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Abstract
First sighting of the non-indigenous spiny-cheek crayfish Faxonius limosus
(Refinesque, 1817) in Estonia was registered in October 2017 in the pre-estuary of
the Pärnu River which flows into the Baltic Sea. This indicates the continuing
expansion of this species in Northern Europe. The detection site is about 70 km
from the border of Latvia, a country where F. limosus is already present, but in the
studied rivers which flow to the Gulf of Riga between the Pärnu River and Latvian
border, no F. limosus was found. This suggests that a human-assisted introduction
of the species into the Pärnu River is very likely.
Key words: invasive crayfish, alien crayfish, NICS, crayfish plague, Aphanomyces
astaci

Introduction
The noble crayfish Astacus astacus (Linnaeus, 1758) is the only indigenous
crayfish species (ICS) in Estonia. Until 2008, Estonia was one of the few
countries in Europe where non-indigenous crayfish species (NICS) were
not recorded (Kaldre et al. 2017). However, a number of NICS have been
detected since then: signal crayfish Pacifastacus leniusculus (Dana, 1852) in
2008 (Kaldre et al. 2017), marbled crayfish Procambarus virginalis (Lyko,
2017) in 2018 (Ercoli et al. 2019) and in the current article the first sighting
of spiny-cheek crayfish Faxonius limosus (Rafinesque, 1817) is reported.
The introduction of NICS is one of the major causes of extinction of ICS
in European freshwaters (Holdich et al. 2009). Faxonius limosus is native to
the eastern USA and is one of the most common NICS in European inland
waters after it was first introduced from North America into a fish farm
pond in Poland in 1890 (Souty-Grosset et al. 2006). By 2014, F. limosus was
already present in 20 European countries including Latvia, which is the
neighbouring country to Estonia (Kouba et al. 2014). Faxonius limosus
inhabits similar environments to ICS (Kouba et al. 2014), but is adaptable to
a wide variety of environmental conditions (Holdich et al. 2009). This species
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Figure 1. Updated distribution map of the non-indigenous F. limosus in Europe (Kouba et al. 2014, upper left insert) and its
detection sites in Estonia (A). The field sampling sites in the Pärnu River (4–19, 21), Sauga River (1, 2, 3) and Reiu River (20) are
indicated by numbers in lower left insert (B), and the sampling locations with only A. astacus detected are represented as black
boxes, whereas the empty rings denote that no crayfish were detected. The study sites are in small Estonian rivers that feed the Gulf
of Riga between The Pärnu River and Latvian border (C).

is an active migrator (Holdich and Black 2007) and can live and reproduce
in brackish waters with salinity up to 10‰ (Leppäkoski and Olenin 2000).
NICS of North American (NA) origin are more aggressive, fertile and
tolerant to environmental changes than native European crayfish species
(Souty-Grosset et al. 2006) and can drive out the native species. NICS most
devastating effect on the ICS stocks, however, is that they are chronic
carriers of the crayfish plague agent Aphanomyces astaci (Unestam 1972)
that is lethal to the ICS in Europe (Alderman et al. 1990). Thus, the F. limosus
is a potential threat to the Estonian native noble crayfish populations and
its monitoring and prevention of spreading is essential.

Materials and methods
The field samplings were carried out in a total of 21 sites in a 4 km section
in the pre-estuary of the Pärnu River (catchment area ~ 6800 km2) and its
tributaries in the middle of Pärnu City between 2016–2018 in order to
monitor the spread of another NICS, P. leniusculus population, which was
recorded for the first time in this river in 2016, just within the Pärnu City
(Supplementary material Table S1, Figure 1). The field samplings were
carried out with cylindrical traps (dimensions 60 × 30 cm and 12 mm mesh
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size) with two entrances (d 5 cm) applied in lines in every 10 meters and
kept in the water overnight (~12 hours). Total of 20 traps were applied in
every study site, except in study site 5 in 2017 when 30 traps were used.
Frozen fish (Rutilus rutilus or Abramis brama, ~ 50–100 g per trap) was used
as bait. For every trapping session, catch per unit effort (CPUE) was
recorded at each site (Figure 1).
In 2018, all small coastal rivers which flow into the Gulf of Riga between
the Pärnu River and the Latvian border were studied using the same field
sampling methodology as in the Pärnu River to assess the possibility of
natural spreading of F. limosus along the coast to the Pärnu River (Figure 1).
Six individuals of F. limosus (caught in 2017) were analysed for the presence
of crayfish plague agent A. astaci by the quantitative TaqMan® MGB realtime PCR method (qPCR) using the protocol developed by Vrålstad et al.
(2009) and an Applied Biosystems 7500 Fast Instrument. Soft abdominal
cuticle and uropod tissue samples were collected from each individual
from which DNA was isolated by NucleoSpin® Plant II kit. The prevalence
of A. astaci and its 95% confidence interval in the studied population was
estimated using the function binom.test in the statistical package R 3.5.3.

Results
During the field samplings in 2016 16 P. leniusculus were caught from the
Pärnu River and one A. astacus was caught from the Sauga River in the
middle of Pärnu City (Pärnu County). There were no F. limosus collected
in 2016. In 2017, a total of ten individuals of F. limosus with mean total
length (TL) of 92.9 mm ± 14.3 SD were caught from four study sites in the
Pärnu River (Table S1, Figures 1 and 2). Further field sampling in 2018
confirmed the presence of F. limosus in the Pärnu River, a total of 48
specimens with mean TL of 89.4 mm ± 12.5 SD were caught from five
study sites (Table S1, Figures 1 and 2).
No F. limosus individuals were found in the study sites in small Estonian
rivers that feed the Gulf of Riga between the Pärnu River and the Latvian
border (Figure 1).
The qPCR based molecular test did not detect any presence of crayfish
plague agent A. astaci in tissue samples of six F. limosus specimens
collected in 2017. The pathogen prevalence in samples was 0% with 95%
confidence interval (0.0%, 45.9%). Thus, due to the small sample size the
absence of the pathogen in the Pärnu River samples cannot be considered
as a confident evidence for its absence in the whole population.

Discussion
The spread of F. limosus in Europe has been fast and seems to continue
towards the North. In the Baltic Sea region, it has spread from the Polish
coastal waters to Lithuania and Latvia (Pieplow 1938; Burba 2008; Briede
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Figure 2. The total lengths of female and male F. limosus in the Pärnu River in 2017 (A) and
2018 (B).

2011; Szaniawaska et al. 2017). In this study we recorded the first
introduced population of F. limosus in Estonia, which is currently the
northernmost country in its distribution range in Europe. The ongoing
spread of F. limosus is a combination of natural expansion and humanassisted introductions which may be both deliberate and accidental (Peay
and Füreder 2011). In our case, natural migration along the seacoast to the
Pärnu River is unlikely as the discovery site in the river mouth is about 70
km from the border of Latvia. Furthermore, we could not detect F. limosus
in any of the small Estonian rivers which flow to the Gulf of Riga between
the Pärnu River and the Latvian border. However, F. limosus can live and
reproduce in the freshwater and brackish waters (Leppäkoski and Olenin
2000); therefore, further studies in the coastal waters of the Baltic Sea
between Pärnu and Latvia are necessary.
It is very likely that F. limosus could spread to Estonia by illegal humanassisted introductions similar to how the signal crayfish were introduced
(Kaldre et al. 2017). Many people cannot discriminate F. limosus from
A. astacus because of their similar appearance. This may facilitate nondeliberate import of this alien species despite the fact that F. limosus has no
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commercial value and its introduction poses danger to the ICS. Therefore,
it is important to raise public awareness and educate people about the alien
crayfish species threat to ICS populations. Not only in Estonia but also in
other countries where this is a potential environmental issue. Accidental
introduction of F. limosus by ballast water of ships is also possible. In the
Pärnu City, there is a large harbour in the estuary of the Pärnu River with
intensive international shipping traffic, therefore accidental introduction
of F. limosus into the Pärnu River cannot be excluded.
The NICS of North American origin are frequently chronic carriers of
the crayfish plague, being generally more resistant to infection themselves
(Persson and Söderhäll 1983; Alderman et al. 1990). Crayfish plague is the
most destructive disease of European native crayfish species as it is highly
infectious and can eradicate the whole crayfish population (Cerenius et al.
2009). In the 2017 sample, the analysed individuals of F. limosus from the
Pärnu River population did not indicate the presence of A. astaci. However,
the possibility that other specimens can spread the crayfish plague cannot
be excluded. Proper screening for the presence of crayfish plague agent in
NICS populations is warranted to assess the potential threat of NICS to
native noble crayfish populations in Estonia.
Faxonius limosus is able to adapt easily to different types of environmental
conditions and can tolerate low water temperatures (Souty-Grosset et al.
2006). Due to their rapid maturation, short-lifespan, high fecundity and
second mating period they have fast population growth and invasive
capabilities (Kozák et al. 2006). The maximum total length of female
F. limosus in the Pärnu River was 118 and 115 mm, which shows their
good growth in Estonian climatic conditions. Due to the similar climatic
and habitat conditions to Estonia, further spread of F. limosus by deliberate or
accidental human assisted introductions is possible into neighbouring
countries like Finland, Sweden and also Russia.
The qPCR based molecular test did not reveal any presence of crayfish
plague agent A. astaci in tested six F. limosus specimens. However, due to a
small sample size, we cannot conclude that the crayfish plague is absent
from the Pärnu River population and therefore, a bigger sample sizes are
needed to evaluate the prevalence of A. astaci in the F. limosus population
in the Pärnu River. Even in the absence of the crayfish plague agent in the
Pärnu River, F. limosus is a serious threat to the A. astacus populations
because of its biological advantages and migrating activity. The Pärnu
River is one of the biggest rivers in Estonia with ~ 6800 km2 catchment
area. There are no obstacles to NICS spread in upstream and its tributaries.
So far, no good eradication methods of NICS which do not cause
environmental contamination or have serious impact on other water biota
have been found in the Pärnu River. Only physical control by trapping has
been applied so far. New emerging techniques for detecting, controlling
and eradicating NICS such as eDNA and others (Manfrin et al. 2019)
should be considered for further management actions.
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