
and body mass (W) was described with an exponential

regression curve and it is represented by the equation
W = 0.032TL2.245 (R2 = 0.6728) (Fig. 2).

DISCUSSION
The presence of Pseudorasbora parva was noted in stag-

nant and running waters of many countries in Europe, and in
the Polish waters it appeared as late as in the early 1990s
(Witkowski 1991a, b). The routes of spread of this species are
diverse, but in most cases the fish gets into new ecosystems
along with fish fry of such species as e.g.,Ctenopharyngodon
idella, Hypophthalmichthys nobilis, or H. molitrix) (see
Ekmekçi and Kirankaya 2006, Witkowski 2006).

According to Witkowski (2006), P. parva is a species
occurring in large numbers in fish breeding ponds, but
Kapusta et al. (2008) also noted it in the Konin Reservoir
and in artificially heated Licheńskie Lake. Despite such
abundance of this species in the inland waters there are
only few studies on its occurrence on the Polish territory.

In the Ciemięga River this species was first recorded
in summer 2005, where it probably migrated from nearby
ponds located in the river valley. Especially in the valley
of the upper river there are many of the pond-type small
reservoirs used for amateur fish farming.

It is probable that topmouth gudgeon could migrate
with other fish from those ponds into the river itself.
Earlier inventory fishing conducted in the years from 2003
through 2005 did not reveal the presence of this species.
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Parameter* Sampling site
S1 (Jastków) S2 (Dys) S3 (Pliszczyn)

GPS coordinates 51º18′36′′N
22º26′00′′E

51º18′49′′N
22º33′52′′E

51º18′08′′N
22º38′28′′E

Distance from river source [km] 18 26 33
Width of the river bed [m] 2.50–3.00 3.50–4.00 4.50–6.00
River depth [m] 0.30–0.60 0.40–0.90 0.30–0.45
Water pH 7.71 7.76 7.60
Water conductivity [μS·mL–1] 582.34 628.11 556.11
Water temperature [ºC] 9.35 9.40 9.23
Oxygen saturation [%] 90.30 89.02 93.91
Dissolved oxygen (mg·L–3) 10.10   9.78 10.69

S

*mean values for three seasons of 2007 (spring, summer, and autumn).

Table 1
Morphological characteristics and water physical and chemical parameters on sampling site

of River Ciemięga (after Rechulicz 2010, altered)

Site
W% CPUEN CPUEB

Range Mean SD Range Mean SD Range Mean SD
S1 (Jastków) 2.20–35.10 11.58 11.51 2.40–324.00 72.90A 113.59 12.00–505.00 162.51 176.54
S2 (Dys) 0–5.70 1.50 2.08 0–40.80 12.60B 15.56 0–69.60 25.22 31.01
S3 (Pliszczyn) 0–3.90 0.91 1.52 0–27.30 6.50B 10.12 0–90.00 24.43 34.99
Total 0–35.10 4.70 8.18 0–324.00 30.60 70.13 0–505.00 70.70 120.12

F

W% = share of biomass; SD = standard deviation; CPUEN = catch (No.) per unit effort [number of fish caught on 100-m
stretch of the river within 1 hour]; CPUEB = catch (mass) per unit effort [biomass of fish caught on 100-m stretch of the river
within 1 hour]; Figures in the same column with the same superscript are not significantly different (P > 0.05).

Table 2
Share of biomass, number-, and biomass density of Pseudorasbora parva in the ichthyofauna

of the Ciemięga River



It is possible that in the years to come this species will
spread throughout the main river system of the Bystrzyca
River. Single individuals of the species were recorded by
Rechulicz (2009) within 2006–2007 in the Czerniejówka
River, also a left-bank tributary of the Bystrzyca River.

The number of P. parva varied seasonally, usually it
was the lowest in the spring and the highest in the autumn
(Fig. 1). It is possible that much higher numbers of top-
mouth gudgeon in autumn (especially on the site S1)
could be the result of escapes from ponds, being often
drained in autumn. However, this species was found in
each season at S1 and S2, and its higher abundance has
also been reported in summer on S2, without any ponds in
the proximity. This might indicate a possible relation
between the numbers of topmouth gudgeon and the
growth intensity of submerged macrophytes. This was
especially evident on site S1, where the macrophytes were
much more abundant (Table 1). The regularity of changes

in the number of P. parva depending on the coverage
of shallow littoral lake by macrophytes was also observed
by Pollux and Körösi (2006) and Kapusta et al. (2008).
Those authors found that in places with greater vegetation
cover, this species appeared in larger numbers. More
abundant submerged macrophytes provide a better refuge
from predators for P. parva and at the same time makes it
harder to catch (Sunardi et al. 2005). Several studies indi-
cated that this species can be eaten by predatory fish
species and may even constitute the basis of their diet
(Musil and Adámek 2007). However, as reported by
Kapusta et al. (2008), in spite of the significant proportion
of predatory species in the ichthyofauna of artificially
heated Licheńskie Lake, they had no effect on the abun-
dance of this invasive species.

Noteworthy is the fact that in the current studies top-
mouth gudgeon was less numerous on site S3, located in
the vicinity of Pliszczyn. The Ciemięga River in this
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Fig. 1. Occurrence of Pseudorasbora parva at sampling sites S1, S2, and S3 in the Ciemięga River within 2003–2007

S1

S2

S3



stretch is more like a mountain river and the fish structure
is dominated by salmonid species, such as the brown
trout, Salmo trutta L. It is possible that, due to the specif-
ic character of the river at this site, P. parva was the only
food item available for the trout. The latter fish, being
numerous on site S3 was able to control effectively the
numbers of the topmouth gudgeon (Rechulicz 2010). The
above assumption can be supported by the present results,
showing that the highest numbers and the density of top-
mouth gudgeon were found on site S1 (Table 2).

The density of topmouth gudgeon depends on the type
of water. As reported by Pollux and Körösi (2006), in flood-
plain lakes it was substantially more abundant than in the
rivers of the Netherlands (0.11 ind. · m–2 and 141 ind. · m–2,
respectively). Similarly, small numbers of this species, on
average 6.1 · m–2, were noted by Britton et al. (2007) in
the North West of the UK. Large quantities of it were
recorded also in ponds in southern Czech Republic (from
370 to 14 331 ind. · ha–1) (Adámek and Sukop 2000) and
in ponds in Poland (ca. 300 kg of P. parva from a pond of
ca. 5 ha) (Witkowski 2006). Much less P. parva, on aver-
age only 0.65 m–2, was caught in the Ciemięga River at site
S1 (Table 2, after conversion to m2 at 2.5 m average width
of the riverbed in that place). This gave a density compa-
rable to that estimated by Pollux and Körösi (2006).

Analysis of distribution of total length of the studied
fish suggests that the population of P. parva from the
Ciemięga River included individuals representing all
stages from juveniles to sexually mature ones. Individuals
measuring from 50 to 60 mm (TL) were characterised by
the highest frequency and, as reported by Záhorská et al.
(2010), were sexually mature. It is worth to emphasize
that in the presently reported study, specimens longer than
10 cm were also caught—the size rarely reported by other
authors (Britton et al. 2007, 2008, Kapusta et al. 2008,
Záhorská et al. 2010). This may indicate the presence in
the population of old sexually mature P. parva, capable of
intensive spawning at suitable habitat conditions

(Záhorská and Kováč 2009). The effectiveness of spawn-
ing, in the Ciemięga River, can also be confirmed by the
capturing P. parva individuals of minimal length of
15 mm (TL) (Table 3).

Topmouth gudgeon, as an alien species, can spread and
may have an impact on other species present in the river
system. High density and no effect of predators on its pop-
ulation may lead to the spreading of diseases, increased
competitiveness for food and habitat space, particularly in
relation to native fish species such as gudgeon, sunbleak,
and roach (Pinder et al. 2005, Gozlan and Beyer 2006,
Britton et al. 2007, Carpentier et al. 2007).

In summary, the understanding of the population
dynamics and of the occurrence of P. parva in small rivers
can affect the search for possible ways of inhibiting the
spreading of this species throughout river systems and con-
tribute to reducing its numbers. The issue that needs clari-
fication are contradictory conclusions about the effect of
predatory fish on topmouth gudgeon. As reported by
Kapusta et al. (2008), predators do not affect the population
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Fig. 2. Length–weight relations of Pseudorasbora parva
from the Ciemięga River within 2003–2007

Feature
Sampling site

Total
S1 (Jastków) S2 (Dys) S3 (Pliszczyn)

n 257 40 19 316

Total length [mm]
Mean ± SD 62.50B ± 0.90 57.80C ± 1.33 69.90A ± 1.39 62.40 ± 1.03

Range 15.00–104.00 34.00–90.00 43.00–90.00 15.00–104.00
SE 0.06 0.21 0.32 0.06

Standard length [mm]
Mean ± SD 52.50B ± 0.84 47.00C ± 1.13 58.20A ± 1.18 52.10 ± 0.93

Range 10.00–87.00 29.00–75.00 35.00–75.00 10.00–87.00
SE 0.05 0.18 0.27 0.05

Body mass [g]
Mean ± SD 2.23B ± 1.86 2.04B ± 1.77 3.87A ± 1.63 2.30 ± 1.88

Range 0.20–10.40 1.00–8.00 1.00–8.00 0.20–10.40
SE 0.12 0.28 0.37 0.11

n = number of fish; SD = standard deviation, SE = standard error of the mean; Figures in the same row with the same super-
script are not significantly different (P > 0.05).

Table 3
Total length, standard length, and body mass of Pseudorasbora parva

from the Ciemięga River sampled within 2005–2007

y = 0.0002x 2.2451

R² = 0.6728
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of P. parva. According to Musil and Adámek 2007, how-
ever, this species can be the basis of predators’ diet. If so,
the effect of predators would be evident. It must be empha-
sized, however, that the spreading of P. parva, with all its
characteristic features of an invasive species, can have
a significant impact on populations of native fish species.
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