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at a fine temporal scale
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Abstract An animal’s home range use is influenced by the
landscape type. European hare (Lepus europaeus) home rang-
ing behaviour has been studied only in agricultural areas with
medium to large fields. In agricultural areas with small fields,
European hares’ locomotor behaviour is expected to be more
localised. We tracked nine European hares by means of global
positioning system (GPS) and very high-frequency (VHF)
collars during summer in an agricultural area with small fields
in Lower Austria. In particular, we analysed the hares’ space
use at a fine temporal scale, such as when they were active and
resting within single 24-h periods. Furthermore, we compared
data (day–day distances and day–night distances travelled)
calculated from GPS and VHF telemetry. Home ranges were
smaller, and the distances between areas used for activity and
inactivity were shorter, in this agricultural area with small fields
than has ever been measured in other agricultural areas with
larger fields. Both active and inactive European hares expressed
a preference for areas near field edges. Our findings suggest
that with GPS, it is possible to distinguish between the move-
ment path and the relative location of distinctly used areas
within an animal’s home range, whereas with VHF these two
parameters may be difficult to separate. In conclusion, our
results show that in areas where resources are easily accessible,
such as in agricultural areas with small fields, the European
hare is able to reduce its home range size to almost half of the
minimum size that has been recorded so far in other habitats. As
small home ranges involve less energy expenditure for move-
ment, our results suggest that animals living in agro-ecosystems
may benefit from small fields.
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Introduction

The European hare (Lepus europaeus), which originates from
the grasslands of the Middle East, has spread out over the
agricultural areas of Europe (Averianov et al. 2003). Today,
the species inhabits a wide array of different habitats, from
intensive arable land to extensively managed agricultural
areas, which differ greatly in crop types, field size, landscape
diversity and proportion of non-farmed habitat types (e.g.
Frylestam 1979; Meriggi and Alieri 1989; Lewandowski and
Nowakowski 1993;Marboutin and Aebischer 1996; Langbein
et al. 1999). Nevertheless, the European hare has been in
decline throughout Europe since the 1960s (e.g. Broekhuizen
1982; Pielowski 1990; Tapper 1992;Mitchell-Jones et al. 1999;
Jenny and Zellweger-Fischer 2011). Use of space by European
hares has been investigated through radio-telemetry (very high
frequency, VHF) (cf. Broekhuizen and Maaskamp 1982;
Tapper and Barnes 1986; Kovács and Búza 1988; Reitz and
Léonard 1994; Pépin and Cargnelutti 1994; Marboutin and
Aebischer 1996; Kunst et al. 2001; Stott 2003; Rühe and
Hohmann 2004; Smith et al. 2004). VHS telemetry is time-
consuming and the observer may influence the radio-collared
animal, so researchers take fixes irregularly and with long
intervals. Global positioning system (GPS) tracking, which
allows to collect a large amount of data within a short time
period, provides the opportunity to investigate an animal’s
home range use at fine temporal scales (Reid and Harrison
2010; Schai-Braun et al., submitted), and thus, the traditional
home range can be examined dynamically (Cagnacci et al.
2010; Kie et al. 2010). To be able to compare information on
European hares’ home range use derived from GPS data with
information from studies based on VHF data, it is therefore
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important to determine the differences between GPS-based and
VHF-based calculations.

The home range size of the European hare has been mea-
sured in several countries and has been found to range between
21 and 330 ha depending on the landscape type (Pielowski
1972; Broekhuizen and Maaskamp 1982; Tapper and Barnes
1986; Kovács and Búza 1988; Reitz and Léonard 1994;
Marboutin and Aebischer 1996; Kunst et al. 2001; Stott 2003;
Rühe and Hohmann 2004; Smith et al. 2004). It has been
suggested that there may be a positive relationship between
home range size and field size in arable land, due to variation in
the accessibility of resources, i.e. forage during active periods
and shelter during resting periods (Tapper and Barnes 1986).
Whether food and/or cover are limiting resources for European
hares may vary between landscape types and seasons (Smith
et al. 2004). The distances between daytime locations on two
successive days (day–day distance, DDD) and between one
daytime location and a location the night after (day–night
distance, DND) are used to quantify hares’ locomotor behav-
iour (Reitz and Léonard 1994; Rühe and Hohmann 2004).
Areas used by European hares during periods of activity are
generally in open landscapes with short vegetation (Tapper and
Barnes 1986), whereas areas used during inactivity are in
structured landscapes (Tapper and Barnes 1986; Neumann
et al. 2011). Therefore, European hares’ active and inactive
locations are often not only temporally but also physically
separated (Tapper and Barnes 1986), which makes DNDs
especially informative. The distance between nocturnal and
diurnal locations of European hares is 300 to 400 m during
the hunting season (Reitz and Léonard 1994).

Up to now, differentiation between active and inactive
periods from telemetry data has been difficult due to method-
ological limitations. Therefore, the times of sunrise and sunset
are generally used to separate these two periods for the
European hare (Marboutin and Aebischer 1996; Rühe and
Hohmann 2004; Smith et al. 2004). But especially during
summer, this species regularly has activity peaks in full day-
light (Schai-Braun et al. 2012). For the analysis of the
European hares’ distinct home range use during activity and
inactivity, it is therefore crucial to assess the animal’s activity
state at the time of location determination.

One study showed that in autumn and winter, in areas of
monoculture, European hares prefer areas close to the field edge
where vegetation diversity is generally higher. In contrast, they
showed no significant preference for field edges in a farming
area with small fields (Lewandowski and Nowakowski 1993).
The importance of field edges for the European hare during
summer is not known. As their habitat requirements during
activity and inactivity differ, their use of field edges is expected
to differ depending on their activity state.

For many years, calls for the management of arable land to
support European hares and other species dwelling there have
continued unabated (Vickery et al. 2002; Moreira et al. 2005;

Zellweger-Fischer et al. 2011). So far, all studies on European
hares’ home range size have been conducted in agricultural
areas where mean field sizes range from 6 to 50 ha (Reitz and
Léonard 1994; Marboutin and Aebischer 1996; Stott 2003;
Rühe and Hohmann 2004; Smith et al. 2004). Landscape
diversity is higher in agricultural areas with small fields than
in those with medium to large fields, mainly because there are
more non-farmed habitat types such as hedges, field edges and
fallow land in areas with small fields (Benton et al. 2003). It has
been shown that European hares prefer non-farmed features in
agricultural areas (Tapper and Barnes 1986; Smith et al. 2004;
Pépin and Angibault 2007; Vidus-Rosin et al. 2011; Cardarelli
et al. 2011; Schai-Braun et al. 2013). Resource availability is
therefore believed to be higher in agricultural areas with small
fields, as hares can access a variety of crops and fields over a
small area (Tapper and Barnes 1986). We predict that in this
habitat, European haresmay be able to reduce their movements,
by having smaller home ranges and shorter distances between
areas used for activity and inactivity. Testing this prediction
might lead to suggestions regarding the conservation and man-
agement of the European hare and other species living in agro-
ecosystems.

The general goal of this study was to investigate space use
by European hares during summer in an agricultural area with
small fields. In particular, we focussed not only on 24-h
periods and on individual weeks but also on European hares’
movement during active and inactive periods, by examining
home ranges and distances between home range centres. Our
hypotheses were: (1) European hares’ home ranges are small-
er, and the distances between areas used for activity and
inactivity are shorter, in an agricultural area with small fields
(our data) than in agricultural areas with large fields (data from
the literature); (2) European hares prefer field edges in sum-
mer, and their use of field edges differs between active and
inactive periods and (3) results from the analysis of space use
differ, depending specifically on whether calculations are
based on data derived from VHF or GPS. We tested these
hypotheses by equipping European hares with GPS collars
containing VHF transmitters and thus revealing their space
use at a fine temporal scale.

Material and methods

Study area

The study was conducted in Lower Austria, in the Marchfeld
near Zwerndorf (48°20′N, 16°50′E). The study area consisted of
270 ha of arable land, used mainly for growing cereals. The
cultivated cereal types were, by area of land used for each, 38 %
winter wheat (Triticum aestivum ), 12 % summer barley
(Hordeum vulgare), 4 % durum wheat (Triticum durum) and
1% rye (Secale cereale). Other field crops were 11% sugar beet
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(Beta vulgaris), 5 % poppy (Papaver somniferum), 3 % sun-
flowers (Helianthus annuus) and 11 % legumes. Furthermore,
the study area included 1 % forest, 1 % hedges/thickets, 4 %
unimproved grassland, 1 % ditches, 3 % gravel pits, 1 % bare
ground and 4 % rural development. The field size averaged 3.1
(±0.3 SE) ha. The Pannonian climate is responsible for hot and
dry summers in our study area. The accumulated precipitation
per year is on average 524.7 l/m2, and the daily mean temper-
ature is on average 9.5 °C with a maximum of 37 °C and a
minimum of −22.7 °C (Central Institute for Meteorology and
Geodynamics, Austria 2013). Hare density in the study site was
estimated each year in autumn by means of spotlight counts
(Langbein et al. 1999); there were an estimated 35 European
hares per 100 ha in 2009 (SSB & KH, unpublished).

Data collection

Nine adult European hares (four males, five females) were
caught in unbaited box traps during the study period between
May and September 2009. All animals were sexed according to
secondary sexual characteristics and equipped with a 70-g GPS
collar including a VHF transmitter (Telemetry Solutions,
Quantum 4000 Enhanced). The collars were programmed to
take oneGPS fix per hour. The accuracy of the collars was tested
beforehand; mean precision was 3.5 m (±1.0 SE). Some animals
could not be included in all analyses as the data quantity did not
meet requirements, so variable sample sizes are indicated in the
text and figure legends. To collect VHF data, each European
hare was located once daily between sunrise and sunset by
triangulation using a three-element Yagi antenna and a Regal
2000 receiver (Titley Electronics, Australia).

Data analysis

The positional data were mapped in ArcGIS 9.2 (ESRI). We
included only locations with a solution in three-dimensional
mode (Frair et al. 2010). The GPS data were allocated to active
(1600–0659 hours) and inactive (0700–1559 hours) periods.
We chose these two categories based on an analysis of the same
data set to quantify European hares’ daily activity patterns (see
Schai-Braun et al. 2012). Hence, the inactive period included
all hours in which there was amedian distance of less than 10m
between subsequent hourly fixes. Only GPS data sets consis-
ting of 24 fixes in sequence were used for the analyses of 24-h
periods. Normal distribution of all variables was assessed by
QQ-plots and histograms, and data were appropriately
transformed based on the distribution of the data. DDDs,
DNDs, hourly day–day distances, hourly day–night distances
and MCP (minimum convex polygon) home ranges were
transformed by natural logarithm, whereas kernel home ranges,
differences between GPS and VHF DDDs, distances between
two centres and distances to the nearest field edge were square-
root transformed.

We analysed all data using multivariate (generalized) linear
mixed-effects models, using the software R 2.12.2 (R
Development Core Team 2011). Models were fitted using
the package lme4 (Bates 2005). The p values and parameter
estimates were extracted by Markov chain Monte Carlo sam-
pling, based on 10,000 simulation runs (Baayen et al. 2008)
using restricted maximum likelihoods. We checked for nor-
mality of the model residuals visually by examining normal
probability plots and statistically by the Shapiro test. For all
models, the homogeneity of variances and goodness of fit
were examined by plotting residuals versus fitted values
(Faraway 2006).

All models included hare identity as a random factor in
order to allow for the repeated measurements collected from
the different hares. Some models included paired testing (see
Figs. 1 and 5; model description in “Home range size” and
“Differences between DDDs and DNDs calculated from VHF
and GPS data”). Therefore, these models contained an
individual-specific code for the paired variable (“pairing”) as
the second random factor. All other models included as the
second random factor an individual-specific code for the day
(“date”) or week (“week”), in order to account for the time
series measured for each of the study animals during the
different days and weeks of the study. When analysing the
distance to the nearest field edge, an individual-specific code
for each field (“field identity”) was included as the third
random factor, in order to account for the particular field
characteristics.

The effect of sex was tested in all models. Since there were
never any significant effects of sex in our multivariate analy-
ses (pMCMC>0.10), the factor sex was omitted from the
models before re-calculation.

Home range size

The home range sizes were calculated by using the MCP and
the fixed kernel estimators. The hourly fixes taken by the GPS
collars provided 24 locations per hare per day. Therefore, only
nine inactive and 15 active locations for each hare and day
were available, so we chose to calculate the 100 % MCP
(Harris et al. 1990). Kernel home ranges were calculated with
the 95 % probability level (Worton 1989, 1995). An ad hoc
smoothing parameter (h ad hoc) prevented over- or under-
smoothing. Thereby, the smallest increment of the reference
bandwidth (h ref) that results in one contiguous polygon with-
out lacuna (i.e. had hoc=a ×h ref) is chosen (Berger and Gese
2007; Kie et al. 2010). As fixes were taken in hourly intervals,
duplicate X , Y-coordinates occurred which pose computation-
al problems in kernel analyses (Amstrup et al. 2004; Hemson
et al. 2005). We jittered all duplicate locations by adding
random noise (median=1.02 m, SE=±0.03 m). Two animals
were each recorded once outside the area they normally used.
Since occasional outliers should not be considered to be part
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of the home range (Burt 1943), these two points were
discarded. All home range analyses were performed using
the R package adehabitat (Calenge 2006). In total, 103 24-h
home ranges (MCP24hr, kernel24hr) for each active, inactive
and total period were obtained using fixes from the nine
collared individuals.

A similar method was used to calculate weekly home
ranges, each based on a minimum of 101 fixes, i.e. 60 % of
a complete week. In total, 22 weekly home ranges (MCP1wk,
kernel1wk) for each active, inactive and total period were
obtained using fixes from seven collared individuals.

We tested the effect of the period (covariate) on the response
variableMCP24hr, kernel24hr, MCP1wk or kernel1wk.As the
effect of the periodwas significant, we explored the differences
in MCP24hr, kernel24hr, MCP1wk and kernel1wk between
the active, inactive and total periods by means of post hoc tests
(see Fig. 1). Additionally, we tested the effect of the time scale
(covariate) on the response variable home range size (100 %
MCP and 95 % kernel) for the active, inactive and total
periods.

Distance between areas used during activity and inactivity

For every hare and day, the distances between the centres of
pairs of successive active–active periods (AAD), inactive–
inactive periods (IID) and active–inactive periods (AID) were
calculated. The centres were determined by taking the median
of all fixes of the first period as centre one and the median of
all fixes of the second period as centre two. The distance
between centres one and two was then measured. In total,
129 AAD, 90 IID and 107 AID were computed (n =7).

The effect of the period was tested on the response variable
AAD, IID andAID. As the effect of the periodwas significant,
we investigated the differences between AAD, IID and AID
by means of post hoc tests (see Fig. 2).

Use of field edges

The distance to the nearest field edge was calculated for every
position obtained from the nine collared hares. In each field
which was used by hares, the same number of random points
was created as there were hare positions. Subsequently, the
distances between the random points and the nearest field
edge were quantified.

The effect of the type of point (covariate, random point vs.
hare position) was tested on the response variable distance to
the nearest field edge (see Fig. 3a). As the effect of the type of
point was significant, we explored the distances between hare
positions and nearest field edges further. Therefore, the effect
of activity (covariate, two levels) was tested on the hares’
distances to the nearest field edge (see Fig. 3b).

Differences between VHF and GPS

How many fixes are needed before the distance a hare is
estimated to move during 24 h reaches an asymptote? We
conducted simulations to find out how many fixes are needed
to estimate a hare’s movement path within a consecutive day
and night. DDDs (71, from six hares) were quantified from
VHF data according to Reitz and Léonard (1994). For every
VHF DDD, we also had a complete hourly GPS data set. The
VHFDDD start and end points were used to calculate the GPS
DDD. Between one and 34 additional fixes between the start
and end points were randomly selected from the GPS data set.
The intervals between the start and end points ranged between
11 and 35 h, so the number of DDDs available for analyses
decreased after the number of additional fixes exceeded 10
(see the figures on the upper whiskers in Fig. 4). The random
selection of additional points was repeated 100 times for every
GPS DDD and for every number of additional fixes (1–34).
The distances between the fixes were added up for every GPS

Fig. 1 European hares’ a 24-h (nine collared hares) and b weekly (seven
collared hares) home range sizes during active, inactive and total periods,
calculated by using the minimum convex polygon and the fixed kernel

estimator (medians with 25th/75th and 10th/90th percentiles). Different
letters indicate significant differences between groups (post hoc: pMCMC

<0.01). See text for details of statistics
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DDD. From the 100 simulations, the median was used to
calculate the absolute difference between GPS and VHF
DDD (see Fig. 4).

Differences between DDDs and DNDs calculated from VHF
and GPS data We aimed to show that with our GPS data, we
could simulate calculations from our VHF data. For 55 VHF
DDDs calculated from two fixes from consecutive days, we
had a complete GPS data set (48 fixes from the same consec-
utive days; n =6). For each of these 55 VHF DDDs, a corre-
sponding GPS DDD was calculated by randomly choosing
100 start points (from the 24 fixes of the first day) and end
points (from the 24 fixes of the second day). We then calcu-
lated the GPS DDD and selected the median.

The effect of the type of data (covariate, VHF vs. GPS) was
tested on the response variable DDD. As the effect of the type
of data was not significant (β =−0.01, pMCMC=0.80), we
hereafter simulated VHF DDD and DND with the GPS data.

Hourly day–day distances (hDDD) and hourly day–night
distances (hDND) represent the movement path between the
start and end points of the DDD or DND connected by hourly
GPS fixes. In total, 78 DDD or hDDD and 94 DND or hDND
(n =7) were calculated. The effect of the calculation method
(covariate) was tested on the response variables DDD and
hDDD or DND and hDND (see Fig. 5).

Results

Themean number of satellites used for locating GPS fixes was
7 (±0.03 SE). The overlap in individual periods of GPS
tracking was on average 11 days (±9.2 SE; minimum 2,
maximum 91 days). The number of GPS fixes taken per
animal ranged from 25 to 2,127 with an average of 230
(±219.4 SE). This resulted in a total of 3,641 GPS fixes for
analysis (746 for males, 2,895 for females). The duration of
radio tracking for each hare ranged from 7 to 130 days with an
average of 67 days (±13.6 SE). The number of VHF fixes
taken per animal ranged from 7 to 134 with an average of 74
(±14.3 SE). This resulted in a total of 580 VHF fixes for
analysis (240 for males, 340 for females).

Home range size

Influence of activity on home range size

The level of activity had an influence on the hares’ home
range sizes (see Table 1): The MCP24hr, kernel24hr,
MCP1wk and kernel1wk for the inactive period differed sig-
nificantly from those of the active or total period. The average

Fig. 2 Distances between the home range centres for two consecutive
periods of European hares’ activity or inactivity (seven collared hares;
medians with 25th/75th and 10th/90th percentiles). Different letters indi-
cate significant differences between groups (post hoc: pMCMC<0.01). See
text for details of statistics

Fig. 3 Distances to the field edge
of a hare positions and random
points and b hare positions during
activity and inactivity (nine
collared hares; medians with
25th/75th and 10th/90th
percentiles). See text for details of
statistics
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MCP24hr was 97 times smaller during inactivity (median=
0.03 ha, SE=±0.03) than during activity (median=2.48 ha,
SE=±0.28; Fig. 1a), whereas the average kernel24hr was 24
times smaller during inactivity (median=0.23 ha, SE=±0.64)
than during activity (median=5.55 ha, SE=±0.70).

The average MCP1wk was four times smaller during inac-
tivity (median=2.88 ha, SE=±0.64) than during activity (medi-
an=11.23 ha, SE=±1.23) or total period (median=11.78 ha,
SE=±1.22; Fig. 1b). On average kernel1wk was half the size
during inactivity (median=7.79 ha, SE=±2.95) than during
activity (median=16.99 ha, SE=±2.56) or total period (medi-
an=13.35 ha, SE=±1.66).

Comparison between 24-h and weekly home range size

The time scale (24 h vs. weekly) had an influence on the hares’
home range sizes for the active (MCP: β =1.80, pMCMC<0.001;
kernel: β =1.70, pMCMC<0.001), inactive (MCP: β =4.21,

pMCMC<0.001; kernel: β =1.70, pMCMC<0.001) and total pe-
riods (MCP: β =1.58, pMCMC<0.001; kernel: β =1.19, pMCMC

<0.001), irrespective of the calculation method. A large differ-
ence between 24-h and weekly home range size was observed
during the European hares’ inactive period. The average
MCP1wk was more than 100 times larger than the average
MCP24hr. On average, kernel24hr during the inactive period
was 34 times smaller than kernel1wk. Differences between
24-h and weekly home range sizes during the active or total
time period were small. Weekly home ranges were on average
between two and five times larger than 24-h home ranges,
depending on the calculation method and period.

Distance between areas used during activity and inactivity

The level of activity had an influence on the distance between
two home range centres (AID vs. AAD: β=1.44, pMCMC<0.01;
AAD vs. IID: β=−0.41, pMCMC>0.05; AID vs. IID: β=1.92,

Fig. 5 a DDDs and b DNDs
calculated for fixes taken daily
and hourly (seven collared hares;
medians with 25th/75th and 10th/
90th percentiles). See text for
details of statistics
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taken randomly in between (six collared hares). Data (squares) are shown

as medians with 25th/75th percentiles; figures indicate the number of
DDDs available for analyses. See text for details of statistics



pMCMC<0.01). The differences were greater between home
ranges in different activity periods (AID: median=122.7 m,
SE=±7.4) than between home ranges in the same activity period
(AAD: median=62.5 m, SE=±10.7; IID: median=71.8 m,
SE=±6.8; Fig. 2).

Use of field edges

Hares exhibited a preference for field edges (β =0.46, pMCMC

<0.001; Fig. 3a). The preference was stronger during inactiv-
ity than during activity (β =−0.44, pMCMC<0.001; Fig. 3b).
Inactive hares were on average 7.8 m (SE=±0.5) away from
the field edge, whereas during activity the distance between
hares and field edges was on average 13.1 m (SE=±0.5).

Differences between VHF and GPS

How many fixes are needed before the distance a hare
is estimated to move during 24 h reaches an asymptote?

Approximately 18 additional fixes were needed before the
distance a hare had moved within daytime locations of two
successive days reached an asymptote (Fig. 4). The hares were
estimated to have moved approximately 1,000 m more than
the estimation from the DDD based on two fixes.

Differences between DDDs and DNDs calculated from VHF
and GPS data

The average times elapsed between DDD locations and DND
locations were 23 h 52 min (SE=±3 min 59 s) and 11 h 57 min
(SE=±3 min 7 s), respectively. There was a significant differ-
ence in DDD and DND in comparison to hDDD and hDND
(day–day: β =2.56, pMCMC<0.001; day–night: β =1.48,

pMCMC<0.001). The hDDD (median=1,146.9 m, SE=±53.7)
was ten times larger than the DDD (median=112.4, SE=±10.3;
Fig. 5a), whereas the hDND (median=748.8 m, SE=±35.6)
was five times larger than the DND (median=154.6, SE=±8.6;
Fig. 5b).

Discussion

Our data support the first part of hypothesis 1: European
hares’ home ranges are smaller in an agricultural area with
small fields (our data) than in agricultural areas with large
fields (data from the literature; Table 2). The hares in our study
area had extremely small 24-h home ranges during the inac-
tive period. Forms used throughout the day were therefore
situated in close proximity to one another. Home ranges
during the inactive period were considerably bigger when
analysed over a whole week. This suggests that hares changed
the locations of the areas they used during inactivity frequent-
ly over the course of a week. The weekly active home range
was two to four times larger than the inactive home range,
suggesting that forms were not spread out over the whole
home range. This is in agreement with results from other
research on European hares (Marboutin and Aebischer 1996;
Rühe and Hohmann 2004; Smith et al. 2004). However, in our
study, the difference between active and resting home range
size was larger than in other studies (Table 2). Harris et al.
(1990) showed that the calculation method affects home range
size, by analysing a European hare’s home range with differ-
ent methods and receiving results between 28 and 153 ha.
Although Marboutin and Aebischer (1996), Rühe and
Hohmann (2004) and Smith et al. (2004) used different cal-
culation methods, the trend of increased size difference be-
tween active and inactive home ranges in agricultural areas
with small fields is discernible. In our results, there was no
significant difference between home range size during the
active and total periods because the inactive home ranges were
very small. Over 24 h, European hares used between 25 and
50 % of their weekly home range, depending on the calcula-
tion method. The home ranges of our study animals were
distinctly smaller than those recorded in other studies of
European hares, independent of the calculation method
(Table 2). Our weekly home ranges were calculated over a
relatively short time frame. Nevertheless, this does not fully
explain the small size of the home ranges recorded in our
study area. In another study, observation period and home
range size were unrelated, indicating that a large part of the
home range was used by the hares within a short time period
(Broekhuizen and Maaskamp 1982). The differences between
our results and those of other researchers may be related to
tracking methods, as VHF telemetry provides less accurate
positional data than GPS telemetry (Hebblewhite and Haydon
2010). Nonetheless, inaccuracy does not necessarily result in

Table 1 Results of the post hoc tests exploring the differences in Euro-
pean hares’MCP24hr, kernel24hr, MCP1wk and kernel1wk home ranges
between the active, resting and total periods

Response variables Covariates Estimate p

MCP24hr Active vs. inactive −4.25 <0.001

Active vs. total 0.30 <0.05

Inactive vs. total −4.55 <0.001

Kernel24hr Active vs. inactive −1.47 <0.001

Active vs. total 0.16 0.27

Inactive vs. total −1.63 <0.001

MCP1wk Active vs. inactive −1.70 <0.001

Active vs. total 0.04 0.69

Inactive vs. total −1.75 <0.001

Kernel1wk Active vs. inactive −1.38 <0.01

Active vs. total −0.30 0.31

Inactive vs. total −1.08 <0.01
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enlarged home range size estimations. After body mass is
taken into account, residual variation in home range size in
leporids can be explained by species’ ecology and the sur-
rounding environment (Swihart 1986). The small home
ranges found in our study area with small fields are in agree-
ment with the findings of other researchers, who report that in
agricultural areas with large fields, European hares mostly
enlarge their home ranges in order to include the required
habitat types (Marboutin and Aebischer 1996; Reitz and
Léonard 1994; Stott 2003; Rühe and Hohmann 2004; Smith
et al. 2004; Table 2). The results of Tapper and Barnes (1986)
do not support this assumption, but their home ranges were
calculated by the isopleths method which provides much
smaller (<50 %) home ranges than the MCP method. In
contrast, hare density and the proportion of non-farmed hab-
itat types do not seem to affect the home range size (Table 2).
We therefore suggest that in agricultural areas with small
fields, European hares can reduce their home range size as
long as accessibility to resources is high and the animals can
fulfil their daily requirements.

The European Union’s agricultural policy focusses on a
considerable increase in agricultural food production and in-
cludes the aim to uphold global contestability (European
Commission 2010). This will lead to larger fields in Europe.
But authorities should mitigate this by encouraging farmers to
increase the proportion of fallow land and/or numbers of strips
of unused land within large fields, in order to conserve biodi-
versity in agricultural landscapes (Berger et al. 2003) and
improve the suitability of the habitat for the European hare
(Vaughan et al. 2003; Smith et al. 2004). The proportion of
land left fallow or unused as linear structures needs to be high
enough. Otherwise, a number of species may be concentrated
in small isolated areas of non-farmed habitat. In consequence,
predators may search these areas systematically, and areas of
fallow land may act as ecological pitfalls for prey species such
as the European hare (Bro et al. 2004).

The significantly larger distances moved by the hares be-
tween home ranges of different activity periods than between
home ranges of the same period suggest that, firstly, home
ranges used during activity are separate and distinct from
those used during inactivity, and secondly, home ranges used
during inactivity were located right beside or on the margin of
home ranges used during activity. The areas used by hares
during the active and inactive periods were on average only
122.7 m apart, which is less than half of the distance measured
in intensive arable land with an average field size of 10 ha
(DND=306 m; Reitz and Léonard 1994) and around half of
the distance measured in arable land with an average field size
of 6.5 ha (DND=226 m; Rühe and Hohmann 2004). Hence,
our data are in agreement with the second part of hypothesis 1
that the distances between areas used for activity and inactiv-
ity by European hares are shorter in an agricultural area with
small fields (our data) than in agricultural areas with large
fields (data from the literature). When we compared our
results fromVHF data (DND=154.6 m) with those from other
hare studies, we reached the same conclusion. We suggest that
in agricultural areas with small fields, the areas used by active
and inactive European hares are closer together than in agri-
cultural areas with larger fields, as the habitat offers more
opportunities for hares to satisfy their various needs within
smaller areas.

Though field size is clearly important, the structure and
density of European hare populations can also be affected by
factors other than field size, such as habitat composition,
landscape structure, types of crops, amount of spontaneous
vegetation, open land and forest ratio, weather and climate
(Averianov et al. 2003). Therefore, field size can only explain
part of the observed behaviour. Another factor is the season.
Our study is limited to summer; the behaviour of hares in other
seasons may be different (Averianov et al. 2003).

We hypothesised that European hares in an agricultural area
with small fields prefer areas near field edges during summer

Table 2 European hares’ home range size in agricultural areas with different average field sizes

Author(s) Year Sample
size

Mean home
range size
(ha)

Active/inactive
home range
size

Average
field size
(ha)

Hare density
(hare/100 ha)

Proportion of
non-farmed
habitat types

Time
period

Method

This study 9 12 2–4 3.1 35 10 % May–Sep 100 % MCP

Rühe and Hohmann 2004 38 21 1.7 6.5 – 1 % All year 95 % MCP

Smith et al. 2004 42 29 1.9* 6.6 16 6 % All year 100 % MCP
(*95 % kernel)

Broekhuizen and
Maaskamp

1982 13 29 – – – – All year 100 % MCP

Tapper and Barnes 1986 15 38 – 18 64 6 % All year 90 % isopleth

Reitz and Léonard 1994 21 113 – 10 15 – Jul–Dec 100 % MCP

Stott 2003 6 133 – 50 – 13 % Oct–Apr 100 % MCP

Marboutin and Aebischer 1996 20 138 1.5 20 153 11 % May–Sep 95 % MCP
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and that their use of field edges differs between active and
inactive periods (hypothesis 2). Our hares were observed close
to field edges, during both inactive and active periods. During
summer when vegetation is high and dense, cover for inactive
hares seems to be abundant. In pastural landscapes, heteroge-
neity at the within-habitat scale was found to be more important
to European hares than heterogeneity at the between-habitat
scale (Smith et al. 2004). We assume that heterogeneity at the
within-habitat scale is also highly important in agricultural areas
with small fields, which normally have a high level of habitat
diversity. In summer, inactive hares may find more suitable
cover near field edges where vegetation diversity is generally
higher than away from edges. Since hares prefer to feed on
weeds in summer (Reichlin et al. 2006), areas near field edges
may provide additional food and may be attractive to active
hares. We found that hares’ mean distances to field edges
during activity and inactivity differed by only 5 m, which is a
small distance for this species. Nevertheless, when looking at
the distribution of the animals, inactive hares used areas close to
field edges more extensively than active hares. Therefore,
European hares use the areas close to field edges differently
depending on their activity state.

Finally, we focussed on methodological issues in space use
analysis, by comparing home range calculations derived from
VHF and GPS data (hypothesis 3). In general, less than one fix
per hour was enough to estimate a hare’s movement path
within a consecutive day and night. In another study of
European hares with a study area similar to ours, the mean
distance travelled over 24 h by the animals was 3,910 m, over
three times greater than in our study (Pépin and Cargnelutti
1994). However, the study was conducted during late winter,
and hares were located three times per hour during the day and
six times per hour during the night. The hares studied in
February and March were more active either because repro-
ductive activity was higher than during summer (Raczynski
1964) or because the much higher frequency of taking fixes
led to an increased movement path.

Traditional DDDs overestimated the distance between two
areas used consecutively for activity by 80 %, and the hares’
movement path for this time period was estimated to be around
ten times longer (AAD=62.5 m; DDD=112.4 m; hDDD=
1,146.9m). DNDs overestimated the distance between the hares’
areas used during activity and inactivity by 26 %, and the hares’
movement path for this time period was estimated to be around
five times longer (AID=122.7 m; DND=154.6 m; hDND=
748.8 m). Thus, traditional DDD and DND overestimated the
distance between areas used and underestimated hares’ move-
ment paths, within the home range. The over- or underestimation
was greater during the hares’ active phase. With the large num-
bers of fixes provided by GPS tracking, it is possible to distin-
guish between the movement path and the location of distinctly
used areas within an animal’s home range, whereas with VHF
tracking, these two parameters may be difficult to separate. It is

therefore advisable to draw conclusions based on comparisons
between VHF and GPS data with caution.

Conclusion

In summary, we found that in our agricultural area with small
fields, European hares’ home ranges were smaller, and the
distances between areas they used for activity and for inactiv-
ity were shorter, than ever recorded before in agricultural areas
with larger fields. Moreover, European hares expressed a
preference for areas near field edges while they were active
and inactive during summer. We compared the VHF and GPS
methods of telemetry and showed that with GPS data it is
possible to distinguish between the movement path and the
relative location of distinctly used areas within an animal’s
home range. Comparisons between results based on VHF data
and GPS data should therefore be madewith caution. As small
home ranges involve less energy expenditure for movement,
our results suggest that animals living in agro-ecosystems may
benefit from small fields.
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