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Abstract There was previously no information on nesting,
seasonal body mass or the hibernation behaviour of the
hedgehog in Ireland. Between 2008 and 2009, hedgehogs
were caught, weighed weekly and monitored by radio track-
ing at a rural Irish site. Day nests were recorded in the active
period and hibernacula thereafter. Arable land has been
reported to be poorly utilised by hedgehogs in the UK and
Denmark. In Ireland, day nests and hibernacula were con-
structed in the hedgerows of arable land indicating that these
areas will be exploited if hedgerow is maintained and high-
lights the importance of maintaining hedgerows in arable
areas. Individual females returned to the same day nest
significantly more than males. Over the 2 years, individuals
were found to occupy a mean of 1.8 (+0.9; SD) hibernacula
(maximum of 3) and they rotated between nests up to four
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times (mean of 2.5+1.6). When hedgehogs occupied multi-
ple hibernacula, those occupied in mid winter (December
and January) were occupied for significantly longer than
those occupied at the start (October and November) and
end (February and March) of hibernation. Studies in the
UK and Denmark have reported on hedgehog hibernation.
However, the winter climate in southern Ireland is milder
than other areas of Europe and thus it was expected that
hibernation characteristics would also differ, i.e. shorter
hibernation periods, earlier emergence, lower body mass
loss and the ability to survive hibernation at a lower body
mass. This proved to be the case with a mean hibernation
period (£SE) of 148.9 (£0.5) days, a mean body mass loss of
17.0 (£0.53) %, emergence in March and the ability of late
juveniles to survive at a pre-hibernation body mass of 475 g.

Keywords Day nests - Arable - Inter-sex differences -
Hibernacula - Winter arousal - Seasonal body mass changes

Introduction

A number of variables are believed to limit the distribution
of the western hedgehog in an area, with nest sites (Jensen
2004), food availability (Kristiansson 1984) and the pres-
ence of predators (Micol et al. 1994) deemed to be the most
important of these. For a hibernating species, like the west-
ern hedgehog, adequate nest sites are essential if a habitat is
to meet the animal’s basic requirements. In Denmark, Jensen
(2004) recorded that 55 % of hibernacula occurred in for-
ested areas, with a similar result found by Riber (2006) for
day nests in Denmark. In Ireland, only 9.6 % of the land area
is currently covered by forest (Rudel et al. 2005). However,
while Ireland has the lowest percentage of forest cover by
land area of all European countries (EPA 2008), Ireland has
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extensive hedgerow networks, which have been recognised as
important habitats for conservation on a European level (Pithon
et al. 2005). Most of this hedgerow has remained intact since it
was first planted in the 18th century; whereas in most other
European countries, it has become a special feature, restricted to
small areas (Cabot 1999). Agricultural intensification, and the
associated loss of habitat, has resulted in hedgerows becoming
regarded as important contributors to biodiversity conservation
in the agricultural landscape (Gelling et al. 2007). Unfortunate-
ly, as farms have become more specialised and efficient, and
with the growing need for larger fields, this has had a knock-on
effect on hedgerows, with a reduction of 50 % of the hedgerow
stock in the UK (Robinson and Sutherland 2002). However,
while farmland is the most intensively managed part of the Irish
landscape, it is still generally less intensive than in other Euro-
pean countries (Cabot 1999) and small field sizes have been
maintained in many areas (Pithon et al. 2005).

Unlike other mammal species who build a secure permanent
nest site, the day nests of hedgehogs are often flimsy structures
designed for short term occupancy (Morris 1973). Despite this,
in the UK hedgehogs have been shown to exhibit philopatry,
returning to a particular nest throughout the year but usually
occupying multiple nests (Morris 1969). In the UK, this was
generally dependent on the size of the individual’s home range
and Reeve (1981) noted a tendency for males to move nests
more often than females. Individuals may use the same nest but
simultaneous occupancy has not been recorded (Riber 2006).

In Denmark, Jensen (2004) reported that the average dura-
tion of hibernation was 178.8+13.1 (SE) days for juveniles
and 197.7+2.2 days for adults. The only record of hibernation
in Ireland was recorded by a Mrs. Kenny in Tipperary who
noted the hibernation period of an individual hedgehog in her
garden over 4 years as between 139 days in 1980 and 1982
and 150 in 1983 (Fairley 1984). In Britain, adult hedgehogs
usually weigh between 600 and 700 g increasing to about
900-1,000 g in autumn (Reeve 1982). In New Zealand,
Parkes (1975) reported a mean body mass for males of 706+
10 g and for females 688+9.9 g. In previous studies, males, in
contrast to females, showed a fairly constant body mass
throughout the year, but with a tendency to increase body
mass just prior to hibernation, having reduced their body mass
during the breeding season (Reeve 1981).

Juveniles are capable of putting on body mass quickly
and Reeve (1981) stated that new juveniles that appeared in
early August in the UK increased their body mass to exceed
500 g by October. According to Morris (1969), some indi-
viduals can achieve 800-900 g within a year of their birth
and Jackson (2006) observed that subadults were on average
nearly a third heavier 1 year later.

The necessary body mass required to survive hibernation
varies depending on the country’s climate. In the UK,
hedgehogs have been reported to hibernate from October
or November through to April (Morris 1969; Jackson 2001).
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According to Reeve (1982), British hedgehogs are smaller
than continental hedgehogs and are able to survive winter
with a lower body mass. Estimates in the UK for the min-
imum hibernation body mass range from 450 (Morris 1984)
to 650 g (Bunnell 2002). In Denmark, they needed to reach
513 g to survive (Jensen 2004). Brockie (1990) estimated
that hedgehogs in New Zealand needed to weigh at least
300 g to survive hibernation. In Sweden, Kristiansson
(1984) found that hedgehogs tended to have a larger pre-
hibernation body mass than British hedgehogs, something
which he suggested could be due to the harsher Swedish
winters. To date, the body mass required for an Irish hedge-
hog to survive hibernation is unknown. Grass continues
growing for longer in Ireland than any other European
country (Cabot 1999), and the winters are generally milder
in Ireland, which may allow for a shorter hibernation period.

With this milder climate, the current study hypothesised
that variations would be apparent in the hibernation activity
of hedgehogs in Ireland, in comparison to elsewhere. In
particular, the study aimed to test the hypotheses that hedge-
hogs could survive hibernation at a lower weight, hiberna-
tion is shorter, weight loss more conservative and
emergence earlier than that previously observed elsewhere
in Europe. With Ireland’s less intensive agricultural practices
and greater density of hedgerows, the current study also aimed
to investigate the location of day nests and hibernacula and the
contribution of this, to habitat selection.

Materials and methods
Study area

The study was carried out between June 2008 and November
2009 on a 97-ha site (51° 53" 59.5” N latitude, 8° 29" 03.7" W
longitude), 36.8 km from Cork City and 5.3 km from the
nearest town of Bandon. Land use was 23 % arable, 64 %
pasture, 7 % residential garden, 1 % scrub, 1 % marsh and 4 %
wood (Fig. 1). Residences (8 %) were clustered throughout
the study site, the majority of which was associated with farm
yards.

Daily minimum and maximum temperatures were mea-
sured at midday. Rainfall data were obtained from Met
Eireann (www.met.ie; Fig. 2).

Capture and marking

Hedgehogs were captured by hand with the aid of spotlights.
Individuals were marked using a unique colour combination
of heat shrink plastic tubes (R.S. Components Ltd, Northants,
UK) which were attached to the spines. Fifteen were applied
to three specific regions (left of head, centre and right of head)
on each animal with glue (Evo-Stik). Reflective tape (CH
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Fig. 1 Study area: the 43 ha
searched for hedgehogs in 2008
(inner square) and 97 ha
searched in 2009 (outer square)
near Bandon, Southern Ireland.
The squares in red show the
location of day nests; those in
green, hibernacula

Marine, Cork) was also attached to one of the middle markers
so that the head region could be identified while tracking. The
tubes acted as a visual aid and minimised the need to recapture
the animal each time for individual identification. Individuals
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were also marked using passive integrated transponder (P.I.T.)
tags (MID Fingerprint, Dorset, UK) inserted into the upper
hind leg (Doncaster et al. 2001; Jackson et al. 2004). This
allowed individuals to be identified after hibernation.
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Fig. 2 Minimum and maximum monthly temperature (°C) and rainfall (mm) over the study period
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All hedgehogs caught were classified as adult or juvenile,
sexed, weighed using digital scales (Harvard apparatus,
Kent, UK), hind foot measurements taken and growing
and broken spines noted. Tagged individuals were weighed
at weekly intervals. The animal was considered to be a
juvenile if it satisfied all of the following criteria: body mass
less than 600 g when first caught, hind foot length of less
than 3.6 cm and presence of growing spines throughout the
pelage. All procedures were carried out in accordance with
current regulations. Licenses were obtained from the De-
partment of Environment, Heritage and Local Government.

Direct following

Spotlighting for hedgehogs took place from 26th June 2008
until 28th September 2008. Eight hedgehogs were caught
during spotlighting nights and these were fitted with a tip
light (MK IV, Murrays and Co. Ltd, Patrick St, Cork, Ireland)
placed on the back and were monitored for a total of 95 h over
17 nights by direct following (Table 1). Location fixes were
taken every 10 min using a Garmin GPS 60 (CH Marine,
Cork, Ireland). Animals were followed until they returned to
the nest site, or until they could no longer be located. It was
also noted whether or not they returned to the nearest nest at
the end of a night’s foraging.

Radio tracking

All animals caught after 28 September 2008 were fitted with
radio tags. Eight hedgehogs were fitted with 173 MHz, R1-2B
transmitters (Holohil Systems Ltd, Ontario, Canada) and at-
tached to the animal after the manner of Jackson and Green
(2000). The entire tag weighed 10 g. These eight hedgehogs
were radio tracked before they entered hibernation for 160 h
over 33 nights (Table 1). Day nests were either identified at the
end of the night or during the following day.

Six of these hedgehogs were monitored throughout hi-
bernation and upon emergence. Individuals were considered

to be hibernating if they did not leave their nest for seven
consecutive nights. Hibernacula were identified in accor-
dance with Morris’ (1973) description of winter nests. Once
the animals were considered to have entered hibernation,
their location was checked at weekly intervals.

Data analysis

GPS positions of nests and hibernacula were plotted
onto ortho-photographs (Ordinance Survey of Ireland)
of the area using the Geographic Information System
(GIS) software Arc map version 9.2. When means are
provided they are followed by the + standard error, unless
otherwise stated. Tests for normality were performed on
Brodgar software for univariate and multivariate analysis
and multivariate time series analysis version 2.6.3. PASW
Statistics Version 17 was used for all further statistical
analysis.

Results
Location of day nests

Day nests of radio tagged hedgehogs were located 260 times
between June 2008 and November 2009, during which 117
different nests were identified (Fig. 1). Day nests were
recorded 122 times in 2008 and 138 times in 2009. A total
of 117 individual day nests were utilised by hedgehogs,
53 % of these were located in pasture and 30 % in arable
land (Table 2). However, while the majority of day nests
was in pasture, hedgehogs returned significantly more often
to nests in arable land (Kruskal-Wallis, H=8.536, df=2, p<
0.05, followed by Dunn’s comparison test; Table 2). In
general, day nests were situated amongst thick bramble.
However, in warm weather (13-14.5 °C) hedgehogs were
occasionally observed (n=3) to nest amongst long grass in
pasture (Table 2).

Table 1 The number and percentage of observations and individual day nests and hibernacula recorded in 2008 and 2009

Habitat Pasture Arable Garden Scrub Wood Marsh  Total
Microhabitat Hedgerow Silage Burrow/ Grass Hedgerow Hedgerow Shed Bramble Bramble
bale wall patch patch
Day nests No. of 97 15 5 3 117 11 3 5 4 0 260
observations
% 37 6 2 1 45 4 1 2 2 0 100
No. of 62 1 2 3 35 6 1 4 3 0 117
different nests
% 53 1 2 3 30 5 1 3 3 0 100
Hibernacula No. of 1 2 6 2 5 17
different nests
% 6 12 6 35 12 29 100
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Table 2 Mean monthly body mass (g) of individuals that were tagged for more than one season, based on four recordings per month
I.D. Sex Year April May June July August September October
2008 909 930 889 1048 1,132
2009 1,023 1,101 958 910 867 954 1,135
FA56 Q 2010
2008 1,050 1,020 1,097 1,264
2009 1,283 1,111 1,134 1,096 1,120 1,145 1,165
75EC a 2010 1,114 1,191
2008 1,040 1,112
2009 966 1,063
524A Q 2010 1,047 1,068 917
2009 1,042 1,128 1,165
856C 3 2010 1,057 1,102
2008 1,041 1,112 1,149
A3D6 3 2009 1,076 1,057 1,058 1,059
2008 1,003 1,069 1,221
ACOO 3 2009 1,163 1,136 1,158 1,128
2008 953 902
8C88 34 2009 1,112 1,091 930 1,011 1,053

Location of hibernacula

Six hedgehogs were tracked throughout hibernation in
2008/2009 and five in 2009/2010. Seventeen hibernacula
were identified at this time (Fig. 1), with the majority
located in hedgerow of arable land (35 %) and in scrub
(29 %; Table 2). Few hibernacula were located in pasture
hedgerow (6 %) despite 37 % of day nests being located in
this microhabitat (Table 2).

Use of multiple day nests

Hedgehogs had several day nests that were used only once
(Fig. 3). Some nests were used more often, up to seven times
by some individuals (Fig. 3). Females returned to the same
nest significantly more often than males. (One-way ANOVA,
following Log(x) transformation, F=5.411, df=1, p<0.05;
2009 data only). This pattern was observed in two successive
years. In 2009, females (n=4) moved a mean of 2.27+0.03
times vs. males (#=7) moved a mean of 1.34+0.02 times. In
2008, females (n=3) returned to a nest a mean of 5.2+0.18
times whereas the corresponding figure for males (n=3) was
3.8+0.15 occasions. In addition, nests were utilised by a
number of different hedgehogs but never simultaneously.

Movement between hibernacula
Of the six hedgehogs monitored throughout hibernation in

2008/2009, only two remained in the same hibernaculum for
the entire hibernation period (Fig. 3). In 2008/2009 and

again in 2009/2010, adult male (#75EC) was the only ani-
mal to occupy a single hibernaculum (Fig. 3). One adult
male (#ACOOQO) moved four times during hibernation be-
tween three different hibernacula.

In 2008/2009, two male hedgehogs (#A3D6 and
#ACOO) swapped hibernacula on a number of occasions
(n=3) throughout hibernation. This exchange of hibernacula
was observed again in 2009/2010 when an adult female
(#FAS56) and juvenile male (#E89D) moved between the
same two hibernacula four times, entering a hibernaculum
as soon as the other had exited it.

When a hedgehog occupied multiple hibernacula, the
first was utilised for a significantly shorter time (19.8+
0.6 nights) than the second hibernaculum (81.4+1.2
nights; Mann Whitney, U=1.5, n;=8, n,=5, p<0.05).
Hibernacula occupied in mid winter (December—January)
were also occupied for significantly longer than those
hibernacula occupied at the end (January—March; 21.8+
0.3 nights) of hibernation (Mann Whitney, U=1.0, p<0.05;
Fig. 3).

Emergence time

In the 2008/2009 season, four of the six hedgehogs emerged
within a night of one another (30th-31st March 2009). One
emerged 2 weeks later (16th April 2009). Another hibernat-
ed for 174 nights, emerging on the 12th May (Table 3). This
was the longest hibernation recorded during the study. In
2009/2010, the first hedgehog emerged on the 18th March
2010.
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Fig. 3 The number of nights
each individual hedgehog
remained in an individual
hibernaculum from the first
day in which they entered
hibernation (individuals are
only included if they were
monitored for the entire FASG
hibernation period)
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Adult body mass during the active period

Over the active period (2008-2009), adult males (n=7) were
significantly heavier than adult females (n=4; Z=2.679, n;=
55, n,=27, p<0.01; Fig. 4). The mean body mass (+SE) of
adult females was 998.9 g (£0.37), ranging from a mean of
individual mean of 877.9 g (£1.98) in August to 1,116 g
(x£1.21) in October. The equivalent body mass of adult males
was 1,065 g (+0.19; SE), ranging from 1,026 g (+0.90) in
July to 1,192 g (£1.38) in October.

The active period was then grouped into four bimonthly
time periods (March and April, May and June, July and August
and September and October), and both sexes were significantly
heavier in the period approaching hibernation than they were in
July/August or the first 2 months after emergence (March and
April; @ one way ANOVA followed by Tukey’s post hoc test,
F=4.548, df=3, p<0.05; & one way ANOVA followed by
Tukey’s post hoc test, F=2.896, df=3, p<0.05).

Surprisingly, individuals tagged in successive years were
found to be of a similar monthly body mass in both years

D1sthibernacula O 2nd hibernacula O 3rd hibernacula

Days
174 |
17 140 |
46 | 63 N
7 46 | 52 {8 |7]
56 | 64 | [7]
133 |
166

af 21 Jqf 94 |

(Table 3). Generally individuals were only marginally heavi-
er or lighter (<100 g) in the same month of the following
year. Notably, the greatest body mass difference (>100 g)
was August 2008 and August 2009 evident in two males
(75EC and 8C88; Table 3).

Juvenile body mass during the active period

Juveniles showed a mean body mass increase of 7.78 g
(+0.24; SE) per day from first capture, combining years
and sexes. Juveniles (n=6) almost doubled their body mass
from first capture to hibernation (mean of 180.13 %
(%1.29)). The maximum body mass achieved by a juvenile
prior to hibernation was 1,024 g (Table 4). This was equiv-
alent to the weight of adults at this time.

Reduction in body mass post hibernation

Males and females were of a similar weight immediately
prior to hibernation (F=0.033, p>0.05; Fig. 4).

Table 3 The body mass of juveniles when they were first caught, prior to hibernation, their weight increase per day and in the following year

LD Weight at first Weight prior to % increase Increase per day Max. weight the
capture hibernation following year
9CE2 Q 517 g (18/09/08) 856 g (25/10/08) 165.6 % (37 days) 92 ¢ N/A
F620 Q 281 g (18/10/08) 445 g (12/11/08) 158.4 % (25 days) 6.6¢g N/A
S6EA 3 255 g (17/10/08) 475 g (12/11/08) 186.3 % (25 days) 88 ¢g 922 g (April 09)
0Cs5B 3 244 g (17/10/08) N/A N/A N/A N/A
E928 3 258 g (18/10/08) N/A N/A N/A N/A
ACD7 I3 299 g (28/7/09) 865 g (20/9/09) 289.3 % (55 days) 103 ¢g N/A
0428 I} 588 g (10/9/09) 1024 g (10/11/09) 174.2 % (61 days) 72 ¢ N/A
E89D ) 855 g (30/9/09) 915 g (13/10/09) 107.0 % (13 days) 46¢g 937 g (April 10)
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In 2008/2009, the mean body mass of adult hedgehogs on
entering hibernation was 1,181.3 g (x0.9; SE). After hiber-
nation, females were found to have lost significantly more
body mass (mean 301 g (£3.91; SE)) than males (mean
108 g (£2.55); t=5.100, df=4, p<0.01). Females lost be-
tween 15 % and 38 % of their body mass. In comparison
males lost just 3—6 % of their body mass (Table 3).

Due to tag failure over the winter, only one hedgehog
was weighed immediately upon emergence in 2010. This
was the juvenile male (#E89D) and upon emergence he had

lost 29 % of his body mass over the hibernation period
(Table 3).

Discussion

In the present study, 53 % of day nests were located in the
hedgerows of the pasture and 30 % in the hedgerows of
arable land. The majority of these were located in patches of
brambles. In the UK, Reeve (1981) found that of 58 day

nests recorded, 31 (53.5 %) were in prickly vegetation. Of
those, the majority 24 (77 %) were in brambles. Morris
(1969) also found that hedgehogs showed a marked prefer-
ence for building nests in brambles and that these nests
lasted longer (Morris 1973). Although in the present study,
the use of bramble hedgerow was similar, the location was
different, since in other studies arable land has been shown
to be rarely used by hedgehogs (Dowie 1987; Doncaster
1994; Doncaster et al. 2001; Riber 2006; Hof 2009). For
example, in the Netherlands Huijser (2000) found over 60 %
of day nests in hedgerow under bramble but arable land was
the least used habitat. In the UK, hedgerows survive least
well in districts where arable farming prevails, as the func-
tion of stock containment has become redundant (Croxton et
al. 2004). The regular and intensive post-harvest flailing
undertaken in the interest of tidiness and shade reduction
has resulted in some hedges becoming very reduced, and
sometimes shorter than the crops they surround (Croxton et
al. 2004). Hedgerows play a critical role in maintaining
agricultural biodiversity by providing habitats, refuges and

Table 4 The dates and weights that adult hedgehogs entered and emerged from hibernation

Year Animal Sex Age Entered hibernation Emerged Initial weight (g) Emergence weight (g) % loss

08/09 75EC 3 A 19/10/2008 30/03/2009 1,210 1,171 3%
A3D6 ) A 22/10/2008 31/03/2009 1,149 1,092 5%
ACOO 3 A 25/10/2008 30/03/2009 1,211 1,137 6 %
FAS6 Q A 25/10/2008 16/04/2009 1,194 1,013 15 %
524A Q A 03/11/2008 30/03/2009 1,178 727 38 %
7150 Q A 11/11/2008 12/05/2009 1,146 876 24 %

09/10 75EC 3 A 02/10/2009 18/03/2010 1,165 N/A N/A
856C 3 A 15/10/2009 N/A 1,190 N/A N/A
E89D 3 J 17/10/2009 23/03/2010 915 652 29 %
FAS6 Q A 28/10/2009 N/A 1,167 N/A N/A
0428 3 J 17/11/2009 N/A 1,024 N/A N/A
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corridors for large numbers of species (Burel 1996), such as
birds (Hinsley and Bellamy 2000) and invertebrates (Burel
et al. 2004). Hof (2009) suggested that hedgerows may
enhance the suitability of fields for hedgehogs, especially
in arable-dominated areas. According to Pollard et al. (1977)
hedgerows with good ground cover are easily the best kind
of hedgerow to support biodiversity, not only providing
suitable nest sites for hedgehogs, but also the leaf litter
provides suitable shelter for potential prey such as molluscs
and coleoptera. However, while the arable field in the pres-
ent study had a well established hedgerow with a thick
bramble understory, in many cases this is considered un-
sightly (Croxton et al. 2004) and is subsequently removed.

Hibernacula were most commonly built in the hedgerow
of arable fields and scrub. While day nests were regularly
built in the arable field, scrub had been used rarely in the
months prior to hibernation. This corresponded to a move
into areas of scrub in October and November to build
hibernacula (Haigh 2011). While the scrub may have offered
little in terms of available prey (Haigh 2011), the thick
bramble patches in this habitat provided adequate support
in which to build secure hibernacula. Morris (1973) found
that hedgehogs left the exposed parts of the park that he was
studying for a sheltered hibernation site, choosing locations
that offered good structural support from surrounding
objects. In the present study, pasture was used regularly
for day nests but only two hibernacula were located in this
habitat (and both of these hibernacula were situated within
walls). Morris (1973) found that grass nests were particularly
prone to desertion. Therefore, while hedgerow in the pasture
may be sufficient for the often flimsy day nests, they may not
have offer sufficient protection for use as hibernacula.

In the present study hedgehogs utilised up to 11 day nests
between which they rotated. In previous studies, males have
been found to utilise a greater number of nests than females
(Reeve 1981; Boitani and Reggiani 1984), and this, while
not significant, was also recorded in the current study. In the
present study, during the active period, males occupied a
much larger home range than females, occupying a mean
area of 56 ha (=0.7) while females had an average home
range of 16.5 ha (£0.5; Haigh 2011). The fact that male
hedgehogs had a much larger home range may have made it
more difficult for them to return to a particular day nest and
therefore necessitated the use of a greater number of day
nests. This is also supported by the fact that females
returned to an individual nest significantly more often than
males. However, hedgehogs did not always return to the day
nest nearest to where they were foraging, but instead trav-
elled back to specific nests, demonstrating a degree of
philopatry. One adult female, in particular, was observed
to travel back from the middle of the arable field to a nest
located at the bottom of the garden, despite passing 2-day
nests that she used regularly. The nest to which she returned
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was located in an abandoned silage bale and may have
offered better protection on colder nights, as on one occasion
the nightly temperature had decreased from 8 °C to 6 °C and
subsequently to 4 °C. This individual began hibernating in this
nest that was also utilised at different times by another adult
female and an adult male. The sequential use of a nest by
multiple individuals has been previously reported by Reeve
(1981) in the UK and Riber (2006) in Denmark. Similarly in
the present study, adults were never observed simultaneously
using the same nest.

Only one adult male and one adult female remained in the
same hibernacula for the whole period of hibernation in
2008. This adult male was also the only animal to remain
in the same hibernaculum in 2009. In both years the remain-
ing hedgehogs moved up to four times occupying a maxi-
mum of three hibernacula. Morris (1973) reported that 60 %
of hibernacula was used for less than 2 months and the
longest period of occupation was 6 months (Morris 1969).
In the present study, the longest occupation recorded was
similar, i.e. 6 months and 9 days. When a hedgehog moved
during hibernation, the hibernaculum that the hedgehog
utilised half way through the hibernation period was occu-
pied for a significantly longer time than others. Jensen
(2004) also found that there was a strong tendency for
hedgehogs that were using multiple nests to use the one that
they had entered during mid winter for the longest time.
Hibernating hedgehogs are subject to regular arousals and it
has been found that hedgehogs have a less profound winter
sleep in the beginning of the hibernation period (Walhovd
1978). It is therefore interesting that in the present study
hedgehogs occupied hibernacula entered in mid winter for
longer than those entered at the start or end of hibernation.
Morris (1973) noticed a tendency for hedgehogs to move
hibernacula following periods of sunshine and this is more
likely to occur in early spring than in mid winter. In the
present study, the temperature was at its lowest in December
and January in both years and only began to rise in
February.

In 2008, the hedgehogs began to enter hibernation on
19th October. On 29th October, the temperature dropped
from 9 °C to —2 °C, there was ground frost and no recorded
invertebrate activity (Haigh 2011). Slug activity is markedly
reduced at temperatures below 10 °C (Young et al. 1993).
All of the hedgehogs were inactive at this time. At the end of
the week as the temperature began to rise (4 °C), some of the
lighter hedgehogs (n=4) re-emerged. In New Zealand,
Webb and Ellison (1998) also found that under natural
winter conditions of temperature and photoperiod wild
hedgehogs readily became torpid when access to food was
restricted for 48 h. Therefore the lack of activity during
these few days in the present study was probably driven
by the lack of prey, brought on by the sudden drop in
temperature.
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At the beginning of this study, it was hypothesised that
hibernation would be shorter and emergence would be ear-
lier, due to Ireland’s milder climate, and the data supported
this. The mean (+SE) length of hibernation recorded for the
study population was 148.9 (£0.5) nights, with four of the
six hedgehogs emerging on the 30th—31st March 2009 and
the following year from 18th March 2010. The majority of
reports in the UK and Denmark record the average duration
of hibernation to be 178.8+13.1 days for juveniles and
197.74£2.2 days for adults (Jensen 2004; Morris 1969;
Jackson 2006) with hedgehogs leaving their hibernacula
during the last 2 weeks of April, with the remaining hedge-
hogs resuming activity in the first 2 weeks of May (Jensen
2004; Morris 1969; Jackson 2006). Similarly, Walhovd
(1979) found that in Denmark the hedgehogs stayed in
hibernation for 6 months and never resumed activity before
May.

While hedgehogs at the site entered hibernation at differ-
ent times (19th October—13th November 2008), four of the
six hedgehogs resumed activity on the 30th—31st March
2009, but two adult females did not become active until
16th April and the 12th May 2009. In 2009/2010, the first
hedgehog resumed activity on the 18 March 2010. This was
also the first hedgehog that had entered hibernation the
previous October. In 2009/2010, Ireland experienced its
coldest winter since 1963; with temperatures around 2 °C
lower than average (Met Eireann). An adult female (#FAS56)
and juvenile male (#0428) were never seen again after the
winter of 2009/2010 and therefore they may not have sur-
vived. However, despite this cold winter, 2010 had the
sunniest February in the south for over 40 years (Met
Eireann). As stated earlier, Morris (1973) noted a tendency
for hedgehogs to emerge following periods of sunshine and
the earlier arousal in 2010 may therefore have been a result
of high incidence of sunshine in February 2010.

At mean body masses of between 878 and 1,116 g for
adult females and 1,026-1,192 g for adult males, the group
in the present study was heavier than in other studies. In the
UK, Reeve (1981) reported that body mass increased from
600 to 700 g in spring to about 900—1,000 g in autumn and
found that it was relatively uncommon for hedgehogs to
weigh more than 1,000 g. Similarly Dowding et al. (2010)
recorded average body masses of 846 g+119 for males and
792 g+157 for females also in the UK. In New Zealand,
Parkes (1975) recorded a mean body mass for males of
706 g+10.0 and 688 g+9.9 for females. The heavier body
mass of hedgehogs in the present study may have been due
to optimum feeding conditions at the site, a supposition
supported by the high density of individuals occurring there
(Haigh 2011), and the juveniles ability to increase body
mass over short time periods. However, this larger body
mass than hedgehogs in other areas of its range was also
recorded amongst Irish road kill (Haigh 2011; mean 918 g+

0.28 n=42), a maximum body mass of 1,254 g was recorded
and twelve individuals weighed above 1 kg. Variation has
also been found amongst mustelid size in Ireland and Eng-
land (Erlinge 1987; Dayan and Simberloff 1994). This has
thought to be related to variations in prey size (Erlinge
1987) and a reduction in selective pressure in the absence
of some potential competitors in Ireland (Dayan and
Simberloff 1994). White and Searle (2007) found that body
size of common shrews on islands was positively related to
distance from mainland, suggesting a role for founder events,
in determining body size of common shrews on islands.
In the current study the lack of genetic variation amongst
Irish hedgehogs suggested a small founder number (Haigh
2011) and this combined with the lower number of
competitors in Ireland, may result in Irish hedgehogs being
larger.

Both sexes showed fluctuations in body mass throughout
the year, with females being at their minimum body mass in
August. Morris (1969) suggested that during August the
mean body mass of female’s decreases since few are preg-
nant at this time. Males on the other hand were at their
lowest body mass in July in the present study. This was
the peak of courtship activity and is probably related to a
reduction in foraging at this time, due to a preoccupation
with mating (Haigh 2011). Individuals that were weighed
over the 2 years showed little fluctuation from 1 year to the
next. However, two of the males (#75EC and #8C88) were
at a lower body mass (100 and 151 g, respectively) in
August 2008 than in August 2009. In August 2008, both
males were still engaged in courtship behaviour, but it had
ceased by this time in 2009 (Haigh 2011). In Sweden,
during the mating period, Kristiansson (1984) also observed
that the body mass of the adult males decreased by about
10 % from May (955 g) to June (870 g) but increased
considerably from June to September (870-1,410 g). In
the present study, both sexes were at their maximum body
mass just prior to hibernation, with males beginning to
increase in body mass in August and females in September.
Morris (1969) and Reeve (1981) both reported a general
increase in body mass during the active season similar to the
present study, with both sexes reaching a peak in their body
mass pre-hibernation.

Jackson (2006) found that the body mass of adults
weighed 1 year later was on average unchanged. In the
present study once individuals had reached adulthood,
monthly body masses were similar 1 year later and even
2 years on. Therefore despite body mass fluctuations due to
pregnancy, courtship behaviour or loss through hibernation,
adult body masses remain stable on an annual basis. This
indicates that during the study period, food resources must
also have remained relatively constant in this area.

Once juveniles reached independence they showed a
dramatic increase in body mass, demonstrating that even
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late litters in Southern Ireland are capable of reaching the
required body mass to survive hibernation. Bunnell (2009)
reported that in the UK late juveniles had a significantly
higher growth rate than earlier litters, further emphasising
the ability of late litters to survive. Kristiansson (1984)
recorded that juvenile’s body mass increased linearly from
about 280 g in August to about 600 g in October, i.e. an
increase of about 210 % in 2 months. In the present study
juveniles showed a mean increase of 180.1 % (£1.29) from
their body mass when first weighed to hibernation, with one
individual increasing by 289.3 % in less than 2 months. As
was the case with the adult population, the juveniles in this
Irish population were heavier than reports in other studies.
In the UK, Morris (1969) reported that some animals can
achieve 800900 g within a year of their birth. However, in
the present study, one individual had reached 865 g less than
2 months from independence, with another reaching a pre-
hibernation body mass of 1,024 g.

The mean (£SE) weight loss during hibernation was 17.0+
0.53 %, which was as expected low in comparison to other
studies, a fact that may be due to milder winters or the
availability of more secure nest sites in Ireland. Kristiansson
(1984) in Sweden recorded body mass losses of 2040 % and
Morris (1969) in the UK observed a reduction of 18 % in
males and 39 % in females. However, Jensen (2004) in
Denmark observed that although the majority lost 21.3—
37.4 % of their body mass, one individual lost only 4.5 %.
In the present study, females lost significantly more body mass
than males during hibernation. This has also been recorded in
other studies (Morris 1969) and may be due to them not
building up as much fat reserves, due to late litters. In the
present study one litter did not reach independence until
October 17/18th 2008 (Haigh 2011), and late litters were also
recorded amongst road kill (Haigh 2011). Walhovd (1979)
found that hedgehogs, that refused to eat during the hiberna-
tion period, lost twice as much in body mass as hedgehogs that
occasionally fed, but he reported that hedgehogs weighing
above 1,000 g, as in the present study, rarely ate. However,
while two of the males in the present study moved between
hibernacula the most, the male who lost the least amount of
body mass did not move for the duration of hibernation.
According to Tahti and Soivio (1977), one arousal lasting
only 3-4 h consumes the energy equivalent of several days
in hibernation. In the present study, an adult female remained
in a single nest for over 6 months and lost only 23 % of her
body mass, while the female who lost 38 % of body mass
moved twice. This contrasts to Walhovd’s (1979) study on
captive hedgehogs, where he reported body mass losses of
between 22 % and 78 %, with the greatest losses reported in
two males who both remained in the same nest and did not eat
for the entire 6 months of hibernation.

At the beginning of this study, it was hypothesised that
the temperate climate and corresponding milder winters in
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Ireland might result in certain differences in the hibernation
behaviour of hedgehogs in Ireland in comparison to else-
where. The data supported this, with hedgehogs emerging
earlier than reports elsewhere and showing a shorter dura-
tion of hibernation. A smaller body mass loss in this study in
comparison to other countries is not surprising in light of the
correspondingly shorter duration of hibernation and the
availability of secure hibernacula sites. The location of both
day nests and hibernacula in the hedgerow of arable land has
shown that these areas will be utilised if hedgerow is main-
tained. It therefore highlights the importance of maintaining
hedgerows in arable areas, particularly with bramble under-
story which in too many cases is considered unsightly and of
little value.
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