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ARTICLE INFO ABSTRACT

Keywords: Assessing the behaviour of invasive alien species is fundamental for their management. Coypu occurrence outside
Activity rhythm the native range poses ecological and economic threats, and effective management strategies are crucial,
Ethogram ) particularly in urban areas where interactions with humans are the most frequent. In this work, we analysed the
Invasive alien species .. . . X .

Rodentia temporal patterns of activity and behavioural repertoire of an urban population of coypus in central Italy, by

means of camera trapping and focal sampling. Activity rhythms and time budget were estimated throughout the
year and compared across seasons, sexes, and age classes; overlaps in coypu activity patterns with co-occurring
potential predators and competitors were also assessed. Differently from natural areas, coypus in our study site
were primarily crepuscular and nocturnal, with a significant reduction in activity during bright moonlight pe-
riods to limit predation risk, showing a high overlap with red foxes (the main natural predator) but minimal
overlap with humans and unleashed dogs. Coypus spent most of their time swimming and foraging. Adult males
were territorial and were the only sex scent-marking on both land and woods. Adult females played a crucial role
in protecting offspring, together with subadults, and defended dens with cubs from conspecific and other species.
Playing was strictly a kit prerogative. In general, controlling coypu populations, as imposed by EU regulations, is
challenging due to their adaptability and high reproductive rate. We suggest that trapping efforts should focus on
night-time activities near water bodies during warmer months, when coypu are more active on the land and thus
more likely to encounter land-based traps. Overall, this study provides valuable insights into the ecology and
behaviour of coypu in urban environments, aiding in the development of effective management strategies to
mitigate the species impacts on native biodiversity and environments.

Wildlife management

1. Introduction (IUCN) (Pysek and Richardson, 2010). These species are brought to

attention by the EU Regulation 1143/2014, which includes a black-list

Invasive alien species are a major driver of biodiversity loss, causing of highly-invasive species of conservation concern, together with

local extinctions and increasing the number of species classified under guidelines for their management, ratified by individual countries
threat categories by the International Union for Conservation of Nature (Carboneras et al., 2018).
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Among black-listed taxa, the coypu Myocastor coypus (Rodentia,
Myocastoridae), a large semi-aquatic rodent native to South America,
has become widespread in Europe (Carter and Leonard, 2002). The
coypu expanded in Europe due to initial releases for fur farming and
subsequent escapes, aided by their high reproductive rate and adapt-
ability to diverse environments, including human-modified landscapes
(Schertler et al., 2020). Currently, the coypu is widely distributed,
ranging longitudinally from Spain, near the French border, to Ukraine,
and latitudinally from Greece to Denmark and Lithuania (Bertolino and
Genovesi, 2007; Schertler et al., 2020). In Italy, coypus were first
introduced in 1928 at the National Rabbit Breeding Institute in Ales-
sandria, Piedmont (North-Western Italy) and currently occur throughout
the Peninsula and the main islands (Cocchi and Riga, 2001; Bertolino
and Cocchi, 2018); the species largely occurs in both urban and more
natural areas (Bertolino and Cocchi, 2018; Ancillotto et al., 2024).
Studies on coypu management and distribution have been conducted in
Argentina (native range), and several European countries (Doncaster
and Micol, 1989; Reggiani et al., 1995; Polackova et al., 2022; Salas
et al., 2022). Great Britain is the only country where an eradication
project has been successfully implemented (Baker, 2006; Kil et al.,
2015). By contrast, in most European countries, including Italy, the
species has considerably expanded despite multiple numerical control
actions, because long-term eradication campaigns have never been
concluded (Bertolino and Cocchi, 2018).

The coypu negatively impacts native species, such as the Eurasian
beaver Castor fiber and water voles Arvicola spp., through direct
competition for space and resources (e.g., dens: Ruys et al., 2011; Ladent
et al., 2022), although current evidence is still weak. Moreover, habitat
alterations and the transmission of potentially zoonotic diseases are
major causes of ecological imbalance, posing a significant threat to
public health, infrastructures, and native wildlife conservation (Corriale
et al., 2006; D’Adamo et al., 2000; Bertolino et al., 2005, 2011; Dondina
et al., 2024). This underscores the need for effective and sustainable
management of this species, particularly in urban environments, where
potential interactions with humans are at their highest (Bertolino and
Cocchi, 2018).

Knowledge on time budget and activity patterns may help in
designing effective management strategies informed by animal ecology
(McLeod et al., 2015; Dell’Agnello et al., 2020). Coypu behaviour is still
very poorly known. Some behavioural patterns have been studied in
captive animals (Gosling, 1979), while observations in the wild are
mostly restricted to dietary preferences and social structure (Guichon
et al., 2003a, 2003b). Behavioural observations conducted in enclosures
are inherently limited, as captive animals often exhibit an altered or
reduced behavioural repertoire (e.g., Hosey, 2005; Mason et al., 2013;
Lovari et al., 2020).

Regarding the behaviour of coypu under natural conditions, few
studies have been conducted on resource use, behavioural and activity
patterns (Amori et al., 2008). Interactions between coypu and humans in
urban environments are particularly delicate and poorly investigated
(Viviano et al., 2024). In urban areas of Argentina, coypus maintain
primarily nocturnal and crepuscular activity patterns, with seasonal
variations (Salas et al., 2022). Their activity extends into twilight more
than observed in their natural habitat, suggesting reduced perceived
danger in urban settings. In urban areas across the introduced range,
Meyer et al. (2005) noted that artificial feeding along a river altered the
activity patterns of the resident coypu population, bringing this species
to be more diurnal. Mori et al. (2020a) compared activity rhythms in
peri-urban and natural areas in central Italy, confirming that urban
coypus are more active at night and twilight, whereas being predomi-
nantly diurnal in natural areas. Despite the well-documented presence of
coypu in many Italian cities (Viviano et al., 2024), studies evaluating the
behaviour of this species in urban areas are still lacking. Investigations
into invasive alien species are particularly critical in regions where in-
teractions with human activities are most frequent and where the risk of
zoonotic disease transmission is elevated, i.e. in urban parks. Our study
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aimed at examining the behaviour of coypu in an urban environment of
central Italy. The primary objectives were to describe the behavioural
repertoire observed, and to estimate the temporal distribution of activ-
ities throughout the day and throughout the year. This research is an
integral component of a broader initiative on urban biodiversity man-
agement (NRRP, National Biodiversity Future Center, Spoke 5), which is
a primary concern of both national and European policies. The over-
arching goal was to elucidate species dynamics and enhance manage-
ment strategies for alien species in urban areas. In particular, we
predicted that: i) urban coypu are well adapted to human presenceand
urban ecosystems, exhibiting high levels of nocturnal activity due to low
predator risk, even when compared with patterns of activity rhythms of
humans and potential predators (red fox Vulpes vulpes and unleashed
dogs Canis familiaris); ii) coypu behaviour in urban environments is more
complex than previously described, with clearly distinguishable com-
munity dynamics; iii) small towns and urban parks may serve as
important case study for conducting ethological studies, thereby
focusing attention on local wildlife and fostering community awareness
and responsibility.

2. Materials and methods
2.1. Study area

The study was conducted in the urban park of Serravalle in the town
of Empoli (province of Florence, Tuscany Region, Central Italy, 43.72°N
10.96°E). The park is 23 ha and hosts an artificial lake of 1.2 ha. About
39.0 % of the park was covered by meadows, 29.5 % by trees (Pinus pinea
L., Quercus ilex L., Quercus pubescens Willd., Populus nigra L., Arbutus
unedo L. and Punica granatum L.), 18 % by human settlements (also
including a bar and a parking area) and 7.5 % by a maize (Zea mays L.)
cultivation.

The site is characterised by an average temperature of 14°C, with the
hottest months (July and August) with an average maximum tempera-
ture of 30°C and the coldest month (January) with an average minimum
temperature of 1°C. Precipitation averages around 78 mm/month
annually, with November being the wettest month (138 mm on average)
and July the driest (an average of 31 mm of rain) (https://it.climate
-data.org. Accessed on 01.11.2024).

Over the past few years, at least 10-15 coypu individuals have been
observed in the park, adding to a diverse animal community primarily
composed of several waterfowl and wader bird species, and the non-
native American pond slider Trachemys scripta (Viviano et al., 2024).
At the time of this study, about ten individual coypus were observed
simultaneously (personal observation).

The presence of coypus was confirmed through direct observation
(when they moved in the water or on land, emerging from their bur-
rows) and presence signs such as droppings, footprints, slides on the
banks, and near 30 burrow entrances (Viviano et al., 2024). By 2022,
these signs of activity had spread around much of the lake perimeter,
creating holes in the ground that can go unnoticed, particularly when
vegetation is well-developed, posing a potential hazard for park visitors.
This population became isolated from other coypu populations in the
Tuscany Region following the excavation of the river dead arm in the
area known as ’Arnovecchio’, which rendered the area unsuitable for
this rodent. Besides a general appreciation by the general public
(Viviano et al., 2024), no complaint about coypu presence and activity
has ever been received by the local municipal council.

2.2. Behavioural observations: camera trapping and focal sampling

Behavioural data were collected through camera trapping from May
2023 to April 2024, utilising infrared sensor camera traps (Browning®
SpecOps model, Browning Trail Cameras, USA). This model features a
high trigger speed (< 1 sec), which is crucial for minimising the risk of
missing parts of the behavioural sequences exhibited by the animals
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captured on camera (O’Connell et al., 2011). Given the limited area
occupied by coypus (approx. 0.10 ha), a single camera trap was used to
avoid pseudo-replication due to capturing the same event on multiple
devices simultaneously. The camera trap was strategically positioned to
maximise the likelihood of detecting the target on both land and water,
following an opportunistic sampling design (O’Connell et al., 2011). The
camera was set to record 30 sec videos continuously, on a 24/7 schedule.

The chosen location was a section of the artificial lake shore char-
acterised by numerous signs of coypu presence (den entrances, drop-
pings and footprints). The camera trap was mounted on a pomegranate
Punica granatum (L., 1753) branch, approximately 40-50 cm above the
ground, oriented to capture both the shore with den entrances, and parts
of the lake and surrounding land (Fig. S1 in Supplementary Material 1).
It was kept active for one year, every day 24 h/24, and checked every
7-14 days, to download the recorded data and check the battery and
memory card status.

Focal sampling sessions were also conducted to better identify
different individuals also observed through camera trapping, by
focusing on a single individual per session. These further behavioural
observations were directly carried out by the authors between April
2023 and April 2024 in 20-min sessions, for one day per week and a total
of 120 hours of recording. During each session, a visible subject at the
start was observed for the entire duration of the session. Behavioural
patterns were recorded in the order they were exhibited, and the dura-
tion of each behaviour was noted. This method provided information on
the time spent on each activity, along with the observed behavioural
patterns. Videos were analysed from two independent operators (EM
and AB) after a common training.

Individuals were categorised into age classes based on body size,
separating adults, subadults, and kits (Cosma, 2001; Amori et al., 2008).
When age class could not be determined, individuals were classified as
ND (“not determined”). Individual identification proved to be rather
complex and was only possible for some individuals exhibiting truncated
tails, scars, or differently coloured teeth. Sex was determined only in
sexually mature individuals (characterised by a larger body size, esti-
mated by eye) among those individually identified, through the obser-
vation of primary sexual characteristics (penis, testes) or evident nipples
during the lactation season. When sex could not be determined, in-
dividuals were classified as ND (not determined).

2.3. Ethical and legal constraints

Camera trapping in the Serravalle urban park was conducted under a
specific permit obtained from the municipality of Empoli. In accordance
with agreements and in compliance with national and international
privacy laws (Legislative Decree 196/2003 and European Regulation
2016/679), an informative panel was installed to inform park visitors
about the presence of the camera trap, and to clarify the main aims of
this research. The panel also included a QR code, which allowed visitors
to download project documentation and provided assurance that any
videos capturing humans would be immediately deleted from both the
SD card and any other data storage systems. Additionally, it guaranteed
the removal of all videos containing human subjects within 72 h of
recording, and it facilitated immediate intervention by direct contact
with the project manager (Supplementary Material 1).

2.4. Behavioural repertoire description

To describe the behavioural repertoire, we integrated patterns re-
ported by Gosling (1979), for coypus); Bau (2001), for Eurasian beavers)
and Polackova et al. (2022), for coypus), including new patterns
observed during the present study (Table S1 in Supplementary Material
1).
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2.5. Patterns of activity rhythms

The dataset for estimating activity rhythms was compiled exclusively
from camera trap video data. To limit bias from pseudo-replication,
videos recorded within the same 30-minute interval were treated as a
single independent event (Monterroso et al., 2014), retaining only the
first video from the interval. The remaining videos were considered a
random sample from a distribution describing the probability of a video
being recorded at each specific time of day (Linkie and Ridout, 2011).

Statistical analyses were conducted using R version 4.1.1 (R Core
Team, 2018), using the dplyr package (Wickham et al., 2014) for dataset
manipulation and the overlap package (Meredith and Ridout, 2021) for
estimating activity rhythms. The overlap package employs a kernel
density estimation function to return the density of activity at each time
of the day (Wand and Jones, 1994). The function uses a bandwidth
parameter, k, which determines the resolution of the estimated curve;
given this is an exploratory investigation (lacking prior knowledge
about the species’ activity distribution over the 24 h in the studied site),
the parameter was set to its default value, k = 1 (Wand and Jones, 1994;
Ridout and Linkie, 2009). Additionally, to test whether the observed
activity over the 24 h significantly differed from uniformly distributed
activity throughout the day, the Hermans-Rasson test (HR r test: Landler
et al., 2019) was applied using the circMLE package (Fitak and Johnsen,
2020).

We computed the Interseasonal overlaps of coypu activity rhythms.
The Mardia-Watson-Wheeler test (W) was used to compare overlaps of
circadian distribution of coypus amongst seasons (Massara et al., 2018),
through the package circular (Lund et al., 2017). Furthermore, the
overlap of coypu activity rhythms with those of co-present species was
estimated. Potential predators of the coypu, such as the red fox Vulpes
vulpes and the domestic dog Canis familiaris (Koynova et al., 2023;
Sogliani et al., 2023), were considered, along with the overlap of coypu
rhythms with human activity, although coypus are only occasionally
preyed upon by these species (Reynolds, 1979; Koynova et al., 2023). To
determine the overlap of activity rhythms between two species, the
overlap coefficient A (ranging from 0, no overlap to 1, total overlap) was
calculated using functions from the overlap package. Specifically, A4 was
used since the number of records for all species exceeded 50 (Meredith
and Ridout, 2021). Ninety-five percent confidence intervals (95 % CI)
were calculated using 10,000 bootstrap replicates (Dias et al., 2019).
Overlap was defined as intermediate with A between 0.50 and 0.75,
high with A between 0.75 and 0.90, and very high with A > 0.90
(Monterroso et al., 2014).

A chi-squared test was used to estimate whether records of coypus
and red foxes (i.e., the only nocturnal predator occurring in Serravalle
urban park) were uniformly distributed throughout all the four moon
phases, classified as follows: phase 1: from new moon to "; phase 2: from
Y4 to V5; phase 3: from ' to %; phase 4: over % (Mori et al., 2020).

2.6. Time budget and ethogram

We analysed the behaviour of coypu recorded in a dummy dataset
using a binary approach (0 for non-observed, and 1 for observed) to
indicate which behaviour was observed in each video for each coypu
individual. The dataset was first cleaned to ensure that all categorical
variables—’age class’ (adult, subadult, kit), ’sex’ (female and male, only
for adult individuals), and ’season’ (spring, summer, autumn, winter,
following astronomical seasons)—were correctly encoded. Observations
with missing values in ’sex’ or ’age class’ variables were excluded from
the analysis.

To calculate the total amount of each behaviour across the year, we
employed a standardised approach to determine the temporal distribu-
tion of behaviours. First, the total amount of time (in seconds) for each
behaviour was calculated by selecting the relevant columns and trans-
forming the data into a long format. In a long format, each row repre-
sents a single observation, with columns for the type of behaviour and its
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duration, making it easier to manipulate and analyse the data. Data were
then filtered to include only observed behaviours (value = 1). Then, the
total duration for each behaviour was summed.

After obtaining the total seconds for each behaviour as listed in the
compiled ethogram (table S1 in Supplementary material 1), the overall
sum of seconds was calculated to verify data accuracy. This sum was
used as the total observed time, to normalise collected data. The activity
budget for each behaviour was then expressed as a percentage of the
total observed time, calculating the proportion of seconds dedicated to
each behaviour with respect to the total.

We then analysed data by season, creating graphs and tables to
visualise the activity budget for each season. Additionally, we inspected
data by sex and age class, generating radar charts for each category.

We filtered the dataset to include only the relevant rows and columns
for the chosen variable, then we calculated the total duration for each
behaviour. Data were then transformed into a long format, and missing
behaviours were accounted for by assigning them a value of 0. The ac-
tivity budget for each behaviour was normalised as a percentage of the
total observation time. A radar chart was generated to visualise the
activity budget distribution.

We employed generalised linear models (GLMs) with a binomial
error distribution to assess the influence of each categorical variable on
the selected behavioural patterns (Zuur et al., 2007). Analyses were
conducted with the R package Ime4 (Bates et al., 2015). Separate models
were fitted for ’sex’, ’age class’, and ’season’. Our analysis focused on
behaviours for which we had a substantial number of observations and
which were hypothesised to vary across seasons, sexes, and age classes
(see Gosling, 1979; Gosling and Wright, 1994), specifically: allog-
rooming, self-grooming, nose touching, parental care, vigilance, scent
marking, and playing. These behaviours were chosen based on their
expected variability in relation to the categorical variables, contrasting
with behaviours like swimming, foraging, and exploring, which were
not hypothesised to show significant variation (cf. Introduction). To
identify key behaviour drivers, we evaluated the presence of significant
effects of specific variable levels and used the adjusted R?. Adjusted R?
provides a more nuanced view of a model ability to explain variance in
the response variable by adjusting for potential overestimation caused
by additional predictors (James et al., 2021). For each model, we also
developed a post-hoc test to inspect possible significant differences be-
tween all the levels of the considered categorical variable through the
Tukey test using the emmeans (Lenth, 2024) R package.

3. Results

The cumulated sampling effort resulted in 351 camera-days. We
collected a total of 2601 videos belonging to 30 species of mammals and
birds (Fig. S1 in Supplementary Material 1). Amongst those, 1416 videos
belonged to coypus. Potential predators/competitors of coypus included
humans (238 videos), unleashed domestic dogs (96 videos) and red
foxes (66 videos).

3.1. Activity rhythms

Annual temporal patterns of coypus significantly differed from
random activities in the 24 hours cycle, peaking at dawn and dusk (HR
test r = 196.98, p < 0.01: Fig. 1).

We detected a moderate-to-high seasonal overlap of coypu activity
pattern, apart from winter, when activity was concentrated in early
morning and late afternoon (Fig. 2a). Intraspecific seasonal overlaps did
not significantly differ from one-another (Mardia Watson Wheeler tests,
W = 0.075-0.092, all p > 0.11).

As to competitors and predators, we observed a low overlap with
humans and unleashed dogs, whereas temporal overlap between red
foxes and coypus was high (Fig. 2b).

In all seasons, the nocturnal activity of coypus was the lowest in
bright moonlight nights (y 2 = 12.93-21.22, all p < 0.05), whereas that
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Fig. 1. Kernel density estimate of activity rhythms throughout the year of
urban coypu in Serravalle urban park (solid line, mean). Green lines represent
bootstrap estimates, and dashed black lines represent 95 % confidence in-
tervals. Blue bands represent mean dark hours in the 24 h cycle.

of the red fox was always independent to moon phases (x> = 2.67-4.11,
0.24 < p < 0.55).

3.2. Activity budget of coypu in urban environment

3.2.1. Annual activity budget

Through camera trap video analysis, we determined that the annual
activity budget of coypu, without distinguishing between age class, sex,
or seasonality, reveals the following distribution of main activities:
exploring (23.80 %), swimming (22.63 %) correlated with activity of
entering/exiting water (1.54 %), self-grooming (15.64 %), and running
(5.16 %). Their feeding habits are represented through various behav-
iour patterns, including foraging on natural food sources (11.85 %),
feeding on food provided by park visitors (4.46 %), and eating in water
(unidentified food: 3.15 %). Additional activities include vigilance
(2.96 %), playing (2.60 %), and resting (2.46 %). Other patterns were
observed at frequencies < 1.00 % (Fig. 3).

3.2.2. Seasonal activity budget

Across the four seasons, without filtering for age class or sex, we
observed different percentages of activities and behaviour (Fig. 4 and
Table S1 in Supplementary Material 2). In spring, the predominant
patterns were exploring and self-grooming, in summer exploring, in
autumn exploring and swimming, and in winter swimming and self-
grooming. Regarding social behaviour, which include those relevant
to social interactions such as vigilance and aggressive behaviour, the
following patterns were observed:

1) Playing: summer (6 %) > spring (3.6 %) > autumn (2.6 %) > winter
(0.6 %)

2) Scent marking: winter (1.0 %) > autumn (0.7 %) > summer (0.4 %)
> spring (0.0 %)

3) Vigilance: summer (6.8 %) > spring (3.2 %) > autumn (2.9 %)
> winter (1.3 %)

4) Vocalisation: winter (0.3 %) > spring (0.1 %) > autumn (0.0 %)
= summer (0.0 %)

5) Aggressive behaviour: summer (0.4 %) > winter (0.3 %) > spring
(0.2 %) > autumn (0.0 %)

6) Allogrooming: winter (0.3 %) > spring (0.0 %) = summer (0.0 %)
= autumn (0.0 %)
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Fig. 2. a) Intraspecific seasonal overlap of coypu activity rhythms in Serravalle urban park; b) interspecific overlaps of activity rhythms between coypus and po-
tential predators / competitors in Serravalle urban park (central Italy), assessed by camera trapping (N sites = 1) throughout 12 months.

7) Nose touching: winter (0.7 %) > spring (0.0 %) = summer (0.0 %)
= autumn (0.0 %)

8) Parental cares: spring (0.8 %) > winter (0.6 %) > summer (0.0 %)
= autumn (0.0 %)

3.2.3. Activity budget per sex

The comparative analysis of behaviour by sex (only adults and sub-
adults) revealed distinct patterns. Females showed higher engagement
in several activities compared to males. Specifically, females collected
human-provided food more frequently than males (9.3 % vs. 4.3 %) and
were also more active in eating in water (5.8 % vs. 3.9 %), foraging
(12.4 % vs. 3 %), vigilance (2.5 % vs. 1.3 %) and exploring (12 % vs.
8.5 %). Additionally, females were the only sex to engage in nose
touching, parental care and playing with kits. Females were also the only
sex to exhibit aggressive behaviour and vocalisation.

In contrast, males were more involved in carrying objects (1.8 % vs.

0.7 %) and exhibited higher levels of self-grooming (30.6 % vs. 15.8 %)
and scent-marking (5.6 % vs. 0.4 %: Fig. 4 and Table S2 in Supple-
mentary Material 2).

3.2.4. Activity budget per age class

The analysis of behavioural patterns across different age classes
revealed distinct trends (Fig. 4). Kits exhibited the highest levels of
exploration and playing, significantly surpassing both subadults and
adults. They also showed notable engagement in parental care. Addi-
tionally, kits showed higher frequencies of nose touching and vocal-
isation, all directed towards females (cfr. paragraph 3.2.3). Adults
displayed more self-grooming compared to the other age classes.
Behaviour such as aggressive behaviour, allogrooming, and scent
marking were present primarily in adults and subadults, while being
absent or minimal in kits (Fig. 4). These observations highlight the
developmental differences in behaviour, with kits focusing on play
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Fig. 3. Annual coypu activity budget in Serravalle Urban park (central Italy), quantified as percent time spent engaging in each classified behaviour, assessed by

camera trapping (N sites = 1) throughout 12 months.

activities, subadults showing a balance of foraging and vigilance, and
adults exhibiting more specialised behaviour related to self-
maintenance and resource utilisation (Fig. 4 and Table S3 in Supple-
mentary Material 2).

3.3. Behavioural differences across age classes, sex, and seasons

Estimated probabilities for sociable and distinctive behaviours across
age classes, sex, and seasons were examined (Tables S4 and S5 in Sup-
plementary Material 2).

3.3.1. Allo-grooming

The GLM analysis did not show any significant effects of the age
class, sex, or season variables. The observed allogrooming behaviour
was very rare in most categories, with only minor distinctions found
between the groups studied. Adults, females, and winter had a slightly
higher probability, but differences were negligible (Tables S4 and S5 in
Supplementary Material 2).

3.3.2. Self-grooming

The GLM analysis revealed significant effects of age class and season
on the probability of exhibiting self-grooming behaviour (Table S4 in
Supplementary Material 2). In pairwise comparisons, the probability of
self-grooming was significantly higher in adults compared to subadults,
i.e., subadults engaged in self-grooming less frequently than adults.
Adults exhibited a significantly higher probability of self-grooming also
compared to kits. There was also a significant difference between sub-
adults and kits, with kits showing a lower probability of self-grooming
compared to subadults (Table S5 in Supplementary Material 2). Self-
grooming behaviour was most common in adults, with both subadults
and kits showing progressively lower probabilities, reflecting develop-
mental changes in self-grooming behaviour across different age classes.
In winter, the probability of self-grooming was significantly higher
compared to all other seasons, and in spring it was significantly higher
than in summer and autumn (Table S5 in Supplementary Material 2).

3.3.3. Nose touching

GLM did not reveal any significant differences in nose touching
behaviour across sex and season. The model considering age classes had
an adjusted R? of 0.6 and showed significant differences among levels,
with a greater probability that this behaviour will be adopted by kits
rather than adults. (Tables S4 and S5 in Supplementary Material 2).

3.3.4. Parental cares

The GLM analysis showed no significant effect of sex and season on
parental care, while the age class showed a significant effect. Pairwise
comparisons showed that kits were significantly more involved in this
behaviour than adults ( = 2.86, p = 0.0001: Tables S4 and S5 in Sup-
plementary Material 2).

3.3.5. Vigilance

GLM analysis for sex and age class showed no significant effect on
vigilance (Table S4 in Supplementary Material 2), while the season had a
significant effect. Pairwise comparisons revealed that the probability of
this behaviour occurring is significantly lower in winter compared to all
other seasons, and in autumn compared to summer (Table S5 in Sup-
plementary Material 2).

3.3.6. Scent marking

GLM results showed a significant effect of sex, with males being more
likely to exhibit this behaviour compared to females. Conversely, neither
the age class nor the season influenced the probability of this behaviour
(Table S4 in Supplementary Materials 2).

3.3.7. Playing

The GLM analysis indicated that sex does not significantly impact
playing behaviour (Table S4 in Supplementary Material 2). Regarding
the age class and season, GLM revealed a significant effect on playing
behaviour. The pairwise comparisons showed that subadults are more
likely to exhibit this behaviour compared to adults, and kits are more
likely to do so compared to both adults and subadults. Finally, the
probability of observing play behaviour was significantly lower in
winter compared to all other seasons (Table S5 in Supplementary Ma-
terial 2).

4. Discussion

This research investigates the behaviour of coypu, an invasive alien
mammal, in an urban environment of central Italy (Viviano et al., 2024).
We provided support to the prediction that coypus are well adapted to
human presence and urban ecosystems, exhibiting high levels of
nocturnal activity, peaking at dawn and dusk (prediction i). This sug-
gests a reduced perceived predation risk compared to natural ecosys-
tems, and a significant temporal segregation from diurnal anthropic
activities for reducing the risk to encounters with humans and unleashed
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dogs (Mori et al., 2020b; Salas et al., 2022). Conversely, in a comparable
urban area of central Europe, coypus were mostly active in daylight
hours, when humans used to feed them (Meyer et al., 2005). Coypus are
fed by humans in Serravalle urban park too, but this behaviour mostly
occurred at dawn and dusk, and we never observed it during the central
part of the day, a factor possibly preventing a more diurnal behaviour of
coypus in our study area. Activity patterns showed moderate to high
seasonal overlap, except for winter, with activity concentrated in early
morning and late afternoon, in line with previous works on the species
(Meyer et al., 2005; Mori et al., 2020a, b; Polackova et al., 2022; Salas
et al., 2022). A reduction in nocturnal behaviour was recorded in winter,
when nights are the coldest, potentially representing a compensation
mechanism towards more suitable environmental temperatures
(Chabrek, 1962, Gosling et al., 1980). Throughout the year, nocturnal
activity was lowest during bright moonlight nights, suggesting potential
lunar phobia as an anti-predatory strategy (Michalski and Norris, 2011;
Mori et al., 2020a). Coypu activity overlapped most with red foxes
(Koynova et al., 2023), a potential predator, and least with humans with
unleashed dogs, which likely represent a considerable threat to coypus
(cfr. Meyer et al., 2005; Sogliani et al., 2023). This may be explained by
either a low perceived risk of predation from the red fox by the local
population of coypus (which is actually known to be occasional), or
because resident foxes may exploit other - easier - food resources such as
garbage and food waste by park visitors, thus reducing the attractiveness
of wild prey such as coypus (as seen by Panek and Budny, 2017).

Our second hypothesis (prediction ii) was likewise supported: coypus
inhabiting urban areas exhibited a significantly broader behavioural
repertoire compared to those in captivity and in rural areas (Gosling,
1979; Polackova et al., 2022; Salas et al., 2022). This result may be likely
due to the small area occupied by coypus in our study, leading to high
detectability of their entire behavioural repertoire. Alternatively,
genuinely higher numbers of behaviours may also be due to the
favourable conditions of urban parks, that provide plenty of opportu-
nities for food and lower predation pressure in comparison to natural
areas (Eotvos et al., 2018), both factors potentially fostering e.g., higher
social activities in coypus.

Our study is based on a single sampled site, whose small size allowed
us to adopt a single-station sampling strategy. We are aware of the po-
tential limitations deriving from such a limited effort, and call for
caution in over-generalising our results. Nonetheless, by covering the
entire area of interest and conducting a year-round, 24/7 sampling, we
are confident that our results genuinely represent the local population’s
behaviour, and may serve as a model for other studies and contexts. As
such, our findings corroborate the efficacy of camera traps in elucidating
the behaviour of a highly camera-trappable species in urban areas
(prediction iii). Exploring, swimming, self-grooming (mostly by adults
and subadults in winter and spring), and foraging were the most
frequently observed behavioural patterns. Parental cares were mostly
female prerogatives towards dependent young, peaking in summer,
when kits are present, as typical of most polygynous gregarious mam-
mals, and significantly declining in winter (Zeveloff and Boyce, 1980;
Guichon et al., 2003b; Schubert et al., 2009). Accordingly, vigilance by
both adult males and females significantly increased in summer, when
kits are present, and predation risk is higher, due to lower water levels.
Scent marking, which occurred both in water upon surfacing rocks and
branches and on land, was strictly an adult male behaviour, as only male
coypus are territorial (Gosling and Wright, 1994). Aggressive behaviour
was rarely observed and it was only exerted by adult females against
other coypus, geese and red foxes, peaking in summer, when coypus
start to defend kits and dens. Accordingly, all individuals exhibiting
injuries (partial tail amputations, or scars) were identified as females,
suggesting a defensive role of female coypu in protecting their offspring
and dens against potential predators and competitors. This hypothesis is
also confirmed by the higher level of vigilance shown by females in
comparison to males.

Coypu social groups exhibit high social cohesion and fidelity and
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have been described in the literature as engaging in positive interindi-
vidual interactions, particularly between females and juveniles. In the
native range (South America), cooperative behaviours within the group
have been recorded (Guichon et al., 2003b). Despite this gregarious
behaviour, in our study site, vocalisations were only rarely recorded,
and always produced by females and kits, possibly as part of parental
care or for maintaining contact from a distance. Play primarily occurred
among kits (or between kits and adult females) and was predominantly
locomotor, consisting of ambushes, driving-drills and chases. Play which
mimics adult aggression (named “playing wrestling” for beaver kits:
Bau, 2001) has only been recorded on two occasions in our study
(Herrera et al., 2021).

This study provides valuable insights into coypu behaviour in an
urban environment. Although we acknowledge the limitations of our
methods, increasing the number of camera stations would have been
challenging due to a lack of suitable sites and legal privacy constraints in
urban areas (Herrera et al., 2021; Italian Legal Decree 196,
30/06/2003). Moreover, in our study area, additional stations were
unnecessary as all dens used were already within our camera trap
detection range.

The individuals observed likely belonged to the same family group,
facilitating the identification of different animals. To confirm our find-
ings on a larger scale, more intensive studies should be conducted on
larger populations. Understanding these behavioural patterns enables
wildlife managers to develop more effective and sustainable strategies
for managing invasive species in urban areas, raising public awareness,
and promoting responsible human-wildlife coexistence (Evans, 1970).
For example, our findings indicate that the predominantly nocturnal
activity of coypu may warrant night-time interventions to minimise
conflicts with people.

Apart from small, isolated populations, the eradication of coypu at
large scale is considered as no longer technically feasible in peninsular
Italy (see Bertolino et al., 2005; Panzacchi et al., 2007; Bertolino and
Cocchi, 2018). Therefore, control programs are underway in northern
and central regions to mitigate impacts on native biodiversity and
human activities/infrastructures (Bertolino and Cocchi, 2018). The
species’ high ecological plasticity is likely key to its success as a bio-
logical invader, allowing it to colonise a wide range of environments,
from natural ponds to wetlands and urban areas. The success control
campaigns of coypu are highly dependent upon local population density,
as well as social behaviour and spatiotemporal ecology, which should be
assessed prior to intervention. Within the Serravalle urban park, the
high population density has led to extensive burrowing, potentially
compromising the stability of the pond banks over time (Dondina et al.,
2024). Given the coypu nocturnal behaviour and high sociability,
trapping efforts are recommended to be concentrated after dusk, near
the water edge, and preferably during the warmer months (July to
October) when water levels are the lowest.
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