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Recently published astacological studies substantially improved available data on distribution of crayfish in various European regions. At the
same time, spread of invasive species has been recorded, additional nonindigenous species became established in various countries, and losses
of populations of native species due to crayfish plague and other negative factors were observed. We overview recent advances in this knowledge, and provide updated colour maps of the distribution of all crayfish species present in Europe. These maps are originally based on the
data from the Atlas of Crayfish in Europe published in 2006 as a result
of the CRAYNET project, and were further updated from more recently
published reports, grey literature, and especially thanks to contributions
and feedback of over 70 specialists from 32 countries. Separate maps are
available for all indigenous crayfish species in Europe as well as for three
most widespread non-indigenous crayfish species. Additionally, two maps
give locations of known findings of crayfish species introduced to Europe
after 1980. These newly established alien species have so far restricted
distributions; however, the frequency of recent reports suggests that findings of such species resulting from releases of aquarium pets will further
increase.

RÉSUMÉ
Répartition à l’échelle continentale des espèces d’écrevisses en Europe : mises à jour et
cartes
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Les études astacologiques récemment publiées ont sensiblement amélioré les
données disponibles sur la distribution des écrevisses dans les différentes régions
européennes. Dans le même temps, la propagation des espèces envahissantes
a été enregistrée, des espèces non indigènes supplémentaires se sont établies
dans différents pays, et des pertes de populations d’espèces indigènes en raison de la peste des écrevisses et d’autres facteurs négatifs ont été observées.
Nous synthétisons les progrès récents dans la connaissance, et fournissons des
cartes en couleur mises à jour de la distribution de toutes les espèces d’écrevisses présentes en Europe. Ces cartes sont à l’origine basées sur les données
de l’Atlas des écrevisses en Europe publié en 2006 à la suite du projet CRAYNET,
et ont ensuite été mises à jour à partir des études publiées plus récemment, de la
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littérature grise, et en particulier grâce à des contributions et des commentaires
de plus de 70 spécialistes de 32 pays. Des cartes distinctes sont disponibles
pour toutes les espèces d’écrevisses indigènes en Europe ainsi que pour trois
espèces d’écrevisses non indigènes les plus répandues. En outre, deux cartes
donnent l’emplacement des signalements connus d’espèces d’écrevisses introduites en Europe après 1980. Ces espèces étrangères nouvellement établies ont
jusqu’ici des distributions limitées. Cependant, la fréquence des rapports récents
suggèrent que les signalements de ces espèces, résultant de rejets d’animaux
d’aquarium, vont encore augmenter.

INTRODUCTION
Freshwater crayfish (Crustacea, Decapoda, Astacida) are often considered keystone species
in freshwater habitats (Momot, 1995; Dorn and Wojdak, 2004) or ecosystem engineers (Creed
and Reed, 2004; Edwards et al., 2009), due to their prominent impact on physical structure
of the environment as well as on biological interactions. As such, loss of crayfish populations, colonization of naturally crayfish-free habitats, or replacement of ecologically contrasting crayfish species may substantially impair local biodiversity and ecosystem services. Many
factors have affected the distribution of crayfish in Europe in the past. These included active
introductions of crayfish suitable for consumption by humans, as well as various negative
anthropogenic impacts such as water pollution and habitat modifications (Holdich, 2002;
Füreder et al., 2006; Holdich et al., 2009). The most prominent factor, however, was the
19th century accidental introduction of crayfish plague, a disease caused by the oomycete
Aphanomyces astaci, which had a devastating impact on native crayfish species across the
continent (Alderman, 1996; Edgerton et al., 2004). The spread of non-indigenous crayfish
species (NICS) of North American origin in the 20th century has also irreversibly influenced
the patterns of crayfish distribution in Europe (Holdich et al., 2009). At present, situation in
many regions seems dynamic, with losses of native populations due to disease outbreaks
(e.g., Bohman et al., 2006; Kozubíková et al., 2008) as well as other negative factors, and
new records of alien crayfish that colonize new areas through waterways or due to humanmediated introductions (Souty-Grosset et al., 2006). This results not only in changes of distributions of various species but also in findings of taxa previously not known from European
open waters.
Data overviewing and highlighting such changes may be of high importance for astacologists, freshwater ecologists, conservationists as well as invasion biologists. Losses of native
crayfish populations as well as occurrence and spread of alien species have been often documented and predicted at the level of particular rivers and their tributaries (e.g., Ellis et al.,
2012; Aklehnovich and Razlutskij, 2013; Sousa et al., 2013), administrative units (e.g., Groß
et al., 2008; Boets et al., 2012) or countries (e.g., Trožić-Borovac, 2011; Pursiainen and Mattila,
2012; Simić et al., 2008). Distributions summarized at continental scale are, however, less frequent and vary in details (Holdich, 2002; Füreder, 2009). Nevertheless, maps showing the
overall distribution of species are sought after by the astacological community, as they are
useful for general overviews of species status as well as for presentation purposes.
After decades of scattered information sources, the publication of the excellent “Atlas of Crayfish in Europe” (Souty-Grosset et al., 2006; further referred to as “Atlas”) represented a major
advance in providing summary information about the diversity, ecology, distribution, and conservation of crayfish in Europe. The Atlas was one of the key results of the CRAYNET project
(a thematic network “European crayfish as keystone species – linking science, management
and economics with sustainable environmental quality”, financed from the Fifth RTD Framework Programme of the European Union), which brought together a substantial proportion
of European researchers involved in studying various aspects of crayfish biology. The maps
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presenting crayfish occurrence in areas defined by the Common European Chorological Grid
Reference System (CGRS, i.e., approx. 50 × 50 km grid), a part of the “Species Files” chapter
of the Atlas (Holdich et al., 2006), summarized the data obtained by CRAYNET contributing
partners. The original ranges of European native species (based on expert assessment) were
also provided in the maps. However, due to uneven geographic distribution of research efforts and participation in CRAYNET activities, the quality of the available data varied among
regions. In particular, the data was substantially lacking for many east European countries.
Advances in astacological research since the publication of the Atlas allowed filling at least
some of these gaps (e.g., Maguire et al., 2011; Trožić-Borovac, 2011; Simić et al., 2008), and
also led to re-assessment of species identity and diversity of some of the alien species present
in European waters (e.g., Chucholl and Daudey, 2008; Filipová et al., 2011). Furthermore,
expansion of invasive species was well documented for some regions e.g., Italy (Aquiloni
et al., 2010) and Romania (Pârvulescu et al., 2009, 2012), and isolated populations of various
recently introduced alien species were discovered in many European countries (e.g., Scalici
et al., 2009; Jaklič and Vrezec, 2011; Chucholl et al., 2012).
Some of these changes that became known since the publication of the Atlas were reflected
in the comprehensive review by Holdich et al. (2009), which nevertheless re-used the original 2006 maps. Thus no updated maps that would summarize the distribution of crayfish in
Europe have been available until recently. When writing our Czech monograph entitled “Biology and Culture of Crayfish” (Kozák et al., 2013), we attempted to fill this gap by compiling
distribution maps with all information available to us until October 2012. The demand for well
accessible maps with accompanying text in English available to wide astacological community led us to updating the maps further, and providing this review that incorporates most
recent data (up to January 2014).

MATERIALS AND METHODS
We extracted distributions from maps published in the Species files chapter of the “Atlas of
Crayfish in Europe” (Holdich et al., 2006) for all European indigenous crayfish species (ICS:
Astacus spp. and Austropotamobius spp.) and widespread non-indigenous crayfish species
introduced to Europe before the 1980s (Old NICS: Orconectes limosus, Pacifastacus leniusculus, and Procambarus clarkii). The distributions were re-plotted on a new colour map suitable
for presentation purposes, which highlights altitudinal variation of European landscape. For all
ICS, we included the estimates of original native ranges of the species based on Holdich et al.
(2006) but occasionally modified according to available distributional and phylogeographic
reports and recommendations of contributors from the respective countries. Additionally, we
prepared two maps summarizing information on non-indigenous crayfish species that still
have restricted distributions in Europe, which were introduced after 1980 (New NICS). One
map was prepared jointly for Cherax spp. and Orconectes spp., and another for Procambarus
spp. Distribution data from Holdich et al. (2006) were further updated from several sources.
We used information from recently published scientific papers that could not be reflected in
the Atlas, as well from as the grey literature (theses, reports, etc.). However, a major part
of the update could only be achieved thanks to contributions and feedback of 74 biologists
(mainly astacologists) from altogether 32 countries (see their complete list in Acknowledgements). Information obtained from these sources was reflected by adding or removing the
dots indicating the presence of a particular crayfish species in the respective cell of the Common European Chorological Grid Reference System (usually an area of approx. 50 × 50 km).
We further summarized in a table and summed up the presence of each species in countries
and/or geographic territories in Europe and adjacent regions. For comparative purposes, we
used the same list of territories as Holdich et al. (2009), who provided data separately for
parts of the United Kingdom, Kaliningrad region (a geographically separate region belonging
to Russia), large islands in the Mediterranean and Atlantic Ocean (belonging to Italy, Spain,
Portugal, and France, respectively), and included also some Western Asian countries with
established crayfish populations (Armenia, Azerbaijan, Georgia, and Kazakhstan).
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With the exception of Astacus leptodactylus, in which we indicated in the map a widespread
presence in European Russia by hatching (even without information about specific localities),
we aimed to maintain the resolution of the maps at the same level as in Holdich et al. (2006).
Thus, some information available to us could not be appropriately reflected in the presented
maps. For example, data for most of France, where extensive spread of alien crayfish has
been documented (Collas et al., 2007), are available only as presence/absence in particular departments, at much rougher scale than the CGRS grid used by us. Thus, although we
obtained some information for eastern part of the country (M. Collas, pers. comm.) and additional locations for some of the species could be extracted from published sources (e.g.,
Filipová et al., 2013), we are aware that the distribution of alien crayfish in this country is
underrepresented. This is, however, true for many other regions as well, as the quality of the
maps matches the quality of information and resolution available for different countries.
When creating the maps, we tried to reflect as accurately as possible all pieces of information and feedback obtained. However, given the continental scale of the resulting maps and
potential minor inaccuracies caused by fitting the CGRS grid over the background map, the
result should be considered as an approximate summary of the present knowledge on crayfish distribution in Europe, rather than an authoritative source for any single dot.

RESULTS AND DISCUSSION
> INDIGENOUS CRAYFISH SPECIES
There are contrasting views on diversity of indigenous European crayfish species, ranging
from a conservative recognition of two genera (Astacus, Austropotamobius) and five species
(a classification reflected in Holdich et al. 2006, 2009), to over-splitting of Eastern European
crayfish, with additional two genera and numerous species (Starobogatov, 1995). Thanks to
recent molecular analyses, it has been recognised that both Austropotamobius spp. may
represent species complexes. It may be assumed that although many crayfish taxa described
in Eastern Europe likely represent only local forms or ecomorphs, validity of some as distinct
species will be confirmed in the future. Until a consensus is reached, however, we follow the
conservative view, and the presumed species complexes are treated together.

> ASTACUS ASTACUS (LINNAEUS, 1758); NOBLE CRAYFISH (FIGURE 1)
Despite its relatively vast range in Europe, the noble crayfish is taxonomically homogeneous,
and it status as a single species is well accepted. Its phylogeography revealing evidence for
multiple refugia has been recently documented by Schrimpf et al. (2013b), and while substantial haplotype diversity was documented in particular in the western Balkans, there was no
evidence for any cryptic lineages within the species.
Number of territories (n = 39) inhabited by the noble crayfish (Table I) has not changed since
Holdich et al. (2009). Some eastern and southeastern European countries had been, however, substantially underrepresented at that time. As data from regions such as Romania
(Pârvulescu and Zaharia, 2014), Russia, and Ukraine became more available, confirmed presence could be substantially widened. Some minor changes (confirmation of species presence)
based on ongoing astacological research can be seen across other parts of its range as well
(e.g., Groß et al., 2008; Simić et al., 2008; Trožić-Borovac, 2011). The presence of noble crayfish in the Lefkara dam, Cyprus (Stephanou, 1987) is also indicated.
Although confirmations on species disappearance at regional scales are always more difficult to prove and, to some degree, depend on survey effort, substantial distribution losses
have been reported from Belarus and Lithuania. In the Netherlands, only a single population remains (but a reintroduction program to increase the number of occupied sites has
recently started; Ottburg and Roessing, 2012), and the species became completely extinct
in Flanders, Belgium (Boets et al., 2012). Further losses may be expected in some European
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Figure 1
Distribution of Astacus astacus (noble crayfish) in Europe. Presumed native range is highlighted.

countries even at the applied 50 × 50 km grid scale if negative pressures on noble crayfish
populations, particularly from alien species, persist.
Besides updating the present distribution of the species, we also restricted the estimate
of its native range in Scandinavia and Northwestern Russia, based on the feedback from
M. Pursiainen and M. Schletterer.

> ASTACUS LEPTODACTYLUS SENSU LATO; NARROW-CLAWED CRAYFISH
(FIGURE 2)
The systematic and nomenclatural status of narrow-clawed crayfish remains in state of flux.
The astacological community from Western and Central Europe usually refers to a single species A. leptodactylus, although it became widely accepted that this taxon probably represents a species complex (Holdich et al., 2006, 2009). The assumption stems from
morphology-based concept applied by Eastern European astacologists, who often separate
narrow-clawed crayfish (sensu lato) from A. astacus into a genus Pontastacus comprising
different number of species (Starobogatov, 1995; Śmietana et al., 2006). Further studies on
morphometric, meristic (Maguire and Dakić, 2011), cytologic (Kostyuk et al., 2013) and molecular aspects (Maguire et al., 2014) may in the near future reconcile the differing views on
A. leptodactylus. Until this issue gets resolved by application of modern integrative taxonomic approaches, we find it most convenient to present in the maps the distribution of the
narrow-clawed crayfish in a wide sense.
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Territories
Albania
Andorra
Armenia
Austria
Azerbaijan
Azores (Pt)
Belarus
Belgium
Bosnia-Herzeg.
Bulgaria
Corsica (Fr)
Croatia
Cyprus
Czech Republic
Denmark
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Estonia
Finland
France
Georgia
Germany
Greece
Hungary
Irish Republic
Italy
Kaliningrad (Ru)
Kazakhstan
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+
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+
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+

+

+

+

+

Old NICS
PFL PCC

+

+

OCI

+

OCJ

+

OCV

+

+

New NICS
PCA PCF

+

CXD

CXQ

Table I
Territories in Europe and selected countries of Western Asia possessing established populations of crayfish species (divided into ICS, Old and New NICS after Holdich
et al., 2009). Taxa and territories highlighted by light grey are new records and/or confirmations since Holdich et al. (2006) already reflected in Holdich et al. (2009). Dark
grey cells indicate changes since Holdich et al. (2009). Updates since Holdich et al. (2009) are based on Janský and Mutkovič (2010); Benejam et al. (2011); Jaklič and
Vrezec (2011); Almeida et al. (2013); Bohman et al. (2013); S. Bertocchi (unpubl. data), M. Hurt and T. Paaver (pers. comm.) and M. Schletterer (pers. comm.). Note that
presence of O. limosus in Slovakia was only confirmed in October 2007 (Janský and Kautman, 2007), and a wild population of C. quadricarinatus in Slovenia was first
observed in autumn 2009 (Jaklič and Vrezec, 2011).
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Territories
Latvia
Liechtenstein
Lithuania
Luxembourg
Macedonia
Majorca (Sp)
Moldova
Montenegro
Netherlands
Northern Ireland
Norway
Poland
Portugal
Romania
Russia (Eur)
Sardinia (It)
Scotland
Serbia
Sicily (It)
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tenerife (Sp)
Turkey (Eur)
Ukraine
Wales
Total

32

39

+

+
+

+
+

+

+

+

+
+

+
+

+

+

+
+

+
+

+

+

+
+

ASL
+

+
+
+

ASA
+
+
+
+
+

4

+

+

ICS
ASP

+
18

+

+
+

+
+

+

+

+

APP

20

+
?

+

+
+

+

+

+

+
+

APT

22

+

+

+

+

+

+

+

+
+

OCL
+

+
29

+
+
+
+
+

+

+

+
+
+

+

+
+

15

+
+

+

+

+

+

+

+

Old NICS
PFL PCC
+

2

OCI

1

OCJ

2

+

OCV

2

+

2

+

New NICS
PCA PCF

2

+

CXD

1

+

CXQ

Abbreviations: ASA – Astacus astacus, ASL – Astacus leptodactylus s.l., ASP – Astacus pachypus, APP – Austropotamobius pallipes s.l., APT – Austropotamobius
torrentium, OCI – Orconectes immunis, OCJ – Orconectes juvenilis, OCL – Orconectes limosus, OCV – Orconectes cf. virilis, PCA – Procambarus cf. acutus, PCC –
Procambarus clarkii, PCF – Procambarus fallax f. virginalis, PFL – Pacifastacus leniusculus, CXD – Cherax destructor, CXQ – Cherax quadricarinatus. The presence of
APT in Ukraine is questionable (see text).

Table I
Continued.
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Figure 2
Distribution of Astacus leptodactylus sensu lato (narrow-clawed crayfish) in Europe. Presumed native
range is highlighted. Note that the northern boundary of the distribution is very uncertain. The hatched
area covers regions where the species is considered widespread but information about specific localities
is missing. Narrow-clawed crayfish were considered widely present in the Caspian Sea, particularly in
the eastern coastal areas, but present distribution requires updating.

The narrow-clawed crayfish is a widely distributed taxon with its native range in the Pontocaspian river basins. Its most abundant populations are found in Eastern Europe and the
Middle East but it has spread to numerous European countries, particularly due to humanmediated translocations in the past. Thus, narrow-clawed crayfish is present across much of
the continent except for the southwestern Balkans, Iberian Peninsula, Ireland, Scandinavia,
and Estonia (Holdich et al., 2006).
This taxon is found in 32 territories (sensu Holdich et al., 2009) (Table I). Although this number
is identical with that in Holdich et al. (2009), we indicated much wider regions with known
presence of A. leptodactylus in Russia and Ukraine in the map. Unfortunately, no recent
records were obtained for the Caspian Sea, so the distribution of narrow-clawed crayfish there
is unclear. E.V. Kolmykov referring to Rumyantsev (1974), designated a broad area occupied
by one of the taxa associated to narrow-clawed crayfish (Pontastacus eichwaldi) everywhere
in the Caspian Sea except for the southern part (www.caspianenvironment.org/biodb/eng/
zoobenthos/Pontastacus%20eichwaldi/main.htm). The map included in a crayfish stock assessment by Sokolsky et al. (1999) indicated recently confirmed presence of strong stocks
in the eastern coastal areas, where this survey was realized, but data from other regions are
lacking.
Noticeable refinement of the present distribution of narrow-clawed crayfish is available for
southeast Europe, including Bulgaria (Stoynov et al., 2013; Trichkova et al., 2013), Romania,
Romanian-Hungarian border (Györe et al., 2013) and Serbia (Simić et al., 2008). In Croatia,
narrow-clawed crayfish occurred relatively recently (Maguire and Gottstein-Matočec, 2004)
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and has spread westwards and southwards, displacing both noble and stone crayfish
(Maguire et al., 2011). However, in parallel, expanding Orconectes limosus replaces the
narrow-clawed crayfish itself (Hudina et al., 2009). Similar displacement of narrow-clawed
crayfish has been reported also from Serbia (Simić et al., 2008).
In comparison with maps in Holdich et al. (2006), scattered presence of narrow-clawed crayfish in additional areas out of its native range has also been recorded, e.g., in Latvia and Italy.
The distribution of this species in Great Britain has been updated according to Rogers and
Watson (2011a). However, the present status of many British populations remains unknown,
and some of them might have been already lost due to impacts of NICS, particularly signal crayfish, and associated spread of crayfish plague (J. James, pers. comm.). Because of
doubtful population status in Finland (species has not been recorded since 2004; J. Jussila,
pers. comm.), we omitted the presumed presence of narrow-clawed crayfish in this country,
in accordance with Holdich et al. (2009) who already indicated its likely absence. It is possible
that the Finnish population went extinct due to crayfish plague and introduced signal crayfish
(M. Pursiainen, pers. comm.). However, the presence of low-density populations cannot be
entirely excluded, particularly as it has been repeatedly reported that narrow-clawed crayfish
may be able to persist with chronic infections by Aphanomyces astaci (Svoboda et al., 2012;
Kokko et al., 2012; Schrimpf et al., 2012).
In many regions of Western Europe, the species distribution certainly remains underestimated.
For example, data in sufficient resolution remain unavailable for most of France (see Methods).
Similarly, very unbalanced information is available for Germany, in which each federal state
is responsible for species distribution monitoring. Frequency and sampling effort vary greatly
among them, which makes obtaining a national overview difficult (C. Chucholl, pers. comm.).
Complex crayfish-related project in the North Rhine-Westphalia (Germany) (Groß et al., 2008)
revealed that narrow-clawed crayfish is more common in this part of the country than previously reported (cf. Holdich et al., 2006). Unfortunately, we failed to obtain an update on
Poland, a country where the species is likely more common than the map suggests.
In contrast to Holdich et al. (2006), we reduced the indication of a presumed native range of
narrow-clawed crayfish in Poland, Belarus, Finland, Northwestern Russia, and in the proximity of Baltic countries, to exclude upper parts of the river basins belonging to Baltic and White
Sea catchments. This modification better reflects the Pontocaspian origin of the species.
From a relatively restricted and scattered distribution of narrow-clawed crayfish in those
catchments, we believe it is likely that they were colonized only recently, with human aid.

> ASTACUS PACHYPUS RATHKE, 1837; THICK-CLAWED CRAYFISH (FIGURE 3)
The thick-clawed crayfish has the smallest distribution range of presently recognized indigenous crayfish species in Europe (but this fact may change if some of the recently recognized
distinct evolutionary linages within Austropotamobius will be raised to species status in the
future; see Klobučar et al., 2013). As the taxonomy of Eastern European crayfish remains
open and in a state of flux, we retain the assignment of the thick-clawed crayfish to the genus
Astacus, although its separation into a distinct genus Caspiastacus had been proposed in the
past (Starobogatov, 1995).
The number of territories (sensu Holdich et al., 2009) from which A. pachypus is reported remains unchanged (n = 4; Table I). However, the extent of the suggested distribution shown
in the presented maps (Figure 3) differs substantially from Holdich et al. (2006). On the one
hand, A. Tertyshny (pers. comm.) suggested narrowing of the confirmed presence in eastern
part of the Black Sea and in Crimea. On the other hand, M. Schletterer (pers. comm.), reviewing crayfish distributions in Russia, suggested to add records from northeast Azov Sea,
as well as the Don river, although the status of these populations (native vs. introduced) is
uncertain. Populations in the Caspian Sea are known from Azerbaijan, Russia, Kazakhstan
and Turkmenistan; those at eastern coast are considered the strongest (Holdich et al., 2006)
and their presence was confirmed relatively recently, in 2011 (V.B. Ushivtsev, pers. comm.).
Thus, we make an exception and mark these regions in the map although they do not belong
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Figure 3
Distribution of Astacus pachypus (thick-clawed crayfish) in Europe. Presumed native range is highlighted;
status of populations in the river Don is unclear.

geographically to Europe. We extended the confirmed species range (Cherkashina, 1999;
M. Schletterer, pers. comm.) and highlighted the presumed native status of the species in
the Caspian Sea (Figure 3). The timing of separation of populations in the Caspian and Black
seas, and their extent of divergence, are certainly worth future studies.
Recent population and distribution trends of A. pachypus are to some extent speculative. On the one hand, the absence of commercial crayfish harvest and reduced predatory pressure due to the decrease in the number of fish feeding on crayfish (beluga,
catfish, zander) resulted in an increase of crayfish stocks in the Caspian Sea (E.V.
Kolmykov: www.caspianenvironment.org/biodb/eng/zoobenthos/Pontastacus%20eichwaldi/
main.htm). On the other hand, existing data suggest that the Volga is substantially polluted, being one of the principal sources contaminating the Caspian Sea. Furthermore, the
magnitude of oil extraction and transport activity that constitute risks to water quality is still
increasing (Korshenko and Gul, 2005; CEP, 2009). These factors have been suggested as
responsible for scarcity of thick-clawed crayfish in the northern and western parts of the
Caspian Sea (Holdich et al., 2006). The presumed ongoing changes in A. pachypus distribution and the lack of recent reliable records indicate that a thorough monitoring across the
range of this species is warranted.

> AUSTROPOTAMOBIUS PALLIPES SPECIES COMPLEX; WHITE-CLAWED
CRAYFISH (FIGURE 4)
The presently prevailing view on taxonomy of the white-clawed crayfish considers it a species
complex formed by two distinct species A. pallipes and A. italicus, this conclusion being
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Figure 4
Distribution of Austropotamobius pallipes species complex (white-clawed crayfish), including populations assigned to both A. pallipes and A. italicus, in Europe. Presumed native range is highlighted.

based on results of various molecular analyses (e.g., Santucci et al., 1997; Grandjean et al.,
2002; Pedraza-Lara et al., 2010). Earlier molecular analyses even suggested that at least some
of the subspecies described within white-clawed crayfish are differentiated at mitochondrial
markers (e.g., A. pallipes bispinosus, A. italicus italicus, A. i. carinthiacus; Fratini et al., 2005)
but later detailed analyses do not fully support this view (Pedraza-Lara et al., 2010). The differentiation between A. italicus and A. pallipes at the nuclear genome level has been recently
challenged by Chiesa et al. (2011) in an analysis using amplified fragment length polymorphism (AFLP). For our purpose, we follow Holdich et al. (2006, 2009) and include populations
assigned to both A. pallipes and A. italicus in the distribution map (not differentiating between
the two).
Genetic analyses contributed not only to advances in systematics of white-clawed crayfish
but also to re-assessments of its presumed native status. Studies demonstrating low variation at mitochondrial markers suggested that populations in the Iberian Peninsula (belonging
to A. italicus) had been introduced there by humans (Grandjean et al., 2001; Trontelj et al.,
2005). However, more detailed analyses revealed higher variation than previously assumed
and suggested substantially longer presence of the species in this region (Beroiz et al., 2008;
Diéguez-Uribeondo et al., 2008; Matallanas et al., 2011, 2013). Patterns suggesting bottlenecks, previously ascribed to human mediated introductions, are interpreted by survival in
small-scale glacial refugia (Pedraza-Lara et al., 2010) and recent population crashes due to
crayfish plague outbreaks and other negative factors (Matallanas et al., 2011, 2013). We thus
consider the native range of the white-clawed crayfish complex to encompass the Iberian
Peninsula (Figure 4).
Similar discussions have been raised in the past about the status of A. pallipes in England.
It is generally considered an indigenous species for the UK, and for conservation purposes
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the clear evidence of having been present in the country prior to the year 1500 is sufficient
(Holdich et al., 2009). However, crayfish introduction from France in Middle Ages is a plausible scenario for its presence in England, and genetic data, while confirming a close relationship between crayfish populations in England and northern France (Grandjean et al., 1997;
Santucci et al., 1997; Gouin et al., 2001), are inconclusive regarding the distinction between
natural and human-mediated colonization. Thus, British Isles are not included in the original
range of A. pallipes in our maps.
Recently confirmed number of territories inhabited by white-clawed crayfish (n = 18) has
been increased by one since Holdich et al. (2006), as an apparently introduced population
was found in Sardinia (S. Bertocchi, unpubl. data). Wider presence has been recently documented in Bosnia and Herzegovina (Trožić-Borovac, 2011). Although once widely distributed
throughout Western and Southern Europe, white-clawed crayfish recently face a substantial
pressure across its entire area. Widespread presence of Old NICS associated with crayfish
plaque outbreaks, habitat losses, and other anthropogenic impacts are responsible for population declines in many countries (e.g., Italy, Spain, and France). Particularly in England and
Wales, these changes are well documented (see Holdich et al., 2009; Rogers and Watson
2011a, 2011b), and situation up to 2010 is reflected in the maps. However, the gradual losses
of A. pallipes continue, corresponding to spread of P. leniusculus in Great Britain as documented by Holdich et al. (2014).
It is ironic that the “Isle of Good Hope” for white-clawed crayfish is nowadays Ireland, an
island where the species has been introduced by humans (Grandjean et al., 1997; Gouin et al.,
2003). Recently available distribution data even supports partial extension of its presence
in Northern Ireland (Natural England, 2013). At present, the white-clawed crayfish status is
considered as “favourable” in the Republic of Ireland by National Parks & Wildlife Service
(NPWS, 2013). We have to hope that the island will avoid introduction of invasive crayfish
species, and that the 1980s crayfish plague episode (Reynolds, 1988) will not be repeated.

> AUSTROPOTAMOBIUS TORRENTIUM (SCHRANK, 1803); STONE CRAYFISH
(FIGURE 5)
For the present purpose, we consider the stone crayfish a single species. However, the findings of Trontelj et al. (2005) and especially Klobučar et al. (2013), who uncovered several
divergent, geographically restricted phylogroups concentrated mainly in the northern-central
Dinaric region, are likely to raise a debate about the systematic and nomenclatural status of
this taxon. It is possible that some of these apparently relict old lineages will be raised to their
own rank (which might be beneficial for their conservation).
The presence of stone crayfish has been at present confirmed in at least 20 countries of Central and Southeastern Europe (Table I). Although many populations of the species declined
across its range, ongoing astacological research confirmed its wider presence in Bosnia and
Herzegovina (Trožić-Borovac, 2011), Serbia, and Montenegro (Simić et al., 2008), as well as
in Germany (Groß et al., 2008; Martin et al., 2008a). Substantial number of additional records
has been also provided for previously underrepresented Romania (Pârvulescu and Zaharia,
2012; Pârvulescu et al., 2013), and the presumed original range of stone crayfish has been expanded to cover the Carpathian Arch there. All bulgarian Natura 2000 localities were recently
investigated for presence of stone crayfish by Todorov et al. (in press).
The distribution and presumed original range in the upper Elbe basin in the Czech Republic
and Saxony was also updated. Data points reflect additional Czech populations reported in
Vlach et al. (2009), and discovery of a stone crayfish population close to Dresden, Germany
(Martin et al., 2008a). The range was adjusted based on genetic data suggesting that the
disjunct easternmost Czech population has been likely stocked by humans (Pešek, 2013).
An isolated population of stone crayfish has been reported from Haute Savoie, France, and
this is now indicated in the map. Interestingly, a genetic analysis revealed presence of a
divergent haplotype corresponding to one of the distinct clades present in Dinaric Karst
(Grandjean, 2012), suggesting a likely translocation in the past.
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Figure 5
Distribution of Austropotamobius torrentium (stone crayfish) in Europe. Presumed native range is highlighted. Open circles indicate a doubtful report from Ukraine that should be corroborated.

Furthermore, we indicated as open for corroboration the presumed presence of A. torrentium
in the Stokhod River, Ukraine suggested in Starobogatov (1995). Machino and Holdich (2006)
provided reasonable arguments against this record; however, we believe that a targeted astacological survey, especially in the upper parts of this catchment, would be beneficial to
provide evidence from the field.

OLD NON-INDIGENOUS CRAYFISH SPECIES
Three crayfish species of North American origin have been introduced to Europe between 1890 and the mid-1970s, and became widespread across the continent. These “Old
NICS” (Holdich et al., 2009) are treated below, in the order of their introductions.

> ORCONECTES LIMOSUS (RAFINESQUE, 1817); SPINY-CHEEK CRAYFISH
(FIGURE 6)
The spiny-cheek crayfish has been recently reported from 22 European territories (Table I),
as its occurrence was confirmed also in Spain (Muga River basin) close to the border with
France (Benejam et al., 2011). Although the increase since Holdich et al. (2009) does not seem
significant, the number of known populations in already invaded regions has augmented as
well (both due to the species’ spread and increased survey efforts), and its further expansion
was recorded. This is particularly significant in the river Danube, through which the species
has entered Romania and quickly spreads downstream (Pârvulescu et al., 2009, 2012), so its
occurrence in Bulgaria may be expected in near future. In case of Romania, further invasion
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Figure 6
Distribution of Orconectes limosus (spiny-cheek crayfish) in Europe.

wave might appear also in northwestern part of country due to upstream spread of spinycheek crayfish from the Tisza basin in Hungary via the Körös (Cris) River (Györe et al., 2013),
or in the west through the Danube tributary Tamiš, in which it was recently recorded in Serbia
(Lipták et al., 2013).
Substantial distribution expansions of spiny-cheek crayfish and related losses of ICS have
been reported from Belarus (Aklehnovich and Razlutskij, 2013), Lithuania (Arbačiauskas et al.,
2011a, 2011b) and Latvia (Briede, 2011), as well as Germany (Groß et al., 2008; Martin et al.,
2008b), Hungary (Györe et al., 2013), and Italy (Aquiloni et al., 2010). We expect further
upstream spread of spiny-cheek crayfish in the Vistula Basin (Poland; cf. Holdich et al., 2006).
This might result in invasion of Ukraine as hypothesized by Son et al. (2013), particularly
via the Western Bug River. Indeed, an upper part of this basin (Lesnaya Levaya River) was
found already invaded by spiny-cheek crayfish in Belarus (Aklehnovich and Razlutskij, 2013).
In a longer term perspective (but potentially accelerated by human-mediated translocations),
Ukraine might be also reached via Romania through the lower Danube and consequent upstream spread in its tributaries. Further highly possible pathway may go via already invaded
Tisza in Hungary.
Within Hungary, colonization of Lake Balaton seems likely in the near future; a dead specimen
has been already found in the lake (Bódis et al., 2012), and spiny-cheek crayfish were recently
reported in a fishpond in the lake vicinity (Ferincz et al., 2014).

> PACIFASTACUS LENIUSCULUS (DANA, 1852); SIGNAL CRAYFISH (FIGURE 7)
With 29 invaded territories, the signal crayfish is the most widespread NICS in Europe. Since
Holdich et al. (2006), its presence was reported from five new territories. These are Slovakia,
Norway, and Croatia reported by Holdich et al. (2009), and recently added Estonia, and
Russia.
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Figure 7
Distribution of Pacifastacus leniusculus (signal crayfish) in Europe.

The presence of signal crayfish, originating likely from introduction by Austrian fishermen or
invasion from waterbodies in Austria, was confirmed in the border stretch of the river Morava
between Slovakia and Austria in August 2006 (Petrusek and Petrusková, 2007), and since
then the species has been observed in various backwaters of this river in Slovakia (E. Stloukal,
pers. comm.). So far, however, the species apparently did not spread further, either upstream
to the Czech Republic or inland into Slovakia. Although original analyses did not suggest the
infection by A. astaci (Petrusek and Petrusková, 2007), subsequent use of a more sensitive
molecular method detected presence of the pathogen in this population (Kozubíková et al.,
2011).
In the same year, crayfish plague-carrying P. leniusculus were found for the first time also
in Norway, in the Dammane area of the Telemark County in October 2006 (Johnsen et al.,
2007). In 2008, this population was eradicated by cypermethrin-based pesticide BETAMAX
VET (Sandodden and Johnsen, 2010). In 2009, signal crayfish were found also in four small
ponds (golf course dams) close to Oslo, and eradicated by the same means. Eradication
in both cases seems to be successful (S.I. Johnsen, pers. comm.). Unfortunately, heavily
infected signal crayfish population was also recorded in the Halden watercourse (Lake Øymarksjøen) in 2008 (Vrålstad et al., 2011). Most recent findings even refer to introductions in
the central part of the country.
As a consequence of introductions in Austria in the 1970s, signal crayfish invaded rivers Mura
(in 2003) and Drava (in 2007) in Slovenia (Vrezec et al., 2013) and later (in 2008) was recorded
for the first time in the Croatian part of the Mura (Maguire et al., 2008). Its expected invasion
through the Drava river catchment (it has entered the Drava also from the Mura in Croatia;
Maguire et al., 2011) has the potential to spread into the vast majority of water bodies in
Northeastern Croatia (Hudina et al., 2009, 2011; Maguire et al., 2011). Furthermore, signal
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crayfish presence was recorded in 2012 in the Korana, a karstic river of the Sava river basin,
where it has been deliberately introduced (Hudina et al., 2013).
In 2008 and 2010, two small populations of signal crayfish were recorded in Estonia (M. Hurt
and T. Paaver, pers. comm.). Unfortunately, one of these is located in a noble crayfish-rich
island Saaremaa (Paaver and Hurt, 2009).
Holdich (2002) mentioned an attempt to introduce P. leniusculus in the north-west of
Russia (Leningrad and Pskov regions), but this was considered unsuccessful. Recently,
M. Schletterer (pers. comm.) after reviewing literature and seeing local fishermen with signal crayfish on markets suggested its presence in the Leningrad and Novgorod regions. This
seemingly unexpected finding is not so surprising after closer consideration. As already mentioned, signal crayfish is particularly widespread in Europe, especially due to legal or illegal
introductions that usually aim for future exploitations of stocks. Thus, Russia is unlikely to be
an exception, especially as strong signal crayfish populations occur for decades in neighbouring Finland and natural migration barriers are limited in this region. Even geopolitical division
of Europe by the Iron Curtain did not prevent introductions from Sweden to former Soviet
Bloc countries, e.g., to Lithuania (then part of the Soviet Union) in 1972 (Cukerzis, 1979) and
to former Czechoslovakia in 1980 (Policar and Kozák, 2000).
Signal crayfish are particularly widespread in Sweden, Finland and England. Their illegal introductions are constantly reported across Europe but geographically well noticeable spread
appears in Scandinavia. A further spread northwards in comparison with maps in Holdich
et al. (2006) is apparent in Sweden. Signal crayfish are now common also in Danish streams
(Skov et al., 2011) and their spread to additional waterbodies is expected. Particularly alarming are records of signal crayfish from isolated areas including islands (Bornholm, Funan, and
Zealand), which must have resulted from intentional introductions (S. Berg, pers. comm.). Signal crayfish are also gaining more and more territories in England and Scotland (Rogers and
Watson 2011a, 2011b; Holdich et al., 2014).
Based on detailed crayfish-related surveys in a few federal states of Germany, substantial range expansion is expected in this country, as well as in France, where it colonized
some 80% of the departments (M. Collas, pers. comm.). Confirmed records are on increase
also in the Czech Republic, Austria, and Latvia. It might be thus assumed that despite
relatively modest distribution presented on the map, similar situation can be expected in
Poland from which we lack any recent data. Further alarming records come from Lithuania.
Rakauskas et al. (2010) reported established signal crayfish populations in the Žeimena River;
Arbačiauskas et al. (2011a) later confirmed its occurrence also in its tributary Mera. Spread in
these catchments, which both belong to the Neris River basin, and further expansion in the
Neris itself, might result in invasion of Belarus.
Only few records of signal crayfish are so far confirmed in south-eastern Europe but some
changes are reflected in the map. For Italy, introduction to Brugneto Lake in 2002 is indicated
(Capurro et al., 2007), as well as further records recently reported from this area (E. Tricarico,
pers. comm.). Historical presence in the north-western Greece (River Kalamas) was omitted
as this introduction was unsuccessful (Koutrakis et al., 2007). Unfortunately, the other population introduced in 1987 to the artificial Lake Agra, northern Greece, escaped from the outflow
and is now thriving in the river (C. Perdikaris, pers. comm.).

> PROCAMBARUS CLARKII (GIRARD, 1852); RED SWAMP CRAYFISH
(FIGURE 8)
Although the number of territories invaded by the red swamp crayfish (15; Table I) has not
changed recently, expansion of red swamp crayfish is evident across its distribution in Europe.
In addition to heavily invaded Portugal and Spain (Holdich et al., 2009; Oscoz et al., 2010), new
confirmed records show strong increase of this species’ presence in Italy (Aquiloni et al., 2010)
and substantially higher coverage of the Netherlands (Koese and Soes 2011). Survey in the
North Rhine-Westphalia (Germany) also resulted in substantial changes in known distribution
of this species in the region (Groß et al., 2008), although it is not clear to what extent this is due
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Figure 8
Distribution of Procambarus clarkii (red swamp crayfish) in Europe.

to improved knowledge, and what results from recent expansion. While data from most other
German federal states are less accessible, we may expect to some extent similar situation
in further parts of the country with suitable climatic conditions, especially as Chucholl (2011)
demonstrated the ability of this species to withstand low temperatures in southern Germany
by modulating its life history and reproductive patterns.
Red swamp crayfish recently appeared in Flanders, Belgium (Boets et al., 2012) and Ellis et al.
(2012) reviewed and predicted its future occurrence in the Thames River Basin. Additionally,
the presence of the species is known from dams of Asprokremmos and Evretou in Cyprus.
Occurrence in four more dams which dry out substantially or completely in summer has been
also suggested, but the recent status of these populations is unknown (C. Ioakeimidis and
C. Perdikaris, pers. comm.). However, temporary nature of these habitats may not be necessarily limiting for the red swamp crayfish thanks to its burrowing abilities.
Unfortunately, the recent status of the red swamp crayfish in France is not reflected well
in the map (Figure 8). The situation shown by Holdich et al. (2006) principally follows the
situation presented by Collas et al. (2007). At that time, red swamp crayfish species was
reported from ca. 20% of French departments, with the strongest populations in the southwestern part of the country. The recent situation has changed substantially, and the species
is known from around three quarters of the departments (M. Collas, pers. comm.). However,
the data summarize mainly the presence/absence of the species, and such information is not
sufficiently precise for updating the map.

> NEW NON-INDIGENOUS CRAYFISH SPECIES
Since the 1980s, several additional crayfish species got established in European waters,
mostly thanks to aquarium or aquaculture trade. These “New NICS” include at present two
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Figure 9
Distribution of the New NICS (Cherax spp. and Orconectes spp.) in Europe. Occasional one-time findings
of Cherax are not indicated.

Australian species of the genus Cherax (Parastacidae), and at least five North American
species of the family Cambaridae (genera Orconectes and Procambarus). Releases of additional species kept as ornamental pets in aquaria are likely (see Chucholl, 2013), and considerable uncertainty about taxonomy of some of the established North American taxa still
remains (Filipová et al., 2010, 2011).

> CHERAX DESTRUCTOR CLARK, 1936; YABBY (FIGURE 9)
Due to aquaculture interests, the yabby was firstly introduced into Northern Spain from California in 1983 (Bolea, 1996). Its populations became established in autonomous communities Navarra and Aragón (Holdich et al., 2006). Later, four populations have been successfully
eradicated by intentional introduction of the crayfish plague pathogen (J. Dieguéz-Uribeondo,
pers. comm.). However, this species might have been translocated to other places in this region. To our knowledge, there is at least one recently confirmed Spanish population, occurring in a small irrigation pond close to Bagüés, province Zaragoza, Aragón (A. Mestre, pers.
comm.).
Since the early 1990s, both yabby and redclaw (C. destructor and C. quadricarinatus, respectively) are intensively farmed in Italy (D’Agaro et al., 1999). Scalici et al. (2009) reported
an established population in the Natural Preserve of “Laghi di Ninfa” (central Italy). The animals were probably introduced at the end of the 1980s to foster an experimental aquaculture. It seems likely that the low temperature of the surrounding waters prevent further natural spreading of crayfish; however, barriers against their intentional translocation into other
waters are weak. Absence of neighbouring populations make eradication of this stock still
05p18

A. Kouba et al.: Knowl. Managt. Aquatic Ecosyst. (2014) 413, 05

feasible and economically profitable when compared to the costs that this species might
inflict if allowed to spread (Gherardi et al., 2011).
Distribution changes suggested above are reflected in Figure 9. Yabbies were repeatedly reported also from fish markets, restaurants, and pet shops across further European countries;
however, additional established populations were not confirmed (Holdich et al., 2006, 2009;
Chuchol, 2013 and references therein). A potential for spread of this species in European inland waters is limited due to its temperature requirements as well as susceptibility to crayfish
plague; however, its high invasiveness should not be ignored (Tricarico et al., 2010).

> CHERAX QUADRICARINATUS (VON MARTENS, 1868); REDCLAW (FIGURE 9)
As mentioned above, the redclaw has been involved in intensive farming in Italy since the early
1990s (D’Agaro et al., 1999). Marino et al. (2014) recently reported a crayfish plague outbreak
in farmed redclaw in Sicily. The most likely source of the disease was the red swamp crayfish.
Unfortunately, the farm owner decided to wipe out all crayfish present in the facility, carefully
disinfected the tanks, and started production of the red swamp crayfish itself.
Due to redclaw high availability through the aquarium and live food trade, it has been repeatedly reported in wild, particularly in the Netherlands, Great Britain, and Germany. However,
none of these records provided evidence on established population (Soes, 2008; Holdich and
Sibley, 2009; Holdich et al., 2009). Up to now, the only one self-sustaining population has
been found in the oxbow lake Topla in eastern Slovenia in 2009. The temperature at the locality is elevated thanks to thermal springs, and gradually decreases towards the outfall to the
river Sava. The bulk of the redclaw population with sexually mature individuals was restricted
to the part of the oxbow with temperatures between 21 and 31 ◦ C. Population has been
spreading in the lake but invasion to adjacent river is unlikely under current climatic conditions (Jaklič and Vrezec, 2011). No eradication of this population is being planned (A. Vrezec,
pers. comm.).

> ORCONECTES IMMUNIS (HAGEN, 1870); CALICO CRAYFISH (FIGURE 9)
Orconectes immunis, called calico or papershell crayfish, was first reported in Europe from
two locations in the Upper Rhine system, southern Germany, in the mid-1990s (Dehus et al.,
1999; Gelmar et al. 2006). Its introduction pathway is unclear, and both an introduction from
aquaria (Dehus et al., 1999; Lodge et al., 2012) and as a fishing bait were suggested (Gelmar
et al., 2006). However, this species was not known in the pet trade prior to its confirmed
presence in the Upper Rhine plain (Gelmar et al., 2006), making an introduction as fishing bait
(possibly by Canadian soldiers, who had been stationed at an airbase near the two localities where the species was first discovered) more likely (Chucholl, 2013). Since its discovery,
the calico crayfish has rapidly spread upstream and downstream in the Upper Rhine system
and colonized over 100 km long stretch. Later (in 2010), it appeared also in the basin of the
Moder, Bas-Rhin department, France. Circumstances of this introduction are unknown (Collas
et al., 2011) but the source in the Rhine can be assumed, as the genetic data clearly show
that French and German populations are of the same origin (Filipová et al., 2011). Interestingly, substantial divergence between O. immunis from European populations and reference
sequences of presumably the same species were observed, suggesting that this taxon may
represent a species complex in its original range (Filipová et al., 2011).
Spread of calico crayfish in the Rhine basin is relatively well documented and has been recently reviewed by Chucholl (2012). It successfully invaded several types of both lentic and
lotic habitats where it became abundant. Its invasiveness fits well with its life history showing typical signs of r-strategy (e.g., high growth rate, early maturation, high fecundity) and
omnivorous feeding habits. Calico crayfish also digs deep burrows, which allow it to occupy
shallow and temporary water bodies (Chucholl, 2009, 2012). Furthermore, O. immunis dominates in direct interactions and is superior in competition for shelter with spiny-cheek crayfish;
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the population of the latter, established for decades in the Rhine, become widely displaced
by the new invader where their ranges overlap (Chucholl et al., 2008). The calico crayfish has
been recently confirmed as a carrier of the crayfish plague pathogen in the wild (Filipová et al.,
2013; Schrimpf et al., 2013a).

> ORCONECTES JUVENILIS (HAGEN, 1870); KENTUCKY RIVER
CRAYFISH (FIGURE 9)
The first record of a Kentucky River crayfish population in Europe was in the Dessoubre River,
a tributary of the Doubs, eastern France, in 2005 (Collas et al., 2007). Crayfish were found
in two ponds adjacent to a restaurant which advertises crayfish as a delicacy. The crayfish
Atlas originally referred to Orconectes rusticus (Holdich et al., 2006); however, morphological
examination of form I males caught in 2007 revealed that the species is in fact Orconectes
juvenilis (Chucholl and Daudey, 2008), a taxon only recently elevated to species rank (Taylor,
2000). This determination has been also confirmed by DNA barcoding (Filipová et al., 2011).
The introduction itself probably happened at least a few years before the species has been
reported, as the restaurant ponds, which served as a source for invading at least a 700 m long
stretch of the downstream river, possessed well developed population in 2006. In 2007, an
unsuccessful attempt was carried out to eradicate the pond population by intensive trapping
(Chucholl and Daudey, 2008). We are not aware of any recent information on the status of this
population. Considering the ability of downstream spread of most known NICS, its presence
in a larger stretch of the invaded river, and possibly mouths of its smaller tributaries, may be
expected.

> ORCONECTES CF. VIRILIS; VIRILE CRAYFISH (FIGURE 9)
Thanks to broad native range and extensive introductions, the virile (or Northern) crayfish was
considered the most widespread crayfish species in the United States and Canada, inhabiting
over 40 states (Taylor et al., 2007). However, recent phylogeographic and phylogenetic studies
revealed that it is actually a diverse species complex (Mathews and Warren, 2008; Mathews
et al., 2008). The genetic analysis of European populations suggested that they represent a
lineage distinct from O. virilis in a strict sense (Filipová et al., 2010).
The first report of virile crayfish from European waters is from the Netherlands in 2004. However, by that time it was already widespread, so its introduction must have happened some
years earlier. Although virile crayfish were occasionally offered by aquarium and garden pond
wholesalers, the initial introduction pathway remains unknown. The species was confirmed
from numerous sites and colonized several hundred kilometres of waterways by 2006, even
displacing spiny-cheek crayfish in some sites (Soes and van Eekelen, 2006; Soes and Koese,
2010; Koese and Soes, 2011).
In 2004, a breeding population of the virile crayfish, originally misidentified as the spiny-cheek
crayfish (Holdich and Black, 2007), was reported also from a pond in the catchment of the
River Lee in north London. These were locally reported to have occurred as the result of a
local resident disposing of his collection of exotic aquarium pets. Further populations of virile
crayfish were later recorded in adjacent watercourses within a 7 km radius of the suspected
point of introduction in England, suggesting a dispersal rate of more than 2 km·yr−1 (Ahern
et al., 2008). Particularly downstream spread in the Lee Navigation and connecting streams
and ditches can be expected (Holdich et al., 2009). Genetic data suggest that the original
source was the same for both Dutch and English populations (Filipová et al., 2010) but it
remains unclear when their introduction pathways diverged.
The virile crayfish is most likely responsible for the decline of macrophytes in a few canals in
the Netherlands (Soes and Koese, 2010 and reference therein) but further studies confirming
and quantifying its impacts on European ecosystems are lacking. There are numerous features reported for virile crayfish suggesting that this taxon may become an invader with substantial impact: early maturation, relatively high fecundity, short incubation and fast growth
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Figure 10
Distribution of the New NICS (Procambarus spp.) in Europe. Circles indicate established populations,
squares one-time findings or populations of an unclear status.

(Momot, 1967; Weagle and Ozburn, 1972; Corey, 1987), high aggressiveness (Bovbjerg,
1970), extensive burrowing activity (Hazlett et al., 1974; Hazlett and Rittschof, 1985), and
ability to withstand low temperatures (Williams et al., 2011). Indeed, virile crayfish showed
the potential to rapidly invade new waterbodies and outcompete native congeners in North
America (Phillips et al., 2009; Swecker et al., 2010). However, it should be kept in mind that individual studies may refer to different lineages of the species complex, thus the performance
of the one living in European waters should be evaluated in detail.

> PROCAMBARUS CF. ACUTUS; WHITE RIVER CRAYFISH (FIGURE 10)
Similarly to previously mentioned species, taxonomy of European populations identified as
the white river crayfish, Procambarus acutus, is not entirely clear. Its first established population was recorded in the Netherlands in 2005 (Soes and van Eekelen, 2006). However, genetic analyses of Dutch specimens revealed the coexistence of two divergent mitochondrial
lineages, one assigned to P. acutus and another matching to reference samples identified
as southern white river crayfish, P. zonangulus (Filipová et al., 2011), a species considered
closely related to P. acutus (Hobbs and Hobbs, 1990). Initial results suggested that one of
the lineages strongly dominates but analysis of additional specimens confirmed that both are
common. The taxonomic status and interactions of these two coexisting lineages in Dutch
waters require clarification. As the taxonomy of the whole P. acutus complex apparently needs
revision (Crandall, 2010a, 2010b; Filipová et al., 2011), we at present refer to European populations of white river crayfish as Procambarus cf. acutus.
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Distribution of Dutch populations was recently summarized in Koese and Soes (2011). Recently, self-sustaining population of white river crayfish was found also in southeastern
England (Reading, Berkshire; Almeida et al., 2013). Besides these two recently established
populations, introduction of white river crayfish from Louisiana to Spain along with P. clarkii
in the 1970s was also suggested (Habsburgo-Lorena, 1979; Henttonen and Huner, 1999).
However, that introduction was successful only in case of the red swamp crayfish.

> PROCAMBARUS FALLAX F. VIRGINALIS; MARBLED CRAYFISH (FIGURE 10)
Marbled crayfish, also known under the German name Marmorkrebs, has spread in German
and Austrian pet shops since the mid-1990s (Lukhaup, 2001). Besides its attractive marbled coloration and undemanding nature, it became a popular pet due to its obligately asexual reproduction. The reproductive mode of marbled crayfish, later identified as apomictic
parthenogenesis (Martin et al., 2007), allows a single female to establish a viable population
not only in aquarium conditions but in principle also in the wild. These exclusively female
aquarium stocks, for several years of unclear taxonomic position, were confirmed to belong
to the slough crayfish Procambarus fallax (Martin et al., 2010), an American species occurring
in Florida and Georgia (Taylor et al., 2007). In its native range, however, all-female populations
have never been found. The parthenogenetic marbled crayfish was thus formally described
as P. fallax f. virginalis (Martin et al., 2010).
Marbled crayfish became soon widely distributed among hobbyists, and are frequently available in pet shops. Its fast growth, high fecundity, frequent spawning, short embryogenesis
and early maturation (Seitz et al., 2005) often results in fast overpopulating of aquaria. This
leads not only to providing excess animals to other aquarium hobbyists and pet shops but
unfortunately also to apparently frequent releases to natural habitats (Holdich et al. 2009;
Chucholl et al. 2012).
The first European specimen of marbled crayfish found in the wild was caught in Germany in
2003 (Marten et al. 2004). A few specimens were found crawling on the land after the cleaning
of a canal in the Netherlands in 2004 (Soes and van Eekelen, 2006) and a single specimen of
marbled crayfish was reported in a well-established population of the red swamp crayfish in
a slow flowing canal in Tuscany, central Italy in 2008 (Marzano et al., 2009). Further records
of isolated specimens were meanwhile reported from Germany. The situation dramatically
changed in 2010, when established populations were found not only in Germany but also in
Slovakia (Janský a Mutkovič, 2010; see Chucholl et al., 2012 for review), and additional findings in Germany followed. Since the overview by Chucholl et al. (2012), at least three further
records are reported from Germany, some of which may represent established populations
(C. Chucholl, pers. comm.). Self-sustaining population was also suggested to occur close to
Venice, Italy (Z. Ďuriš, pers. comm.).
Recently, another alarming report came from Sweden where 13 specimens of marbled crayfish were found in December 2012 in the River Märstaån in the central part of country (Bohman
et al., 2013). Later attempts to confirm the presence of this species failed, so it is not known
whether it can establish reproducing population under Scandinavian climatic conditions. Further potential occurrence of marbled crayfish was also suggested close to Skara, southern
Sweden (Bohman et al., 2013). However, although the photographs of the respective animals
are of low quality and lack essential details, we believe they actually do not represent this
taxon. Further attempts to confirm its occurrence were also unsuccessful (L. Edsman, pers.
comm.).

> PROCAMBARUS ALLENI; FLORIDA CRAYFISH (FIGURE 10)
Procambarus alleni, labelled also Everglade crayfish or electric blue crayfish, is a species
widely available in aquarium trade (Chucholl, 2013), popular for its blue colouration. Report
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on P. alleni in France has been mentioned by Holdich et al. (2006) but no details were provided. Gross (2013) recently described capture of a large single male P. alleni in the Rhine
(Germany) in March 2013. This record is likely another of the series of accidental findings of
crayfish released from aquaria without establishing a viable population. However, it demonstrates that aquarium pet trade and related animal escapes, and especially intentional releases by hobbyists, represent a serious problem. Procambarus alleni, in particular, is a likely
candidate for future releases, as it is relatively big and widespread in German aquarium trade.
In addition, it is one of the species classified as high-risk by Chucholl (2013), based on the
data on biogeography, introduction history, biology, and ecology of the species.

CONCLUSIONS
Our review summarizes not only improvements in knowledge on crayfish distribution in many
European regions but points out the ongoing changes related to spread and releases of alien
species. Further expansion of already established Old NICS seems inevitable in already colonized regions. Unfortunately, it seems unlikely that the trend of uncovering new established
populations and even additional species of New NICS will cease. Most species available frequently in German aquarium trade and evaluated by Chucholl (2013) as high-risk have already
been found in European open waters, either as established populations (e.g., P. clarkii, P. fallax f. virginalis, C. destructor) or as accidental findings (P. alleni). The last remaining species
classified as high-risk is Orconectes neglectus, not yet reported from the wild in Europe. However, with at least 120 NICS available for sale, there is a substantial potential for additional
species being released. Analyses of social, economic and demographic factors point out that
more NICS are present in European countries with higher human population density and gross
domestic product per capita (Perdikaris et al., 2012), which likely corresponds with developed
pet trade and higher NICS availability.
Despite numerous recent advances that allowed updating our distribution maps for crayfish
species in Europe, we are aware that the real situation in many regions may substantially differ
from that on the maps. In particular, some of the largest countries are probably not faithfully
represented. Scattered information is available from Germany and Spain, resolution is insufficient for France, and recent updates are lacking from Poland. Such situation will hopefully
improve as better-quality data are collected by appropriate national bodies and made available to scientific community and other stakeholders. Keeping distribution maps up-to-date
would be a never-ending task. However, we believe that even an incomplete update will be of
use for the astacological community.
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a chov raků [Biology and culture of crayfish], Faculty of Fisheries and Protection of Waters,
University of South Bohemia in České Budějovice, 418 p.
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