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Abstract Invasions of alien species are a serious problem worldwide. In Poland, among of 30 alien 
species recorded in aquatic environment Prussian carp (Carassius gibelio) draw increasing 
attention due to its exceptionally successful colonization. Therefore the aim of the work was 
to perform study on Prussian carp populations, including genetic testing, which may answer 
questions regarding the degree of variation and the reasons for success in new locations. 
The material for the study consisted of fin clips from 120 specimens of the species Prussian 
carp collected from five lakes in the Leszno Lakeland. Genetic variation within and between 
groups was analysed based on sequence analysis of control region (D-loop, mtDNA). Genetic 
analyses revealed variability in sequence length (Indel 353A), where in the group of sequences 
from Lakes Wonieść and Łoniewskie there was one sequence variant, with 555 base pairs, but 
from Lakes Osłonińsko-Górskie, Dominickie and Wielkie, consisted of variants of 554 (30%) 
and 555 (70%) base pairs. Presented work indicate that presence and spread of alien species 
may be used as an indicator of worsening environmental conditions, therefore analysed areas 
should be given special attention in the process of restoration to their original state.

Molekularne badania karasia srebrzystego – gatunku inwazyjnego w jeziorach 
Pojeziorza Leszczyńskiego

Słowa kluczowe karaś srebrzysty, hot spot, gatunki inwazyjne, zróżnicowanie genetyczne

Streszczenie Inwazje gatunków obcych są ważnym problemem globalnym. Przykładowo oprócz 30 obcych 
gatunków ryb odnotowanych w polskich wodach, szczególną uwagę przyciąga karaś srebrzysty 
(Carassius gibelio) w związku z jego wyjątkowo ekspansywną strategią rozprzestrzeniania.  
Z tego też powodu celem niniejszego artykułu jest analiza populacji karasia srebrzystego,  
w tym testów genetycznych, które mogą udzielić odpowiedzi na pytanie o stopniu zróżnico-
wania i przyczynach sukcesu obserwowanych w kolejnych lokalizacjach. Materiał do badań 
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stanowiły skrawki płetw 120 osobników karasia srebrzystego, które odłowiono w latach 2009 
i 2010 z pięciu jezior należących do obszaru Pojezierza Leszczyńskiego. Analizy genetyczne 
w obrębie jak i pomiędzy grupami przeprowadzono na podstawie amplifikacji oraz analizy 
odczytanej sekwencji regionu kontrolnego (D-loop, mtDNA). Analiza uzyskanych sekwencji 
ujawniła, że różnią się one długością (Indel 353A). W grupie sekwencji z jezior Wonieść oraz 
Łoniewskie występował jedynie jeden wariant sekwencji, 555 par zasad. Pozostałe sekwencje 
uzyskane na bazie prób pozyskanych z jezior Osłonińsko-Górskie, Dominickie oraz Wielkie 
składały się z wariantów o długości 554 (30%) i 555 (70%) par zasad. Wyniki badań dowodzą, 
że obecność oraz rozprzestrzenianie się obcych gatunków może wskazywać na pogarszający 
się stan środowiska wodnego, dlatego rozpatrywane akweny należy traktować indywidualnie 
podczas prób przywracania ich do stanu pierwotnego. 

Introduction

Invasions of alien species are a serious problem worldwide. According to the International 
Union for Conservation of Nature and Natural Resources (IUCN), they are one of the most sig-
nificant threats to biodiversity, due to the unforeseen consequences of the appearance of a new 
species in the environment. In Polish waters, for example, about 30 alien fish species have been 
introduced the last 800 years (Grabowska et al. 2008). One of these, Prussian carp (Carassius 
gibelio), arrived in the natural waters of Europe at the beginning of the 20th century, probably 
after escaping from rearing ponds. The species is currently widely settled in Europe, as well as 
in northern and eastern Asia. 

The Prussian carp probably appeared due to the importation of carp stocking material containing 
members of this species. According to the latest data from the Inland Fisheries Institute in Olsztyn, 
the catch of this species accounts for about 3.9% of the total weight of caught fish (Wołos et al. 2014). 
Prussian carp can currently be considered the most abundant alien fish species in Poland (Grabowska 
et al. 2008). Prussian carp owes its exceptionally successful colonization to an efficient reproductive 
strategy (including high fertility and a long reproductive period), an opportunistic feeding strategy, 
and exceptional tolerance for difficult environmental conditions. The lakes of Leszno Lakeland 
(Pojezierze Leszczyńskie) have become a distinctive ‘hotspot’ (Rahel, Olden 2008) for the spread 
of Prussian carp. Studies on invasive species at such sites, including genetic testing, may answer 
questions regarding the degree of variation and the reasons for success in new locations. 

Study region

The Leszno Lakeland, according to the division by Kondracki (1964), is a macroregion 
with an area of 2,227 km2 in the southern part of the Southern Baltic Lake District. Its location 
in the site of the last glaciation has resulted in a varied surface and relatively recent postglacial 
forms. The accumulation of stretches of terminal moraines and tunnel-valley lakes adds to the  
attractiveness of the landscape in terms of both tourism and fishing. The northern part of the Leszno 
Lakeland has been called the Kościan Plain. This area, at an elevation of 65–90 m a.s.l., has  
no lakes and is characterized by wide, peaty valleys. The Krzywiń Lakeland, with varied terrain, 
is situated a bit further south. In the eastern part of the region there are over 20 lakes with an 
area of more than 1 ha, scattered picturesquely among the hills. The western part, with somewhat 
less undulating terrain, has only one lake, Krzyckie. The lowest situated Sława Lakeland lies 
to the west, with the largest lakes. The southern boundary of the region is a distinct stretch 
of terminal moraines with numerous hills reaching up to 120 m a.s.l. (Anders 1985). 
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The lakes in the Leszno Lakeland (Fig. 1) appear mainly in two clusters: the Sława 
and Krzywiń Lakelands. Most of these have an elongated shape dictated by the tunnel val-
leys. The largest of these are Lake Sława (817 ha), Wonieść (an artificial reservoir with an 
area of 777 ha), Dominickie (344 ha), Przemęckie Północne (243 ha), Wieleńskie-Trzytoniowe  
(220 ha), Cichowo-Mórka (201 ha), Zbęchy (108.9 ha) and Łoniewskie (102 ha).

Five of these lakes, presented in Table 1, were selected for the study. In the last 20 years these 
lakes have been stocked with Prussian carp and net fishing takes place here. 

Figure 1. Location of the Leszno Lakeland

Material and methods

The material for the study consisted of fin clips from 120 specimens of the species Prussian 
carp (Carassius gibelio), caught in 2009 and 2010. The specimens were taken from five lakes 
in the Leszno Lakeland. Characteristics of the specimens and the sites where they were caught 
are presented in Table 1. 

The samples were preserved in 75% EtOH and transported to the laboratory of the Department 
of Aquaculture of the West Pomeranian University of Technology in Szczecin, where peqGOLD 
Tissue DNA Kits (PeqLab) were used to isolate DNA. Qualitative and quantitative evalua-
tion of the isolates was performed by separation in 1.5% agarose gel and measurement using  
a NanoDrop 2000 spectrophotometer (Thermo Scientific). Genetic variation within and between 
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groups was analysed by PCR, using the primers CYTB-1 5’-TAACGTTCCGCCCAATCAC-3’ 
and DL-3 5’-CTACATTAATATGTTTGAATAAAA-3’, which were designed to amplify the 5’ 
end of the control region (D-loop) of mitochondrial DNA (Wouters et al. 2012). The compositions 
of the PCR mixtures and time/temperature profiles were in accordance with the information 
published by the authors. PCR products were sequenced by Genomed (Warsaw, Poland). The se-
quences were analysed using BLAST, BioEdit and DNA SP software (Altschul et al. 1990; Hall 
1999; Librado, Rozas 2009). 

Table 1. Characteristics of the lakes and samples used in the study 

Name of lake Designation GPS coordinates
Number 

of individuals 
caught

Mean 
Length
(x́, SD)

Mean
Weight
(x́, SD)

Łoniewskie LO 51°53′58″N 
16°41′37″E 22 26.35, 3.22 728.5; 

335.38

Wonieść WO 52°00′19″N 
16°41′43″E 28 26.31, 2.83 710.93; 

249.34

Osłonińskie-
Górskie OG 51°56’44.8”N 

16°14’19.3”E 13 27.97 3.88 864.15; 
423.11

Dominickie DO 51°57′00″N
 16°18′36″E 27 27.45 3.06 807.78; 

315.55

Wielkie WL 51°58’20.6”N 
16°20’24.2”E 30 24.96 3.10 624.64; 

199.59

Results

The isolates obtained had concentrations of about 100 ng/µl and purity (260/280 ratio) rang-
ing from 1.8 to 2.0. Analysis of the sequences obtained using the primers CYTB-1 and DL-3 
revealed that the sequences differed in the number of bases: 554 or 555 base pairs (Indel 353A). 
In the group of sequences from Lakes Wonieść and Łoniewskie there was one sequence variant, 
with 555 base pairs. The remaining sequences, from the samples collected from Lakes Osłonińsko-
Górskie, Dominickie and Wielkie, consisted of variants of 554 (30%) and 555 (70%) base pairs. 
Except of abovementioned indel polymorphism, no other differences were found among the ana-
lysed sequences. The results of comparative analyses using both sequence variants indicated 
no homologous sequences in the NCBI database. BLAST search identified only one sequence 
of C. gibelio from China with full query coverage which shoved 97% similarity. The sequences 
obtained in the present study were submitted to the NCBI database with the deletion KP742348.1 
and the insertion KP742349.1 (Fig. 2). 
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Figure 2. Sequences obtained with marked insertion/deletion polymorphism at position 353.

Discussion

Biological invasions by introduced alien organisms are widely considered more likely to 
succeed in environments disturbed by human activity (Case 1996; Lozon, Maclsaac 1997).

Introduced fish species may have a direct impact on native species through predation, 
competition for resources and habitats, an effect on reproduction, and the introduction of patho-
gens—parasites and diseases (Crowl et al. 1992). 

Prussian carp has been found all over Poland since 1900 (Gąsowska 1936). Its invasion 
has included ponds, eutrophic lakes, small water bodies, channels, and lowland rivers. It is tol-
erant of oxygen shortages and high levels of contaminants. In particular it competes for food 
resources and habitats with limnophilous cyprinids (Solarz 2005). In the Danube River basin it 
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competes strongly for food and habitats with native populations of Carassius carassius, Tinca 
tinca, Leucaspius deliniatus and other native cyprinids, reducing their populations. According to 
Lusk et al. (2010), it is currently the most dominant fish species in lentic and slow-flowing river 
habitats. In the lakes studied in the Leszno Lakeland the percentage of this species reaches up to 
60% of the total weight of fish, about eleven times higher than the average for Poland; moreover, 
following the introduction of this species the structure of the ichthyofauna of individual water 
bodies became modified (Rybczyk, Szypuła 2005). 

Identification of the original range of Carassius gibelio is most likely no longer pos-
sible (Grabowska et al. 2008). Reports of the occurrence of carp morphologically similar to  
C. gibelio in Europe date from the 16th century, and for this reason it is sometimes considered 
indigenous to the continent (Hensel 1971; Kottelat 1997). However, it is most likely an Asian 
species, as indicated by the close phylogenetic relationship (demonstrated by analysis of mito-
chondrial DNA) between European and Far Eastern individuals (Kalous, Šlechtová 2004). Loss 
and degradation of native biodiversity caused by alien species may occur at all levels of biological 
organization–genetic, population, species, community and ecosystem–and may entail significant 
changes in the physical environment, water quality, basic resources, and ecological processes 
(Mooney and Hobbs, 2000; Reise et al. 2006).

Researchers usually lack the information and knowledge to anticipate the consequences 
of the loss of specific adaptations caused by a loss of genetic diversity, but the relocation of certain 
organisms from one area to another, as seen in examples involving invertebrates, may entail 
the introduction of alien genes (Nehring et al. 2009). 

Genetic screening will be necessary in the future to determine the degree of globaliza-
tion that has been reached, and then to detect new invasive taxa or genotypes (Nehring et al. 
2009). In the present study on Prussian carp, apart from insertion/deletion polymorphism no 
other differences were noted in the sequences analysed. Moreover, the results of comparative 
analyses using both of their variants indicated no homologous sequences in the NCBI database. 
The changes observed in the sequences may suggest a lack of isolation mechanisms and thus 
the spread of the most numerous genetic variant over the entire lake district. Kempter et al. (2011) 
reported even more pronounced homogeneity in three populations of the native species Carassius 
carassius. Phylogenetic analysis of the sequences of Prussian carp from Sweden showed that 
these fish are probably not native populations, but represent different lines of C. gibelio – from 
China, Japan and Russia. All but three of 16 fish analysed had microsatellite alleles suggest-
ing hybridization with Carassius carassius. These results suggest that a cryptic invasion by  
C. gibelio may be taking place in Sweden (Wouters et al. 2012). The native C. carassius is a species 
whose protected status in Poland has recently been changed to ‘near-threatened’ (NT) (Witkowski  
et al. 2009). Considering the smaller scale of the invasion in Scandinavia, it is very likely that 
in Poland as well the populations of the two carp species hybridize, but in the present study no 
traces of hybridization were found. It is also highly likely that the success of Prussian carp as 
compared to the crucian carp is due to the greater genetic variation of the invasive species and to 
the native species’ loss of alleles responsible for adaptation to a changing environment, resulting 
from artificial reproduction in aquaculture (Kempter et al. 2011). Furthermore, C. gibelio is able 
utilize a wider food spectrum and assimilate more nutrients in periods that are unconducive to 
feeding (Specziár, Rezsu 2009). A study on the composition of the food of C. gibelio colonizing 
waters in Turkey showed that it occupies the lowest trophic position of all species analysed, 
including native ones. Due to the high trophic position of vertebrates, they are generally more 
vulnerable to anthropogenic threats (Duffy 2003), C. gibelio may have a somewhat lower risk 
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than other species of the ichthyocoenosis, and this may contribute to the success of its invasion 
(Özdilek, Jones 2014). 

The progress of the invasion of Prussian carp has not been continually monitored in Poland, 
but studies on the ichthyofauna of Poland have drawn attention to the increasing presence 
of the species in Polish waters (Grabowska et al. 2008). The lakes of the Leszno Lakeland have 
become a distinctive ‘hotspot’ for the spread of Prussian carp due to its abundance and biological 
characteristics (Rybczyk, Szypuła 2005; Rybczyk 2006). The results of comparative analyses 
using both sequence variants in samples from the lakes of the Leszno Lakeland indicated no 
identical records in the NCBI database, which may suggest the existence of local haplotypes. 
Knowledge of the specific genetic character of the Prussian carp population in this lake district 
will make it possible to track the progress of invasion in nearby water bodies. Research conducted 
in the flowing waters of Australia has shown that aquatic ecosystems affected and modified by 
human activity are much more vulnerable to invasions by alien species (Kennard et al. 2005). 
The presence of alien species may therefore be used as an indicator of worsening environmental 
conditions, and these areas should be given special attention in the process of restoration to their 
original state (Kennard et al. 2005). Genetic screening may expand the possibilities for detection 
of unfavourable phenomena in monitored habitats. 
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