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Limited data exist on ecology of European hedgehog (Erinaceus europaeus) at the
northern edge of the species’ range. In our study, spatial analysis using radio-tracking
data from Finland showed that sex and season had significant effects on the home-
range size of hedgehogs. Although males were heavier than females, body weight
had no effect on home-range size. Total home ranges (male 98, female 55 ha) were
larger than those in southern areas. Thus, male home ranges were larger than those of
females during the mating (male 72, female 21 ha) and post-mating seasons (male 48,
female 20 ha), but the differences were small and reversed before hibernation (male
17, female 29 ha). Home ranges of individuals of both sexes overlapped, but females
shared core areas with other females only during the mating season. Our results imply
possible differences in hedgehog ecology probably due to a less productive and harsh
northern habitat.

Introduction

Home range is the area over which an animal or
group of animals normally travels and searches
for food (Burt 1943). Thus, home-range size
is an important biological parameter reflecting
aspects such as sex, reproductive strategy, body
weight, diet, food availability and shelter seeking
(Clutton-Brock & Harvey 1978, Fisher & Lara
1999, Fisher & Owens 2000). In many mam-
malian species, males have larger home ranges
than females (e.g. Kristiansson 1984, Dahle &
Swenson 2003, Taulman & Smith 2004). Social
organization and mating systems are intimately
associated with spacing behaviour and thus,

sex-specific home ranges can be interpreted as
features of reproductive strategies (Gaulin &
Fitzgerald 1988, 1989, Steinmann et al. 2005).
In species with promiscuous and polygynous
mating systems, home ranges of females are
expected to depend mostly on the availability
and spatial distribution of food, whereas male
home-range size is mostly influenced by two
limiting resources: receptive females and food
(Clutton-Brock 1989, Gehrt & Fritzell 1998).
Nutrition influences home-range size through
size-dependent metabolic rate and habitat pro-
ductivity (McNab 1963). Mammals that live in
less productive habitats (e.g. arid areas, high
latitudes) or utilize patchily distributed food
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resources have larger home ranges as they have
to move over greater distances to find adequate
food (Harestad & Bunnell 1979, Damuth 1981,
Dahle & Swenson 2003).

The western European hedgehog (Erinaceus
europaeus) is a hibernating insectivore with a
fairly wide geographical distribution, occurring
in a wide variety of climatic conditions. This
species has a solitary life-style, is nocturnal, and
has a promiscuous mating system i.e., both sexes
court multiple partners (Reeve 1994, Jackson
2006, Moran et al. 2009). Males take no part
in parental care and the young disperse soon
after being weaned (Reeve 1994, Jackson 2006).
Sex significantly influences home-range size
in hedgehogs: males have larger home ranges
(Reeve 1982, Kristiansson 1984, Riber 2006).
Hedgehogs are not territorial, and home ranges
often overlap with individuals of the opposing or
same sex (Boitani & Reggiani 1984, Kristians-
son 1984, Riber 2006), although there are a few
divergent observations (Berthoud 1978, Kara-
seva et al. 1979).

Hedgehogs in Finland live at the northern-
most limit of their distribution range. The Finn-
ish population of hedgehogs is a result of inten-
tional introductions that were carried out > 100
years ago (Kristiansson 1981). The hedgehog
was actively introduced into new areas by man
due to the assumption that it kills snakes and rats
(Kristoffersson et al. 1966). Harsh boreal winters
and a reduced supply of macro-invertebrates
impose limits on food availability (Kristiansson
1981). It has been suggested that hedgehogs
from different areas are physiologically adapted
to the prevalent environmental conditions (Kris-
toffersson & Soivio 1967). Behaviour can also
vary geographically within species (Lacki et al.
2010), highlighting the need for regional stud-
ies examining the minimum requirements and
preference for each species. A significant decline
in hedgehogs has been evidenced in recent years
(Hof 2009) and knowledge of how species use
the space available to them, especially in their
northern part of the distribution range, may aid
their conservation in the future. Data on the ecol-
ogy of the hedgehog in northern Europe is scarce
(Kristiansson 1984, Jensen 2004, Riber 2006).
Specifically, information on the spatial ecology
of hedgehogs in the northernmost parts of its

range has not been reported. Previous studies
have focused primarily on distribution (Kristof-
fersson et al. 1966, Kristiansson 1981, Terhivuo
1990) and hibernation physiology (Kristoffers-
son & Soivio 1964, 1967, Soivio & Kristoffers-
son 1974) of hedgehogs, as well as on the metal,
arsenic and selenium concentrations (Rautio et
al.2010) in hedgehogs.

In the present study, we examined hedge-
hog spatial ecology based on space-use patterns
during the active period from spring to autumn
in an urban environment in eastern Finland.
Our specific aims were to study: (1) the effect
of sex, season and body weight on home-range
size, (2) the effect of sex and season on home-
range overlap between individuals and between
seasons within individuals, (3) the shift of the
home-range centre, and (4) the effect of sex and
period on body weight in hedgehogs over two
active periods.

Material and methods
Study area

The study was conducted in the town of Joensuu
(63°N, 29°E) in eastern Finland, a medium-sized
town with a population of 73 000. The study area
(7.2 km?) included the university campus area,
the town centre, and the surrounding urban and
small-scale garden areas. The study took place
between spring 2004 and early summer 2006.
The ground was covered with snow for about
five months (end of November to end of April),
with average snow depth being 36 cm (range
21-70 cm) in January.

Radio tracking

Twenty-five adult hedgehogs were captured by
hand or in wooden mink-traps and anaesthetized
(Domitor and Butarphenol Tartrate 1:1, Antise-
dan). Before tagging, hedgehogs were weighed,
sexed, marked with uniquely numbered plastic
ear tags (Dalton mini tag, UK) and checked for
injuries. The transmitters (Biotrack, UK, model
TW-3, 230 MHz, battery life approx. 12-13
months, weight 10-15 g (1.65% of average
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total body weight) were glued with acrylic resin
(Unifast trad, GC Europe N.V., Belgium) directly
to a mid-dorsal patch of clipped spines (see
Morris 1988). Sexual maturity was determined
based on body weight, size, and capture date.
Hedgehogs reach sexual maturity in the second
year of life, after their first winter hibernation
(Allanson 1934, Deanesly 1934). Juveniles (from
birth to first hibernation) are weaned in the end of
July (average weaning time 38—44 days, Reeve
1994) and are distinguishable from adults (juve-
nile weight 200-235 g at around 40 days, Reeve
1994). Tagged hedgehogs (males n = 13, females
n = 12) weighed between 568 and 1330 grams
and were all designated as sexually mature (indi-
viduals, that had hibernated at least once).

Study animals were tracked using radio
receivers (AOR8000, AOR Ltd., Tokyo, Japan)
and H-shaped directional antennas. Hedgehogs
carried transmitters from four days to > 1 year
(Appendix 1). Active hedgehogs were radio-
tracked between April and October. Eleven
hedgehogs (female n = 5, male n = 6) hibernated
with the transmitters.

Tracking was initiated before hedgehogs
emerged in the evening and terminated after the
last individuals retreated into the day nests the
following morning (approximately 18:00-20:00
to 05:00-09:00). The majority of the locations
(99.5%) were determined between 19:00 and
07:00. When possible, locations were taken
every two hours. Hedgehogs were typically
tracked from a distance of < 30 m and animals
were often visually observed. Research was done
according to the regulations of the University of
Joensuu Ethical Commission on Animal Experi-
ments. A license to catch hedgehogs in the field
was granted by the North Karelia Environment
Centre.

Home range calculations

Although successive locations may not have
been independent, we used them for home-range
calculations because we had several tracking
nights per home range (Smith et al. 1981), and
because the interval between the locations was
relatively constant (De Solla et al. 1999). Based
on previous studies, auto-correlation in telemetry

data is not problematic as long as the study has
short sampling intervals over an extended period
(Rooney et al. 1998). Nest locations as well as
other inactive locations were not included in
the calculation of home-range size because we
studied hedgehogs’ active home-range use. A
minimum convex polygon 100% and Kernel
95% incremental analysis were used to show
when the home-ranges reached an asymptote
(Kenward 2001).

Home-range sizes of the active period of
hedgehogs (April-September for males and
May—October for females) as well as separate
home-range sizes for the three seasons were
calculated. Seasons corresponded to the phases
of hedgehog breeding behaviour (Kristiansson
1984, Reeve 1994) and were also based on our
observations during the field studies (mating
season: 1 May—15 June, post-mating season:
16 June-31 July and pre-hibernation season: 1
August—15 September; see later the division of
active period into three two-month periods for
body weight data).

Location data (Finnish KKJ27 grid) were
analyzed with the programs Ranges8 (Anat-
rack Ltd., Wareham, UK; Kenward er al. 2008),
ArcGIS 9 (ESRI Inc., Redlands, CA) and
Quantum GIS 1.7.1 (Quantum GIS Develop-
ment Team 2012). Home ranges were estimated
using the fixed Kernel method with the refer-
ence smoothing parameter (1.0). The 95% kernel
(K95) was considered to represent the total home
range (5% of the outermost locations includ-
ing location errors and occasional trips outside
the frequently used home range were elimi-
nated). Core areas (areas of intensive use) were
estimated by 50% kernel (K50) home ranges,
which give the area where the animal spends
50% of its time. Minimum Convex Polygons
(100%) (MCP100) were also calculated. Despite
the fact that MCP100 overestimates home-range
size because of the outliers and inclusion of
areas never visited by individuals (White &
Garrot 1990), it enables better comparison with
previous hedgehog home-range studies in which
MCP100 had often been used (Reeve 1982,
Boitani & Reggiani 1984, Kristiansson 1984,
Riber 2006, Haigh 2011).

Overlap analysis, which gives the percent-
age overlap between each pair of home ranges,
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was also conducted. Overlap of home ranges
(K95, K50 and MCP100) was studied within
(FF, MM) and between sexes (FM, MF) and
only home ranges that overlapped were included.
Overlap of home ranges among the three seasons
(mating, post-mating and pre-hibernation) for
each individual was also calculated. The home-
range centre shift for each individual was esti-
mated by measuring the distance between cen-
tres of K50 (kernel centre) in the three seasons
using the interlocation measures in the Ranges8
software.

Body weight change

To study body weight change during the active
period, tracked hedgehogs (n = 25) were weighed
approximately every two weeks or when pos-
sible to avoid excessive disturbance. Weight data
on ear-tagged, free-living hedgehogs in the study
area (female n = 77 and male n = 82, weighed
at least once during the active period) were
also included. Juveniles (individuals < 500 g
from July to the end of the active period) were
excluded from analyses. Thus, all individuals
included had hibernated at least once. For body-
weight analysis, the active period was grouped
into three two-month periods: April-May, June—
July, and August—September.

Statistical analyses

Linear mixed-effects models were used to assess
factors explaining the hedgehog home-range
size, home-range overlap and body weight. We
developed three linear mixed-effect models to
test whether the number of locations recorded
per animal per season influenced K50, K95
and MCP100. An individual was included as a
random factor in the analyses. Prior to analy-
ses, K95 and MCP100 were sqrt(x + 0.5)-trans-
formed, and K50 and the number of loca-
tions (covariate) recorded per animal were
log(x + 1)-transformed to meet the assumptions
of normality. Range size was modeled as a
function of sex, season (fixed effects) and their
interaction. In these models, the weight of radio-
tracked individuals per season was included as a

covariate (log(x + 1)-transformed) and the indi-
vidual as a random factor.

Percent overlap in home ranges (K95,
MCP100) with neighbouring individuals was
modeled using the sex of the neighbour, season
and their interaction as fixed effects, and the
individual as a random effect. Before analy-
ses, percent overlap (P) was arcsine-transformed
(sin'\/0.01P). We conducted analyses separately
for males and females. Due to the low number
of female-female and male-male overlaps, it
was impossible to model the percent overlap
of K50. Body weight (radio-tracked and ear-
tagged free-living hedgehogs) was modeled as
a function of sex, period and their interaction
as fixed effects and the individual as a random
effect. Prior to the analysis, body weight was
sqrt(x + 0.5)-transformed. All statistical analyses
were performed with R 2.15.0. (R Development
Core Team 2012). Transformations were used to
meet the assumptions of normality.

Results
Home-range size

Incremental analysis showed that less than 30
locations would be enough for reliable home-
range determination. However, we chose
a slightly more conservative approach and
required a minimum of 30 locations to analyze
home ranges per season (see Kenward 2001).
Of the 25 radio-tracked hedgehogs, a sufficient
number of locations for an estimate of home-
range size was obtained for 21 individuals (10
females and 11 males; Appendix 1). The number
of locations (mean + SE) per night per animal
was 4.3 + 0.2 and tracking period (mean + SE)
per animal was 50 + 7 nights (Appendix 1). As
two hedgehogs were tracked for less than one
week and two hedgehogs had too few locations
per season, these individuals were excluded from
the analyses. The number of locations recorded
per animal per season was not positively related
to MCP100 (Linear mixed-effect model: slope =
3.503,SE=1.688,df = 19,r=2.075,p =0.052),
K50 (slope = 0.211, SE = 0.269, df = 19, ¢t =
0.784, p = 0.443) or K95 (slope = 1.624, SE =
1.681,df =19,1=0.966, p = 0.346).
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Fig. 1. Home-range sizes (+ SE) of hedgehogs in different seasons, and home-range size of the active period. The
number of individuals and the mean number of locations per home range (+ SE): Male: mating season; n =7, loca-
tions = 96 + 12; post-mating season; n = 6, locations = 115 + 16; pre-hibernation season; n = 5, locations = 66 + 11;
total home range; n = 4, locations = 266 + 29 and female: mating season; n = 8, locations = 101 + 17; post-mating
season; n = 6, locations = 136 + 15; pre-hibernation season; n = 6, locations = 120 + 18 (31-148), total home

range; n = 3, locations = 396 + 16.

The home-range sizes (+ SE) of males in an
active period (K95: 81.6 = 0.2 ha, MCP100: 97.9
+ 6.1 ha) were more than double that of females
(303 +7.0 ha,55.2 £ 17.1) (Fig. 1 and Table 1).
Female home-range size remained rather sim-
ilar until the pre-hibernation season when it
increased while male home-range size decreased
throughout the active period (Figs. la—c and 2,
Table 2). Sex, season and their interaction had
a significant effect on the size of K50, K95 and

MCP100, while body weight did not have a sig-
nificant effect on home-range size (Table 2).

We excluded the possibility that the number
of locations from each individual confounds the
results observed by including the number of loca-
tions as an additional explanatory variable to the
full models reported above and examined the
change in Akaike’s Information Criterion (AIC)
and model parameters. AIC increased > 1.8 after
the number of locations recorded was added to
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the K50 and K95 models. There was no change
in the significance of fixed-effect coefficients, and
the effect of the number of locations remained
non-significant. AIC remained approximately the
same (change < 0.4) after the number of recorded
locations was included in the MCP100 models,
but similarly there was no change in the signifi-
cance of fixed-effect coefficients and the number
of locations remained non-significant.

2 % === Post-mating
— = Pre-hibernation

/ L Q% Fig. 2. Examples of the
/ / home ranges (MCP100)
.

%i //%”075, of male and female

// U ¥/, gﬁ Zf hedgehogs during differ-
Gl il ent seasons.

Home-range overlap

The number of animals of both sexes over-
lapping in their core area (K50) with another
individual or individuals was very low (Fig. 3),
which made it impossible to model the percent
overlap for both males and females. In fact, no
female-female (FF) core areas overlapped during
the post-mating and pre-hibernation seasons,

Table 1. Summary of hedgehog home-range area estimates (ha, mean + SD). The method in all studies was radio
tracking (MCP100) and only studies with a long tracking period are included. HR = home-range estimate, — =

unknown, value was not reported in the study.

Sex HR=+SD Range n  Tracking period Study area Study

[of 32+8.9 155415 6 Seasonalrange area (51°N, 00°W) golf course Reeve (1982)
Q 10+£2.2 55-120 7 surrounded by private gardens

[of 46.5+15.8 25.0-67.7 5 114 nights (55°N, 13°E) abandoned Kristiansson
Q 19.7+8.4 81295 6 farmland (1984)

d 57.13+36.6 5.5-102.5 9 March 1980 to (42°N, 11°E) Mediterranean Boitani &

@ 29.08+20.08 10.0-56.2 5 July 1981 magquis region Reggiani (1984)
[of 96 +24 - 4  Between May (56°N, 10°E) mixture of arable  Riber (2006)
Q 26+15 - 4 and July land, forests and grassland

[of 56.0 £0.67* - 4 June 2008 (51°N, 8°W) rural area Haigh (2011)
Q 16.5+0.49* - 3 toJune 2010

[of 97.9+6.1 88.3-111.2 4 May 2004 (63°N, 29°E) urban area Present study
Q 55.2+17.1 23.6-82.2 3 toJune 2006

*
()
m
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Fig. 3. Home-range overlaps (mean + SE) over different seasons. FF = female with another female, FM = female
with male, MM = male with male and MF = male with female. Numbers of hedgehogs with overlapping home ranges
are given in Appendix 2.

Table 2. Results of linear mixed-effects models describing how sex, season, sex x season interaction and weight
explain home-range size in hedgehogs. K95 and MCP100 were sqrt(x + 0.5) and K50 and weight were log(x + 1)
transformed.

Coefficient SE df t p

K50

Fixed effects
Intercept 1.025 1.877 19 0.546 0.592
Sex -0.524 0.135 19 —-3.886 0.001
Season: mating vs. post-mating -0.338 0.160 11 2111 0.058
Season: mating vs. pre-hibernation -0.874 0.208 11 —4.202 0.002
Sex x season: mating vs. post-mating 0.360 0.194 11 1.860 0.090
Sex x season: mating vs. pre-hibernation 0.952 0.230 11 4.139 0.002
Weight 0.055 0.650 11 0.084 0.935

Random effects
Individual (SD = 0.200)

K95

Fixed effects
Intercept 11.410 10.894 19 1.047 0.308
Sex —4.196 0.770 19 —-5.449 <0.001
Season: mating vs. post-mating -1.869 0.964 11 -1.939 0.079
Season: mating vs. pre-hibernation —4.559 1.247 11 -3.657 0.004
Sex x season: mating vs. post-mating 1.889 1.188 11 1.590 0.140
Sex x season: mating vs. pre-hibernation 5.519 1.403 11 3.934 0.002
Weight -1.028 3.769 11 -0.273 0.790

Random effects
Individual (SD = 0.958)

MCP100, Fixed effects
Intercept 8.291 12.218 19 0.679 0.506
Sex —-3.903 0.869 19 —4.491 <0.001
Season: mating vs. post-mating -1.190 1.107 11 -1.075 0.305
Season: mating vs. pre-hibernation —3.836 1.426 11 —2.690 0.021
Sex x season: mating vs. post-mating 1.805 1.379 11 1.308 0.217
Sex x season: mating vs. pre-hibernation 5.845 1.621 11 3.607 0.004
Weight 0.065 4.223 1 0.015 0.988

Random effects
Individual (SD = 0.955)
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although the core area of females overlapped
with some males during the same season (FM)
(Fig. 3). During the mating season, the KS50s
overlapped more often with the opposite sex
(K50 overlap frequencies FF and MM (male-
male) = 10, FM and MF (male-female) = 18
including K50 overlaps with one or two individ-
uals, the number of individuals with overlapping
home range: female n = 7, male n = 5). A core
area rarely overlapped with the same sex, but
more frequently overlapped with the opposite
sex during the post-mating season (K50 overlap
frequencies MM = 2, FM and MF = 8 includ-
ing K50 overlaps with one or two individuals:
female n = 3, male n = 4) and during pre-hiber-
nation season (K50 overlap frequencies MM = 2,
FM and MF = 6 including K50 overlaps with one
or two individuals: female n = 2, male n = 3).

Among females, the difference in K95 range
overlap was significantly lower during the pre-
hibernation season than during the mating season
(Table 3 and Fig. 3b). None of the factors signifi-
cantly explained the percent overlap of MCP100
in females (Table 3 and Fig. 3c). Among males,
the percent overlap in K95 was explained by
the sex of the neighbour, as percent overlap
with other males (MM) was larger than with
females (MF) (Fig. 3b and Table 3). The percent
MCP100 overlap with other males (MM) was
larger than with females (MF) during the mating
and post-mating seasons, but the difference was
reversed in the pre-hibernation season (Fig. 3c
and Table 3).

Large differences in the percent overlap of
K50, K95 and MCP100 between mating and
pre-hibernation, and pre-hibernation and post-
mating seasons suggest that locations and cen-
tres of home ranges could have shifted markedly
(Table 4 and Fig. 2). This was further inspected
by calculating the shifts in home-range centres
(Table 5). The location of home-range core areas
(K50) was quite stable in females, while larger
shifts in home-range centre were observed in
males, although no statistical testing was possi-
ble due to the low number of observations.

All radio-tracked hedgehogs used food
sources intentionally or unintentionally provided
by humans as supplements to their diet. The
exact number of feeding grounds (food provided
intentionally) in the study area or the times when

hedgehogs visited the feeding grounds are not
known because the feeding grounds were mainly
in private residential gardens where movement
was often restricted.

Body weight change

The mean + SE body weight of males (858 =
17 g, number of individuals = 95, mean + SE
number of weighings per individual 2.1 + 0.2,
range = 1-10 times) was significantly higher
than that of females (757 + 12 g, number of
individuals = 89, mean number of weighings per
individual 1.7 + 0.2, range = 1-12) (Fig. 4 and
Table 6). Period had a significant effect on body
weight (Table 6), and there was a significant
interaction between sex and period (Fig. 4 and
Table 6). The mean body weights (+ SE, range,
n) for males and females in April-May were:
male 755 + 15 g, 312-1150, n = 57; female 667
+ 21 g,360-915, n = 34; June—July: male 900 +
27 g,540-1555, n = 44; female 794 £ 15 g, 431—
1092, n = 53 and August—September: male 1117
+ 48 g, 510-1547, n = 24; female 790 + 28 g,
500-1240, n = 29. Females were slightly heavier
than males during pregnancy in June (Fig. 4).

Male hedgehogs hibernated from August/
September until April and females from Sep-
tember/October until May. The mean + SE body
weights prior to hibernation of radio-tracked
males and females were 1286 = 127 g (n =
5) and 958 + 40 g (n = 4), respectively. After
hibernation, the mean body weights of males
and females were 924 + 60 g and 686 + 26 g,
respectively. Thus, average weight loss during
hibernation was 28% for both sexes.

Discussion

This study shows that the average home range
of hedgehogs in northern latitudes is larger than
that of hedgehogs living in more southern areas
(Table 1). In our study area (63°N), the grow-
ing season is very short (150-175 days) (Tveito
et al. 2001) compared with that in the more
southern areas where hedgehog home ranges had
been studied previously (southern Sweden 175—
200 days, Denmark 200-225 days and south-
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ern Europe > 225 days: Rotzer & Chmielewski
2001, Tveito et al. 2001). During the short active
period (< 5 months), hedgehogs have to build
up body stores for hibernation. Our results are
consistent with the observations that increas-
ing latitude (> 50°N) is broadly associated with
decreasing primary productivity (NPP) (Huston

& Wolverton 2009), and mammals living in less
productive habitats are predicted to have larger
home ranges to meet their energy requirements
(Harestad & Bunnell 1979, Dahle & Swenson
2003). Temperate zones offer longer growing
seasons, and food availability is high for a longer
period (Huston & Wolverton 2009, Hails 1982)

Table 3. Results of the linear mixed-effects models describing how the sex of the neighbour, the season and their
interaction explain home-range overlaps in hedgehogs. Full models are represented. K95 and MCP100 overlap

percents were arcsine-transformed.

Coefficient SE df t p

K95: Females

Fixed effects
Intercept 0.967 0.177 35 5.470 < 0.001
Sex -0.133 0.192 35 —-0.691 0.494
Season: mating vs. post-mating -0.378 0.342 35 -1.106 0.277
Season: mating vs. pre-hibernation —0.668 0.271 35 -2.470 0.019
Sex x season: mating vs. post-mating 0.346 0.376 35 0.921 0.364
Sex x season: mating vs. pre-hibernation 0.390 0.350 35 1.116 0.272

Random effects
Individual (SD = 0.129)

K95: Males

Fixed effects
Intercept 0.618 0.056 49 10.992 <0.001
Sex -0.276 0.076 49 —3.643 <0.001
Season: mating vs. post-mating -0.146 0.101 49 -1.440 0.156
Season: mating vs. pre-hibernation 0.301 0.178 49 1.690 0.097
Sex x season: mating vs. post-mating 0.157 0.136 49 0.153 0.255
Sex x season: mating vs. pre-hibernation 0.174 0.214 49 0.813 0.420

Random effects
Individual (SD = < 0.001)

MCP100: Females

Fixed effects
Intercept 0.712 0.152 43 4.671 < 0.001
Sex 0.162 0.164 43 0.992 0.327
Season: mating vs. post-mating -0.113 0.316 43 -0.357 0.723
Season: mating vs. pre-hibernation -0.014 0.215 43 —-0.066 0.947
Sex x season: mating vs. post-mating 0.050 0.346 43 0.145 0.885
Sex x season: mating vs. pre-hibernation 0.353 0.281 43 1.256 0.216

Random effects
Individual (SD = 0.153)

MCP100: Males

Fixed effects
Intercept 0.685 0.065 55 10.573 <0.001
Sex -0.294 0.079 55 -3.731 < 0.001
Season: mating vs. post-mating 0.108 0.107 55 1.016 0.314
Season: mating vs. pre-hibernation -0.302 0.141 55 -2.140 0.037
Sex x season: mating vs. post-mating —-0.099 0.139 55 -0.714 0.479
Sex x season: mating vs. pre-hibernation 0.809 0.175 55 4.618 < 0.001

Random effects
Individual (SD = 0.067)
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Fig. 4. Changes in body weight (+ SE) during active
period of hedgehogs (the number of weighings per
dot in males varied between 1 and 32 and in females
between 1 and 17).

thus enabling, for example, second litters for
hedgehogs (Reeve 1994). Body weight did not
affect home-range size in this study, although
an increase in range size with increasing body
weight was found in an earlier study (Dowding
2007).

On average, the estimated male home-range
size was larger than that of females, which

is in accordance with several previous studies
(Table 1). In our study area, the mating season
lasted for only four to five weeks, whereas in
southern Sweden the mating season lasts for two
months (Kristiansson 1981) and in Britain for up
to four months (Jackson 2006). Our results, and
those of the previous studies, suggest that during
the short mating season males can increase fit-
ness by roaming over large areas to consort
with as many females as possible but move-
ments clearly decline in the post-mating season
(Boitani & Reggiani 1984, Kristiansson 1984,
Clutton-Brock 1989).

A promiscuous mating system in hedgehogs
(Reeve 1994, Jackson 2006, Moran et al. 2009)
is consistent with the frequent overlap of home
ranges found in the present study. Each individu-
al’s home range overlapped with those of several
members of the opposite sex, which is expected
in mammal species with a promiscuous mating
system (Steinmann et al. 2005, Blondel et al.
2009). Males’ home ranges overlapped more
with each other, which is explained by their
larger home ranges, especially during mating
season. However, male spatial organization is
probably mostly affected by female space use,
because a male’s reproductive success is depend-
ent on the number of mates it can find and defend
(Clutton-Brock 1989, Gehrt & Fritzell 1998). In
solitary and promiscuous hedgehogs, receptive
females are widely dispersed because of patchy

Table 4. Percent overlap of home-range locations within each individual between different seasons (mean + SE). n

= hedgehogs compared in each season.

K50 n K95 n MCP100 n
Males: Season
Mating vs. post-mating 31.8+11.8 4 51.9+122 4 73.5+9.7 4
Post-mating vs. mating 47.8 £20.6 4 63.7 +4.6 4 71.8+75 4
Mating vs. pre-hibernation 0.2+0.2 4 9.0+43 4 10.7 +3.8 4
Pre-hibernation vs. mating 175175 4 58.6 +23.7 4 55.4 +24.7 4
Post-mating vs. pre-hibernation 45+3.2 2 14.0 £11.0 2 11.3 +9.1 2
Pre-hibernation vs. post-mating 65.8 +34.0 2 86.8 +13.2 2 87.9+10.3 2
Females: Season
Mating vs. post-mating 44.0 +10.7 7 66.1 +7.1 7 71.5+7.0 7
Post-mating vs. mating 37.7 +6.8 7 66.6 £5.3 7 67.6 +9.3 7
Mating vs. pre-hibernation 38.1 £17.9 4 81.5+95 4 952 +3.4 4
Pre-hibernation vs. mating 29.4 +18.6 4 45.6 £+12.2 4 30977 4
Post-mating vs. pre-hibernation 18.5+13.8 4 65.4+7.2 4 70.0+7.2 4
Pre-hibernation vs. post-mating 20.5 +18.1 4 39.1 £3.1 4 35773 4
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food resources (Kristiansson 1984). This makes
it difficult for males to predict the location of a
female and follow and guard her.

Based on observations during radio tracking,
many hedgehogs in our study area used food
sources provided unintentionally or intentionally
by humans as supplements to their diet. Food
addition significantly changes the spatial pattern
of hedgehogs’ habitat use and individuals alter
their searching behaviour, and learn an asso-
ciation between food and visual stimuli (Cas-
sini & Krebs 1994). Furthermore, in the present
study, male home-range size reduced drastically
in pre-hibernation season, which could be par-
tially related to regular supplementary feeding.
However, hedgehogs do not seem to become
over-dependent on supplementary food and they
use it only as a supplement to their natural
diets (Morris 1985, Hubert et al. 2011). Males
also shifted the centre of the core area of their
home ranges more than females during the active
period (although the significance was not tested
due to the low number of observations) suggest-
ing that the breeding area in the mating season
and the main foraging areas in the pre-hiberna-
tion season are located in separate areas. This

could mean that the location of optimum forag-
ing areas varies seasonally (Riihe & Hohmann
2004, Haigh 2011). In urban areas, vegetation
growth and human activities can differ over the
course of the active period, which can bring
about distinct seasonal landscape changes, and
affect the availability of resources and ease of
locomotion for many of its inhabitants (Riihe &
Hohmann 2004).

Among females, the changes in home-range
size during the active period were smaller than
among males. The core area of the home range
was the smallest during nursing in post-mating
season. Limited home ranges during lactation
have also been observed in other small mam-
mals (Koskela et al. 1997, Henry et al. 2002).
In the beginning of the pre-hibernation season,
female home-range size increased potentially
due to more active food searching to accumulate
fat reserves for winter. Although our results sup-
port the findings of earlier work, showing non-
territoriality in hedgehogs (Reeve 1982, Boitani
& Reggiani 1984, Riber 2006), we found that
females tend to be more exclusive in their space
use than males. Particularly interesting was the
lack of the female-female core area overlaps

Table 5. The distance (m) between centres of K50 between three seasons.

Males Females
Mean + SE Range n Mean + SE Range n
Mating—post-mating 380 + 186 42-1066 4 116 + 34 11-255 8
Post-mating—pre-hibernation 226 £13 213-238 2 240 £ 59 66-317 4
Mating—pre-hibernation 581 + 169 321-1066 4 182 £ 63 8-313 4
Overall 429 +102 42-1066 164 +29 8-317

Table 6. Results of the linear mixed-effects model describing how sex, periods and their interaction explain weight
(sqrt(x + 0.5)-transformed) during a hedgehog’s active period.

Coefficient SE df t P
Fixed effects
Intercept 26.674 0.341 185 78.213 < 0.001
Sex -1.256 0.539 185 -2.329 0.021
Period: April-May vs. June—July 2.852 0.390 185 7.304 < 0.001
Period: April-May vs. August—-September 5.798 0.541 185 10.722 < 0.001
Sex x period: Apri-May vs. June—July -0.721 0.580 185 -1.242 0.216
Sex x period: April-May vs. August—September —3.152 0.736 185 —4.282 < 0.001

Random effects
Individual (SD = 2.328)
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during the post-mating and pre-hibernation sea-
sons. Also the percent overlap of K95 in females
decreased towards the pre-hibernation season.
Additionally, in previous studies it was found
that the ranges of female hedgehogs did not
overlap, or overlapped only very slightly (Kara-
seva et al. 1979, Riber 2006, Haigh 2011). In
Switzerland, Berthoud (1978) found that female
hedgehogs had territories that were contigu-
ous but did not overlap. However, no marking
behaviour was observed and the frequent move-
ments into other individuals’ territories did not
elicit aggressive responses. Exclusive space use
by female hedgehogs does not seem to rise from
an active defence of territory but is rather due
to avoidance of same-sex individuals (Morris
1969). A high degree of mutually exclusive use
of space has been widely documented in small-
mammal females (e.g. Ostfeld 1990, Wolff 1993,
Steinmann et al. 2005, Blondel er al. 2009).
During nursing, female hedgehogs stay close
to the breeding nests and thus the core areas do
not overlap with those of other females. How-
ever, after weaning females’ non-overlapping
core areas may be a mechanism to ensure food
availability by avoiding the use of the same area
with others. In the present study, home-range
core areas were quite stationary suggesting that
females search for food in the same area during
their whole active period.

Our study confirms that hedgehogs in north-
ern Europe seem to be slightly larger than hedge-
hogs at more southern latitudes (Boitani & Reg-
giani 1984, Parkes 1975, Kristiansson 1984,
Reeve 1994). We also found evidence of sexual
dimorphism in hedgehog body mass. Haigh et
al. (2012) recently reported that males were
significantly heavier during their active period,
whereas earlier studies had not considered the
difference significant (Kristiansson 1984, Reeve
1994). In the current study, the difference in body
mass between sexes was greatest during August—
September. The degree of weight loss during
hibernation (here 28%) was in accordance with
former studies in northern Europe (20%—40%)
(Kristoffersson & Suomalainen 1964, Kristians-
son 1984). In more southern areas, where the
hibernation period is shorter, the recorded weight
loss in females was 15%—-38% and only 3%—6%
in males (Haigh et al. 2012). The weight fluc-

tuations of both sexes were in accordance with
earlier studies (Kristiansson 1984, Reeve 1994).
Kristiansson (1984) reported that the average
body weight of adult males decreased from May
(955 g) to June (870 g), but increased consid-
erably from June to September (870-1410 g).
During pregnancy, females’ weight increased,
but decreased during nursing, and increased
again before hibernation (Kristiansson 1984,
present study). In our study area, males emerged
from hibernation as early as April when there
was still snow. In terms of energy supply, hedge-
hog males face the hardest strain during the
mating season (Téhti 1978, Kristiansson 1984)
and lose weight during this time (Kristiansson
1984). During mating season, foraging activi-
ties are limited and males can sustain periods of
short-term starvation (Kristiansson 1984). Espe-
cially in the northern areas, a good body condi-
tion improves survival through the long hiber-
nation period (Reeve 1994, Morris 1984) and
survival through the mating season (Kristiansson
1984). Generally promiscuous species tend to
show little or no sexual size dimorphism (Heske
& Ostfeld 1990) and therefore, hedgehogs seem
to be an exception to typical promiscuous mating
systems. In hedgehogs, like in several mammals
(e.g. Kristiansson 1984, Poole 1989, Sandell
1989), body weight may have a major effect on
male mating success as it influences other factors
like range size and searching abilities.

Conclusions

Home ranges of boreal hedgehogs are larger
than those of hedgehogs living at more southern
latitudes. In addition, sex and season had major
effects on home-range size of hedgehogs. The
mating season is clearly shorter in Finland than
in more southern areas. Males may have com-
pensated for the short mating season by trying
to reach as many females as possible by maxi-
mizing their home-range area. After the mating
season, home-range size of males declined and,
in the pre-hibernation season, the home ranges
of both sexes were almost of the same size.
Although hedgehogs are not territorial, we found
an interesting pattern with low female-female
core-area overlap, suggesting that females avoid
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other females to ensure their own food avail-
ability. Males’ home ranges overlapped more
often with males than with females probably due
to their large home ranges. This also suggests
that space use by males is more flexible than by
females. It is likely that food availability and
parental care among females and reproductive
success among males affect home range sizes
and spatial organization. Behavioural patterns
can be explained by the promiscuous mating
system of hedgehogs. The results of this study
are particularly valuable because long study
period enabled us to observe the changes in
spatial ecology of hedgehogs during their active
period for the first time at the northern edge of
the hedgehog’s distribution range.
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Appendix 2. Number of pairs (FF, FM, MM or MF) of overlapping home ranges (K50, K95, MCP100)/number of

hedgehogs overlapping in their home ranges with another individual or individuals.

Season Home range FF FM MM MF
Mating K50 6/6 912 4/3 92
K95 6/6 22/13 18/6 22/13
MCP100 6/8 22/13 18/6 22/13
Post-mating K50 0/0 4/7 2/2 4/7
K95 2/2 10/10 8/5 10110
MCP100 2/2 12/11 8/5 12/11
Pre-hibernation K50 0/0 3/5 2/2 3/5
K95 4/3 5/8 2/2 5/8
MCP100 6/3 7110 4/4 710
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