
Vol.:(0123456789)1 3

https://doi.org/10.1007/s10344-021-01505-2

ORIGINAL ARTICLE

Feral rabbit populations in a peri‑urban area: insights about invasion 
dynamics and potential management strategies

Davide Sogliani1,4   · Jacopo Cerri2   · Ramj Turetta3   · Massimo Crema4   · Michela Corsini5   · Emiliano Mori6 

Received: 7 August 2020 / Revised: 25 May 2021 / Accepted: 28 May 2021 
© The Author(s) 2021

Abstract
Where introduced, the European rabbit Oryctolagus cuniculus is considered among the most destructive and invasive species. 
To date, research focused mostly on populations of wild rabbit, whereas little is known on feral domestic rabbit populations. In 
this work, we reported the establishment of two self-sustaining populations of feral rabbits in Italy. Direct observations were 
conducted to assess rabbit range expansion and population increase over time. We also evaluated prey-predator interactions 
between rabbits and native red foxes Vulpes vulpes, by means of camera trapping and the analysis of fox scats. Moreover, 
we also assessed the social perception towards feral rabbits and the acceptability of various management options through 
the administration of a structured questionnaire to park visitors. Rabbit populations increased between 2018 and 2019, as 
well as the size of the invaded range. Rabbits are predated by foxes, but they seem to have adapted their activity rhythms to 
minimize the risk of predation, becoming diurnal. Park visitors loved rabbits and deemed them to be a positive presence in 
the park, which deserve to live there. Surgical sterilization of rabbits was the only management option which was partially 
supported. Feral domestic rabbits, albeit a neglected species in invasion biology, can become extremely successful invad-
ers of urban green areas: in < 5 years, rabbits were able to colonize our study area and become a food resource for native 
predators and also an iconic species. These three points raise concerns about the potential impacts of invasive feral rabbits 
in European urban green areas and call for further research in this direction.

Keywords  Alien species · Invasive species establishment · Feral rabbits · Oryctolagus cuniculus domesticus · Predator–
prey interactions · Socio-ecological model

Introduction

Domesticated animals establishing viable populations in the 
wild after their escape or release (i.e., a process known as 
“feralization”: Daniels and Bekoff 1989) can become major 
biological invaders and pests. Examples include feral hogs 
(Battocchio et al. 2017), dogs (Young et al. 2011), horses 
(Nimmo and Miller 2007), and cattle (Micol and Jouventin 
1995). Compared to wild invasive species, feral species are 
usually harder to manage, because they are often iconic and 
well-known to the general public, due to their domestic nature 
(Nimmo and Miller 2007; Young et al. 2011), because some-
times their identification is difficult (Randi 2007) and because 
their legal status is often ambiguous (Trouwborst 2014).

The European rabbit can become invasive both in its wild 
(Oryctolagus cuniculus) and in its domesticated form (O. 
cuniculus domesticus). The wild European rabbit is a “con-
servation paradox” (Lees and Bell 2008): although the spe-
cies is among the most impacting invasive alien species in 
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some areas of the world (Pech et al. 1992; Courchamp et al. 
1999, 2001; Pimentel et al. 2001; Katona et al. 2004; Cooke 
et al. 2008; Delibes-Mateos et al. 2008a, 2018; Flux 2008; 
Lees and Bell 2008; Ferreira 2012; Papadopoulos et al. 
2017), at the same time, it is classified as “Endangered” by 
the IUCN due to a long-term population decline in its native 
range (https://​www.​iucnr​edlist.​org/​speci​es/​41291/​45189​779; 
Villafuerte and Delibes-Mateos 2019). The European rabbit 
can also become invasive through the feralization of domes-
tic individuals. Feral rabbits generally become invasive in 
urban green areas and periurban parks, where their popula-
tions can reach densities comparable to those of wild rabbits, 
with potentially similar negative consequences for the envi-
ronment, native wildlife, and human health (Watson 1961; 
Retfalvi 1970; Vastrade 1986, 1987; Mori 2010).

The number of studies about the ecology and impacts 
of feral domestic rabbits is much lower than that of studies 
about invasive European wild rabbits. We believe that this 
knowledge gap deserves to be filled because, as rabbits have 
become a major pet over the last few decades (Meredith and 
Brigitte 2014), their incursion into natural areas is likely to 
rise, and managing their populations will become increas-
ingly important and challenging. In this work, we docu-
ment the status of two populations of domestic rabbits that 
have become feral and well-established in the Mincio Park 
(Northern Italy). We evaluated whether feral rabbits have (i) 
increased in number and spread around their introduction 
site, (ii) altered food webs by becoming a prey for native 
predators, and (iii) become an iconic species.

Material and methods

Study site

Our study area is located around the city of Mantova, in the 
Mincio Park (Lombardy, Northern Italy), within or at the 
border of the Special Protection Area “Valli del Mincio.” 
The protected area is divided into two different areas, char-
acterized by two different populations of feral domestic rab-
bits. Area 1 is on the bank of Mantuan Upper Lake, and Area 
2 is on the bank of Mantuan Middle Lake, each one hosting 
a population of feral rabbits (Fig. 1). Rabbits have been pre-
sent since 2016, following multiple releases from captivity. 
We found evidence that various rabbits were released by 
residents, by a farmer and by the staff of a local bar to attract 
customers (anonymous, personal communication).

The study area is characterized by heterogeneous vegeta-
tion, typical of an Italian lowland habitat with woodlands 
(mainly Morus nigra, Fraxinus excelsior, Salix spp., Robinia 
pseudoacacia, Populus nigra, Populus alba, Acer campestre, 
Ulmus minor, Celtis australis, Quercus robur, Carpinus bet-
ulus, Prunus avium, Juglans regia, Alnus glutinosa, Platano 

hybrida, Tilia platyphyllos), meadows (mainly Lolium spp., 
Bromus spp., Parietaria officinalis, Taraxacum officinale, 
Trifolium pratense, Stellaria media, Plantago lanceolata, 
Lamium purpureum, Equisetum arvense, Cirsium vulgare, 
Phragmites australis, Typha spp.) and scrublands (mainly 
Rubus ulmifolius, Cornus sanguinea, Sambucus nigra, 
Corylus avellana, Hedera helix, Phytolacca americana, 
Euonymus europaeus, Crataegus spp.). Orchards, fallows, 
and human settlements, including a railway station, are also 
present. The average annual rainfall is 795.6 mm, with rare 
snowfalls and the average annual temperature is 13.7 °C (the 
average temperature in January is 3.2 °C; the average tem-
perature in July is 22.1 °C; World Weather Online).

Data collection and analysis

Population size and range expansion

Between March 2018 and March 2020, we performed 144 h 
of direct (i.e., through naked eyes and binocular 10 × Olym-
pus 10 × 42 EXPS I) and opportunistic observations carried 
out while walking, or driving where possible, at the two 
study areas, along a fixed pathway of 7.5 km repeated at 
each survey. We looked for rabbits, signs of their presence 
(e.g., diggings, faecal pellets, burrows), and their predators 
(including scats: ESM_1; Dodaro et al. 2019). We identi-
fied individual rabbits by physical characteristics (e.g., coat 
colour, hair length, ear morphology, spot patterns, morpho-
logical features; Whitman 2004; ESM_1) and, following 
this protocol, we added “ + 1” to the count for each time 
a new individual was identified. The count of individuals 
was performed over a three-month period both at the start 
(March-June 2018) and at the end (October-December 2019) 
of our monitoring activity. This method may underestimate 
rabbit abundance due to the presence of few individuals with 
very similar or identical phenotype. Juveniles younger than 
about 60 days were not counted, because of the potential 
high juvenile mortality and to avoid double counts once they 
had become adults.

We used Minimum Convex Polygon (MCP) to estimate 
individuals’ range. MCP is a standardized and easily applicable 
internationally accepted approach to estimate home ranges in 
free-ranging populations. Most importantly, MCPs are widely 
used when presence-only data are available as spatial informa-
tion of individuals’ occurrence (Burgman and Fox 2003).

We geolocated observations/records with a GPS (Garmin 
eTrex 20), to assess rabbit expansion in the two areas; then, 
we produced two distribution maps (Fig. 1), based on the 
95% MCP (Burgman and Fox 2003).

The MCP draws the smallest polygon around records with 
all interior angles lower than 180°. The MCP was computed 
with all our georeferenced occurrences of rabbits (ESM_5). 
Shortcomings of MCP (Burgman and Fox 2003) have been 
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mitigated by discarding the peripheral 5% of records, i.e., the 
extreme locations. MCP was calculated through the open-
source software QGIS (QGIS Development Team 2019, v. 
3.10, “A Coruña”). Specifically, observed data points were 
first uploaded in the software and then transformed in the 
map projection of the study area (here, specifically: “Monte 
Mario/Italy zone 1, EPSG: 3003”). MCPs were calculated by 
site and year using the function “Minimum Boundary Geom-
etry” in the “Processing toolbox,” by selecting the geometry 
type “Convex Hull.” Because our study sites included water 
bodies, MCP was further corrected by excluding the lay-
ers (here identified as “polygons”) containing water bodies. 
Polygons specifying the location of water bodies were drawn 
using “Google Satellite” and “OSM standard” as basic maps, 
which are available in the Plugin “QuickMap Services” of 
the software. At this point, the exclusion of water bodies 
from the original MCP was obtained through the function 
“difference” in “Geoprocessing tools.” Finally, population 
densities were estimated by dividing the total number of 
individuals counted between October and December 2019 
with the corrected MCP value described above.

Camera‑trapping survey and temporal overlap

Between December 2019 and March 2020, four camera traps 
(CamPark T45, n = 1; Apeman Trail Cam H70, n = 3) were 
placed in Area 2 at a height of ~ 30–60 cm above ground 
level, to estimate activity patterns of rabbits and foxes and 
to record predation events on rabbits. Cameras were locked 
with chains on the closest tree to predetermined random 
points selected through QGIS (QGIS Development Team 
2019) within a regular grid covering Area 2. No camera 
trap was placed in Area 1 which was highly frequented by 
humans, to avoid thefts and privacy issues.

Cameras were activated 24 h/day to take three pictures 
each time they were triggered (with 1-min delay between 
triggers) and, owing to their remote positioning, no people or 
vehicles were filmed, thereby respecting privacy. Red foxes 
and rabbits show a strong predator–prey relationship, and 
foxes are reported to limit rabbit populations in Southern 
Europe (Delibes-Mateos et al. 2008b; Fernandez-de-Simon 
et al. 2015). We used the software R 3.6.2 (R Core Team 
2019), package overlap (Meredith and Ridout 2018) to assess 

Fig. 1   Overview of the study site. Area 1 and Area 2 are shown respectively in blue and yellow. GPS coordinates are visualised as white spots
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patterns of activity overlap between the red fox, i.e., the most 
widespread carnivore in our study site, and the domestic rab-
bit. Other potential predators of wild rabbits present in the 
study area includes the stone marten Martes foina as well as 
free-ranging domestic cats Felis catus and unleashed dogs 
Canis familiaris. Anecdotal information reports that both 
feral cats and unleashed dogs have killed some rabbits in 
our study area. However, we discarded all these predators 
from analyses as records from camera traps were numerically 
limited (stone marten, n = 6; feral cat, n = 3; unleashed dog, 
n = 8) to provide reliable results (Lashley et al. 2018). We 
deleted from our dataset all photographs of the same spe-
cies occurred at the same site in < 30 min to reduce pseu-
doreplication (Linkie and Ridout 2011). We estimated the 
overlap coefficient (Δ1 estimator) among temporal activity 
patterns of the two species in the same study area, which 
may range between 0 (i.e., 0% overlap) and 1 (i.e., 100% 
total overlap: Linkie and Ridout 2011; Meredith and Ridout 
2018). We used the “Δ1 estimator,” as one of the species 
of the pairwise comparison provided us with less than 75 
records; whereas when both species involved in the overlap 
analysis include more than 75 records, the “Δ4 estimator” is 
used (Linkie and Ridout 2011; Meredith and Ridout 2018). 
The 95% confidence intervals (95% CIs) of the coefficient of 
overlap were calculated through 10,000 bootstrap replicates 
(Mori et al. 2020). Overlap was categorized as “low” with 
Δ < 0.50, “moderate” with 0.50 < Δ < 0.75, and “high” with 
Δ > 0.75 (Monterroso et al. 2014).

Scat analysis

Despite potential limitations (Reynolds and Aebischer 
1991), the morphological analysis of food remains in scats 
is still one of the most reliable and cost-efficient methods 
to assess the diet of the red fox (Sogliani and Mori 2019; 
Ferretti et al. 2021).

While walking on the transects, we collected all detected 
scats of red foxes and we stored them in plastic bags labelled 
with dates and locations. Scats were preserved in a -20 °C 
freezer before analyses.

For the analysis, scats were dehydrated and sterilized with 
a heater at 60 °C for 3 h and 15 min, to avoid transmission of 
potential zoonoses through aerosol. Then, undigested materi-
als (i.e., bones and hairs) were separated in water solution, and 
kept in labelled tubes (cf. Sogliani and Mori 2019; Ferretti 
et al. 2021). Hairs of different species show differences both in 
the macroscopical and in the microscopical structure. General 
colour was analysed by eye, whereas cuticula and medulla 
were analysed at the binocular microscope (B-192 s Optika 
600 ×). In detail, to analyse the cuticula, the hair was placed 
on a glass slide, on a layer of transparent nail polish. After 
the slide was completely dry, the hair was removed with steel 
tweezers. Then, the mould was observed at the microscope 

and compared with specific atlases (Faliu et al. 1980; Teerink 
1991) and the local reference collection of the Department of 
Life Sciences of the University of Siena (Italy). Conversely, 
to analyse the medullar structure, the hair was cross-sectioned 
and wet with cedar oil at the section level (Mori et al. 2016). 
The prepared slide was observed under the microscope, so 
to compare the structure of the medulla with the reference 
collection.

Questionnaire survey

Between December 2019 and April 2020, we also adminis-
tered on-site (n = 151) and online (n = 139) questionnaires, 
to measure whether and how visitors perceived the presence 
of rabbits in the park. On-site questionnaires were admin-
istered to a sample of visitors, recruited during transects 
for population monitoring. It is worth emphasising that 
our sample was not drawn at random from some sampling 
frame, and it was therefore a convenience sample, obtained 
by recruiting visitors who were intercepted by researchers 
on the field. We did not record the response rate, as we did 
not have a definite sampling frame, but rather people who 
were encountered at the park. Online questionnaires were 
implemented on Google Forms. A link to the questionnaire 
was posted on some Facebook groups about the park, asking 
group members to complete the questionnaire. Both ques-
tionnaires were confidential, and they took about 10–15 min 
to be completed.

Questionnaires measured beliefs about the potential posi-
tive (increased environmental quality of the park, increased 
aesthetic quality of the park, increased number of repeated 
visits, increased number of visitors, increased visitors’ sat-
isfaction), and negative impacts (transmission of zoonoses, 
transmission of diseases to native wildlife, vegetation dam-
aging, disturbance of other wildlife) of rabbits in the park, 
emotions towards rabbits, existence beliefs about rabbit pres-
ence in the park, interactions between visitors and rabbits 
(observation, touching, feeding), and visitor’s preferences for 
various management options concerning rabbits: shooting, 
euthanasia after trapping, sterilization and maintenance in 
captivity, sterilization and adoption by private citizens, steri-
lization, and release in the park. We also collected baseline 
information about park usage and visitor’s characteristics.

Beliefs towards the impacts of rabbits, discrete emotions, 
and beliefs about the existence value of rabbit presence in 
the park were measured by asking respondents to rate their 
agreement with a series of statements on a 7-point bipo-
lar scale (Vaske 2008), ranging from “Strongly disagree” 
(− 3) to “Strongly agree” (+ 3). Interactions between visitors 
and rabbits were measured with on an ordered scale with 3 
options, corresponding to the frequency of each interaction 
(“Never,” “Regular,” “Always”). Visitors’ preferences for the 
management of rabbits in the park were measured by asking 
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them to rate the level of acceptability of the various options, 
on a 5-point unipolar scale, ranging from “Unacceptable” 
(1) to “Acceptable” (5). A complete overview of the various 
statements contained in the questionnaire is available in the 
Supplementary Material.

We grouped the two beliefs about the positive and neg-
ative impacts of rabbits, into a single construct with two 
latent variables, expressing the overall perception of rabbits, 
through Confirmatory Factor Analysis, and we measured 
the reliability of this construct through Cronbach’s alpha. 
We also averaged disgust and fear (negative emotions) and 
happiness and interest towards rabbit (positive emotions). 
The overall evaluation of respondents’ perception of rab-
bit was made based on descriptive statistics of the raw and 
estimated scores. When grouping multiple questions into 
a single psychometric construct, the reliability and valid-
ity of the underlying model should be tested through the 
Cronbach’s alpha and also by inspecting fitness indexes of 
the confirmatory factor analysis. Further explanations about 
latent variable models and measurement reliability are avail-
able in Beaujean (2014) as also Tavakol and Dennick (2011). 
Latent variable models were fitted with the package lavaan 
(Oberski 2014), and the Cronbach’s alpha was calculated 
with the package psych (Revelle 2019). A comprehensive 
overview about survey structure is available in the Supple-
mentary Material (ESM_2, 3, 4).

Results

Population size and range expansion

At the start of our monitoring activity, we observed 27 rab-
bits in Area 1, and 48 in Area 2. At the end of December 
2019, we counted approximately 56 and 61 rabbits for Area 
1 and 2, respectively. We also recorded a low escape dis-
tance, always less than 4.5 m.

In Area 1, the range of feral rabbits increased from 4.7 ha 
in 2018 to 17.1 ha in 2019. In Area 2, the range increased 
from 5.1 ha in 2018 to 9.8 ha in 2019. At the end of our 
monitoring activity, rabbits were present at a density of 3.3 
individuals/ha for Area 1 and 6.2 individuals/ha for Area 2.

Rabbits and native red foxes

We detected a very low overlap of activity rhythms (Δ1 = 0.20) 
between the red fox (253 occurrences) and the domestic rab-
bit (33 occurrences): the former was mostly nocturnal with a 
limited diurnal activity; the latter was diurnal (Fig. 2).

We also detected the presence of rabbit remains in all ana-
lysed red fox scats (n = 5), and also around fox dens. Camera 
traps (total camera-trap days = 300) in and around Area 2 
detected red foxes carrying predated rabbits four times (ESM_1).

Perception of rabbits by park visitors

Confirmatory factor analysis revealed that respondents 
had reliable (Cronbach’s alpha, positive impacts = 0.90; 
Cronbach’s alpha, negative impacts = 0.88, see Tavakol 
and Dennick, 2011, for an overview of the index) and 
valid (CFI = 0.97, SRMR = 0.03, TLI = 0.95, see Beaujean 
2014 for fitness indexes in CFA) beliefs about the poten-
tial impacts of rabbits in the park. Respondents were more 
uncertain about negative impacts.

Respondents also showed clearly positive emotions 
(joy and interest, median ± sd = 2.00 ± 1.79, Cronbach’s 
alpha = 0.91; disgust and fear, median ± sd = -2.50 ± 1.39, 
Cronbach’s alpha = 0.81) at the idea of encountering rab-
bits while visiting the park. They also had stable existence 
values governing their acceptance of rabbit presence, believ-
ing that maintaining rabbits in the park would be important 
for the future generations and that rabbit presence is impor-
tant per se, even if people do not come into contact with 
them (median ± sd = 1.5 ± 1.65, Cronbach’s alpha = 0.75). 
Respondents also believed that rabbits possess the right to 
live in the park (median ± sd = 4 ± 1.26).

Rabbits were a common experience for visitors. Over-
all, 78.3% of respondents were aware of rabbit presence 
at the park: of these, 96.0% declared to have encountered, 
12.0% to have touched, and 18.0% to have fed a rabbit 
at least once, while visiting the park. Most respondents 
opposed the idea of removing rabbits from the park 
(64.8%), and there was a widespread disagreement with 
the idea of doing so by shooting them (84.5%). Captur-
ing, surgically sterilizing and releasing rabbits in the park 
was the only option that received a certain support from 

Fig. 2   Temporal activity overlap between the red fox and the domes-
tic rabbit. The overlap coefficient is the shaded area under the two 
density estimates and is reported, along with the 95% CI, at the top-
right corner of the graph
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respondents (57.2%). Overall, respondents were interested 
towards further educational initiatives about invasive alien 
species (ESM_2).

Discussion

In this study, we reported the first case of establishment of 
free-ranging domestic rabbit populations in Italy, which is 
also one of the few available studies in the scientific lit-
erature (e.g., Watson 1961; Retfalvi 1970; Vastrade 1986, 
1987).

Our findings indicate that released domestic rabbits pro-
duced two self-sustaining populations. Even if recorded over 
a very short time period, the locally observed population 
increase was probably related to a combination of the high 
reproductive potential of the species with its ecological flex-
ibility and with the absence of competing lagomorphs in the 
periurban parks. Currently, the status of our invasive rabbit 
population can be considered as a stage IVb (“established 
and localized populations composed by a high density of 
individuals,” Colautti and MacIsaac 2004). In < 5 years, 
rabbits reached very high densities in the Mincio park and 
between 2018 and 2019, rabbit abundance (i.e., the num-
ber of records we obtained in our transects) increased by 
107% in Area 1 and 27% in Area 2, where some foxes were 
also detected through camera-trapping, and where preda-
tion towards rabbits was recorded. Also, the range where 
rabbits were detected increased by almost 364% Area 1 and 
200% Area 2, over these 2 years. The extent to which rab-
bits increased their presence, in such of a short time span, 
calls for two reflections. The first one is about the tremen-
dous demographic potential of feral domestic rabbits, which 
seems to be comparable to that of invasive wild European 
rabbits (e.g., Zenger et al. 2003) in their introduction range. 
The second one is about the capacity of feral rabbits to 
disperse from around of their introduction site. Although 
rabbits at the moment are quite localized, they are rapidly 
spreading in the Mincio park and their range is likely to 
increase in the near future, with rabbits using both the ripar-
ian vegetation of the Mincio River as an ecological cor-
ridor (Bencharif 2010) and the railway of Area 1 (Delibes-
Mateos et al. 2018). These two aspects need further research, 
because the expansion of invasive feral rabbits around the 
study area might produce negative impacts within the ripar-
ian ecosystem. These impacts could be due to burrowing of 
the dens (Dalland and Carter 1998; Cooke 2012) and effects 
on the native European hare Lepus europaeus through dis-
ease transmission (Barlow et al. 2014; Velarde et al. 2017). 
We believe that capture-recapture studies, based on a regular 
grid of traps and adopting the robust design, might be an 
effective method to estimate the demographic parameters 
of rabbit populations, as well as to monitor their spatial 

expansion (cf. Daly 1980). Studies adopting this approach 
would also correctly estimate the size of our expanding rab-
bit population, by accounting for undetected individuals, and 
therefore, they would compensate for some underestimation 
in our approach, which was based on point counts.

Our findings also provide multiple evidence for prey-
predator interactions between invasive rabbits and native 
predators, such as the red fox. Foxes prey upon rabbits, but 
data about activity rhythms indicate that rabbits might also 
adapt their behaviour to limit fox predation. Although rabbits 
are known as crepuscular or nocturnal species (Olivas et al. 
2013; Díez Valle et al. 2013), those in our study area were 
mainly diurnal. This produced a slight overlap in the activity 
rhythm of foxes, much lower than previous studies performed 
on wild rabbits (Díaz-Ruiz et al. 2016; Caravaggi et al. 2018). 
Considering the study area is regularly frequented by visitors 
during the daytime, this behaviour could be a recent adapta-
tion that limits predation by foxes, whose nocturnal activity 
is consistent with the risk allocation hypothesis (Suselbeek 
et al. 2014). As rabbits are expanding throughout the Mincio 
park, it would be interesting to see if similar activity patterns 
would hold true in areas with lower human presence.

The fact that rabbits are preyed by foxes also calls for fur-
ther research about the consequence of this prey-predator 
interaction over invaded ecosystems. Invasive alien species 
can sometimes outcompete native species through indirect 
competition, by maintaining unnatural high densities of 
native predators (Courchamp et al. 1999, 2001; Norbury 
2001; Lees and Bell 2008). In Italy, this was reported between 
invasive Eastern cottontails Sylvilagus floridanus and native 
European hares (Cerri and Bertolino 2017), through a com-
petition mediated by native foxes. As feral rabbits are likely 
to expand around the study area in the near future, due to the 
absence of any managed population control, future studies 
should explore whether they will indirectly compete with 
other lagomorph species.

Finally, our study offers some important insights into 
human dimensions of feral domestic rabbits in (peri-)urban 
parks as well as optimum strategies to limit their popula-
tions. Data from our structured questionnaire indicate that 
feral rabbits at an urban park can become valued by visitors 
within a few years, and extremely short time period. This 
study area seems to be characterized by important human 
rabbit interactions. A relatively high proportion of respond-
ents reported to have fed or touched a rabbit, while visiting 
the park, and rabbits showed short escape distances when 
approached. The study area seems to be characterized by 
important human-rabbit interactions. Therefore, not surpris-
ingly, a vast majority of respondents supported rabbit pres-
ence, had stable beliefs about their positive impacts over 
the quality of the Mincio park, and had positive emotions 
connected with rabbit presence. Even less surprisingly, our 
respondents opposed intrusive management options that 
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risked harm to rabbits and only partially endorsed surgical 
sterilization of rabbits, followed by their release in the park. 
Overall, our findings indicate that removing rabbits from the 
study area might be an unfeasible management option and 
likely to fuel long-term social conflicts (Crowley et al. 2017) 
which can undermine rabbit management in the short term. 
However, considering that some respondents supported the 
surgical sterilization of rabbits and that about 80% of them 
also showed some interest in learning about invasive alien 
species, we believe that managing rabbits in the study area 
through a well-communicated sterilization campaign, cou-
pled with rabbit release in the park might be effective to 
counteract rabbit expansion in the Mincio park. Communi-
cation campaigns were found to be effective at increasing 
human acceptance of invasive alien species management, 
at least when people are interested about biological inva-
sions (Sol Hart and Larson 2014), and we believe that this 
might be the case for our study area. To date, control of 
invasive mammal species throughout sterilization has been 
achieved only on islands or at urban parks (Da Silva et al. 
2010; Scapin et al. 2019), and our case study might contrib-
ute to broaden evidence about the effectiveness of nonlethal 
management of invasive alien species.

Conclusions

To the best of our knowledge, this study is the first to pro-
vide a comprehensive assessment of the invasive status of 
a population of invasive feral domestic rabbits at an urban 
area. By exploring the spatial and numerical expansion of 
rabbit population, their interaction with native predators, and 
their perception by park visitors, we showed that feral rab-
bits can become successful invaders or urban green areas, 
in extremely short times scales. In these contexts, they can 
affect native predators and their management is likely to be 
constrained by their social acceptance.

As domestic rabbits became a widespread pet in Europe 
over the last few decades, the number of abandoned or 
escaped rabbits is likely to increase, especially at urban 
parks, as it was observed for other invasive mammals (e.g., 
squirrels, Bertolino 2009). Therefore, we believe that future 
studies should now explore their ecological impacts at their 
introduction sites, and on optimal management strategies, 
which might considerably differ from those used for invasive 
wildlife.
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