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Abstract In northern Italy, the native European hare (Lepus
europaeus) and the introduced Eastern cottontail (Sylvilagus
floridanus) can occur together at a local scale, as a result of
cottontail introduction and expansion into the European hare
range. Hare populations are limited in Italy by habitat loss,
diseases, and most important by overhunting, and many
areas within hare range in northern Italy are undergoing
increasing anthropogenic impact. Therefore, quantitative
studies on resource selection and exploitation by both spe-
cies will be of great interest to evaluate the degree of habitat
overlap and to search for exploitation competition eviden-
ces. We studied habitat selection during resting time by both
species in two areas where they occur alone and in one area
where they occur together. Habitat selection by the two
species was examined at micro- and macro-habitat scales
during autumn–winter and spring–summer. Both species
selected ecotonal zones between arboriculture stands and
crops and between arboriculture stands and spontaneous
vegetation (i.e., herbaceous, bush, and woody permanent
species), which were the less available in the area of sym-
patry. No habitat shifts were evident at macro-habitat level
because the two species showed a differential micro-habitat
use within patches. On the whole, it seems that habitat
heterogeneity promoted daytime segregation between the
two species. In particular, edges between crops and canopy
habitats should be improved, thus reducing chance of intra-
and inter-specific encounters.
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Introduction

The European hare (Lepus europaeus) is common in arable
farmlands; however, the habitat changes caused by agricul-
tural intensification have negatively affected hare abun-
dance through Europe since 1960s (Smith et al. 2005;
Jennings et al. 2006; Reichlin et al. 2006; Pépin and
Angibault 2007). European hare is widespread in Italy with
the exception of the two major islands, but its populations
are limited by habitat loss, diseases, and mainly by over-
hunting (Meriggi et al. 2001; Santilli and Galardi 2006).

The Eastern cottontail (Sylvilagus floridanus) was suc-
cessfully introduced in northern Italy by several illegal
releases starting in the late 1960s. Since its introduction,
the species has chiefly expanded along the river network of
the Po Plain. Thus, at a local scale, both species can occur
together, as a result of cottontail expansion into the range of
European hare.

Locally, cottontails can reach grater densities than hares
because of their smaller home range sizes and their better
reproductive performances, therefore the species may have
greater dispersal and exploitation ability than the autochtho-
nous lagomorph (Chapman et al. 1977; Swihart 1986;
Hansen 1992; Vidus-Rosin et al. 2008). In arable farmlands,
both lagomorph species use similar macro-habitats and
macro-structural features (both patchy and linear features)
to forage, to rest, and to shelter or raise young. For these
reasons, competition for resources between the two species
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(food, shelter) may be taken into account particularly during
limiting seasons and in marginal habitats. Moreover, anthro-
pogenic habitat alteration, mostly habitat fragmentation and
simplification which deeply modified arable landscape in
northern Italy, can emphasize the negative effect of compe-
tition on the persistence of hares within agro-ecosystems
(Barbour and Litvaitis 1993; Swihart et al. 2006; Manor
and Saltz 2008).

Intra- or inter-specific competition, as well as predation
or parasitism, could influence the abundance and distribu-
tion of animals forcing them into less preferred habitats, but
it is generally agreed that coexistence within the same
geographical range is determined by some ecological differ-
ences between species, involving mainly niche dimensions,
activity scales, timings of activity, and different habitat or
resource perception in space and time, which could lead to
differences in habitat selection (Rosenzweig 1991; Morris
1996; Bonesi and Macdonald 2004; Bonesi et al. 2004;
Manor and Saltz 2008).

Because many areas within hare range in northern Italy
are undergoing increasing anthropogenic impact, quantita-
tive studies on resource selection and exploitation (food and
cover) by hares and their potential competitors will be of
great interest to find evidence of exploitation competition.
One way to examine this type of competition 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, niche shifts ob-
served in sympatry should reflect the response to interspe-
cific competition (Pianka 1981; Belovsky 1984; Bonino et
al. 1997; Bonesi et al. 2004).

Indeed, the difference between the fundamental niche
(the entire set of resources used by a species) and the
realized niche (the subset of resources exploited by a spe-
cies), or the niche change due to competitors, can reflect the
effects of interspecific competition. Consequently, the pres-
ence of competitors may be viewed as a reduction of habitat
quality (Partridge 1978).

Habitat use by both lagomorph species can be quite
different between day and night; they concentrate their
feeding activity during nocturnal hours and their resting
activity during day-time. Therefore, more information on
both strategies of habitat selection is needed to understand
the potential interactions between them on the whole. In
particular, habitat selection by hares and cottontails during
resting time is not well documented. Thus, we focused on
form characteristics to study macro- and micro-habitat var-
iables associated with resting sites of both lagomorph
species.

We studied habitat selection by the European hare and the
Eastern cottontail during resting time from September 2007

to August 2008 with the aims of: (1) quantify the degree of
habitat overlap between both species in sympatry, (2) eval-
uate any evidence of exploitation competition by comparing
habitat use and breadth of both species in areas of allopatry
and sympatry, and (3) individuate the key factors allowing
coexistence of the two species. Moreover, we improved the
discussion of our results considering the main findings of
the previous research on the habitat selection and overlap
between the two species during feeding activity carried out
in the same study areas from September 2006 to August
2007 (Vidus-Rosin et al. 2011).

Material and methods

Study area

The three study areas (A: allopatry for hares, 4.3 km2; B:
sympatry, 4.8 km2; C: allopatry for cottontails, 8.2 km2)
were 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
average distance between study areas was 14.3 km, with the
minimum of 8.1 km between B and C and the maximum of
19.6 km between C and A. The climate was continental-
temperate; annual rainfall averaged 700 mm and was con-
centrated in spring and autumn. The yearly temperature
averaged 12°C (January 1.0°C and July 22.5°C). Crops
were the most represented habitat type in all the areas (A,
81.9 %; B, 76.1 %; C, 55.2 %), especially winter cereals
(35.5 %, 47.8 %, 28.6 %, respectively). Spontaneous vege-
tation (i.e., herbaceous, bush, and woody permanent spe-
cies) was present in woods, fallow fields, and along
hedgerows, field edges, basins, and streams, and it was more
developed in area C (24.8 %) compared to area B (18 %)
and area A (7.7 %). Farmsteads, road networks, and barren
areas occupied 10.5 % of area A, 3.5 % of area B, and 7.7 %
of area C. Arboriculture stands were present in area B
(2.5 %) and in area C (12.3 %).

Methods

We conducted spotlight counts from a moving car (5 km/h
maximum speed) along a permanent transect in each study
area. The transect route was selected from the existing road
network to sample each area in a representative manner with
respect to available habitat types (at least 10%). For this reason,
we mapped each area covered by the hand-light in order to
make sure of the reliability of each nocturnal survey (Meriggi
1989; Langbein et al. 1999). Moreover, we considered that road
networks in our study areas did not significantly influence hare
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and cottontail distribution with respect to the transect
route during feeding activity: herbaceous strips, which
were usually present along roads in our study areas and
could attract lagomorphs especially in winter, were avail-
able and scattered within the study areas; moreover,
roads were unpaved and characterized by very low traf-
fic disturbance (only few agricultural machineries;
Roedenbeck and Voser 2008). Spotlight counts were
conducted monthly from August–December 2007 and
from January–April 2008; we sampled during late spring
and early summer months but deemed the counts unre-
liable because of the growth of crops and herbaceous
cover. Each count started at least 2 h after sunset and
ended no later than 2 h before sunrise. Groups (two or
more individuals feeding together) were considered as
singular observations, and their perpendicular distances
were measured from the center of each group to transect;
sightings on the transect were registered at “0 m”.

We examined macro- and micro-habitat characteristics of
forms used by hares and cottontails during two seasons:
autumn–winter (October 2007–February 2008) and spring–
summer (May–August 2008). We mapped macro-habitat
types in both seasons by direct surveys and digitalized them
using ArcView 3.2. Then, we randomly chose 10 % of
patches in each area. The edges of every patch were walked
between 9.00 and 15.00 h in both seasons (i.e., when the
two lagomorphs were usually at their resting places) to flush
hares and cottontails to locate forms. In each area, every
patch was sampled twice a season; forms were recorded
only after identifying the flushing species. This sampling
design allowed us to investigate every habitat type in each
season, without crossing crops during spring and early sum-
mer when crops were growing and during autumn when
fields were sown with winter cereals and the soil was too
wet because of the rainy weather. Edge types were individ-
uated on the basis of the two macro-habitats adjacent to each
edge: crops-crops (C-C); crops-spontaneous vegetation
(C-SV), crops-arboriculture stands (C-AS), spontaneous
vegetation-spontaneous vegetation (SV-SV), spontaneous
vegetation-arboriculture stands (SV-AS).

We classified forms on the basis of four qualitative char-
acteristics (soil condition, aspect, cover type, form type),
and we measured the height of vegetation at form sites. Hare
and cottontail forms were considered as “permanent” when
they showed evidence of handling, with the posterior part
excavated and the anterior part scraped; otherwise, they
were considered as “temporary”. Moreover, we measured
directly 11 micro-habitat variables within 1-m radius plots
centered on forms (Althoff et al. 1997); successively, we
measured 13 macro-habitat variables within a buffer of 100-
m radius from the form centers using ArcView 3.2.
Distances from forms to the nearest spontaneous feature

were measured using ArcView 3.2, and they were consid-
ered as micro-habitat variables (Appendix 1).

Statistical analyses

Density

In each study area, data on all spotlight surveys were used in
the analysis to estimate hare and cottontail densities (individ-
uals per square kilometer) and their standard errors. Data were
analyzed using the software Distance 5.0 (Burnham et al.
1985; Buckland et al. 2001). The best detection function
among the key functions (half-normal, hazard rate, negative
exponential) was selected based on the minimum AICc value
of each candidate model. Since we analyzed our data as
intervals, a single goodness-of-fit test was performed for each
model using those intervals. The Chi-square test assessed the
adequacy of each fit by comparing the observed distribution
of observations with the expected one within each interval.

Buckland et al. (2001) suggested that line transect should
not be positioned along roads because avoidance/attraction
behavior for the road transect by animals could bias the
density estimation. However, Butler et al. (2007) showed
that distance method applied to roads can provide an effi-
cient and inexpensive technique for monitoring wild popu-
lation trends across large ecoregion scales. In our case, the
application of distance method to roads allowed us to easily
and inexpensively monitor hare and cottontail populations
through years in arable landscape. In our study areas, it may
be difficult to cover random transects by car or feet because
most patches are usually ploughed or cultivated. The only
way to perform nocturnal counts is along the existing road
networks, most of whom are linear transect roads.

Form characteristics

We used the chi-square permutation test to assess significant
differences between the observed frequencies of hare and
cottontail forms in relation to qualitative variables of the
forms. Moreover, we performed one-way ANOVA to detect
significant differences between average values of the height
of vegetation measured at hare and cottontail form sites.

Edge use

We calculated habitat breadth of hares and cottontails using the
similarity proportion (SP) index proposed by Feinsinger et al.
(1981), which measured the similarity between the frequency
distribution of resources used by a population and the frequen-
cy distribution of resources available when the population
utilizes each resource in proportion to its abundance (SP01).
If the population uses the less available resources more
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intensively than the others, SP0min (qi), with qi as the pro-
portion of habitat i available in the study area.

We used Manly's preference index (α) to compare habitat
preference by the two species in sympatry (Manly et al. 1993;
Krebs 1999). This index measured the preference for each
resource upon the relative preference of those remaining.
When preference do not occur, αi01/M for each i01, …, M
resources. 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. In our case 1/M was 0.2.

Regarding each index, we calculated the usage propor-
tion of each edge type as the ratio between the number of
forms found along each edge type and the total number of
forms found and the availability proportion of each edge
type in the study area as the ratio between the total length of
each edge type and the total length of all edges.

To test the reliability of the above indexes with respect to
test values, we re-sampled the forms 1,000 times by the
bootstrap method (Dixon 1993). Then, we calculated the
average values and 95 % confidence intervals of each index
to evaluate significant differences between seasons, study
areas, and species by the superimposition of paired confi-
dence intervals.

Macro- and micro-habitat characteristics

We compared macro- and micro-habitat variables measured
in hare and cottontail forms between areas of allopatry and
sympatry using the multivariate analysis of variance
(MANOVA). Logistic regression analysis (LRA, stepwise
forward selection, maximum likelihood method, Norusis
1992) was performed to detect the predictive macro- and
micro-habitat variables of cottontail form with respect to
those of hare forms in each season. We chose the stepwise
method (LRA) in accordance with Smith et al. (2009) that
pointed out that standardized partial regression coefficients
were unbiased estimates of the relative importance of habitat
variables (cover, amount, and fragmentation) even when
predictors were highly correlated. Moreover, we calculated
the variance inflation factor (VIF) in order to detect collin-
earity among predictor variables both for MANOVA and
LRA models (Smith et al. 2009; Zuur et al. 2009).

All cover-type analyses were conducted with ArcView 3.2.
Statistical analyses were performed by SPSS/PC+Version
15.0.

Results

Density

Hare density was 103.8 individuals per square kilometer
(SE09.72) in area A and 47.8 individuals per square

kilometer (SE07.23) in area B, whereas cottontail densities
were 53.3 (SE08.04) and 170.4 individuals per square ki-
lometer (SE017.3) in area C and B, respectively. The best
detection probability function was the half-normal in every
study area. Regarding hares, in area A, the function was
characterized by three parameters and gave an effective strip
wide (ESW) of 69.15 m (χ201.12, df03, P00.77), while in
area B, the function included two parameters, and it esti-
mated an ESW of 73.96 m (χ201.33, df03, P00.72).
Concerning cottontails, in area B, the function included
three parameters, and it calculated an ESW of 32.21 m
(χ200.15, df01, P00.70), and in area C, the function was
characterized by two parameters and gave an ESW of
29.29 m (χ201.12, df03, P00.95).

Form characteristics

We found 168 forms of hares (100 in autumn–winter and 68
in spring–summer) and 104 of cottontails (55 in autumn–
winter and 49 in spring–summer). Cottontails rested more
frequently in wet soils than hares (likelihood ratio09.61,
df03, P00.030), and their forms were more frequently
exposed to North and East than those of hares (likelihood
ratio08.68, df03, P00.050). The percentage of “tempo-
rary” forms was greater for cottontail than for hares (likeli-
hood ratio030.92, df01, P<0.0001). Cottontail forms were
more associated with canopy, bush, and herbaceous vegeta-
tion with respect to hares that rested on bare ground more
often than cottontails (likelihood ratio064.63, df08, P<
0.0001) (Table 1). The average height (±SE) of vegetation
at form sites was greater for cottontails (1.5±0.20) than for
hares (0.7±0.9) (F(1, 231)014.94; P<0.0001).

Edge use

Hare habitat breadth in area A (allopatry) was similar to that
in area B (sympatry) in autumn–winter, but in spring–sum-
mer, it was narrower in area B with respect to area A.
Cottontail habitat breadth did not show significant differ-
ences between study areas and seasons. Hares had slightly
wider habitat breadth than cottontails except in spring–sum-
mer in area B (Table 2).

In area B during autumn–winter, cottontails preferred
edges between two patches of spontaneous vegetation con-
trarily to hares that avoided them. Both species avoided
edges between crops and between crops and spontaneous
vegetation (Fig. 1). In spring–summer, cottontails preferred
edges between crops and arboriculture stands that were used
as available by hares; edges between two patches of spon-
taneous vegetation were used by cottontails relative to their
availability and avoided by hares. Both species avoided
edges between two crop fields and between crops and spon-
taneous vegetation (Fig. 2).
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Macro- and micro-habitat characteristics of forms

MANOVA showed significant differences between allopatry
and sympatry areas of habitat characteristics of forms for
both species (hares: Wilks' l00.370, F(25, 140)09.55, P<
0.0001; cottontails: Wilks' l00.417, F(28, 73)03.64, P<
0.0001). Two macro- and seven micro-habitat variables of
hare forms differed significantly between area A and B:
distances from the nearest wood and forage crops were
greater in area A, while canopy, litter, and dead leaf cover,
height of canopy, distance from the nearest herbaceous

edge, and edges had greater means in area B (Table 3).
Regarding cottontail forms, six macro- and three micro-
habitat variables showed significant differences between
area C and B: distances from the nearest herbaceous and
non-herbaceous edge, arboriculture stands, and woods had
greater means in area C, while distance from the nearest
arboriculture stand, ploughed fields, fallow fields, basins
and streams, and edges had greater means in area B
(Table 4).

In area B, the LRA carried out on micro- and macro-
habitat variables of cottontail and hare forms generated two
models for the two seasons. The distance from the nearest
wood entered the autumn–winter model with negative effect
on the probability of forms to be of cottontails. The same
variable also entered the spring–summer model together
with the percentage of herbaceous cover with negative effect
on the probability of forms to be of cottontails. The third
variable that entered the model was the distance from the
nearest fallow field with a positive effect on cottontail forms
(Table 5). The autumn–winter model correctly classified
75.4 % of the original cases (63.0 % of hare forms and
86.7 % of cottontail ones), whereas 79.5 % of cases were
correctly classified by the spring–summer model (84.6 % of
hare forms and 69.2 % of cottontail ones).

The VIF values showed no collinearity among predictors
in all models (VIFs<3).

Discussion

The estimated densities of hares recorded on our study areas
were comparable to the highest values reported by Smith et
al. (2005) on several areas of arable farming through Europe
even in sympatry when cottontail abundance was twice that
of hares. Considering hares, population density estimated in
allopatry was higher than that estimated in sympatry, but no
difference in hare detection probability was evident between
the two study areas. Therefore, it seemed that cottontails did
not directly influence hare abundance and distribution in
sympatry during nocturnal activity.

Although in simplified agro-ecosystem, the two species
living in sympatry at high densities might frequently exploit
simultaneously the same habitats, thus enhancing the chance
of exploitation competition (Vidus-Rosin et al. 2008, 2011);
resource overlap alone does not predict the degree of exploi-
tation competition because the availability and allocation of
resources in space and time as well as habitat preferences and
niche segregation at different scales should be considered (Fa
et al. 1992; Morris 1996; Katona et al. 2004).

At forms, hares and cottontails used different habitat
features that could be explained taking into account the
proximity of resting sites to their feeding sites (Reitz and
Leonard 1994). During feeding activity, the two species

Table 1 Frequency distribution (percent) of hare and cottontail forms
in relation to qualitative variables of form sites (October 2007–August
2008; Province of Pavia, northern Italy)

Qualitative variables Hare Cottontail

Soil condition

Dry 44.6 29.8

Moist 39.9 45.2

Wet 11.9 23.1

Muddy 3.6 1.9

Aspect

North 13.0 42.1

East 8.7 21.1

South 17.4 15.8

West 60.9 21.1

Form type

Permanent 51.0 17.6

Temporary 49.0 82.4

Cover type

None 20.7 0.0

Herbaceous cover 67.1 56.7

Bush cover 1.2 3.8

Canopy cover 2.4 15.4

Herbaceous-bush cover 4.9 14.4

Herbaceous-canopy cover 3.0 7.7

Bush-canopy cover 0.0 1.0

Tree trunk on the ground 0.0 1.0

Hay bales 0.6 0.0

Table 2 Seasonal variation of hare and cottontail habitat breadth in
each area (values correspond to bootstrap 95 % confidence intervals)
(October 2007–August 2008; Province of Pavia, northern Italy)

Study area Autumn–winter Spring–summer

Hare Cottontail Hare Cottontail

A 0.70–0.94 – 0.75–0.97 –

B 0.64–0.91 0.32–0.57 0.28–0.66 0.35–0.67

C – 0.48–0.85 – 0.24–0.58
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segregated intensively on the basis of their adaptability to
exploit foraging habitats at different distances from the
nearest patch of permanent cover; in particular, the differ-
ential use of shared fields was much evident during spring,
when growing crops and spontaneous vegetation increased
open field suitability for hares and improved underground
cover along ecotonal zones for cottontails, respectively
(Vidus-Rosin et al. 2011). The contrasting dependence on
cover during feeding is due to their different anti-predator
strategies: hares use the long-distance running to escape
from terrestrial predators while cottontails run away for
short distances sheltering in the nearest dense underground
cover (Cowan and Bell 1986; Fa et al. 1992; Althoff et al.
1997).

As a matter of fact, in our study areas, hares located
forms in open fields as well as in association with cover,
mainly herbaceous vegetation. On the contrary, cottontail
forms were found in more developed bush and herbaceous
vegetation, which also protected them sufficiently against
the harsh temperatures registered in our study areas (Althoff

et al. 1997). For these reasons, we supposed that cottontails
do not require to build “permanent” forms as frequently as
hares.

Regarding edges, our results suggested that hares were
slightly generalist with respect to cottontails with the excep-
tion of spring-summer in sympatry, when hares exhibited a
habitat contraction. In sympatry, the two species shared the
same habitats, with the exception of edges between patches
of spontaneous vegetation. In particular, during spring–sum-
mer, the use by hares for edges with at least arboriculture
stands on one side strongly coincided with the preference of
cottontails for the same habitats. Pépin and Angibault
(2007) focused the attention on non-cropped habitats at the
between-field scale, such as field margins, edges, ecotones,
as optimal habitats for resting hares. On the other hand,
cottontails are known to be attracted to the structural qual-
ities of cover provided by bush hedges, tree-lined margins,
woods, as well as of arboriculture stands (Swihart and
Yahner 1982, 1984; Scribner and Warren 1990; Mankin
and Warner 1999; Vidus-Rosin et al. 2010). Therefore,
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patches of permanent cover interspersed with crops provid-
ed optimal resting habitats for both lagomorphs mostly in
summer, when these habitats buffer the negative effects of
the seasonal changes of land use, in particular the reduction
of cover after harvesting. Because of their linear features
(i.e., narrow strips), edges can force the two species to rest at
relatively high chance of intra- and inter-specific encounters
and prevent habitat segregation between them at a finer
scale (Bonesi and Macdonald 2004). In our case, no evi-
dence of hare habitat shift at the between-patch scale was
evident and due to cottontail preference for the same edge
types.

The availability of high structural ecotonal zones was
much important for cottontails with respect to hares during
feeding activity; cottontails preferred patches of permanent
cover (hedgerows, woodlots, arboriculture stands) all year
round and used the other macro-habitat types as available,
both in allopatry and in sympatry. Conversely, hares were
used to feed in alfalfa and crops and used permanent cover
and edges relative to their availability. As a consequence,
hare habitat breath was broader than that of cottontails both
in allopatry and sympatry with the exception of summer and
autumn, when probably the sudden reduction of suitable
habitats due to crop harvesting and field sowing promoted
hare habitat contraction. Even during feeding activity, no

evidence of hare habitat shift was evident due to cottontail
exploitation of the same macro-habitat types in sympatry,
rather habitat breath and preference of both species seemed
to reflect the seasonal change of the carrying capacity
(Vidus-Rosin et al. 2011).

Considering the macro- and micro-habitat characteristics
around form sites, our results did not provide any evidence
of exploitation competition between the two species.
Differential habitat use by hares in sympatry with respect
to allopatry seems mainly due to different habitat amount
between the two areas. In sympatry, where permanent cover
was more developed than in allopatry, hares located forms
closer to or more frequently within patches of canopy cover,
whereas in allopatry, hares rested more in herbaceous hab-
itats. Regarding cottontails, it seems that habitat selection
during resting time depends partially upon population den-
sity (Rosenzweig 1981, 1991). In sympatry, where the pop-
ulation was greater and arboriculture stands and woods were
concentrated in small lots with respect to allopatry, cotton-
tails rested more in herbaceous and open habitats, as well as
along edges (Swihart and Yahner 1982; Althoff et al. 1997;
Smith and Litvaitis 2000).

Even though intra-specific competition among cottontails
might force the species to rest within habitats frequently
used by hares, in sympatry, the two species appear to

Table 3 Average values (SD) of
macro- and micro-habitat varia-
bles measured in hare forms with
significant differences between
study areas (area A0allopatry
for hares, area B0sympatry;
D0distance) (October 2007–
August 2008; Province of Pavia,
northern Italy)

Habitat variables Area A Area B F P

Canopy cover 6.3 (19.89) 13.8 (25.05) 5.95 0.016

Height of canopy cover 0.8 (2.58) 1.9 (3.26) 6.47 0.012

Litter cover 34.9 (36.71) 50.2 (43.54) 5.28 0.023

Dead leaf cover 1.7 (7.73) 12.9 (24.25) 16.08 <0.0001

Height of dead leaf cover 0.2 (0.87) 0.8 (1.98) 7.04 0.009

D from nearest wood 890.0 (642.23) 356.7 (290.04) 31.93 <0.0001

D from nearest herbaceous edge 81.8 (69.14) 117.8 (119.24) 3.95 0.049

Forage crops 32.7 (28.10) 11.5 (19.06) 23.08 <0.0001

Edges 4.8 (2.88) 6.5 (5.54) 11.14 0.001

Table 4 Average values (SD) of
macro- and micro-habitat varia-
bles measured in cottontail
forms with significant differen-
ces between study areas (Area
C0allopatry for cottontails, Area
B0sympatry; D0distance)
(October 2007–August 2008;
Province of Pavia, northern
Italy)

Habitat variables Area C Area B F P

D from nearest arboriculture stand 153.0 (344.13) 301.8 (375.03) 4.61 0.034

D from nearest non-herbaceous edge 115.9 (12.91) 65.9 (6.83) 14.13 <0.0001

D from nearest herbaceous edge 223.4 (132.61) 93.8 (63.06) 46.48 <0.0001

Ploughed fields 2.7 (8.91) 9.8 (15.62) 6.04 0.016

Arboriculture stands 34.9 (29.73) 18.6 (24.75) 8.49 0.004

Fallow fields 5.2 (9.66) 18.8 (19.06) 16.44 <0.0001

Woods 27.7 (32.41) 15.9 (23.55) 5.49 0.021

Basins and streams 0.6 (2.07) 6.9 (11.59) 10.25 0.002

Edges 5.4 (8.69) 8.3 (5.92) 4.34 0.040
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spatially segregate within-patches through differential utili-
zation of micro-habitats (Abramsky 1981). In particular, the
closeness to woody habitats enhanced the habitat suitability
for cottontails to rest, while the availability and proximity to
herbaceous cover enhanced the one for hares. The differen-
tial habitat use within macro-habitat types by the two spe-
cies came out even during feeding activity, and it seemed to
be motivated by maximum acquisition of nutrients and
predation avoidance. In particular, cottontails were highly
associated with bush and canopy cover, and within wood-
lots, the species occupied also the central area where thick
layers of plant litter were more developed. On the contrary,
hares were more likely to exploit open fields' mostly
herbaceous-dominated habitats than cottontails (Vidus-
Rosin et al. 2011).

On the whole, it seems that hares and cottontails may
exploit the same macro-habitat features in agro-ecosystems
even at high population levels but with good habitat hetero-
geneity that allows spatial segregation during feeding and
daytime between the two species. In particular, arboriculture
stands and patches of spontaneous vegetation (woods, fal-
low fields, field boundaries with bush and canopy cover)
interspersed with crops should be promoted to enhance
habitat diversity and edge differentiation, therefore to main-
tain their differential perception of habitat structure during
feeding activity, and to ensure optimal resting habitats for
hares all year round and limit intra- and inter-specific
encounters.

Future research may shed more light on the relation-
ship between lagomorphs and habitat structure. In partic-
ular, we need to clarify the interactions between the two
lagomorph species mediated by habitat availability and
population density; therefore, replicates of allopatric and
sympatric sites with a range of density and habitat het-
erogeneity would be required to provide the necessary
data to evaluate the role of habitat structure in facilitating
the coexistence between the two species. Moreover, it

would be important to carry out field experiments fol-
lowed by enclosure experiments because the first ap-
proach allows to evaluate the relationships between
habitat availability, species density, and temporal varia-
tion of the carrying capacity, and the second approach is
necessary to validate the potential competitive relation-
ships between the two species.

Appendix

Table 5 Results of the logistic
regression analyses between
hare and cottontail resting forms
in each season (study area B;
D0distance) (October 2007–
August 2008; Province of Pavia,
northern Italy)

Habitat variables Autumn–winter Spring–summer

B (SE) P Exp (B) B (SE) P Exp (B)

D from nearest wood −0.01 (0.003) 0.001 0.99 −0.01 (0.004) 0.007 0.99

D from nearest fallow field – – – 0.01 (0.002) 0.006 0.015

Herbaceous cover – – – −0.29 (0.016) 0.058 0.971

Constant 1.90 (0.53) 0.001 6.65 2.90 (1.28) 0.024 18.09

χ2 34.724 19.460

df 2 3

P <0.0001 <0.0001

−2 Log-likelihood 44.137 30.188

Nagelkerke R2 0.609 0.546

Table 6 Habitat variables measured within 1-m radius-plots from
forms and in 100-m radius buffers (October 2007-August 2008; Prov-
ince of Pavia, northern Italy)

Micro-habitat variables Macro-habitat
variables (%)

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) Farmsteads

Dead leaf cover (%) Woods

Height of dead leaf cover (mm) Basins and streams

Litter cover (%) Vineyards

Litter thickness (mm) Barren areas

Brightness (ratio of the Lux measured on the
point over the Lux measured in open space)

Vegetables

Distance from nearest arboriculture stand (m) Maize fields

Distance from nearest fallow field (m) Edges

Distance from nearest wood (m)

Distance from nearest non-herbaceous
edge (m)

Distance from nearest herbaceous edge (m)
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