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Abstract In northern Italy, the range of the Eastern
cottontail (Sylvilagus floridanus) largely overlaps with that
of the native European hare (Lepus europaeus) on the Po
Plain. Both species appear to have similar habitat require-
ments. We studied habitat selection by hares and cottontails
during feeding activity from September 2006 to August
2007 in two areas where they occur alone (allopatry) and in
one area where they occur together (sympatry). The three
areas were basically similar, so that shifts in habitat use
observed in sympatry should reflect the response to
interspecific competition. Habitat selection was examined
at micro- and macro-habitat levels throughout seasons.
Habitat breadth of both species followed the change of
resource availability through seasons in allopatry as well as
in sympatry. No shifts in habitat use were evident at macro-
habitat level, even during autumn which was the limiting
season. Exploitation of shared habitats by the two species
seems to be promoted by differential micro-habitat use
within macro-habitat types. Cottontails used woods with
dense understory in greater proportion than hares, and their
present sites were concentrated within the maximum

distance of 20 m of the nearest shelter site. Hares were
more likely than cottontails to exploit crops, and their sites
were distributed even greater than 80 m away from
permanent cover patches. The habitat heterogeneity of
agricultural ecosystems within the sympatry range could
buffer the negative effects of external factors (climate,
human disturbance and predation) on hares, and enhance
the chances of exploitation of shared habitats by both
species.
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Introduction

The European hare (Lepus europaeus) is common in arable
farmlands throughout Europe; however, the species under-
went a decrease in abundance in the 1960s onward that has
been documented in several European countries (Mitchell-
Jones et al. 1999; Smith et al. 2004, 2005; Central Italy,
Santilli and Galardi 2006). The ultimate cause of the
decline of hare numbers has been attributed to habitat
heterogeneity occurring in different agro-ecosystems be-
cause of the adoption of modern agricultural practices
(Vaughan et al. 2003; Smith et al. 2004; Reichlin et al.
2006; Pépin and Angibault 2007).

The European hare is widespread in Italy, with the
exception of the two major islands, but its populations
are limited by habitat change, overhunting and restock-
ing with allochthonous hares (Meriggi and Alieri 1989;
Meriggi and Verri 1990; Meriggi et al. 2001). The Eastern
cottontail (Sylvilagus floridanus) was successfully intro-
duced in northern Italy by several illegal releases from the
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end of the 1960 s onwards with the intention of
increasing the potential for small game harvesting
(Meriggi 2001; Spagnesi 2002; Vidus-Rosin et al. 2008).
Eastern cottontails are currently naturalised in most of
northern Italy and expanding along the rivers of the Po
Plain. On the Po Plain, the range of the Eastern cottontail
overlaps to a large extent with that of the native European
hare. Both species seem to have similar habitat require-
ments, because the former prefers to settle in agricultural-
dominated landscapes characterised by good habitat
diversity, and the latter reaches its highest densities in
arable farmlands where traditional agricultural practices
still persist (Meriggi and Alieri 1989; Meriggi and Verri
1990; Silvano et al. 2000; Meriggi 2001; Meriggi et al.
2001; Vidus-Rosin et al. 2008). Locally, cottontails can
reach greater densities than hares because of their smaller
home range sizes and their better productivity; therefore
the species may have greater dispersal and exploitation
ability than the autochthonous hares (Swihart 1986;
Vidus-Rosin et al. 2008).

In already simplified agro-ecosystems, the introduced
species could compete with the native one by exploiting
the same suitable habitats, thus reducing resource (food
and cover) availability to hares. Generally, species of
the same guild can occupy niches that overlap in terms
of resources. For example, they can forage in similar
habitats, use similar structural features to shelter or raise
young, and have similar diets. In these cases, resource
overlap alone does not necessarily predict the degree of
exploitation competition, because species may partition
resources spatially or temporally that lead to differences
in habitat selection and may facilitate the coexistence
between them even if resources are limited (Hurlbert
1978; Feinsinger et al. 1981; Pianka 1981; Fa et al. 1992;
Morris 1996; Katona et al. 2004; Hayward and Kerley
2008; Hayward and Slotow 2009). One way to find
evidence of exploitation competition between sympatric
species is to compare the habitat use of a species in areas
where it occurs alone (allopatry) with other areas where it
occurs with another competing species (sympatry). If the
two areas are basically similar, habitat shifts observed in
sympatry should reflect the response to interspecific
competition (Pianka 1981; Belovsky 1984; Bonino et al.
1997; Bonesi et al. 2004). We studied habitat selection by
the European hare and the Eastern cottontail during
feeding activity from September 2006 to August 2007
with the aims of: (1) quantifying the degree of habitat
overlap between both species in sympatry, (2) evaluating
any evidence of exploitation competition by comparing
habitat use and breadth of both species in areas of
allopatry and sympatry and (3) identifying the key factors
allowing exploitation of shared habitats by the two
species.

Material and methods

Study areas

The study was carried out in three areas (A: allopatry for
hares, 4.3 km2; B: sympatry, 4.8 km2; C: allopatry for
cottontails, 8.2 km2) located in the Province of Pavia,
northern Italy (A: 45° 05′ 09.40″ N, 9° 13′ 22.94″ E; B: 45°
00′ 57.78″ N, 8° 56′ 27.98″ E; C: 45° 04′ 25.84″ N, 9° 00′
55.71″ E). The climate was continental-temperate; annual
rainfall averaged 700 mm and was concentrated in spring
and autumn. The yearly temperature averaged 12°C
(January 1.0°C and July 22.5°C). The ground was sandy–
clayey and crops were the most represented habitat type in
all the areas (A: 82.6%; B: 73.3%; C: 53.7%), especially
winter cereals (34.6%, 47.8%, 24.6%, respectively). Spon-
taneous vegetation was present in woods, fallow fields and
along hedgerows, field edges, basins and streams and it was
more developed in area C (26.9%) compared to area B
(20.7%) and area A (8.4%). Anthropogenic-occupied areas
(farmsteads, road networks and barren areas) occupied
9.0% of area A, 3.5% of area B and 7.4% of area C.
Arboriculture stands were present in area B (2.5%) and
in area C (12.0%). In our study areas, common
overstory species included oaks (Quercus robur), white
poplars (Populus alba), willows (Salix spp.), hornbeams
(Carpinus betulus), elms (Ulmus campestris), cherries
(Prunus avium) and locusts (Robinia pseudoacacia).
Understory plants included hazels (Corylus avellana),
hawthorns (Crategus spp.), brambles (Rubus spp.), elders
(Sambucus spp.) and cornels (Cornus mas). Hare density,
estimated by spotlight counts and distance sampling
(Burnham et al. 1985; Buckland et al. 2001), averaged
71.7 individuals per square kilometre (SE=8.80) in area A
and 35.9 individuals per square kilometre (SE=6.35) in
area B, whereas average cottontail densities were 115.1
individuals per square kilometre (SE=15.77) and 100.7
individuals per square kilometre (SE=13.35) in areas C
and B, respectively. The study was carried out for only
1 year, having ascertained land use in our study areas was
constant during the last 5 years, and the weather was
typical for the region throughout the study year.

Methods

We mapped vegetative cover types in each study area and
in each season (autumn, September–November; winter,
December–February; spring, March–May; summer, June–
August) by direct surveys and digitalized them using
ArcView 3.2. We determined hare and cottontail habitat
use by searching for the presence of faecal pellets in
random plots (1-m radius) scattered in the study areas in
each season (200 plots in area A, 150 in area B and 150 in
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area C). This technique can be applied over a large area and
provides data on seasonal habitat use patterns of hares and
cottontails (Swihart and Yahner 1984; Litvaitis et al. 1985a, b;
Langbein et al. 1999). Each plot was cleaned at the beginning
of the survey and in each season pellets were removed from
plots when found. Because cottontail and hare pellets were
easily detected on the ground in all the seasons, this method
provided an useful-inexpensive way to investigate sites used
by the two lagomorph species within each habitat type.
However, the survey effort to reach sampling plots and to
search for pellets, within the 1-m radius area, closely
depended on vegetation structure and density of each habitat.

We measured 11 macro-habitat variables (percentage of
habitat types) within a 100-m radius buffer from the plot
centre and nine microhabitat variables within the 1-m radius
plot (Appendix 1); moreover we calculated the shortest
distance from each plot to the borders of patches of
permanent cover (woods, arboriculture stands, fallow fields
and edges). Plots were identified as ‘used’ by the presence
of pellets and ‘unused’ by their absence.

Statistical analyses

Macro-habitat use

We identified six macro-habitat types and used them for the
following analyses: crops (cultivated and ploughed fields),
anthropogenic-occupied areas (farmsteads, villages, road
networks, barren areas), alfalfa, permanent cover (woods,
arboriculture stands, fallow fields) and edges. We calculated
habitat breadth of hares and cottontails in each season using
the Similarity Proportion Index proposed by Feinsinger et
al. (1981):

SP ¼ 1� 0:5
XM

i¼1

pi � qij j

where M is the number of habitats in the study area, pi is
the proportion of habitat i used by the species and qi is the
proportion of habitat i available in the study area, with
PM

i¼1
qi ¼ 1.

When the population utilises each resource in proportion
to its abundance, SP=1. If the population uses the less
available resources more intensively than the others, SP=
min (qi).

We estimated seasonal habitat overlap between cottontails
and hares in sympatry by Hurlbert's Index (Hurlbert 1978):

L ¼
XM

i¼1

pHipCi
qi

where now PHi is the proportion of habitat i utilised by
hares and PCi is the proportion of habitat i utilised by
cottontails. Hurlbert's overlap index is 1.0 when both

species use each habitat in proportion to its abundance, 0
when the two species share no resources, and >1.0 when
the two species both use certain habitats more intensively
than others and the preferences of the two species for
resources tends to coincide.

We used Manly's α Preference Index to evaluate
seasonal habitat preference for the two species in allopatry,
and to compare their habitat preference in sympatry (Manly
et al. 1972; Chesson 1978; Manly et al. 1993; Krebs 1999):

ai ¼ pi=qi
PM

j¼1
pj=qj
� �

It is apparent from the formula that the ais were

normalised so that
PM

i¼1
ai ¼ 1. When preference does not

occur, αi=1/M for each i=1,...,M. If αi is greater than 1/M,
then resource type i is preferred. Conversely, if αi is less
than 1/M, resource type i is avoided.

Regarding each index, we calculated the usage propor-
tion of each habitat as the ratio between the number of
positive plots found in each habitat and the total number of
positive plots found, and the availability proportion of each
habitat in the study areas as the ratio between the total
number of plots in each habitat and the total number of
plots scattered in each study area.

To test the reliability of the above indexes, we re-
sampled the plots 1,000 times by the bootstrap method
(Dixon 1993). Then we calculated the average values and
the 95% confidence intervals of each index.

Seasonal macro- and micro-habitat characteristics

We compared macro- and micro-habitat variables measured
in positive plots between hares and cottontails in sympatry
using multivariate analysis of variance (MANOVA). The
significance of each habitat variables (mean, ±SE) was
subsequently assessed by one-way ANOVA between
positive plots of the two species in sympatry. Finally, we
used the Kolmogorov–Smirnov Z Test with permutation to
test for significant differences between the empirical
distribution function of hare and cottontail positive plots
in relation to the distance from the nearest permanent cover
(i.e. woods, arboriculture stands, fallow fields, edges)
(Norusis 1992, 1999).

Results

Macro-habitat use

Hare habitat breadth in allopatry area (area A) was similar
to that in sympatry (area B) in every season, but in autumn
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it was slightly narrower in area A (Table 1). The same
results were found for cottontails, but with the exception of
the winter season where the species' habitat breadth was
slightly narrower in the allopatry area (area C). Comparing
the two species in allopatry, hare habitat breadth was
broader than that of cottontails in winter and spring.
Comparing the two species in sympatry, hare habitat
breadth was broader than that of cottontails in autumn,
winter and spring (Table 1). Habitat overlap between hares
and cottontails in area B was similar in all the seasons and
it was not significantly different from 1 (95% confidence
intervals; autumn 0.82–1.45, winter 0.89–1.21, spring
0.67–1.24, summer 0.05–1.92).

In allopatry area (area A), hares avoided anthropogenic-
occupied areas in all seasons; they used permanent cover
and alfalfa significantly more than the other habitat types in
autumn, and preferred only permanent cover in spring
(Fig. 1). Cottontails, in allopatry area (area C) and in
autumn, used permanent cover significantly more than the
other habitat types, and the same was observed in winter
and in spring with the exception of edges, whereas in
summer the use of permanent cover was greater only than
that of crops (Fig. 2). As far as the area of sympatry (area
B) was concerned, hares used crops significantly more than
cottontails in all seasons, whereas permanent cover was
more used by cottontails in spring and anthropogenic-
occupied areas in summer. Moreover, hares used crops,
alfalfa and permanent cover more than anthropogenic-
occupied areas in winter and summer; on the other hand,
cottontails used alfalfa and permanent cover more than
crops in autumn and winter, permanent cover more than
crops in spring and permanent cover more than crops and
anthropogenic-occupied areas in summer (Fig. 3a–d).

Macro- and micro-habitat characteristics

Considering the habitat characteristics of positive plots in
sympatry area (area B), MANOVA provided significant
results for species (Wilks' 1=0.663, F(25, 219)=94.46, P<
0.001), seasons (Wilks' 1=0.217, F(75, 656)=5.82, P<

0.001), and for the interaction between the two factors
(Wilks' 1=0.608, F(75, 656)=1.58, P=0.002). In particular,
four habitat variables (height of bush, canopy cover, maize
fields and vegetables) differed significantly between plots
of the two species and between seasons (P<0.001 in all
cases). In autumn, two habitat variables showed significant
differences between hares and cottontails: litter cover and
woods with greater means in cottontail plots. In winter, five
micro- and five macro-habitat variables differed signifi-
cantly between the two species: dead leaf cover, arboricul-
ture stands, farmsteads and roads, woods and edges had
greater means in cottontail plots, while winter cereals,
distances from the nearest arboriculture stand, fallow fields,
woods and hedgerows, had greater means in hare plots. In
spring, eight micro- and four macro-habitat variables had
different means between cottontail and hare plots: litter
cover and its thickness, height of bush, canopy cover,
fallow fields, woods and edges were greater in cottontail
plots, while distances from the nearest arboriculture stand,
fallow field, wood and non-herbaceous edge, and vegeta-
bles were greater in hare plots. In summer, five macro- and
four micro-habitat variables differed between hare and
cottontail plots: herbaceous cover, fallow fields, woods,
edges and ponds and streams had greater means in
cottontail plots, distances from the nearest, wood and non-
herbaceous edge and winter cereals had greater means in
hare plots (Table 2).

In spring and summer, we found significant differences
between cottontail and hare distribution of positive plots in
relation to the distance from the nearest patch of permanent
cover (Z=1.22, P=0.031 and Z=1.20, P=0.046, respec-
tively). In particular, we found 78.3% of cottontail plots and
53.3% for hares, in spring and 61.9% of cottontail plots and
40.5% of hare ones in summer within 40 m of the nearest
patch of permanent cover.

Discussion

Several studies have demonstrated that coexistence is
favoured when one of the competing species is a specialist
behaving selectively, while the other is a generalist
behaving opportunistically; when the specialist is also the
dominant species, coexistence is predicted to be favoured in
heterogeneous habitats where the subordinate generalist can
segregate from the dominant specialist (Partridge 1978;
Abramsky 1981; Pimm and Rosenzweig 1981; Rosenzweig
1981, 1991; Brown 1996; Morris 1996; Bonesi and
Macdonald 2004; Bonesi et al. 2004; Manor and Saltz
2008).

Our results suggest that the European hare can be
considered a generalist species, in terms of habitat require-
ments, with respect to the Eastern cottontail. The habitat

Table 1 Seasonal hare and cottontail habitat breadth (95% confidence
intervals) in each area of allopatry (areas A and C) and sympatry (area
B), 2006–2007, Province of Pavia, Italy

Seasons Area A Area B Area C

Hare Hare Cottontail Cottontail

Autumn 0.57–0.79 0.77–0.96 0.46–0.76 0.52–0.67

Winter 0.84–0.93 0.83–0.94 0.64–0.86 0.50–0.65

Spring 0.82–0.93 0.81–0.96 0.46–0.70 0.60–0.77

Summer 0.73–0.89 0.72–0.87 0.69–0.89 0.71–0.88
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breadth of hares and cottontails across seasons likely
reflected the change of the carrying capacity in the study
areas. From the end of summer until late autumn, the
sudden reduction of suitable foraging habitats of both
species occurred because of crop harvesting, stubble tilling
and field sowing. In winter, the availability of feeding
resources improved because of the growth of winter cereals,
and from spring to mid-summer it reached the maximum of
coverage and height as most herbaceous crops were
growing. The response of the two species to habitat changes
was not similar in sympatry, and for each species between
allopatry and sympatry. Indeed, at a local scale, habitat
selection is a function of species habitat preference,
population density and landscape heterogeneity (Fretwell
and Lucas 1970; Rosenzweig 1981, 1991; Partridges 1978).
In this study, hare habitat breadth was slightly narrower in
allopatry than in sympatry during autumn, and this could be

explained by taking into account the greater availability of
alfalfa fields and of non-cropped habitats (edges and
permanent cover) and the lower population density in the
latter study area. Also habitat overlap between the two
species in sympatry seems dependent on seasonal avail-
ability of suitable habitats, and it does not provide any
evidence of potential competition between the two lago-
morphs. Indeed, habitat preference of both species did not
shift in sympatry with respect to allopatry. Permanent
cover, alfalfa and crops were equally preferred by hares in
allopatry as well as in sympatry. The species is known to
feed on winter cereals and alfalfa during autumn and winter
months, because they provide good quality food (Tapper
and Barnes 1986; Reichlin et al. 2006), and on stubbles in
summer because of the weeds which grow and dominated
after harvesting (Reichlin et al. 2006). The avoidance of
anthropogenic-occupied areas came out mostly in allopatry,
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where villages and road networks were more developed
than in the sympatric area; Roedenbeck and Voser (2008)
identified the negative effect of villages and road networks
on the spatial distribution of hares even in protected areas.
Cottontails are also known to feed in association with
permanent cover, mostly woods, hedgerows and arboricul-
ture stands (Vance 1976; Swihart and Yahner 1982; Morgan
and Gates 1983; Bond et al. 2001; Vidus-Rosin et al. 2008).
Unlike hares, the avoidance by cottontails of crops under-
lines the relative importance of cropland in our study areas
depending on abundance and availability of other herba-
ceous vegetation, such as alfalfa, edges, and of farmsteads
that could provide food and good shelters to cottontails
(piles, small buildings, machinery sheds; Swihart and
Yahner 1982; Mankin and Warner 1999; Bond et al. 2002;
Vidus-Rosin et al. 2008).

Even if the two species substantially share most habitats
for feeding, habitat exploitation by them seems to be
promoted by differential habitat use within macro-habitat
types, as supported by different macro- and micro-habitat
characteristics of their presence sites in sympatry. Studies
on different taxa have noted that foraging behaviour is not

only motivated by maximum acquisition of nutrients but
also by predator avoidance, because whether a prey species
(like lagomorphs) increases or decreases its vigilance rate,
thereby sacrificing or increasing its foraging activity, may
depend on how secure the species senses it is in its habitat
structure (Barbour and Litvaitis 1993; Kie 1999; Smith and
Litvaitis 2000; Bond et al. 2001). The two species exhibited
contrasting dependence on cover for protection against
predators during feeding due to their different anti-predator
strategies: hares use long-distance running to escape from
terrestrial predators while cottontails run away for short
distances to shelter in the nearest dense cover (Cowan and
Bell 1986; Fa et al. 1992; Althoff et al. 1997). In autumn,
the substantial overlap in resource use between the two
species at both the macro- and the micro-habitat level
supports the evidence for the negative effect of resource
availability reduction on hare and cottontail spatial distri-
bution within simplified agro-ecosystems. However, cotton-
tails used woods in greater proportion than hares, and
within woodlots the species occupied also the central area
where thick layers of plant litter were more developed.
Woods with good understory represent a suitable habitat for
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cottontails because they provide optimal cover from
predators, abundant forage base and facilitate thermoregu-
lation (Swihart and Yahner 1982; Althoff et al. 1997; Bond
et al. 2001).

In general, it seems that hares were more likely than
cottontails to exploit open habitats. Herbaceous-dominated
habitats such as field margins, winter cereals and vegetables
were suitable habitats for hares to forage both in spring and
in summer, but their exploitation by cottontails was limited
to mid-spring and the summer months (Mankin and Warner
1999; Bond et al. 2002). During the growing season, when
the availability of suitable habitats for both lagomorph
species is promoted by the growing of crops and sponta-
neous vegetation in the agricultural landscape, the two
species segregate more intensively on the basis of their
adaptability to exploit foraging habitats at different dis-
tances from the nearest patch of permanent cover. In our
study area, cottontail sites were concentrated within the
maximum distance of 20 m from the nearest shelter site.

In conclusion, it seems that European hare and Eastern
cottontail may coexist in agricultural landscapes where
there is enough habitat heterogeneity to be able to sustain
populations of both species during the limiting season, and
to maintain their differential perception of habitat structure
promoting the segregation between them at least during
feeding activity.
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Appendix 1

Table 3 Habitat variables measured within 1-m radius plots and 100-m
radius buffers

1-m Radius plots 100-m Radius buffer (%)

Herbaceous cover (%) Winter cereals

Height of herbaceous cover (cm) Ploughed fields

Bush cover (%) Forage crops

Height of bush cover (m) Arboriculture stands

Canopy cover (%) Fallow fields

Height of canopy cover (m) Building areas

Dead leaf cover (%) Woods

Litter cover (%) Ponds and streams

Litter thickness (mm) Row habitats

Distance from nearest arboriculture
stand (m)

Barren areas (gravel-pits
and gravel-rivershores)

Distance from nearest fallow field (m) Maize fields

Distance from nearest wood (m)

Distance from nearest hedgerow (m)

Distance from nearest herbaceous edge (m)
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