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Abstract – An increasing number of non-indigenous crayfish species (NICS) of apparently pet trade origin
have become established particularly in Europe. Especially alarming are recent confirmation of two
distantly separated marbled crayfish Procambarus fallax f. virginalis populations in Ukraine and indications
of more North American cambarids present in the local pet market. The present study aimed to investigate
crayfish species availability within the Ukrainian pet trade together with the climate match and risk they
represent to the freshwater ecosystems generally and indigenous crayfish species in particular. Altogether,
15 NICS belonging to all three crayfish families were detected. Considering their origin, availability,
probability of establishment, invasiveness and further aspects, marbled crayfish and red swamp crayfish
Procambarus clarkii appear to be potentially the most troubling. Available information obtained from the
pet trade in ornamental crayfish as a whole demonstrates that the broad availability of NICS most probably
overlaps the vast majority of European indigenous crayfish species distribution, including the endemic
thick-clawed crayfish Astacus pachypus, which occupies only a limited area that is situated critically close to
established marbled crayfish populations. Negative effects of NICS on freshwater ecosystems as a whole
can be also expected.
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Résumé – Les stocks d'écrevisses d'Europe orientale en danger : l’arrivée d'espèces d'écrevisses
non indigènes. Un nombre croissant d'espèces d'écrevisses non indigènes (NICS) apparemment d'origine
liée à l’aquariophilie se sont établies en particulier en Europe. La confirmation récente de deux populations
très éloignées d’écrevisses marbrées Procambarus fallax f. virginalis en Ukraine et des indications d’autres
cambaridés nord-américains présentes sur le marché local d'aquariophilie sont les plus alarmantes. La
présente étude a pour but d'étudier la disponibilité des espèces d'écrevisses dans le commerce ukrainien des
animaux, ainsi que les contraintes climatiques et les risques qu'ils représentent pour les écosystèmes d'eau
douce en général et les espèces d'écrevisses autochtones en particulier. Au total, 15 NICS appartenant à trois
familles d'écrevisses ont été détectées. Compte tenu de leur origine, leur disponibilité, leur probabilité
d'établissement, leur invasivité et d'autres aspects, l'écrevisse marbrée et l’écrevisse de Louisiane
Procambarus clarkii semblent être potentiellement les plus inquiétantes. Les informations disponibles
provenant du commerce des écrevisses d'ornement dans son ensemble démontrent que la grande
disponibilité des NICS chevauche très probablement la grande majorité des distributions des espèces
d'écrevisses indigènes européennes, y compris l'endémique écrevisse à grosses pattes Astacus pachypus, qui
occupe seulement une zone limitée située très près de populations d'écrevisses marbrées établies. Des effets
négatifs des NICS sur les écosystèmes d'eau douce dans son ensemble peuvent également être attendus.
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1 Introduction

Species introductions have been recognized as constituting
an important driver behind biodiversity loss worldwide
(Strayer, 2010; Catford et al., 2012), while it is evident that
organisms inhabiting freshwater ecosystems are particularly
vulnerable (Moorhouse and Macdonald, 2015). This is true
also for freshwater crayfish (Decapoda: Astacida) in Europe,
inasmuch as the number of indigenous crayfish species (ICS)
have been outnumbered by at least twice by non-indigenous
crayfish species (NICS) (Holdich et al., 2009; Kouba et al.,
2014).

Due to the obvious ecological importance of crayfish, they
are considered keystone and flagship species as well as
ecosystem engineers in freshwater ecosystems (Souty-Grosset
et al., 2006; Twardochleb et al., 2013). Moreover, crayfish
have been eaten by humans for millennia (Patoka et al., 2014a)
and even today are fished or cultured (Ackefors, 2000; Wang
et al., 2015). Particularly thanks to their large body size,
mainly noble crayfish Astacus astacus (Linnaeus, 1758) and
narrow-clawed crayfish A. leptodactylus sensu lato have been
used for human consumption in Europe (Swahn, 2004;
Harlioglu, 2011). Unfortunately, their stocks started to
diminish in the second half of the 19th century due to a
number of reasons. Particularly the introduction of crayfish
plague was a key factor in the decline of crayfish stocks
(Bohman et al., 2006; Koutrakis et al., 2007; Kozubíková
et al., 2008). The crayfish plague pathogen is probably one of
the best-known oomycete diseases, and Aphanomyces astaci
Schikora, 1906 is one of the best-studied invertebrate
pathogens (Rezinciuc et al., 2016). It is considered to be
the most devastating disease to all crayfish not originating from
North America (Lodge et al., 2000; Svoboda et al., 2016).
Unsurprisingly, it is also listed among the worst invasive
species in Europe (Vilà et al., 2010) as well as worldwide
(Lowe et al., 2000).

Resultant extinctions of European indigenous crayfish
populations led to a search for species comparable in
ecological and gastronomical characteristics (Svärdson,
1995), and these characteristics were recognized in three
North American representatives. These were the spiny-cheek
crayfishOrconectes limosus (Rafinesque, 1817) introduced for
the first time in the territory of present-day Western Poland in
1890, followed by the signal crayfish Pacifastacus leniusculus
(Dana, 1852) introduced to Sweden in 1959, and the red
swamp crayfish Procambarus clarkii (Girard, 1852) intro-
duced to Spain in 1973. These are often referred to in the
literature as “Old”NICS (Holdich, 2002; Holdich et al., 2009).
All these crayfish are particularly widespread across the
continent today (Kouba et al., 2014). Sadly, it became apparent
in the course of time that North American crayfish species are
chronic carriers of the mentioned disease and serve as its
vectors (Unestam, 1972).

The main reason for Old NICS introductions in Europe was
originally their expected commercial use in fisheries and
aquaculture. Up to the present day, however, introductions are
ongoing of additional NICS (often termed “New” NICS) that
are usually kept as ornamental animals in aquaria (Holdich
et al., 2009; Kouba et al., 2014). The species most available on
the market originate from North America and may either
accidentally escape or, more likely, are intentionally released
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into the wild by their keepers, thereby endangering their
indigenous counterparts (Chucholl, 2013; Papavlasopoulou
et al., 2013; Patoka et al., 2014b, c).

The pet trade in aquatic animals is a dynamically growing
sector of aquaculture. The international trade has been
increasing by an average 14% per year since 1985 and now
can be measured in billions of US dollars (Padilla and
Williams, 2004; Rani et al., 2014). The bulk of the traded
animals is imported to the USA, EU, and Japan (Padilla and
Williams, 2004; Ploeg, 2013). Although freshwater fishes
comprise the core of this sector (Silas et al., 2011; Magalhães
and Jacobi, 2013), freshwater crayfish have been recognized as
constituting a significant part and their popularity has been
increasing in recent decades (Chucholl, 2013). Unfortunately,
negative consequences resulting from the release of NewNICS
into natural habitats are particularly apparent in Europe
(Chucholl, 2013; Faulkes, 2015a; Patoka et al., 2015). These
New NICS usually belong to the North American taxa, and
individuals of pet trade origin also have been confirmed as
infected by the crayfish plague pathogen (Kouba et al., 2014;
Mrugała et al., 2015).

Risk of crayfish pet trade have been already studied in
several European countries, including the Czech Republic
(Patoka et al., 2014b), Germany (Chucholl, 2013), Greece
(Papavlasopoulou et al., 2013), Italy (Tricarico et al., 2010),
Slovakia (Lipták and Vitázková, 2015), Turkey (Turkmen and
Karadal, 2012), Canada (Faulkes, 2013) and USA (Faulkes,
2015b). Marbled crayfish Procambarus fallax f. virginalis
Martin et al., 2010 was always determined to be the first or
second most available species and with the highest estimations
of invasiveness. Its origin has been exclusively from aquarium-
bred individuals inasmuch as native populations of this species
are not yet known (Martin et al., 2016). Marbled crayfish has
become established particularly in Germany (Chucholl et al.,
2012), but the species also is reported from Croatia (Samardžić
et al., 2014), Italy (Nonnis Marzano et al., 2009; Vojkovská
et al., 2014), Hungary (Weiperth et al., 2015; Lőkkös et al.,
2016), the Netherlands (Koese, 2008), Slovakia (Jansk�y and
Mutkovič, 2010; Lipták et al., 2016), and Sweden (Bohman
et al., 2013). Species availability in the pet market,
environmental requirements, and socio-economic predictors
such as gross domestic product and human population density
have been recognized as key drivers behind the occurrence of
marbled crayfish (Perdikaris et al., 2012; Chucholl, 2014,
2015). Inasmuch as fewer NICS have become established in
Eastern Europe and problems with NICS in this region (and
with New NICS in particular) have generally been fewer, these
have been much less investigated in this region (Feria and
Faulkes, 2011; Perdikaris et al., 2012; Kouba et al., 2014;
Faulkes, 2015c). Nevertheless, recent confirmation of two
distant marbled crayfish populations in Ukraine and indica-
tions of more North American cambarids occurring in the local
pet market are particularly alarming (Novitsky and Son, 2016),
because hitherto East European crayfish stocks have been
considered relatively safe from adverse impacts of NICS and
the closely related crayfish plague.

The present study aimed to investigate the availability of
crayfish species in the Ukrainian pet trade while examining
their climate match and assessing the risk they pose to the
freshwater ecosystems generally and to native astacofauna in
particular.
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2 Material and methods

2.1 Data collection

Information about crayfish species within the pet trade and
their availability in the market of Ukraine were obtained during
February and March 2016 Interviews were conducted with
one wholesaler in Kiev and four pet shop owners in Kiev,
Dnepropetrovsk, Odessa, and Kharkiv. Four pet bazaars were
also visited in Kiev, Dnepropetrovsk, Odessa, and Kharkiv.
These regional centres have one big specialised place where
people without any permit can sell, exchange, and buy pets,
although they officially are required only to have veterinary
documents on the health status of the animals and to pay a
tax at the end of the year. Advertised species were recorded
and photographed for later identification. Also offer lists and
catalogues of two national on-line shops had been monitored
over the collection period: OLX (http://olx.ua/zhivotnye/
akvariumnye-rybki/q-%D1%80%D0%B0%D0%BA%D0%
B8/) and Nanofish (http://www.nanofish.com.ua/raki-i-kraby.
html). Collected records were subsequently clarified during
personal visits, and misnomers and alternative trade names
were eliminated with the aid of various related scientific
publications (e.g. Albaugh and Black, 1973; Lukhaup and
Pekny, 2006; Souty-Grosset et al., 2006; Martin et al., 2010).
Our survey was not focused on human subjects themselves.
We only present data about legally traded animals offered at
the public market. According to Ukrainian laws, this
information must be provided to potential customers, it is
open to public and anybody have rights to collect it. We did not
obtain, collect and present any private information about
traders.

Furthermore, a general survey among the leading Czech
wholesalers to verify export to Ukraine from the Czech
Republic, which is one of the leading European markets with
aquarium species was processed.

2.2 Market availability

Market availability was evaluated for each species
according to Chucholl (2013) using the following criteria:
(i) “very rare” species available only for a short period and in
small quantities, (ii) “rare” species available occasionally in
small quantities, (iii) “common” species available frequently
in small quantities, and (iv) “very common” species always
available in large quantities.

2.3 Climate match

Climatic conditions were represented in our analysis by
the variable temperature during the coldest quarter of the year.
The climate match between source and target area was
compared using the Climatch tool (v.1.0; Invasive Animals
Cooperative Research Centre, Bureau of Rural Sciences,
Australia). As the source area, we used the region which is the
native geographic range of a given evaluated species. In the
case of Procambarus fallax f. virginalis, the native region of
which is not yet known, the source region was taken, in
accordance with Chucholl (2014), as the verified European
localities where it has established populations. The target
area was defined as the territory of Ukraine containing
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93 climatic stations from the database of the WordClim
project (Hijmans et al., 2005). Where the climate match
between the source area and the climatic station in the target
area reached a score of ≥7.0, this was interpreted as there
is no environmental barrier to survival.

2.4 Risk assessment

To evaluate the potential invasiveness of crayfish traded
in Ukraine, we used the Freshwater Invertebrate Invasiveness
Scoring Kit produced by the UK Centre for Environment,
Fisheries & Aquaculture Science (FI-ISK, v.1.19; Tricarico
et al., 2010). Based on the FI-ISK score, each evaluated
species was subsequently classified as (i) low-risk (score <1),
(ii) medium-risk (score ≥1 but <16), or (iii) high-risk (score
≥16) from a Ukrainian perspective.

3 Results

A total of 15 species belonging to all three crayfish families
(Astacidae, Cambaridae, and Parastacidae) were found to be
marketed in Ukraine (Tab. 1). They are considered as NICS
throughout Europe. All the ten market-traded species are
indigenous to North America. All market-traded species are
from the family Cambaridae except for the signal crayfish,
which belongs to the Astacidae. The remaining five species are
parastacids indigenous to Australia and/or New Guinea. Two
species (signal crayfish and red swamp crayfish) are classified
as Old and 13 species as New NICS (cf. after Holdich et al.,
2009). Marbled crayfish, red swamp crayfish, orange morph of
Mexican dwarf Cambarellus patzcuarensis Villalobos (1943),
and redclaw Cherax quadricarinatus (Von Martens, 1868) are
the species very common on the market.

Based upon climate match, four marketed NICS (signal
crayfish, red swamp crayfish, marbled crayfish, and common
yabby C. destructor Clark, 1936) were classified as being able
to survive under the Ukrainian climatic conditions at least
within parts of the country (Fig. 1). The greatest climatic
compatibility and similarity among all the evaluated species
was found in signal crayfish and marbled crayfish.

FI-ISK scores ranged between 3 and 32. No species was
classified as low-risk, 11 species were classified as medium-
risk and four species were classified in the high-risk category
(Tab. 1). All high-risk species have also the highest climate
match. The highest FI-ISK score among the evaluated species
was that of marbled crayfish, followed by red swamp crayfish.

4 Discussion

The introduction, establishment, and subsequent spread
of NICS is known to be one of the main factors seriously
affecting European ICS (Peay, 2009; Gherardi et al., 2011;
Chucholl, 2014) and the pet trade has been recognized as an
important source of freshwater species introductions world-
wide (Padilla and Williams, 2004; Duggan, 2010; Chucholl,
2013). The pet trade began importing crayfish and then also
domestically producing them for ornamental purposes around
the mid-1990s (Faulkes, 2010; Patoka et al., 2015), and already
today several such species can be found in European
freshwaters (Chucholl, 2013; Kouba et al., 2014).
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Table 1. List of non-indigenous crayfish species within the pet trade in Ukraine.VC= very common, C = common, R = rare, VR= very rare.

Species name Family Domestic trade name Market
availability

NICS
status

FI-ISK
score

FI-ISK
category

Pacifastacus leniusculus Astacidae Амер4канcк46 c4гна:\ны6 рак VR Old 23 High

Cambarellus diminutus Cambaridae Кар:4ковы6 c4н46 рак VR New 3 Medium
Cambarellus patzcuarensis (orange morph) Cambaridae Кар:4ковы6 оранжевы6 рак VC New 4 Medium
Cambarellus puer Cambaridae Кар:4ковы6 $о:отны6 рак VR New 3 Medium
Cambarellus texanus Cambaridae Кар:4ковы6 разукрашенны6 рак VR New 3 Medium
Procambarus alleni (blue morph) Cambaridae Ф:ор4*cк46 c4н46 рак C New 11 Medium
Procambarus clarkii (full red, orange, white,
and blue morphs)

Cambaridae Краcны6 ф:ор4*cк46 рак VC Old 30 High

Procambarus cubensis Cambaridae Го:у$о6 ку$4нcк46 рак VR New 7 Medium
Procambarus fallax f. virginalis Cambaridae Мраморны6 рак VC New 32 High
Procambarus milleri Cambaridae Ман*ар4новы6 рак VR New 3 Medium
Cherax quadricarinatus Parastacidae Авcтра:46cк46

краcнок:ешнëвы6 рак
VC New 13 Medium

Cherax destructor Parastacidae Я$$4 разруш4те:\ C New 20 High
Cherax holthuisi Parastacidae А$р4коcовы6 рак R New 3 Medium
Cherax peknyi Parastacidae По:оcаты6 рак VR New 4 Medium
Cherax pulcher Parastacidae Го:у$ая :уна R New 4 Medium

Fig. 1. Climate match maps of Ukraine showing areas with highest probability of establishment for the NICS evaluated as high-risk species
(evaluated by model as high-risk); scores of ≥7.0 are interpreted as there is no environmental barrier to survival; A =Pacifastacus leniusculus,
B =Procambarus fallax f. virginalis (note that the species is already established in the country – indicated by black circles), C =Procambarus
clarkii; D =Cherax destructor.
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Keeping NICS is not prohibited in Ukraine, and no
permit is needed for home rearing. The relevant national law,
“On protection of animals against cruelty”N 3447-IV, dated 21
December 2006, states in its Clause 1 that pets are dogs,
cats and other living organisms (without closer specification)
kept and bred by man. Clause 2 specifies that this law covers
breeding, hunting, fishing, keeping at home and zoos, and so
forth. Cruel treatment of any living organism that is kept at
home – and thus even of crayfish – might (at least in theory)
lead to expropriation of the animal(s) and a penalty equivalent
Page 4
to ca EUR 2.00–6.00, depending on a court's decision.
Commercial producers must have only veterinary documents
as to the health status of animals. These documents are
relatively easy to obtain, however, as overall health appearance
and absence of external parasites is evaluated and no
examination is made for any specific crayfish-related disease.
Prior to August 2015, a special licence was required under
Clause 14 of the law mentioned above to undertake this
kind of business. This obligation was recently repealed by
the law “On amendments to some laws of Ukraine on
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simplification of business conditions in Ukraine” N 1759-17,
dated 28 June 2015.

Pet shop owners must have a permit for this type of
business activity, veterinary documents on crayfish health
status, and full information about species and the peculiari-
ties of their keeping. In addition to paying taxes, any person
(a hobby grower) selling pets officially needs to have
veterinary documents regarding the health status of animals.
The enforceability of these formal requirements is neverthe-
less very limited, and particularly so if transactions are
conducted via internet. Moreover, any possible penalty is
only very modest. Releasing alien species into the wild
is banned by the law “On Wildlife” N 2894-III, dated
13 December 2001. Penalties under that law are in the range
of ca EUR 6.00–12.00.

Knowing that Czech Republic is an export hub for
ornamental aquatic animals into the European Union (EU) and
the adjacent region (Kalous et al., 2015; Patoka et al., 2015;
Kopeck�y et al., 2016), a general survey was made among
the leading Czech wholesalers. This survey provided no
evidence of direct ornamental crayfish export to Ukraine. This
nevertheless does not exclude the possibility that they might
be re-exported via third countries (in particular via Russian
Federation, which itself has a sizeable domestic production
of aquarium organisms). Indeed, the information obtained
indicates that at least a part of the ornamental crayfish were
imported from Russian Federation, particularly prior to 2014.
Inasmuch as the political situation remains complicated in
Ukraine's region due to Russia–Ukraine conflict, decline of
imports from Russian Federation and direct importing from
Southeast Asia also has been established while its exact
magnitude is unknown (Anonymous, pers. comm., 2016).
In 2015 majority of red swamp crayfish and redclaw had
Southeast Asian origin.

Germany and the Czech Republic, with 120 and 27 NICS,
respectively, have been identified as leading European
countries in terms of the availability within their borders
of ornamental crayfish species (Chucholl, 2013; Patoka et al.,
2014b). Several socio economic and demographic factors
(e.g. human population density and gross domestic product)
have been found to be drivers of NICS spread among
European territories (Chucholl et al., 2012; Perdikaris et al.,
2012; Chucholl, 2015). General patterns of pet market-traded
crayfish species suggest that more species are available in
industrialized Western European countries (particularly if
their trading is not banned). Generally lower economic
spending power and to some degree a related delay in the
development of internet-based commerce have in the past
helped at least in part to save Eastern Europe from NICS
establishment (Perdikaris et al., 2012). Nevertheless, that
situation is apparently changing very quickly in the case of
the crayfish pet trade. In this context, the detection of 15
NICS in this study (Tab. 1) is truly alarming. Based upon
various surveys conducted of the pet trade in crayfish, the
range of NICS offered for sale in Ukraine is the highest after
those of Germany (Chucholl, 2013), the Czech Republic
(Patoka et al., 2014b), and the United States (Faulkes, 2015b).
Two-thirds of these species are native to North American and
thus are potential carriers of crayfish plague. Furthermore, at
least four species are very common and/or show high degrees
of invasiveness risk (Tab. 1).
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The best climate match (Fig. 1) is that of signal crayfish,
a species that is the most widespread NICS on the European
continent (Kouba et al., 2014). Although its potential
invasiveness is considered high, its overall importance is at
least partly limited due to its scarcity in the market (Tab. 1).
Another potentially highly invasive species that finds suitable
climate in Ukraine and which is common in the market is
common yabby (Tab. 1, Fig. 1). Despite its rapid growth rates
and large body length, it is unlikely that such an expensive
species (Chucholl, 2013; Patoka et al., 2014b) would be
released into the wild in large quantities (cf. Van Wilgen
et al., 2010).

Considering its availability in the market, potential
invasiveness with a good climate match, and North American
origin, red swamp crayfish and the already established marbled
crayfish (Novitsky and Son, 2016) are the most dangerous.
These species had been identified as the most common also in
other European countries where the pet trade in crayfish was
analysed, such as in Germany (Chucholl, 2013) and in the
Czech Republic (Patoka et al., 2014b, 2014c). Concerns as
to their further spread are fully justified inasmuch as their
occurrence is powerfully driven by propagule pressure relating
to the pet trade (Chucholl, 2014, Faulkes, 2015a).

There is an extensive literature on negative effects of red
swamp crayfish on ICS stocks as well as other taxonomic
groups within invaded ecosystems (Souty-Grosset et al.,
2016). These include changes in species composition and
abundance of aquatic plants (Gherardi and Lazzara, 2006;
Gherardi and Acquistapace, 2007), insects, molluscs, as well
as eggs and developmental stages of amphibians and fish
(Cruz et al., 2008; Reynolds, 2011). Its burrowing activity
damages embankments and dams and can result in water
leakage (Souty-Grosset et al., 2016). Red swamp crayfish
can also cause damage in agriculture, and a combination of
burrowing and consumption of aquatic plants leads to an
undesirable increase in water turbidity that can alter an entire
ecosystem and its food webs (Anastacio et al., 2005;
Rodriguez et al., 2005).

Less information on negative effects is known from
European localities inhabited by the marbled crayfish (Lipták
et al., 2016) because its viable populations were found only
recently. For example, populations in Germany and Slovakia
were found in 2010 (Jansk�y and Mutkovič, 2010; Chucholl
et al., 2012). Nevertheless, its attributes are largely similar to
the aforementioned species: easy culture, rapid growth, early
maturation, high fecundity, short embryogenesis, and multiple
annual reproduction cycles (Vogt and Tolley, 2004; Seitz et al.,
2005; Vogt, 2008; Vogt, 2015). Furthermore, marbled crayfish
reproduce through obligate parthenogenesis. Offspring of
individual females are genetically identical triploids (Seitz
et al., 2005; Martin et al., 2007; Martin et al., 2016).

Both mentioned species tolerate low winter temperatures
(Vesel�y et al., 2015), are capable burrowers (Kouba et al.,
2016) and animals both from the pet trade and the wild are
confirmed carriers of the crayfish plague pathogen (Keller
et al., 2014; Mrugała et al., 2015). Taking this information as
a whole, it is not surprising that both species are considered
the very dangerous possible invaders (Tricarico et al., 2010;
Chucholl, 2013; Patoka et al., 2014b). Unfortunately,
hobbyists culturing these crayfish are soon faced with a
problem of how to deal with the excess numbers of these
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rapidly reproducing crayfish. For at least some of them, release
into the wild apparently seems a more feasible solution than
to destroy the unwanted offspring (Patoka et al., 2014c). The
consequences of such action could be far-reaching, impacting
upon the invaded ecosystems generally and ICS in particular.
East European crayfish stocks have been considered relatively
safe from the presence of NICS and related crayfish plague
(Holdich et al., 2009; Kouba et al., 2014). This region contains
core parts of the narrow-clawed crayfish area, and established
marbled crayfish populations (Novitsky and Son, 2016) are
critically close to locations where the thick-clawed crayfish
Astacus pachypus (Rathke, 1837) is endemic. Thick-clawed
crayfish is a species with only limited distribution (Kouba
et al., 2014). Thus, feasibility of actions eradicating marbled
crayfish populations should be considered. Moreover, possible
negative effects of additional pet market-traded species cannot
by completely ruled out. Target monitoring of the situation is
needed, as is education of stakeholders from the aquarium
industry (importers, shop owners, breeders, and hobbyists)
with a focus on the risks related to discharge of aquarium water
with theoretical presence of crayfish plague pathogen and
release of ornamental organisms.
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