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Abstract

:

About 20 species of non-native mammals have been recorded in Poland. Some of them are already extinct or have been extirpated, while others are widely distributed and may affect the native biota in Poland. We review the literature on 15 non-native species found in this country, discussing their origin, distribution, and presence on lists of invasive species that pose a threat to wildlife in Poland and the EU. In addition, we discuss current knowledge on their impact on Polish ecosystems. However, on many of these species, there is little information, and the consequences of their presence remain unclear. Therefore, we emphasize the importance of this review for appropriate species management and suggest the introduction of monitoring, especially of species whose populations are increasing.
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1. Introduction


Anthropogenic activities play an important role in shaping ecosystems, as they lead to changes in the distribution of many species worldwide. While some of these changes are minor, others, such as the introduction of non-native species, can have a significant impact not only on the biota of a region but also on the people living there. Accurate predictions of the long-term impact of non-native species on ecosystems and biodiversity are difficult to make, further complicating management decision making.



The arrival of an alien species can have a significant impact on the native biota in that, among other things, it constitutes additional competition for native species, may hybridize with them, and may introduce non-native parasites. In some cases, when natural conditions favor an alien species, e.g., through the absence of a predator preying on the species in its native range or the absence of parasites limiting its distribution, biological invasion may occur, which can have a detrimental effect on native biodiversity [1]. Moreover, invasions by alien species are steadily increasing as a result of their accidental movement by human agencies, intentional introduction, or the international animal trade [2].



Despite the global scale of this phenomenon, involving a large number of animal species over a vast geographic area, the processes underlying the success of invasive species are still poorly understood and require detailed research. Two critical stages in the invasion of a non-native species are its introduction and its spread in a new region. Introduced individuals may come from several genetically distinct sources, and such an admixture of individuals with distinct origins can enhance their genetic and adaptive variability and viability [3,4,5]. On the other hand, in the absence of adaptive challenges, some species with low genetic diversity can spread easily [6]. Nevertheless, in order to limit the spread of non-native species, we need information on the biology, pathways of introduction, sources of origin, and genetic structure of invasive species in order to implement effective methods of preventing such invasions or at least managing them [7,8].



The growing problem of invasive alien species has received attention in the European Union. The List of Invasive Alien Species of Union Concern is an important part of EU Regulation 1143/2014 on Invasive Alien Species, which provides guidelines for actions and decisions regarding IAS in the member states of the EU [9]. Three types of measures are described: prevention, early detection, and rapid eradication and management. For each of the listed species, a short description with relevant information is provided, as is specific information on the measures that should be taken for the species.



The main purpose of this article is to review the literature concerning Polish research on invasive alien species, in order to update knowledge of mammal species considered to be non-native in Poland.




2. Methodology


In this paper, we discuss 15 species of mammals considered to be non-native in Poland (Table 1). Our inclusion of these species is based on two criteria. First, we describe alien species that are currently occurring in Poland or were documented no earlier than the 20th century but are now extinct. Second, we include non-native species that have long been part of the Polish fauna, such as the house mouse and house rat, but are considered alien or invasive by the scientific community, e.g., the Institute of Nature Conservation of the Polish Academy of Sciences, Kraków [10]. We exclude species whose appearance was the result of individual escapes from breeding, e.g., degu (Octodon degus). The species described are considered alien according to the definitions provided by the Convention on Biological Diversity Conference of the Parties (CBD COP 6 Decision VI/23), which defines an alien species as “a species, subspecies, or lower taxon, introduced outside its natural past or present distribution”, and introduction as “the movement by human agency, indirect or direct, of an alien species outside of its natural range (past or present)” [11]. The status of the species includes their ranges from extinct or sporadic occurrence to ubiquitous or widely distributed, with some considered invasive and a potential threat to the biodiversity of the European Union or Poland (Table 1).



We searched four databases for the relevant literature in October and November 2022: Web of Science, PubMed, Google Scholar, and Google [13,14,15,16]. Instead of applying filters, we entered species names in Polish and English along with scientific names as keywords. Additional keywords specifying the subject matter of the articles were “non-native”, “alien”, “invasive”, “invasion”, “impact”, “ecosystem”, “influence”, “Poland”, and “Polska”. From the results provided by the search engines, we selected those that corresponded with the subject of our article on the basis of the abstract, and then analyzed their references to find related literature that could provide further information relevant to this review. We included 181 sources in our review, 147 of which were Polish or with Polish contributions.



The most abundant Polish literature was found for the raccoon dog (33), raccoon (22), American mink (20), mouflon (15), and fallow deer (12). Overall, the fewest Polish sources were found for rodents and species with sporadic records or for extinct species, e.g., American beaver and Siberian roe deer. Wherever possible, we provide for each species information on (i) its first documented appearance in Poland, (ii) its origin, (iii) its current status (Table 1) and distribution with reference to distribution maps, (iv) its estimated population size, and (v) its documented impact on native biota. On many species, however, little or no research has been carried out. We, therefore, give more attention to some species than others, mainly because of the extensive literature pertaining to the former. For well-studied species, we provide some additional information.




3. Carnivora


3.1. American Mink


The American mink is a semi-aquatic species, endemic to North America, which was introduced into the wild in Europe in the 1930s. Currently, the species is present throughout Poland. The highest population densities have been recorded in the northeast and in the west (Lubuskie and Wielkopolska Provinces), which may be related to the invasion routes of this species into Poland. The species has not been found in the Carpathian Mountains, while the fewest localities with records are in the southeastern areas of the country, i.e., in Podkarpackie, Lublin, Małopolskie, and Świętokrzyskie Provinces [17]. Since 2001, the American mink has been treated as a game animal and its harvesting is monitored (Figure 1). In recent years, there has been a slight decrease in the percentage of districts where American mink have been hunted. Initially, about 2000 animals were harvested, with a peak in the 2015–2016 season. In the 2020–2021 season, the number dropped significantly, falling back to the initial level (Figure 1).



There are many sources of origin of the wild American mink population in Poland, but they were mainly animals that migrated from the population released in Belarus and from the Lithuanian population. They colonized northeastern Poland [20,21]. On the other hand, the source of the population in the northwestern areas of the country may have been mink that escaped from some of the many fur farms in the area.



The rate of expansion of these animals is variable and the population in a given area reaches its maximum density after about 10–15 years. The populations analyzed in Poland exhibit high genetic variability and variation between subpopulations in different regions of the country. This is atypical for alien and invasive animals; because the founder group was small, the variability should be low [20,21,22,23,24]. Studies indicate that the various populations of the American mink differ significantly, in both population density and morphometric traits such as weight or body length. It has also been shown that mink quickly recolonize sites from which they were previously eliminated [25].



The diet of the American mink in Poland varies greatly and is highly dependent on the type of habitat and the area of occurrence. In Lower Silesia (the Barycz Valley), a high proportion of rodents, mainly Microtus spp., was found (in 88.3% of the total feces analyzed). Mink also readily fed on fish, birds, and amphibians, whereas insects, crayfish, and reptiles made up only a small part of the biomass. There were also seasonal differences; in spring and autumn, mink fed mainly on rodents and fish, whereas the winter and summer diet comprised a wide variety of prey [26]. American mink can be a source of parasites, such as those of the genus Trichinella (3.3% among the individuals examined) [27,28].



The appearance of a new predatory species can significantly affect native animal species. A study of the populations of two bird species—coots (Fulica atra) and great crested grebes (Podiceps cristatus)—in the Masurian Lake District in northeastern Poland during the first years following the American mink’s appearance in the area revealed that it had had a significant impact on their distribution and abundance, particularly coots. Since mink avoided habitats near human settlements, these birds achieved better reproductive success in built-up areas along the shores of lakes, as well as when they reproduced in colonies [29]. Alien species can also affect populations of native carnivores through competition. A study of the populations of the American mink and European polecat (Mustela putorius) in northeastern Poland in 1995–2000 showed that the polecat population was more stable during that period, whereas mink numbers declined [30]. Significant differences in habitat use between these species were noted, as well as a different pattern of diurnal activity, which probably translated into the possibility that they could coexist in this small area at relatively high densities and could exploit the same habitats [30]. Mink were much more frequently trapped than polecats. From the data obtained, it was not possible to conclusively demonstrate the effect of the mink’s invasion on the population size of the polecat or on the interaction between the two species [31]. An analysis of the diets of both species conducted in the Bialowieża Primeval Forest showed that both are dominated by amphibians, and that the two predator species exploiting abundant prey can coexist in spite of the very large overlap in their food niches [32].



Population studies of the muskrat (Ondatra zibethicus) carried out in two periods (1996–1998 and 2007) showed that the population size of this species decreased by 44% in the first period and by up to 7% in the second. This was most likely related to predation by the American mink, which is a natural enemy of the muskrat and specializes in hunting it [33]. A similar study of the native European water vole (Arvicola amphibius) in the Masurian Lake District (northeastern Poland) showed that the species was significantly less likely to occur in localities where mink were present [34]. This study indicated that, in postglacial landscapes, the American mink avoids urbanized and mid-field areas away from lakes; thus, such areas may act as refuge habitats for the European water vole and help maintain populations of this rodent despite the mink’s presence [34]



In studies of wildlife damage, mink were present on 52% of fish farms and were widely distributed in eastern Poland. Most surveys showed that mink were resident in ponds for less than 15 years; only one case from northeastern Poland confirmed that mink had been present in a pond since the mid-1970s. Ten respondents representing fish farms were of the opinion that, after the expansion phase, the number of mink in their ponds had decreased significantly over 2–3 years [35]. Similar results were obtained in a study by Manikowska-Slepowronskaya et al. [36], in which an analysis of 104 fish farms showed mink to be present in 31% of them, mainly in ponds fed by rivers.




3.2. Raccoon Dog


The raccoon dog’s original distribution was in Asia, mainly in China, Russia, the Korean Peninsula, Japan, and Mongolia [37]. The species was introduced to the former Soviet Union in the early 20th century. Initially bred for fur, raccoon dogs escaped from farms and spread to continental Europe. Raccoon dogs are classified as an invasive non-native species and a major threat to biodiversity.



Studies of the raccoon dog carried out in Poland to date have examined not only wild populations in order to investigate their size and density, migration routes, ecological parameters, interactions with other predators, and genetic structure [38,39,40,41,42,43,44,45,46,47], but also animals kept on fur farms [47,48,49,50,51,52,53]. Although most of the research on the wild populations took place more than a decade ago, it has been possible to collect basic information on their expansion and their impact on native fauna and its diversity.



In Poland, the raccoon dog is the most widespread alien invasive predator species [44,46]. It started to colonize the country in the first half of the 1950s from an easterly direction (from the former Soviet Union) and gradually expanded westward [54,55]. The hypothesis regarding the expansion of raccoon dogs from the east is supported by the results of phylogenetic studies by Horecka et al. [47]. indicating the existence of two main clades related to continental and island populations; Polish raccoon dogs belong to the former. The relationships among haplotypes within this clade indicate that Polish raccoon dogs are genetically very similar to the Russian population. A similar conclusion was reached by Kasperek et al. [51], who studied genetic diversity in the Polish raccoon dog population using microsatellite sequences.



The first individuals were sighted in the Białowieża Primeval Forest and near Hrubieszów in the Zamość region [56]. At the beginning of the 1960s, single individuals were recorded throughout the country [57]. Over the past 70 years, they have colonized almost the entire area of the country, except for the mountainous areas of southern Poland, such as the eastern part of the Beskid Żywiecki Mts., the Tatra Mts., and the Gorce Mts., as well as the Beskid Sądecki, Beskid Niski, and Bieszczady Mtns. [46,58]. According to Osten-Sacken et al. [59], who studied these animals in western and southwestern Poland, raccoon dogs prefer forest habitats, but they have also been sighted in fields, on river banks and the shores of other water bodies, in wetlands and swamps, along roads, and in human settlements.



The raccoon dog’s territorial expansion went hand in hand with an increase in its population size in Poland—estimated at about 54,500 individuals in 2011 [45,60]. However, most reports on the occurrence and abundance of raccoon dogs come from regional surveys; hence, estimated population sizes of this predator in Poland are difficult to come by. Święcicka et al. [61] stated that, between 2001 and 2008, the raccoon dog population in the Bydgoszcz region (northern Poland) increased by an average of 146 individuals per year. The total population size was estimated at about 2310 individuals, which, in terms of the size of the game predator population in the region, ranked it second after the red fox. According to the Polish Hunting Association, raccoon dogs have been found on 88.8% of the area of Poland, and their density is estimated at 1–5 individuals per km2, depending on the environment [62]. More than two decades ago, Goszczyński [41] reported the density of raccoon dogs in the forests of the Suwałki Landscape Park (north-eastern Poland) to be 0.37 individuals per km2, while, in the Białowieża Primeval Forest (northeastern Poland), the density was 0.5–0.7 individuals per km2 [63]. This indicates a significant increase in the number of individuals in the last 20 years (Figure 1). As the raccoon dog tends to migrate over long distances, it can easily spread to new areas. In addition, it is highly adaptable, has a high reproductive potential, and seems to have found a vacant niche in Poland (and more widely in Europe). Moreover, it has probably benefitted from baited rabies vaccinations, and it is profiting from global warming, as its range limits are governed by extremely low winter temperatures.



Being an invasive species, the raccoon dog can have a negative impact on native fauna and its diversity through competition and predation, as well as pest and disease transmission. It is a vector of rabies, scabies, Echinococcus multilocularis, Toxocara canis, and Trichinella spp. [64]. According to Laurimaa et al. [65], raccoon dogs can be infected with at least 32 species of helminths, many of which are zoonotic. In Poland, the raccoon dog is the second-most important vector (after the red fox) of rabies among wild animals [66]. Some of the parasites transmitted by this species can be highly hazardous to human health, e.g., Echinococcus multilocularis or Trichinella spp. [67,68]. It is thought that it may be harmful to native birds and frogs, but hard evidence for this is difficult to obtain. Potentially, the species poses a threat to ground-nesting waterbirds, e.g., Anas platyrhynchos, Fulica atra, Anser anser, and the strictly protected Somateria mollissima, as well as the strictly protected reptile Emys orbicularis [62].



The raccoon dog is an omnivore, with its diet varying by area and season [69]. In most parts of its distribution, small rodents—voles, mice, and shrews—make up the majority of its diet in all seasons [69,70]. Frogs, lizards, invertebrates, birds, and their eggs are also frequently consumed [71]. Although the raccoon dog has been present in the Polish fauna for 70 years, little is known about its interactions with native species of predatory mammals of similar size, occupying similar trophic niches, such as the red fox (Vulpes vulpes) and European badger (Meles meles). Borowski [43] reported from the Bialowieża Primeval Forest that the overlap between the trophic niches of the European badger and raccoon dog, measured by the Pianka index [72], was 0.35 (range: from 0—niches completely disconnected to 1—niches identical). Such a low similarity index suggests that there is no trophic competition between European badgers and raccoon dogs. Therefore, fluctuations in the abundance of one species do not affect the population dynamics of the other.



According to Jędrzejewska and Jędrzejewski [63], the red fox, European badger, and raccoon dog do not compete among themselves for food resources because they have rather different trophic niches [63,73,74]. On the other hand, raccoon dogs may compete with semi-aquatic species such as American mink and Eurasian otter (Lutra lutra), where the diet similarities are 38% and 33%, respectively [63]. In the wild, raccoon dogs most often fall prey to wolves (Canis lupus) and domestic dogs (Canis familiaris) [75].



Raccoon dogs commonly make use of badger setts [76], thus benefitting from the presence of European badgers. The habit of using European badger setts has probably facilitated the invasion of raccoon dogs in Europe [76], as they provide shelter from cold and predation [58].




3.3. Northern Raccoon


The northern raccoon originates from North America, where its distribution extends from southern Canada, right across the USA and Central America as far as Panama [77]. It was introduced to Europe in the 20th century, initially in Germany (1930s), and then in Russia (1936) and Belarus (1954) [78].



The first records of wild racoons in Poland appeared in the mid-20th century. However, for a long time these were restricted to single animals. The first thriving population of raccoons was recorded in the 1990s. Numbers of racoons have been rising in recent decades, and, according to information from the Forest Data Bank, hunting harvests of raccoons have reached ~2300 individuals [79]. According to the estimates in this data bank, there are more than 8000 raccoons in Poland. However, the species is not monitored, and estimates are based on hunting harvest data.



One can divide the literature relating to raccoons in Poland into three main types: reviews presenting current knowledge of the species and its potential threat to the fauna and flora of Poland (mainly in Polish [61,80,81,82], research covering the distribution and ecology of raccoons in Poland (little work has been conducted in this respect) [83,84,85,86], and research on the role of raccoons as hosts for parasites [87,88,89,90].



Raccoons migrated to Poland mainly from Germany [83]. They are present across the whole country, but the highest concentrations are in the west; there are far fewer in central and eastern Poland [79,91]. Raccoons have been recorded in National Parks (NP), such as the Warta Mouth NP, Roztocze NP, Słowiński NP, Drawa NP, Gorce NP, Wielkopolski NP, and Wolin NP, as well as in the ornithologically important Milicz Ponds and Lake Łuknajno [83,84,92,93,94].



The extents of raccoon home ranges in Poland depend on the habitat type and abundance of food. They are small in suburban areas (1.5–2.4 km2) but larger in wetlands (on average 4.4 or 8.4 km2, depending on the season). Racoon home ranges have been found to overlap in both types of habitat, which suggests a high abundance of these animals thriving in these areas [78].



Raccoons are omnivorous, with a diet diversified across seasons and habitats. In the Warta Mouth NP, 34% of their diet consisted of rodents. Less frequently taken were birds, amphibians, fish (15%, 13%, and 12%, respectively), insects, and carcasses of large mammals [95]. Bartoszewicz et al. [78] reported the same proportion of rodents and birds in the raccoon’s diet, along with a high percentage of insects (34%), carcasses of large mammals (10%), and other vertebrates. Studies on the potential impact of raccoons on Polish fauna were conducted in the Milicz Ponds reserve [96] and in the Nietoperek nature reserve in western Poland [86]. According to Ręk [96], who studied coots Fulica atra, the impact of raccoons and American mink on the species was marginal compared to predation by hooded crows (Corvus cornix). On the other hand, Cichocki et al. [86], found that raccoons in the Nietoperek nature reserve preyed on bats hibernating in underground tunnels, and that bat remains were present in 96% of scats. To our knowledge, this is so far the only study documenting the racoon’s direct negative impact on fauna in Poland.



Raccoons are reservoirs of many pathogens and parasites; therefore, they can pose a threat to native fauna and humans. One of the most dangerous parasites spread by raccoons is Baylisascaris procyonis, which can cause neurological diseases, eye diseases, or even death in humans [97], but its prevalence in Polish individuals was found to be relatively low, not exceeding 4% [78,87,88]. The prevalence of this parasite appears to be much higher in Germany, where B. procyonis is widespread [98,99]. Several studies have been carried out to detect the presence of parasites in Polish raccoons; in addition to B. procyonis, the following parasites have been found: the phylum Acanthocephala, Ancylostoma spp., Capillaria spp., Cryptosporidium sp., Echinostoma sp., Mesocestoides spp., Placoconus lotoris, Spirocerca lupi, Strongyloides procyonis, Toxoplasma gondii, Trichinella pseudospiralis, and Trichinella spiralis [78,87,88,89,90,100]. However, the diversity of certain parasites in some cases was low, and the prevalence was less than in native or other invaded areas [87].





4. Artiodactyla


Five species of the order Artiodactyla are considered non-native to Poland, two of which are already extinct (the wapiti and the Siberian roe deer). The wapiti historically originated in North America, where its range covered territory from Mexico to Canada. Its current distribution covers much smaller territories in North America, owing to the earlier extirpation of the species [101]. Several attempts to introduce the wapiti for hunting purposes in Poland began in 1861, but none of those individuals survived for any length of time [102].



As far as the Siberian roe deer is concerned, one source points to its introduction to Poland in the early 20th century for hunting purposes, but there have never been any confirmed sightings of the species in the wild [103]. However, there are several interesting studies regarding the detection of Siberian roe deer mtDNA in the Polish roe deer population [104,105,106]. Their authors point out that this is the result of ancient hybridization at a time when the distribution of Siberian roe deer also included central Europe, rather than of its recent introductions.



4.1. Mouflon


The mouflon was first introduced to Poland in 1902, and more introductions followed in later decades, usually for hunting purposes. The modern populations of mouflons in Europe are descendants of individuals from two European islands—Corsica and Sardinia. However, the primary origin of the species in Europe is not clear, and a number of different theories are mentioned in the literature (migration of wild individuals from Asia, a feral form of previously domesticated sheep, or hybridization) [107]. In recent years, the number of mouflons in Poland has fluctuated around 3000 individuals, although hunting yields have increased slightly (Figure 1) [108]. Their distribution is insular and concentrated around the regions where they were introduced [107,109].



According to Nowakowski et al. [110], who summarized knowledge relating to mouflons in the Province of Lower Silesia, the species is divided into smaller, isolated, and rather sedentary subpopulations. In one of these subpopulations, changes in the development of horns leading to their ingrowth into the skull causing death in males have been reported. The reason for this phenomenon is the high level of inbreeding of the region’s mouflon population [110]. In areas with a high density of mouflon populations, incidents of male mouflons inseminating domestic sheep have been recorded. The high frequency of such incidents can lower the breeding value of domestic sheep [110,111].



Mouflons adversely affect limestone and neutrophilic rock habitats in that they mechanically damage the pioneer vegetation growing there [112]. There are records of these negative influences on habitats in some regions, including Natura 2000 areas, and on rare species such as Chamaecytisus supinus, Festuca pallens, Asplenium septentrionale, Digitalis grandiflora, and Jovibarba sobolifera [113]. Little is known about the impact of mouflons on other herbivores in Poland. It has been reported that, in the Czech Republic, where the climatic conditions are similar, mouflons compete with deer for food [113,114]. Mouflons are not adapted to the Polish climate and need human assistance to survive [113,115,116]. Hence, opinions diverge regarding its presence and “breeding” in Poland [113].



There have been several studies on parasites in mouflons in Poland. The following taxa and groups with a high prevalence were recorded: Muellerius capillaris, Eimeria spp., and intestinal nematodes [117],along with two other taxa with a lower prevalence, namely, Trichostrongylus sp. and Trichuris ovis [118]. Pacoń [119] and Pacoń et al. [120] reported the following other parasites in mouflons: Dicrocoelium dendriticum, Neoascaris sp., Trichocephalus sp., Strongyloides sp., Protostrongylus kochi, Dictyocaulus viviparus, Dictyocaulus filaria, Cystocaulus nigrescens, and Dicrocoelium dendriticum. In addition, mouflons can be a source of Lyme disease and salmonella infections in pets and farm animals [121,122].




4.2. Fallow Deer


Fallow deer have been a component of Polish ecosystems for several centuries. The first observations or introductions of this species in the country took place ca. 1250. However, it was not until the 19th century that large-scale introductions took place [123,124]. The species originates in southwestern Asia; however, as a result of numerous introductions, its current distribution covers North and South America, Africa, Australia, and New Zealand [125]. In Poland, it is widespread across the whole country with higher densities in the west and patches of high density in some other regions [123,126]. In the Białowieża Primeval Forest (the part now in Poland), no fallow deer were observed after 1920 because they had been eradicated by poachers and soldiers [123,127]. In 2021, there were almost 35,000 fallow deer in Poland [108]. The recent moderate increase in the hunting harvest of this species may be indicative of an increase in its population size (Figure 1).



According to Borkowski and Pudełko [128], the average home range of fallow deer in the regions studied covered from 2.06 km2 for females to 9.75 km2 for males. The most common habitats chosen by this species were grasslands, thickets, and forests. Obidziński et al. [129] compared the diets of fallow deer, roe deer (Capreolus capreolus) and red deer (Cervus elaphus) during autumn and winter in northern Europe. They indicated that competition between these species for food was possible, especially when numbers of fallow deer were increasing and during periods when food was scarce (autumn and winter in northern Europe) [129].



Several papers address the topic of parasites in fallow deer. Cisek et al. [130] found two nematodes in fallow deer feces, Elaphostrongylus cervi (prevalence ~59%) and Varestrongylus sagittatus (prevalence ~47%) (similar to [131]), whereas, in another region, Kowal et al. [132] failed to detect any lungworms. Furthermore, 12 parasite species of gastrointestinal nematodes were detected in the feces [131]. Burliński et al. [133] stated that the most common parasites in fallow deer feces were Eimeria sp., Chabertia sp., Haemonchus sp., Trichostrongylus sp., and Ostertargia sp. (with a prevalence between 10% and 20%). The differences in prevalence in the above studies reflect the variation in prevalence in different regions of Poland (e.g., red deer [132]). Szczurek et al. [134] identified three arthropod species of ectoparasites with a higher prevalence: Lipoptena cervi (76%), Ixodes ricinus (29%), and Damalinia meyeri (7%).




4.3. Sika Deer


The sika deer, native to East Asia, was introduced in 1910-1911 for hunting purposes in two regions now in Poland. One was Kobiór (Province of Silesia) in the south, and the other was Tolkmicko (Province of Warmia-Masuria) in the north (at that time, both regions belonged to the Kingdom of Prussia). The species continues to thrive in both as isolated populations. However, the sika deer is known to migrate and is slowly colonizing more distant areas [135,136,137]. The northern population consists of 250–300 animals, whereas there are around 30 in the southern population [138]. The hunting harvest of this species has decreased in previous years but is quite stable (Figure 1). According to the Atlas of Mammals of Poland, sika deer have been spotted in two regions some considerable distance away from the abovementioned populations [136]: a single individual near the town of Pisz and over a dozen near the Warta Mouth NP. They are believed to be the result of escapes or intentional releases from breeding in these areas [139].



The age ratio, sex ratio, structure, and spatial organization of the sika deer population near Kobiór were documented in 1966–1979 [140]. At that time, 233 animals were recorded with females being dominant (the ratio of males to females was 38:62) and twice as many calves as juveniles and adults. The largest herd consisted of 12 individuals, but single animals, pairs, or groups of three were most often sighted. The preferred habitat was moist mixed coniferous forest [140]. On the basis of carcass and antler measurements in the northern population, Janiszewski [141] concluded that the population was of good quality. Sika deer pose a potential threat to native populations of red deer, as there is a real possibility of hybridization, already documented in Poland [142].



Parasites of sika deer in Poland were studied long ago by Dróżdż [143], who found 12 species in 13 sika deer, of which Spiculopteragia spiculoptera was the most abundant (10 infected individuals), followed by Spiculopteragia asymetrica (n = 6), Rinadia mathevossiani (n = 4), and Cooperia pectinata (n = 4).





5. Rodentia


Five of the 31 species of rodents currently found in Poland are non-native: the house mouse, brown rat, house rat, muskrat, and coypu. There is also one extinct species, the American beaver, the appearance of which in the wild was probably due to an escape from a breeding farm near the town of Morąg in 1927 or 1932. However, research conducted after 1970 detected only Eurasian beavers in the region; thus, the American beaver is considered extinct in Poland [144,145].



5.1. House Mouse


In Poland, the house mouse is considered an alien species of undetermined population status [146]. The original range of this species included the steppe and semi-desert zones of Asia and Africa, from Japan in the east to western Africa in the west [147]. In Poland, it is currently found throughout the country [148]. The house mouse is thought to have appeared in central and northern Europe during the Bronze Age [149]. Excavation material dated to the Holocene indicates the presence of mice in present-day Belarus [150]. In Austria, house mice were present in the Bronze Age [151]. By the 19th century, they were already widespread throughout that country. In the 19th century, the house mouse was recorded in Poland’s capital, Warsaw, and in the south of the country (Podtatrze), where it was said to be abundant [152] It is a highly plastic species that quickly adapts to new, often harsh habitats (it has been found in mines, for example) [153]. The house mouse avoids high altitudes; the highest elevation in Poland where it has been found is 1500 m above sea level, in the Murowaniec mountain hostel near the Hala Gąsienicowa meadow in the Tatra Mountains [154]. The species spreads numerous diseases, as well as destroys food supplies and a variety of materials (paper, cloth, etc.), which it uses to build its nests [147].




5.2. Muskrat


In Poland, the muskrat is considered a potentially invasive species, but its numbers are declining [155]. In 1905, several animals from the USA (probably belonging to the subspecies O. z. zibethicus) were brought to the vicinity of Prague (Czech Republic) for breeding purposes. Some of these animals escaped and began to spread, migrating an estimated distance of 25 km per year. In 1924, it turned up within the present-day borders of Poland. By 1958, the species had colonized the whole of Poland. However, the 1980s saw a huge decline in the number of muskrats in Poland, such that, in many localities, it became completely extinct [156,157]. The occurrence of muskrats was monitored at 1554 localities in central and eastern Poland in 1996–1998 and 2007 [33]. Between these two periods, the frequency of muskrat records at the same localities decreased from 44% to a mere 7%. This sharp fall in the species’ abundance is corroborated by data on muskrat hunting in 1981–2017 [158,159]. For example, 9400 animals were harvested in the 2002–2003 season, in contrast only 1700 in 2016–2017 (Figure 1). About 60% of these animals came from the provinces of southern Poland [159].



At present, the muskrat is found throughout the country, most numerously in regions with a dense network of rivers and water bodies [155,160]. However, even though the muskrat’s range in Poland is slowly recovering, it is still considered a receding species, as its abundance is in decline [159]. Predation by American mink is thought to be the main reason for the diminishing numbers of muskrats, although other factors (food, parasites, and disease) cannot be ruled out [158].



Damage caused by muskrats is primarily associated with their digging burrows in riverbanks and in dykes around ponds and along rivers. Sometimes muskrats build their nests in drainage pipes, causing them to clog up, thus blocking the flow of water [155]. In addition to plant food, muskrats feed on vertebrates and aquatic invertebrates, sometimes posing a threat to endangered species like clams. Predation of mussels can reduce the abundance of fish, whose life cycle depends on the presence of suitable mollusk species, such as Rhodeus amarus roselle, in the water body.



Muskrats are reservoirs of various parasites, with the tapeworm Echinococcus multilocularis being the biggest threat. Up to 28% of the population can be infected. Since the muskrat is a prey item of the red fox and raccoon dog, infected rodents are a source of infection in mammalian predators [159]. Until 1934, the muskrat was bred for fur in Poland; however, after that year, this fur farming ceased. Currently, the muskrat is not a farm animal according to Polish legislation, but it is on the list of game animals. It can be hunted from August 11 to April 15, as well as all year round in the vicinity of fish farms [159].




5.3. House Rat


The house rat is considered an alien species with an unknown population status in Poland [161]. It originated in southeastern Asia [147]. It appeared in the territory of present-day Poland in the Late Bronze Age, and its abundance increased markedly after World War II. Twenty-one localities of this species were known after 1945: on the Baltic Coast, in the Pomeranian Lake District, in Upper and Lower Silesia, in the Sudety Mountains, and in Podlasie (eastern Poland) [147]. In 2005, house rats were found at only seven localities in a small area along the River Oder near the border with Germany (southwestern part of Lubuskie Province) [162,163].



The Atlas of Mammals of Poland [164] shows that, at present, the house rat also occurs in western Pomerania and Silesia. The small population in the Oder River basin is likely to remain at the same level. As a result of the decline in river transport, the influx of individuals from outside has diminished. Contemporary data indicate that the population is largely isolated [162]. At the same time, small, isolated populations of the species in cities where it was once found, e.g., Wroclaw, Opole, and large port cities, may still be extant.



At present, the house rat is a disappearing species in both Poland and Europe. This is mainly due to modern and effective methods of its elimination and changes in construction technologies. One factor favoring its increased abundance and wider distribution in the coming decades may be the progressive warming of the climate [162]. Like the brown rat, it is a vector of many diseases, causing food losses and damage resulting from the destruction of products and economic property [161].




5.4. Brown Rat


In Poland, the brown rat is considered an alien species with an undetermined population status [165]. It probably originated in northeastern Asia. It has spread right around the world in company with humans. Its expansion into Europe can probably be dated to the 17th–18th centuries, although some data indicate that it was earlier [147]. In Poland, it is a widely distributed species [166]. The brown rat is a vector of many diseases, causing food losses and damage resulting from the destruction of products and economic property [165].




5.5. Coypu


The coypu in Poland occurs mainly in Silesia and Lower Silesia, but single animals have also been recorded in western Poland. It has never been sighted anywhere in the east of the country [167]. This rodent was first brought to Poland as a farm animal from Argentina in 1926. Farming of this species resumed after World War II. Soon, there appeared the first reports of coypu living in the wild, one of which was the sighting of an individual in the Milicz Ponds reserve [168]. However, these animals were very vulnerable to the harsh Polish winters; thus, they did not form a permanent wild population. Currently, as a consequence of climate warming and the recent series of mild winters, coypu are more likely to survive, sych that observations of them living in ponds or rivers, even near human habitations, are becoming more frequent. Specific sightings include those at a pond in the Byczyna district of Jaworzno (where they are now extinct or have been extirpated), in the Rivers Ruda and Niacin in the town of Rybnik, or in Lower Silesia (press reports [169,170,171]).





6. Other Species


The European rabbit (Lagomorpha) has been a component of the Polish fauna since 1860, following which its numbers have fluctuated considerably [172]. Over the past 150 years, numerous introductions have been made for hunting purposes, and its current populations in Poland represent the eastern limit of the species range. They continue to be introduced into Poland every year [172,173,174,175]. To the best of our knowledge, no studies have been published on the impact of wild European rabbits on Polish wildlife.




7. A Brief Note on the Golden Jackal


There are several recent records of the golden jackal (Canis aureus) in Poland [176,177,178,179]. However, Trouwborst et al. [180] stated that this species cannot be considered an alien in Poland (or in other countries in the region), as its presence is due to natural expansion and not human activities (see CBD COP 6 Decision VI/23 definitions in Section 2) [11]. A similar approach is taken in Polish studies [176,179,181]; accordingly, this species is not included in our review.




8. Conclusions


Some non-native species, such as the raccoon dog or fallow deer, are widespread in Poland and may have a major impact on the country’s ecosystems and biodiversity, e.g., as a result of potential competition with native species, hybridization, or acting as a reservoir for parasites. There are many sources of information on these alien species, e.g., the raccoon dog and raccoon, but knowledge of their impact on native biota remains very limited. This situation can be exemplified by the mouflon; numerous sources provide information on its history in Poland, but little research has been conducted regarding its impact on native wildlife. Therefore, more research is needed to examine the impact of all these nonindigenous species on Polish wildlife in order to be able to respond adequately to their presence and expansion in Polish ecosystems and to make sound decisions regarding their management.



As the populations of non-native species recorded in recent decades have fluctuated significantly, they need to be monitored. In addition, given ongoing climate changes, the expansion of some species, e.g., coypu, may intensify. Invasive species are becoming a serious problem, but there is little reliable information on the abundance of many of them. We, therefore, believe that hunting harvests are at present the best available indicator of their population dynamics. An increase in the population size of a species usually implies an increase in its hunting harvest, and vice versa (see Figure 1).



Lastly, it is worth noting that non-native species interact with each other. The expansion of new alien species may have a significant influence on those already present and enhance or limit their population growth: American mink and muskrat are cases in point here. Such interactions are important and can affect the management of the species, underlining the importance of appropriate monitoring.
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Figure 1. Hunting harvests of seven species in 1991–2019. The bars show the harvest in thousands of individuals (thousand ind.), while the solid lines show the exact number of individuals harvested (ind.). The gaps in data continuity for mouflon and sika deer are because they were not hunted in those years, while the lack of data for the raccoon dog is because it was not listed as a game species [18,19]. 






Figure 1. Hunting harvests of seven species in 1991–2019. The bars show the harvest in thousands of individuals (thousand ind.), while the solid lines show the exact number of individuals harvested (ind.). The gaps in data continuity for mouflon and sika deer are because they were not hunted in those years, while the lack of data for the raccoon dog is because it was not listed as a game species [18,19].



[image: Diversity 15 00138 g001]







[image: Table] 





Table 1. Non-native mammals that have been recorded under natural conditions in Poland, along with their current distribution and presence (+) or lack (-) on the List of Invasive Alien Species of Union concern and the List of Invasive Alien Species of Poland concern. Common names are according to the IUCN Red List and ITIS [9,12].
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	Species Name
	Distribution
	Presence on the List of Invasive Alien Species of Union Concern
	Presence on the List of Invasive Alien Species of Poland Concern





	American mink (Neogale vison)
	Widespread
	-
	-



	Raccoon dog (Nyctereutes procyonoides)
	Ubiquitous
	+
	-



	Northern raccoon (Procyon lotor)
	Widespread in western Poland
	+
	-



	Mouflon (Ovis aries musimon)
	Insular presence, mainly in western Poland
	-
	-



	Fallow deer (Dama dama)
	Widespread in western Poland
	-
	-



	Sika deer (Cervus nippon)
	Isolated populations
	-
	+



	Wapiti (Cervus canadensis)
	Extinct
	-
	-



	Siberian roe deer (Capreolus pygargus)
	Extinct
	-
	-



	House mouse (Mus musculus)
	Widespread
	-
	-



	Muskrat (Ondatra zibethicus)
	Ubiquitous
	+
	-



	House rat (Rattus rattus)
	Sporadic occurrence
	-
	-



	Brown rat (Rattus norvegicus)
	Widespread
	-
	-



	Coypu (Myocastor coypus)
	Isolated populations
	+
	-



	American beaver (Castor canadensis)
	Extinct
	-
	+



	European rabbit (Oryctolagus cuniculus)
	Widespread (mainly central Poland)
	-
	-
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