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Abstract We analysed the spatial distribution of Eastern
Cottontail (Sylvilagus floridanus) and its relationship with the
habitat attributes of the agro-ecosystems in north-western
Italy. We used generalised linear models to analyse the
relationship between the occurrence of the cottontail and a
series of landscape-level variables. Hierarchical partitioning
was used to estimate the independent contribution of these
variables. Our analysis showed that cottontail is typically a
lowland species, in that it selected municipalities below
400 m a.s.l. and avoided higher elevations. Cottontails were
more likely to occur where the edges of meadows and crop
fields were higher. This might indicate the importance of
these herbaceous habitats in cottontail feeding behaviour and
also the significance of edge vegetation in providing cover. In
addition, the extent of the hydrographic network positively
affected cottontail presence, probably due to the permanent
vegetation cover associated with the banks of rivers, streams
and channels of the otherwise intensively cultivated and
densely inhabited Po Plain. On the other hand, a prevalence
of woodlands, tree plantations and large pastures negatively
affected cottontail presence. This is surprising, because these
habitats usually encourage cottontail presence in their native
range. In general, however, cottontails prefer small woodlots

and utilise only the edges of forests, while in Italy forests and
pastures are large and typically located in hilly and mountain
areas generally avoided by this species. In conclusion, our
results confirm that the cottontail is an edge species whose
presence is encouraged by crop margins, natural herbaceous
habitats and extensive hydrographic networks with the
associated riverside vegetation. These characteristics are
common in the Po Plain and are likely to facilitate a further
expansion of cottontail.
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Introduction

The introduction of species is changing ecosystem compo-
sition and function (Ricciardi 2007). For this reason, the
management of non-native species has become an impor-
tant factor in wildlife and habitat conservation, as well as a
priority for preserving human activities (Wittenberg and
Cock 2001). The promotion of appropriate management
strategies requires a deep understanding of the factors that
either affect species distribution or abundance. This kind
of information is generally derived either from intensive
field work (Gurnell 1996; Bonesi and Macdonald 2003)
or from habitat models (Barreto et al. 1998; Guisan and
Zimmermann 2000; Tattoni et al. 2006; Bertolino et al.
2008). Model-based analyses of species–habitat relationships
can help to clarify which factors influence the establishment
and spread of non-native species (Bertolino and Ingegno
2009; Roura-Pascual et al. 2009). In turn, knowledge of the
ecological requirements of these species is a prerequisite for
the development of appropriate mitigation strategies
(Braysher 1993; Bertolino et al. 2005).
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The Eastern Cottontail (Sylvilagus floridanus) is a lago-
morph native to America and more precisely to southern
Canada, USA, central and north-western South America
(Chapman et al. 1980). The species was introduced to other
areas of the USA (Chapman et al. 1980) and to several
European countries (DAISIE 2009) for hunting purposes. As
to date, wild populations in Europe that have survived are
only located in Italy where the earliest introduction event
dates back to 1966 (Mussa et al. 1996; DAISIE 2009). The
species expanded its range eastward from the original area of
introduction, across the Po Plain, mainly through the network
of rivers which still retain some vegetation cover (Silvano et
al. 2000; Vidus-Rosin et al. 2008). Nowadays, the species is
present in a large area of north-western Italy that includes
most of Piedmont and the western portion of Lombardy,
while smaller populations are located in north-eastern and
central regions of Italy (Angelici and Spagnesi 2008).

The cottontail is a possible vector of diseases that can be
transmitted to native lagomorphs (Jacobson et al. 1978; Tizzani
et al. 2002). In particular, it can be a carrier of pseudo-
tuberculosis and myxomatosis. The former is transmissible to
hares, which are prone to it, and the latter is lethal to the
European rabbit (Oryctolagus cuniculus). Imported cottontails
introduced to Italy have also introduced seven species of
Eimeria, a genus of protozoan intestinal parasites of North
American origins (Bertolino et al. 2010). Studies conducted in
France and Italy have highlighted the risks connected to crop
damage as well as those related to possible competition for
food and space with other lagomorphs (Arthur and Chapuis
1983; Chapuis et al. 1985; Vidus-Rosin et al. 2008, 2009).

Cottontail habitat requirements in Italy have been investi-
gated by means of field studies that included the observation
of the animals (Vidus-Rosin et al. 2008, 2009), radiotracking
(Bertolino et al. 2006) and pellet-plot counts (Vidus-Rosin et
al. 2008). The main results of these local scale studies have
shown a strong association of the species with herbaceous
habitats and fallow lands. These two broad habitat categories
comprise hedgerows and other shrubby habitats that provide
permanent cover and small patches of cultivations that
provide food supply. The aim of the present study was to
analyse the spatial distribution of cottontail in relation to
habitat attributes of agro-ecosystems at a large (regional)
scale in an area where the cottontail was first introduced and
that include most of the present range of the species.

Methods

Study area

The study area is Piedmont, a region in north-western Italy
(Fig. 1). Piedmont can be divided into four main geograph-
ical areas: the Alps (with peaks above 1,500 m a.s.l.), the

pre-Alps (with peaks below 1,500 m a.s.l.), inland low hills
and Apennines (the hills bordering the River Po, Mon-
ferrato, Langhe and Apennines uplands) and lowlands
(including wide Alpine valley floors below 600 m a.s.l.).
The total surface area is 25,383 km2, with 29% of lowlands
and 71% of mountains and hills; 54% of the total is below
1,000 m of elevation (Gottero et al. 2007). At the time of
the study, most of the region was covered by agricultural
lands (37%) and rangelands (13%). Woodlands were
mainly spread across the hilly areas, Alps and Apennines
and almost absent from lowlands. They covered 34% of the
surface. Urban areas comprised 1,209 municipalities (mean
area 2,100±2,299 ha), facilities and road infrastructures and
covered 6% of the total surface (Gottero et al. 2007).

Habitat analysis

Measurements of landscape attributes were obtained from a
CORINE (third level, scale 1:100,000) digital database with

Fig. 1 Location of the Piedmont Region in Italy and its partition into
eight provinces (AL Alessandria, AT Asti, BI Biella, CN Cuneo, NO
Novara, TO Torino, VC Vercelli, VB Verbania). The range of cottontail
in 2002 is represented in grey. The map was produced joining the 467
municipalities where the species was present
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a resolution of 250 m. Therefore, each 250-m2-wide cell
was characterised by one habitat type (predominant land
cover type).

For each municipality considered in the analysis, we
used 17 variables to describe the structure and composition
of the landscape, thus focusing on those features that are
relevant to the ecological requirements of cottontail
(Table 1). We used ArcView 3.1 GIS software (ESRI—
Environmental Systems Research Institute, California) to
assess the total surface area, the mean elevation and the
length of the hydrographic network (elevation and hydro-
graphic network source: Regione Piemonte website at
http://www.regione.piemonte.it/repertorio). The landscape
composition was assessed in terms of the relative propor-
tions of the municipality’s area covered by woodlands and
tree plantations, open habitats, wetlands, crops and urban
areas. The pattern and heterogeneity of the landscape
mosaic were assessed using two indexes of patch character-
istics, describing mean patch size and edge density (amount
of edges in proportion to the relative area). These were
calculated for each municipality and habitat category using
the Patch Analyst extension of Arc View 3.1 (Table 1).

Data analysis

The distribution of the cottontails in 2000–2002 was
mapped by compiling information provided by the Osser-
vatorio Faunistico regionale (regional Wildlife Service) and
the Wildlife Services of the provinces. The Osservatorio
Faunistico regionale receives the data regarding the damage
caused by wildlife within the region and is responsible for
the collection of information on species presence. Further

information was collected and made available by the staff
of parks and protected areas, local hunting units, wildlife
managers and scientists. Records of cottontails were
collected at a municipality level, and we used only
information derived from direct animal observations. The
cottontail range in 2002 is reported in Fig. 1. The map was
produced joining the 467 out of 1,209 municipalities where
the species was present. The species distribution was
modelled on a municipality scale.

The relationship between the presence of the cottontail
and the independent variables was analysed by the means
of a generalised linear model (GLM). Because there were
no records of sites from which cottontails were surely
absent, 467 further municipalities were selected at random
throughout Piedmont following Stockwell and Peterson
(2002). However, it is possible that some of the presumed
absences are sites with cottontail, i.e. false negatives. In
order to assess the impact of false negatives on the analysis,
a false record permutation test (FRPT) was carried out
(Greaves et al. 2006). The model was run with varying
numbers of false absences and false presences; all sites and
parameters were included. Initially, 437 of the presence
sites were converted at random to false absences. This was
carried out 50 times. This process was repeated, sequen-
tially decreasing the number of false absences by ten, then
increasing the number of false presences by ten until there
were 437 false presences. Deviance explained (D2) values
were used to assess the impact of this on model output. The
Akaike information criterion (AIC) was used to select the
minimum adequate model (MAM; Manel et al. 2001).
Model selection was carried out using the stepAIC function
from R package MASS (Venables and Ripley 2002). This

Variables Description

Hydrography Hydrographic network size per surface unit (m/ha)

Urban % % of the surface covered by urban areas

Wetlands % % of the surface covered by wetlands

Woodlands % % of the surface covered by woodlands, orchards and tree plantations

Meadows % % of the surface covered by meadows

Pastures % % of the surface covered by pastures

Crops % % of the surface covered by crop fields (rice fields excluded)

PASTsize Mean size of pastures (ha)

PASTedge Amount of edge (perimeter of patches) of pastures relative to the area (m/ha)

MEADsize Mean size of meadows (ha)

MEADedge Amount of edge of meadows relative to the area (m/ha)

CROPsize Mean size of crop (rice excluded) patches (ha)

CROPedge Amount of edge of crops (rice excluded) relative to the area (m/ha)

WOODsize Mean size of woodland patches (ha)

WOODedge Amount of edge of woodlands relative to the area (m/ha)

TOTsize Mean size of all patches (ha)

TOTedge Amount of edge of all patches relative to the area (m)

Table 1 Summary of
explanatory variables (and their
abbreviations) assessed for
every municipality inside the
study area
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function is a stepwise algorithm that sequentially searches
through all possible models for the one that minimises the
AIC. The stepwise search was performed both ways (i.e.
backward and forward), as regular one-step approximations
are considered less robust and less profitable (Venables and
Ripley 2002). We finally estimated the significance of the
parameters of our MAM using z tests and evaluated the
predicted performance of the final model using receiver
operating characteristic (ROC) plot (Fielding and Bell
1997). Because no independent data were available for
model validation, we used a tenfold cross-validation approach.
A cross-validation is made with subsets of the training
dataset, where each subset contains an equal number of
randomly selected data points. Each subset is then dropped
from the model, the model is recalculated and predictions
were made for the omitted data points. A ROC plot was
calculated for the output of the cross-validation. The
discrimination ability of each of the ten random portions of
data was assessed using the area under the curve (AUC;
Fielding and Bell 1997). The AUC values range from 0.5
for models with no discrimination ability to 1 for models
with perfect discrimination (Swets 1988).

We used hierarchical partitioning (HP) analyses to
calculate the independent contribution of each predictor
selected by the MAM. In HP all possible models for the
distribution of a species are considered in a hierarchical
regression setting. HP involves measuring the increase in
the goodness-of-fit of all models with a particular variable
compared with the equivalent model without that variable
(Mac Nally and Horrocks 2002; Luoto et al. 2006; Radford
and Bennett 2007). The improvement in fit is then averaged
across all possible models in which that variable occurs to
provide a measure of its independent effects. HP is
considered superior to other multiple regression techniques
for inferring probable causality in multivariate data sets
(Watson and Peterson 1999). We specified a logistic model
with log-likelihood as the goodness-of-fit measure.

To assess the degree of utilization of different elevation
ranges by cottontail, we compared the observed frequency
of the species at each elevation range (proportion of
municipalities where cottontails were recorded, at each
elevation range) with the expected values (proportion of
municipalities at each elevation range) by means of the chi-
square goodness-of-fit test and Bonferroni’s confidence
interval analysis (Neu et al. 1974; Manly et al. 2002).

All of the analyses were carried out in R version 2.9.2 (R
Development Core Team 2005).

Results

The 467 municipalities (38.6% of the total) where the
cottontail was recorded covered a surface of 9,421 km2

(37.1% of the total surface). The proportion of municipal-
ities where cottontails were recorded differed according to
the province (χ2=227, df=7, P<0.001): in the provinces of
Asti, Vercelli, Alessandria, and Biella, the presence of
cottontail was large, while in Verbania, the species was
absent (Fig. 2). The species used municipalities below
400 m a.s.l. more than expected and avoided municipalities
at higher elevations (Fig. 3).

The FRPT analysis carried out to assess the impact of
using pseudo-absences in the model showed that the
highest D2 value was obtained when no false presences or
false absences were included in the analysis. It was
therefore justified to use the pseudo-absences in the
analysis. The D2 values for all combinations of false
presences and absences included in the analysis are shown
in Fig. 4.

Ten of seventeen environmental variables were retained
in the minimum adequate model. The probability of
cottontail occurrence was positively related to the amount
of edge in crops and meadows, the hydrography extension,
the mean size of meadow and pasture patches, and the
mean size of all habitat patches contained within each
municipality (Table 2). The variables related to the mean
size of patches were selected in the model with coefficients
close to zero; therefore, they probably did not really affect
cottontail presence. Instead, cottontail presence was nega-
tively related to the extension of municipalities covered by
meadows, pastures, wetlands and woodlands. The cross-
validation exercise produced an AUC score of 0.92±0.02
(mean ± SD; Fig. 5).

The hierarchical partitioning analysis indicates that
woodlands and hydrography brought the highest indepen-
dent contribution in explaining cottontail presence (Fig. 6).
A second group of variables were related to pastures cover,
crops edges and pastures and all habitats sizes.
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Fig. 2 Percentage of municipalities (number) and proportion of
surface area with cottontail presence for each province. As for the
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Discussion

The present distribution of the Eastern Cottontail in
Piedmont was modelled as a function of landscape
attributes. The probability to find cottontails increased in
municipalities where crops and meadows patches had a
high perimeter/area ratio, i.e. a higher amount of edges, and
an extensive hydrographic network. The mean size of
meadows and pastures patches, as well as of all habitats
patches, were positively related with the cottontail occur-
rence, but their effect was probably low. On the other hand,
increasing the surface of municipalities covered by mead-
ows and pastures, wetlands and woodlands, including tree
plantations, had a negative effect.

The “edge” variables of open habitats such as crops and
meadows that were retained in the minimum adequate
model showed a positive effect on the species occurrence.
This means that the extension of ecotones is more important

than the overall surface covered by these habitats. An
increase in the total surface of meadows in a municipality
had a negative effect, while the probability of cottontail
occurrence increased when meadows had a more convolut-
ed shape (i.e. higher edge extension). Besides providing
food, crops and meadows are often surrounded by residual
of natural vegetation that may assure cover. According to
Swihart and Yahner (1982), small patches of cultivations that
are characterised by the growth of edges in proportion to the
relative area may provide a source of food supply. In their
native range, cottontail search areas with dense shrubs or other
escape cover that is found near open foraging areas such as
grasslands and pastures (Trent and Rongstad 1974; Althoff et
al. 1997; Mankin and Warner 1999; Bond et al. 2002). A
similar behaviour was observed also in Italy (Vidus-Rosin et
al. 2008); in Piedmont, during night censuses, cottontails
were mainly found in edge environments, between woody
vegetation and open lands (Silvano et al. 2000).

Fig. 5 ROC plot for the final model after the tenfold cross-validation.
The dashed lines show the ROC curves calculated for each random
partition of the cross-validation. The thick bold line shows the average
ROC curve calculated across all the random partitions

Fig. 4 The D2 values of the GLM models produced as presences are
gradually converted to false absences, then absences converted to false
presences. The standard deviations are shown as error bars
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Table 2 Minimum adequate model (MAM), based on stepwise AIC
selection (AIC=647.41, D2=0.52)

Variable Coefficient df SE z P

CROPedge 6.79 1 2.95 2.30 0.02

Hydrography 0.14 1 0.01 10.53 0.00

MEADedge 2.99 1 1.45 2.06 0.04

Meadows −8.10 1 2.76 −2.94 0.00

MEADsize 0.01 1 0.00 2.09 0.04

Pastures −29.95 1 9.40 −3.19 0.00

PASTsize 0.01 1 0.01 1.78 0.07

TOTsize 0.01 1 0.00 2.96 0.00

Wetlands −5.74 1 2.72 −2.11 0.04

Woodlands −5.04 1 0.56 −8.97 0.00
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The size of the hydrographic network positively affected
the cottontail presence, while an increase in the surface
covered by wetlands had a negative effect. The cottontail is
not an aquatic species, but the extension of rivers and other
basins resulted important for the species. This can be
arguably explained by the presence of residual vegetation
cover on the banks of the rivers of the heavily inhabited
plain of Piedmont whose natural vegetation was drastically
reduced by intensive cultivation. Other authors suggested
that cottontails spread from their area of introduction by
progressing through the river network of the Po Plain
(Silvano et al. 2000; Vidus-Rosin et al. 2008).

The increase of pastures and woodlands negatively
affected the likelihood of cottontail occurrence. Woodland
cover in Piedmont is fragmented into small forests and tree
plantations at low elevations while forms large forests at
higher elevations, i.e. across hills and mountains. In Illinois,
Mankin and Warner (1999) reported the extent of the
decline of cottontail to be lesser in areas with more
pastures, hay and woodlands. However, most of the
woodlands were composed of fragmented woodlots and
narrow riparian borders along rivers, interspersed with
agricultural crops, thus suggesting that the cottontail is not
so much a forest as an edge species (Mankin and Warner
1999). Beckwith (1954) observed that in abandoned fields,
the number of cottontail decreases as succession proceeds
towards a habitat with an increase in tree and canopy cover
that usually accounts for a decrease in shrubby ground
cover. In general, it seems that cottontail only enter either
small woodlots or external portions of large forests and
avoids their core (Beckwith 1954; Mankin and Warner
1999). On the contrary, pastures were found to be an
important feeding habitat in North America (Trent and
Rongstad 1974; Mankin and Warner 1999). The negative
effect of pastures extension on the likelihood of cottontail

occurrence in Piedmont may be explained by the fact that
this habitat is mainly present in mountain areas, which are
generally avoided by the cottontail. The cottontail proved to
be a lowland species, in that it selected municipalities
below 400 m a.s.l. and avoided higher elevations. On the
other hand, pastures covered only a mean (±SE) of 1.4
(0.1)% of the surface area of the municipalities below
600 m a.s.l., and a remarkable 14.3(11.3)% at higher
elevations (unequal variance t test: t=−24.44, p<0.001).

Overall, cottontail resulted to be a lowland species,
typical of open herbaceous habitats near vegetation that
provides cover and the edges between cultivations and
natural vegetation. Its presence is favoured by crops and
meadows with high ecotones extension and wide hydro-
graphic networks associated with riverside vegetation. Our
results are in agreement with those reported by Vidus-Rosin
et al. (2008) in their study at a local scale. These authors
find cottontails in woody and row habitats, including field
margins and hedgerows with herbs and woody layers along
fields and streams. Thus, in Italy the cottontail has a pattern
of habitat use that is similar to that reported in the
agriculture-dominated portions of their native range, select-
ing habitats with dense and permanent cover near crops,
meadows and other herbaceous habitats used for feeding
(Chapman et al. 1980; Swihart and Yahner 1982). These
characteristics are common in the Po Plain and may account
for the increase in abundance distribution of the species
during the last few decades (Angelici and Spagnesi 2008;
Vidus-Rosin et al. 2008). In 20 years, the cottontail has
expanded its range into north-western Italy (Vidus-Rosin et
al. 2008). Populations in the province of Alessandria, for
instance, have increased from a mean of 4.3 animals per
100 ha with peaks of 25–27 animals per 100 ha (Silvano et
al. 2000) to 10–30 animals per 100 ha and a peak of 110
animals per 100 ha (Bertolino et al. unpublished data).
Given the remarkable adaptability of this species, a further
expansion eastwards in North Italy is likely to occur in the
years to come and densities could probably increase further
(Trent and Rongstad 1974; Chapman et al. 1980).

The cottontail is already widespread in northern Italy and
any eradication programme should be presently considered
unfeasible. Within this context, possible interactions with
native hares should be carefully evaluated. Although first
results suggest that the two species can coexist (Vidus-
Rosin et al. 2009, 2010; Bertolino et al. unpublished data),
cottontail habitat requirement is partially similar to hares.
Thus, further research is necessary to exclude a potential
competitive advantage of the cottontail species in respect to
the hare, under different environmental conditions.

Hare populations in agricultural landscapes are often to
be found at low-density levels, and managers should
consider management alternatives to improve habitat
quality and increase population size. In this context,

Fig. 6 Independent contribution for each of the ten variables selected
in the MAM. Independent contribution was calculated using hierar-
chical partitioning (see text) and is expressed as the percentage of the
independent contribution of each variable in explaining the total
variance
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conservation measures have to improve native populations
of hares while avoiding the introduction or expansion of
non-native species. Our results may help to better plan
landscape and habitat management for hare conservation.
For instance, large meadows that usually favour hares
(Hutchings and Harris 1996) turned out to have no or
negative effects on cottontail presence. These habitats
should therefore be the subject to improve farmland
biodiversity in the areas where cottontails are present.
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