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Abstract — This contribution presents new observations of the red swamp crayfish, Procambarus clarkii in
Poland. The species was detected in Zeraf Canal and Krasifiski Garden in Warsaw (central Poland) where 5
and 2 individuals were collected respectively as well as in Dabie Pond in Krakow (southern Poland) with
total of 4 crayfish observed. These new sites are located approximately 500 km eastward (Warsaw) and 240—
260 km northward (Krakow) from the nearest European sites where this species has been previously
recognised (near Berlin, Germany, Egerszalok and Budapest, Hungary), thus are the furthest north-east
records of the species in European open waters. It is likely that the examined stock originates from single
introductions, however, presence of the juveniles caught in Warsaw suggests that the population found there
may be breeding. The findings are discussed with available literature describing possible ways P. clarkii may
use to colonize new habitats as well as the impact it has on the invaded ecosystems in general and native
crayfish in particular.
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Résumé — Nouveaux signalements de I’écrevisse de Louisiane envahissante Procambarus clarkii
(Girard, 1852) (Decapoda : Cambaridae) en Pologne. Cette contribution présente de nouvelles
observations de 1’écrevisse de Louisiane, Procambarus clarkii en Pologne. L’espéce a été détectée sur le
Canal Zeran et le jardin Krasinski a Varsovie (centre de la Pologne) ot 5 et 2 individus ont été prélevés
respectivement ainsi que dans I’étang Dabie a Cracovie (sud de la Pologne) avec au total 4 écrevisses
observées. Ces nouveaux sites sont situés a environ 500km a 1’est (Varsovie) et 240-260 km au nord
(Cracovie) des sites européens les plus proches ou cette espéce a été précédemment reconnue (prés de
Berlin, Allemagne, et Budapest, Hongrie), ce qui en fait les plus au nord-est de I’Europe en eaux libres. Il est
probable que le stock examiné provient d’introductions uniques, mais la présence de juvéniles capturés a
Varsovie suggere que la population qui s’y trouve pourrait s’y reproduire. Les résultats sont discutés avec la
littérature disponible décrivant les fagons que P. clarkii peut utiliser pour coloniser de nouveaux habitats
ainsi que I’impact qu’il a sur les écosystémes envahis en général et les écrevisses indigénes en particulier.

Mots clés : Espéces exotiques / crustacés d’eau douce / commerce d’animaux ornementaux / eaux intérieures /
Europe centrale

1 Introduction

Freshwater crayfish are considered one of the major
invasive alien species in aquatic ecosystems. As they often
establish large populations, they affect much of the aquatic
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environment, including its biotic elements (Gherardi and
Acquistapace, 2007; Twardochleb et al., 2013) and abiotic
features of water systems as well (i.e., water turbidity), mainly
due to burrowing (Correia and Ferreira, 1995). Numerous
crayfish species were displaced into new locations all over the
world as a result of aquaculture and fisheries (Savini et al.,
2010). In many cases, freshwater crustaceans were also
introduced via the pet trade (Patoka et al., 2014; Uderbayev
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et al., 2017; Deidun et al., 2018; Weiperth et al., 2019). Pet
crayfish are often released into natural open waters if they
outgrow their indoor aquarium or their owners become bored
with them as well as a result of misinterpretation of
inappropriately communicated legislations. Such activity has
led to the introduction of at least several non-indigenous
crayfish species (NICS), including several cambarids in
European waters (Chucholl, 2013; Gal et al., 2017; Patoka
et al., 2018).

In Europe, a handful of NICS have been recorded to date,
mostly from North America (Kouba et al., 2014). One of them
is the red swamp crayfish Procambarus clarkii (Girard, 1852)
(Decapoda: Cambaridae). This species is native to Mexico and
the southern USA and was introduced for the first time on the
Iberian Peninsula, in the 1970s as a subject of aquaculture
(Oficialdegui et al., 2019 and papers cited therein). It has
subsequently become widely distributed across south-western
part of the continent (Kouba et al., 2014). The northern and
easternmost populations in Europe (such as around the city of
Berlin, Budapest or Egerszalok) are so far relatively isolated
(Chucholl, 2011a; Kouba et al, 2014; Gal et al, 2018;
Szendofi et al., 2018; Oficialdegui et al., 2019).

The species is listed among the worst invaders in Europe
and worldwide and its negative impact on native organisms
and communities is well documented on plants, invertebrates
and vertebrates (Twardochleb et al, 2013). It is also
considered as a pest in rice fields (Anastacio and Marques,
1997; Anastacio et al., 2005). As a carrier of Aphanomyces
astaci Schikora, 1906, causative agent of ‘crayfish plague’
leading to mass mortalities of European astacids (Aquiloni
et al., 2011; Svoboda et al., 2017), P. clarkii poses a special
threat to native crayfish in Europe.

Despite being banned and listed as invasive species, in
Poland, a member of European Union (EU), several color
varieties of Procambarus clarkii are still a common pet. They
are often available to buy on the internet, as well as being sold,
kept and bred for sale in aquarium farms and shops. This
species, often described as different, legally traded crayfish
species, may not be identified by custom and veterinary
inspectors (Patoka et al., 2017). It is also present on the pet
market in the neighbouring EU countries such as Germany or
Czech Republic as well as non-EU members such as Ukraine
and Russia. In contrast to the European Union, there are no
regulations governing licence or permission to keep the species
in most Eastern Countries such as Ukraine, Russia or
Kazakhstan as these animals are not prohibited over there.
Thus, national and international pet trade can contribute to the
dissemination of the species (Kotovska et al., 2016; Vodovsky
et al., 2017; Uderbayev et al., 2017). No information is
available about attempts to use this species in Polish
aquaculture, however, its potential as a food source has been
discussed in national aquaculture literature (Struzynski and
Niemiec, 1999). Despite being common ornamental pet, only
one record from Poland has been described to date (Smietana
et al.,2018). However, due to lack of information dealing with
population status, this observation cannot be considered as a
reliable one. Procambarus clarkii is marked on IUCN Red
List’s (Crandall, 2010) geographic range map as “extant &
introduced (resident)” in western part of this country,
nevertheless there is no data available that could confirm it
and even at the same page, Poland is missing on the list of

invaded European countries. According to WoRMS (2019)
P clarkii is also present in polish part of Baltic sea, but
publications marked as a source of this data (Holdich et al.,
2009; NEMESIS, 2014) do not prove it clearly and describe
Polish water bodies as free of this species. Another record can
be found in CABI database, where this crayfish was detected in
Poland by DAISIE project (Gherardi and Panov, 2006) in
2011, however no data source is attached. All these records,
presented on the internet, can be an effect of unintentional
mistakes as well as attempts to mark only possible geographic
range of P. clarkii based on confirmed presence of the species
in German part of Oder River basin located at the border with
Poland (Kouba et al., 2014; Oficialdegui ef al., 2019).

In this contribution, we present new locations with
confirmed presence of Procambarus clarkii in Poland.

2 Material and methods

2.1 Localities

Zeran Canal in Warsaw (52.3127°N, 21.0013°E), is an
artificial watercourse connecting the Zegrzynski Reservoir
with the Vistula River (Fig. 1). The canal forms part of a power
station cooling system, therefore contains heated waters
allowing the survival of other non-native organisms during
winter (i.e., often observed Central American freshwater
Poecilidae representatives). It has a length of 17.6km and a
maximum depth of 2.5 m. This site is known for the presence
of the spiny-cheek crayfish Faxonius limosus (Rafinesque,
1817) (Struzynski, 2002) as well as being one of the most
attractive fishing places in the capital.

Krasinski Garden in Warsaw (52.2482°N, 21.0018°E) is a
park with green area 0f 9.2 ha, located in central part of the city,
ca. 1km in a straight line from Vistula River (Fig. 1).
Temporary water facilities based on artificial, concrete bed like
small waterfall, stream and pond (0.2 ha) are one of the major
attractions of the park. All of them are characterized by less
than Im depth and are mostly used by aquatic birds and
introduced ornamental fish such as Carassius auratus
(Linnaeus, 1758). During summer season, algae bloom in
pond is often observed which comes as an effect of visitors
overfeeding birds with bread. If needed, pond is drained for
winter season, cleaned and filled again in the spring. During
this process water is pumped out and used for watering green
areas in the park. If not previously caught by aquarists and
anglers for its exotic looks, all aquatic organisms such as fish or
macroinvertebrates found in drained pond, are moved by
workers to the other water bodies (most likely the nearest ones)
including natural oxbow lakes or rivers. Other animals, the
mostly intensive coloured ones are presented to Zoological
Garden or local aquarium shops (park’s administration data,
received 26 July 2019).

Dabie Pond in Krakow (50.0647°N, 19.9871°E), is a
relatively small gravel pit (2.2 ha) with a maximum depth of
9m (Fig. 1). Shallow parts of the pond are partially covered
with the yellow water-lily Nuphar Ilutea Smith, whilst the
bottom consists of sand, gravel, and mud. The site is located
near Pradnik River (ca. 200 m) and Vistula River (ca. 400 m).
The pond is known for the presence of the noble crayfish,
Astacus astacus (Linnaeus, 1758). In 2014, an invasion of F.
limosus was recorded, and further investigation showed the
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Krakow
Vistula

Fig. 1. Localisation of observation stations in Warsaw: Zeran Canal (1A), Krasinski Garden (1B) and Krakow: Dabie Pond (2).

occurrence of both species (Stanek et al., 2015). Dabie Pond is
also an officially protected site, as it represented an important
amphibian breeding site (Budzik and Zuwata, 2012), however,
moderate fishing activity is permitted and the shoreline is
available for recreation.

2.2 Crayfish detection and identification

In Zeran Canal, two night-time visual observations were
made on 27 June 2018 and 9 September 2018 as a part of
research on alien aquatic invertebrates.

On 8 May 2019 another inspection was made in Krasinski
Garden park in Warsaw due to obtained information about
crayfish accidentally found in the locality.

In Dabie Pond, two observations lasting at least 30 minutes
were made on 21 July 2018 and 6 September 2018 as a part of
F. limosus visual encounter survey (see Bonk ef al., 2019).

Additional inspections were made in November 2018
(Zerah Canal) and July 2019 (all locations). Each of the
observations lasted for ca. 150 minutes.

In all cases, detected crayfish were caught by a net or
gathered by hand. All individuals were cleaned from
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Table 1. Characteristics of Procambarus clarkii representatives detected in the wild in Poland. TL, total length; CL, carapax length.

Locality Date Color form Sex TL [mm)] CL [mm]
Zeran Canal (Warsaw) 27.06.2018 Orange F 75 49
27.06.2018 Orange F 70 45
27.06.2018 Orange F 67 40
09.09.2018 Orange F 38 20
09.09.2018 Wild (Red) F 29 12
Krasinski Garden (Warsaw) 08.05.2019 White F 37 20
08.05.2019 White F 36 18
Dabie Pond (Krakow) 06.09.2018 Wild (Red) M 110 51
06.09.2018 Wild (Red) F 98 58
06.09.2018 Blue F 114 51
06.09.2018 Blue NA NA NA

Fig. 2. Representatives of Procambarus clarkii Girard, 1852 found
in: Zeran Channel — “Orange” specimen (A), Krasinski Garden —
“White” specimen (B).

sediments, measured and identified in laboratory using
available scientific literature (Crocker, 1979; Wizen et al.,
2008).

3 Results

Total of 11 crayfish identified as P. clarkii were collected at
3 locations in Poland. Five individuals, including juveniles,
were caught during two inspections in Zeran Canal. Most of
the crayfish were of ‘orange’ coloration, which is one of the
typical ornamental forms of the species (Fig. 2a). One juvenile
was classified as a ‘wild’ colouration type. During additional
daily observations, F. limosus were also detected at that site.

Two specimens gathered by hand in Krasinski Garden park
in Warsaw were identified as representatives of ‘white’

P clarkii variety (Fig. 2b). Both crayfish, covered with
sediments were found few meters away from the pond,
walking on the ground. No other cambarid species were
noticed.

In Dabie Pond, no crayfish were detected during the first
inspection. The second deep netting on 6 September 2018
resulted in collecting four adult representatives of P. clarkii.
All crayfish were found within several metres. Two color
forms were recorded: two blue specimens and two ‘wild’ red
specimens. Three of them (two males and one female) were
caught, while the other one escaped.

The length of the specimens is shown in Table 1. In all
localities burrowing activity was not observed.

4 Discussion

We provide new documented data on P. clarkii in open
waters in Poland. The sites in Warsaw are located
approximately 500km eastward from well-established pop-
ulations in Berlin, Germany while Krakow’s Dgbie Pond is at a
distance of 240 and 260km from the nearest southern
populations known from surroundings of Egerszalok and
Budapest in Hungary (Gal et al., 2018; Szendé6fi et al., 2018;
Weiperth et al., 2019). Consequently, they are the most north-
eastward sites of the species in European natural ecosystems.
This crayfish species is probably more widespread in this
country, as well as eastern part of the continent, as it has been
present in the ornamental pet trade from at least the year 2000
(Struzynski, 2007; Kotovska et al., 2016; Vodovsky et al.,
2017; Uderbayev et al., 2017). Other potential sites may exist,
however, few studies have been focussed on the distribution
and occurrence of crayfish species in this region, and the real
number of occurrences may therefore be underestimated.

Procambarus clarkii is a warm-water species, however, as
Chucholl (2011b) predicted, it may be able to cope with cooler
central and eastern European climates. Moreover, its invasion
and establishment in temperate regions may be enhanced by
anthropogenic global warming (Capinha ef al., 2012).
Therefore, even a single introduction could be potentially
catastrophic for local ecosystems. In Europe, some warm-
water invertebrates like freshwater shrimps of Atyidae family
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as well as asian pond mussel Sinanodonta woodiana (Lea,
1834) or the asian clam, Corbicula fluminea (Miiller, 1774)
were initially found in heated water close to power stations,
however, after several years, some of them were able to also
colonise cooler waters (Klotz et al., 2013; Mackiewicz, 2013;
Najberek et al., 2013; Chmielewski et al., 2017, Romanowski
etal.,2017; Bonk et al., 2018; Jabtoniska et al., 2018; Weiperth
et al., 2019).

As we also found juvenile representatives of P. clarkii in
Zeran Canal, we suggest that the population may be breeding,
as in our opinion, there is a lower probability of juveniles being
released into the natural environment than the adults. On the
other hand, fertilised females could have been released at these
sites and it is uncertain whether this species of crayfish would
mate and produce offspring in Polish climate. Finally, absence
of Procambarus representatives at this location during
additional inspections in 2019 may be an effect of temporary
crayfish activity, as this species may survive in local water
temperature conditions which has been confirmed by carried
experiments (Vesely et al., 2015), as well as stable populations
known from locations characterised by similar temperature
regime (Mueller, 2007; Haubrock et al., 2019).

Procambarus clarkii occurrence in Krasinski Garden and
Dabie Pond also seems to be the result of single introductions.
These locations from Poland’s biggest cities are characterised
by higher risk of possible actions of irresponsible aquarists
releasing unwanted pets (Perdikaris et al., 2012; Maciaszek
et al., 2019a and cited papers therein) that are known from
local artificial ponds (Maciaszek et al., 2019b; Maciaszek
et al., 2019¢c) as well as natural reservoirs (Maciaszek and
Sosnowski, 2019). According to relative small distance to open
waters of Vistula River and ability of P. clarkii to traverse the
land (Herrmann et al., 2018), both sites could become a
potential source of further invasion (Chucholl, 2015; Patoka
et al, 2016; Liptak et al., 2017), especially that passive
transportation of this species by aquatic birds has been also
documented (Anastacio et al., 2014).

Since P. clarkii is known for its negative impacts in new
habitats, based on experience from other European countries,
several potential threats for Polish natural ecosystems may be
predicted (Smietana ez al., 2018). Most importantly, any direct
impact of P. clarkii on other organisms causes indirect negative
effects on the ecosystem via trophic cascades (Souty-Grosset
et al., 2016). As a result of competition for the same
environmental niche, transmission of crayfish plague, also
enhancing the impact, presence of other NICS such as F.
limosus, P. clarkii could have wiped out 4. astacus from any
water bodies, including exemplary Dabie Pond (Stanek ef al.,
2015). Moreover, higher pressure on other macroinvertebrates,
amphibians and fish could lead to unbalanced food chains and
finally disappearance of smaller lakes and ponds due to their
eutrophication (Reshetnikov, 2003; Souty-Grosset et al.,
2016).

As the Polish climate is characterised by cold winters,
warmer waters would be attractive for P. clarkii, therefore
monitoring of any thermally polluted waters could facilitate
early detection (Gal er al., 2018; Szenddfi et al., 2018).
Furthermore, a major effort to eradicate NICS should be
focused on such habitats, as they may become sources or
‘stepping stones’ for species expansion. On the other hand, as
the ornamental pet trade and amateur aquariums are the major

or possibly the only sources of this species in Poland, water
bodies in large cities, where the number of P. clarkii kept as
pets is presumably large, should be monitored, and any
detected specimens in ponds should be eradicated. Mostly
isolated, artificial ponds such as the one from Krasinski Garden
can be easily controlled by collaboration with park’s
administration workers, who should be up to date with
possible problems related to the area and be ready to raise the
alarm in case NICS or any aquatic pet animals have been
observed. Regular inspections should be provided during
controlled water drainage from the pond. In case of NICS
detection in open waters or other water bodies like Zeran Canal
and Dabie Lake, application of methods based on insecticides,
even if effective, could be damaging to natural environment,
especially to native crustaceans (Lidova et al., 2019). On the
other hand, biological control represented by introduction of
natural predators may be potentially dangerous to native
crayfish as well as to amphibians. According to current
knowledge on eradication actions, biotechnological methods
such as Sterile Male Release Technique might be an effective
temporary way for invasive crayfish management, as they are
safe to environment and already tested mainly on P. clarkii
(Manfrin et al., 2019; Sandodden, 2019). Environmentally safe
methods allowing ultimate eradication of invasive crayfish are
urgently needed.
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