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The white-clawed crayfish Austropotamobius pallipes complex populations are
decreasing in the Foreste Casentinesi, Monte Falterona and Campigna National Park
(Central Italy), due to several factors, including illegal poaching, predatory fishes,
drought, and invasive alien species. Recently, the Northern raccoon Procyon lotor has
been reported to be present in the area of the National Park and has started to predate
on the white-clawed crayfish. The aim of the study was to update the distribution and
population status of A. pallipes in the reserves, other sites of the National Park, and
surrounding areas to assess the potential effects of the raccoon. Crayfish were sampled
by hand or by traps in 14 sites; sampled individuals were sexed and measured. Signs of
raccoon presence (e.g., footprints and predated crayfish) were also recorded. Our study
confirms the impact of raccoon on native crayfish: indeed, where the invasive mammal
is present (six sites), crayfish disappeared, or their populations have been dramatically
reduced in number, with a size distribution skewed towards juveniles. In two sites, close
to urban settlements, fresh footprints of P. lotor and predated specimens of A. pallipes
were also observed. Populations of crayfish are still abundant or even increasing as
compared with samplings conducted in the past where raccoon is absent (five sites).
Urgent actions (e.g., control of raccoons, and monitoring and restocking of A. pallipes
populations if feasible and where possible) should be taken into account to guarantee
the survival of this protected species.

Keywords: Austropotamobius pallipes complex, Foreste Casentinesi, Monte Falterona and Campigna National
Park, Procyon lotor, predation, Potamon fluviatile, population decrease

INTRODUCTION

Freshwater environments are among the ecosystems most threatened by human activities, and
several impacts on them lead to a crisis in freshwater biodiversity (Abell, 2002). In these
ecosystems, freshwater crayfish (Crustacea: Decapoda: Astacidae) have a crucial key-role, as they
act as bioindicators for water quality, keystone species in trophic webs, and ecological engineers
(Reynolds et al., 2013). Recent declines in several crayfish species, caused by multiple factors, such
as habitat modification, water pollution, and the invasion of alien species (e.g., Manenti et al., 2019),
have highlighted the need to identify and recommend appropriate management conservation
actions and policies (Richman et al., 2015).
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The white-clawed crayfish Austropotamobius pallipes complex
(hereafter referred as A. pallipes) is one of the most threatened
crayfish species in Europe (Chucholl, 2016), characterized
by declining population densities and restricted distribution
(Alonso et al., 2000; Kozak et al., 2011; Mazza et al., 2011, 2017).
This species usually inhabits permanent, clear, well-oxygenated,
and moderately cold (with temperatures below 24◦C) freshwater
bodies (e.g., headwaters and streams), rich in submerged cobbles,
rocks, tree roots, and detritus (Füreder et al., 2010). This
K-selected species has a slow growth rate and a relatively long
average life span (Aquiloni et al., 2010). Sexual maturity is
reached relatively late (around 3 years), and fertility is low (50–
200 eggs per female). Moreover, mating takes place only once
per year in autumn and is followed by a long breeding period,
until the spring/summer of the subsequent year, during which
females hide in a shelter to take care first of the eggs and then
of the juveniles (Aquiloni et al., 2010). All these listed features
make this crayfish particularly vulnerable and, despite being
listed in Annex II of the EU Directive on the Conservation of
Habitats, Flora, and Fauna (92/43/EEC), in Appendix II of the
Bern Convention, and being considered “endangered” on the Red
List of the IUCN, its decline is still ongoing, caused by the joint
action of multiple factors, such as habitat alteration, pollution,
climate change, invasive alien crayfish, and disease spread (e.g.,
Alonso et al., 2000; Mazza et al., 2011, 2017).

Recently, among the several threats affecting this protected
crayfish, the impact of the Northern raccoon Procyon lotor was
reported in Central Italy, in the Foreste Casentinesi, Monte
Falterona and Campigna National Park (Tuscany and Emilia-
Romagna) (Boscherini et al., 2020; Boncompagni et al., 2021).
This mammal is an opportunistic species native to Central
America, the United States, and southern Canada. It was
introduced to Eurasia in the 20th century for fur and as an
exotic pet (Salgado, 2018). It is listed amongst the 100 worst
invasive alien species in Europe due to the multiple and severe
impacts (Salgado, 2018), and it is included in the list of invasive
alien species of Union concern linked to the EU Regulation
1143/2014 on invasive alien species. In Italy, P. lotor has been
recorded in eight regions, although reproductive populations
only occur in Lombardy and in an area between Tuscany and
Emilia-Romagna regions (e.g., Mori et al., 2015; Boscherini et al.,
2020). Boncompagni et al. (2021) confirmed the omnivorous food
habits of the Northern raccoon, in both the native and introduced
ranges, and the evident signs of predation on A. pallipes in the
Foreste Casentinesi National Park, already reported in Boscherini
et al. (2020). In this protected area, the native crayfish is at
risk due to several other factors, including illegal poaching,
predatory fishes, and drought. Moreover, invasive alien species
are becoming an important threat for the species. Indeed,
since 2015, the presence of the invasive red swamp crayfish
Procambarus clarkii (Mazza et al., 2011, 2017) has been reported
at the border of the National Park, and it is contributing to the
local sharp decline of the native clawed crayfish due to the spread
of crayfish plague Aphanomyces astaci, already detected in the
area (T. Pretto, pers. comm.). Moreover, the invasive population
of the Northern raccoon is exponentially increasing in the
National Park (Boscherini et al., 2020; Boncompagni et al., 2021).

Thus, following the suggestions provided by Boncompagni et al.
(2021), the purpose of our research was to update the distribution
and population status of A. pallipes in the reserves, other sites
of the National Park, and surrounding areas in order to assess
the potential effects of the raccoon on the native crayfish and
suggest management actions to limit its impacts. For the first
time, this study monitored all the reserves of the National
Park for the native crayfish: indeed, in the past, only some of
them were sampled.

MATERIALS AND METHODS

Study Area
The National Park of the “Foreste Casentinesi, Monte Falterona
e Campigna” is a ca. 36,000-ha protected area in the Tuscan–
Emilian Apennines (Central Italy). This area includes one of
the most high-quality forested areas in Europe and a variety of
animal and plant species of great conservation value. The natural
reserves of the Park protect a 53-km2 forested area (Figure 1).
These reserves are included within the Natura 2000 network and
are completely covered by forests, with portions of old-growth
forests (“Riserva Integrale di Sasso Fratino”). The main types of
vegetation associations are mono-specific European beech Fagus
sylvatica woodland on mountain tops, where residual secondary
grasslands also occur. Mixed woodlands of silver fir Abies alba
and European beech are present on warm and wet slopes; forests
of oaks (Quercus cerris, Quercus pubescens, and Quercus petraea)
and hornbeams Ostrya carpinifolia occur at the lowest altitudes
(Petralia et al., 2019). Among carnivores, the gray wolf Canis
lupus italicus and the European wildcat Felis silvestris silvestris
are the apex predators. Small-sized carnivores include the red fox
Vulpes vulpes, the European badger Meles meles, the stone marten
Martes foina, the Western polecat Mustela putorius, and the least
weasel Mustela nivalis. The pine marten Martes martes is present
at low density only in the northern part of the National Park,
outside the reserves (Bottacci, 2009; Ragni et al., 2015).

Crayfish Sampling
Our samplings were conducted in 14 sites (Table 1). We selected
sites within the natural reserves and with the presence of raccoon
to assess the situation of native clawed crayfish in the natural
reserves of the National Park (and some areas nearby) and in the
presence of raccoon. From previous samplings, the presence of
A. pallipes was known in 11 out of the 14 sampled sites. Three sites
(Fosso Abetiolo, Fosso di Campo alla Sega, and Fiume d’Isola)
were monitored for the first time during the present study. All
the sites (except Laghetto di Metaleto, a small lake of 1,159 m2

located at 900 m a.s.l.) are small streams of second/third order
located at an altitude range between 500 and 1,000 m a.s.l.,
composed of run and pools, with an average water depth of
50 cm, and a water temperature between 14 and 16◦C. Crayfish
and the native crab Potamon fluviatile also reported in the area
were sampled from July to September 2020. Nighttime searching
was conducted during the period of the species’ maximum
activity (summer, one transect per site). Crayfish (and crabs) were
searched by hand for an hour (for the streams, the investigated
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FIGURE 1 | The sampled sites in the Foreste Casentinesi, Monte Falterona, and Campigna National Park, and surroundings.

length ranged between 250 and 750 m) in all possible refuges:
stones and leaf litter on the bottom of watercourses, and holes
along the riverbanks. For Laghetto di Metaleto only, 10 baited
crayfish traps were set for 24 h, because the hand search was
not possible for its depth (2 m) and steep banks. Each captured
individual was sexed and measured in the field using a digital
caliper (accuracy,±0.2 mm) [crayfish, cephalothorax length (CL)
from the tip of the rostrum to the end of the cephalothorax;
crab, maximum width of cephalothorax (CW)]. Crayfish with
a CL ≤ 25 mm were considered as “juveniles,” whereas
specimens with CL > 25 mm were reported as “mature crayfish”
(Pratten, 1980). Measurements were conducted after disinfection
of equipment to avoid disease transmission; then, crustaceans
were immediately released at the same place of collection. The
population abundance of A. pallipes was estimated using the
method of “catch per unit effort” (CPUE), i.e., two researchers
captured all the crayfish observed within an hour of hand
searching and number of sampled crayfish on the number of used
traps for Laghetto di Metaleto (Mazza et al., 2012). The number
of dead and predated specimens by the Northern raccoon was
reported. Consumption of adult crayfish by the Northern raccoon
involves mostly the abdomen and part of the thorax, with
head and chelae often left unconsumed on the riverbanks or
riverbeds (Boscherini et al., 2020; Boncompagni et al., 2021). This

modality of predation is indeed typical of raccoon and otter
(which is not, however, present in the area), but not of the
other mammals present in the National Park, as reported in
Boncompagni et al. (2021). Signs of raccoon presence (i.e., their
footprints) were also recorded. The presence of the raccoon was
confirmed also by camera trapping data (data not showed). Sex
and mature/juveniles were compared within watercourse by chi-
squared test (statistic: χ2). CL of males and females within each
site was compared by the non-parametric two-sample Mann–
Whitney test (statistic: z). The level of significance at which
the null hypothesis was rejected is α = 0.05. Text, Table 1
and Figures 2, 3 give medians and interquartile ranges (first-
third quartiles).

RESULTS

Overall, CPUE was not high, excluding two sites (Laghetto
di Metaleto and Bidente di Campigna). Mature and bigger
individuals are more abundant when the raccoon is absent
(Laghetto di Metaleto, Fosso Bidente di Campigna, Fosso di
Campo alla Sega, and Torrente Corsalone, upper part; Table 1).
Where the presence of raccoon is confirmed (six sites), crayfish
were not present in two sites where they were present in the
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TABLE 1 | Number, sex (M, male; F, female) and cephalothorax length (CL) in mm of sampled crayfish, the presence of raccoon signs, and the confirmed presence of raccoon per site.

Site Reserve Sampled crayfish CL (mm) Raccoon signs

Total M F χ2 p Ma J χ2 p M F Z p Predated
crayfish

Footprint

Fiume d’Isola Badia Prataglia 0 0 0 – – – – – – – – – – 0 No

Torrente Archiano
(Badia Prataglia)

Badia Prataglia 0 0 0 – – – – – – – – – – 1 (CL:
40 mm)

Yes

Laghetto di Metaleto Camaldoli 114 23 90 38.55 <0.00001 113 1 37 <0.00001 49 (45–50) 42 (39–44) −4.48 <0.00001 0 No

Fosso Abetiolo Camaldoli 0 0 0 – – – – – – – – – – 0 No

Fosso di Camaldoli Camaldoli 0 0 0 – – – – – – – – – – 3 (CL:
33,37,44 mm)

Yes

Fosso di Camaldoli,
Ponte Biforco

– 1 1 0 – – – 1 – – 24 – – – 0 No

Fosso Bidente di
Campigna,
Sant’Agostino

Campigna 109 55 54 0 1 94 15 35.6 <0.00001 37 (33–39.75) 34 (31.5–38) −2.06 0.04 0 No

Fosso della Lama Lama 4 2 2 0 1 1 3 5.33 0.02 17, 28 14.5, 24 – – 0 No

Fosso Forconali Lama 11 5 6 0 1 3 8 5.23 0.02 23 (18–27) 17 (14.75–18.5) −1.28 0.20 0 No

Fosso di Campo alla
Sega

Lama 33 17 10 2.37 0.12 12 21 8.12 0.004 24 (19–39) 21 (18.25–32.25) 0.95 0.34 0 No

Fosso dei Pianelli Lama 15 7 5 0.33 0.56 6 9 4.8 0.03 24 (19.5–38) 32 (18–33) 0.73 0.47 2 (CL:
18,35 mm)

No

Torrente Corsalone
intermediate part*

– 11 6 5 0 1 6 5 0 1 29 (25–33.75) 31 (20–34) 0.37 0.71 0 No

Torrente Corsalone
lower part*

– 0 0 0 – – – – – – – – – – 0 No

Torrente Corsalone
upper part (Siregiolo)

– 55 21 33 2.67 0.10 43 12 34 <0.00001 32 (25–36) 32 (29–38) 0.99 0.32 0 No

Median values (+ 1st and 3rd interquartiles) are reported for the CL. Sex and mature (Ma)/juvenile (J) crayfish are compared by chi-squared test (statistic: χ2)
CL of males and females within each site was compared by the non-parametric two-sample Mann–Whitney test (statistic: z).
Significant p-values are indicated in bold.
The asterisks indicate the sites where the native river crab Potamon fluviatile has been found. The sites where the presence of raccoon has been confirmed from previous studies and data are highlighted in bold.
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FIGURE 2 | Number of crayfish sampled in sites with or without raccoon in the Foreste Casentinesi, Monte Falterona, and Campigna National Park. The three sites
sampled for the first time (Fosso Abetiolo, Fosso di Campo alla Sega, and Fiume d’Isola) were not considered in the graph. Bars represent medians + 1st and 3rd
interquartiles.

FIGURE 3 | Frequency of mature and juvenile crayfish in sites with or without raccoon in the Foreste Casentinesi, Monte Falterona, and Campigna National Park.
The three sites sampled for the first time (Fosso Abetiolo, Fosso di Campo alla Sega, and Fiume d’Isola) were not considered in the graph. Bars represent
medians + 1st and 3rd interquartiles.

past, while in the other four sites, CPUE was very low, individual
crayfish size was very small, and crayfish were mostly juveniles
(Table 1 and Figures 2, 3). Moreover, in two sites, fresh footprints
and predated specimens were observed, confirming the presence
of raccoon (Figure 4 and Table 1). Sex ratio was balanced,
except in Laghetto di Metaleto (Table 1). In the lower part
of Corsalone, only the native crab was found: the sampled
individuals were seven males and seven females with similar
size: CW males = 41 (37.5–45) mm, CW females = 44 (39.5–
46.5) mm (z = 0.38, p = 0.70). In the intermediate part of
Corsalone, crayfish were found to co-occur with crab (one
captured females of CW = 34 mm, two other individuals of
similar size spotted).

DISCUSSION

The invasive population of the raccoon in Central Italy is
exponentially increasing its range (Boscherini et al., 2020;
Boncompagni et al., 2021). In our study area, raccoons show
a wide ecological plasticity, mostly selecting the immediate
surroundings of watercourses for feeding and for denning;
moreover, its dispersal is associated with rivers and valleys,
which may increase the risk for crustaceans (Puskas et al., 2010;
Mori et al., 2015; Mazzamuto et al., 2020). The raccoon has
been found to actively predate on A. pallipes (Boncompagni
et al., 2021), and our study confirms the impact of this invasive
mammal on native crayfish: indeed, where the species is present,
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FIGURE 4 | Fresh footprints of raccoons and predated Austropotamobius
pallipes complex specimens in the study area. Photos by© G. Mazza.

crayfish disappeared or their populations have been dramatically
reduced in number, affecting their size distribution. We excluded
other factors being responsible of this decline, because droughts
or events of pollution were not reported, and four out of six
impacted sites are also isolated and far away from human
settlements (so not reachable for illegal harvesting) and with a
population skewed to juveniles (that could not be the effect of
a crayfish plague event). Moreover, we excluded that crayfish
were preyed upon by native species (e.g., badgers, polecats, wild
boars, herons, and red foxes), as this mortality rate has never
been recorded before raccoon invasion (Mazza et al., 2011), when
badgers and foxes were already abundant in the area. In Fosso
di Camaldoli, Ponte Biforco, an abundant population of crayfish
was reported in 2019 (G. Mazza, pers. comm.); and similarly, in
Torrente Archiano, the presence of crayfish was detected until

2017 (A. Zoccola, pers. comm.). For these two sites, close to urban
settlements, we did not consider the illegal poaching as a cause
because several individuals of P. lotor were observed by local
people and its fresh footprints and above all predated specimens
of A. pallipes were reported during our survey (Figure 3 and
Table 1). An episode of crayfish plague could not be completely
discarded, even if only one event of crayfish plague was reported
and far from these sites (T. Pretto, pers. comm.). Thus, the
presence of raccoon weighs in favor of its impact (but the
mammal could have transported the plague as well; see the
conclusions). As showed by Boncompagni et al. (2021) and in
our study (Table 1), the raccoon predates on medium-large
individuals, which are the reproductive ones: indeed, in Fosso
Forconali, Fosso dei Pianelli, and Fosso della Lama where in 2019
many predated adult crayfish were found (Boncompagni et al.,
2021), only few individuals, mostly juveniles, have been sampled.
Indeed, in these water courses, the CPUE sharply decreased
through years (48 crayfish per hour in 1999: Cenni, 2001; 45
crayfish per hour in 2008–2009: Mazza et al., 2011; 22 crayfish
per hour in 2019: Boncompagni et al., 2021). Considering that
the native crayfish starts reproducing after 3 years, it is evident
that these affected populations could disappear if management
measures (i.e., controlling the raccoon) to protect them would not
be considered. Studies conducted in central Spain (García et al.,
2012) and in the United States (Byrne and Chamberlain, 2012)
detected raccoon eating crayfish as well as predated crayfish and
raccoon tracks, confirming that this crustacean is an important
food source for the species and supporting the findings of the
present study. Crayfish are also absent from Fiume d’Isola and
Fosso Abetiolo, where the raccoon is not present: this could be
due to these sites’ environmental characteristics, because they are
very narrow and not deep streams (water depth is less than 10 cm)
without pools, but no previous surveys have been conducted to
confirm this hypothesis.

Populations of crayfish are still abundant in Bidente di
Campigna (CPUE in 2008–2009: 122 crayfish per hour; Mazza
et al., 2011) and even increased in Laghetto di Metaleto (CPUE
in 2012: 26 crayfish; Mazza et al., 2012; CPUE in 2016 and 2017:
35 and 38 crayfish, respectively, G. Mazza, unpublished data)
and Torrente Corsalone upper part, Siregiolo (CPUE in 2015: 22
crayfish per hour; Mazza et al., 2017). In these sites, the raccoon
is absent; moreover, Laghetto di Metaleto, being fenced and deep,
permits the survival of this endangered crayfish. Concerning
Fosso di Campo alla Sega, we do not have previous data, on
crayfish as it was the first time that the species was sampled.

Our study confirms the co-occurrence of native crayfish
and crabs in Corsalone stream found by Mazza et al. (2017)
with similar distribution, CPUE, and size of sampled animals,
highlighting that this co-occurrence is stable through time
and that when the two species are present in the same
watercourse, crabs and crayfish tend to occupy the lower and
upper parts, respectively.

No reliable data on the population size of raccoon are
available, although Boscherini et al. (2020) presented several
records in this area. Additionally, data on impacts are scattered
and concern predation on pets, livestock, and recently the
indigenous crayfish. It could be interesting to evaluate its
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feeding activity on native crab present in the National Park.
Thus, monitoring of established raccoon populations and
early detection of new nuclei require particular attention and
should be constantly carried out. Unfortunately, since 2015,
few management actions (e.g., capture of few individuals)
have been conducted to control the raccoon. Thus, urgent
actions (e.g., control of raccoons, monitoring of A. pallipes
populations, and a recovery through restocking activities where
possible) should be taken into account to guarantee the
survival of this crayfish species, which is protected according
to national and international laws. Moreover, considering the
presence of the red swamp crayfish and fast spread of the
raccoon, the possibility that this invasive mammal can carry
the crayfish plague should be assessed. It would be also
relevant to analyze raccoon’s scats and stomach content (if dead
specimens are available) to definitively support our findings.
In conclusion, the introduction of raccoons appears to have
caused a decrease in the native crayfish populations: these
invasive mammals currently constitute a major risk factor
for the survival of the crayfish species in this area, already
threatened by several other factors (Mazza et al., 2011, 2017).
Management actions are mandatory; otherwise, as narrated in
the Indian Legend “Raccoon and the Crawfish” (Holmgren,
1990)1, the destiny of the crayfish is already written, and
the risk of losing several populations of this crustacean will
become a reality.

1 https://www.terrain.org/fiction/5/raccooncrayfish.htm
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