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Abstract: European hedgehogs (Erinaceus europaeus) occur in New Zealand’s high alpine zones, but it is not 
known if populations persist in such areas year-round. We hypothesised that hedgehogs respond to the arrival of 
winter conditions (cold temperatures, snowfall, and lack of available food) by making short-distance altitudinal 
PLJUDWLRQV�WR�ORZHU�HOHYDWLRQV��:H�WHVWHG�WKLV�E\�FDSWXULQJ�DQG�¿WWLQJ�*36�9+)�EDFNSDFNV�WR�VL[�DGXOW�IHPDOH�
hedgehogs at elevations between 1500 and 1800 m, and by following their movements throughout the austral 
summer to winter period (January to June) 2020. We found no evidence to suggest that hedgehogs abandon 
WKHLU�VXPPHU�DXWXPQ�KRPH�UDQJHV�DQG�PRYH�WR�ORZHU�HOHYDWLRQV�ZLWK�WKH�DUULYDO�RI�ZLQWHU�FRQGLWLRQV��ZKLFK�
indicates that at least a proportion of hedgehogs enter hibernation in New Zealand’s alpine zones. Two females 
were found rearing young above 1600 m, further indicating that hedgehogs are resident species in these zones.
Keywords: altitudinal migration, Erinaceus europaeus, high elevation, persistence, winter

Introduction

European hedgehogs (Erinaceus europaeus) were introduced 
to New Zealand in 1869 and are now widely distributed 
across the North and South Islands (Brockie 1975). Of all 
of New Zealand’s introduced mammals, hedgehogs are the 
only species that hibernate. Hibernation is a physiological 
and behavioural adaptation that allows hedgehogs to survive 
periods of unfavourable conditions and resource unavailability 
by storing energy as body fat and lowering their metabolic rate 
(Humphries et al. 2003). The period during which hedgehogs 
KLEHUQDWH�LQ�1HZ�=HDODQG�LV�VWURQJO\�LQÀXHQFHG�E\�ODWLWXGH��
with hibernation taking place over several months in lowland 
areas of the South Island, compared to populations that 
hibernate only during short, cold periods in the north of the 
country (Jones 2019), where some may not hibernate at all 
(Wodzicki 1950).

Hedgehogs are found in New Zealand’s alpine zones up 
to 2000 m above sea level (a.s.l.) and become less abundant 
with increasing elevation (Brockie 1975; Foster et al. 2021). 
This trend has been attributed to increased rates of overwinter 
starvation in increasingly cold areas of New Zealand, brought 
about by a presumably lower abundance of invertebrate prey 
and a lengthened hibernation period (Brockie 1975). Studies 
in Europe have reported only 35% of juvenile hedgehogs 
VXUYLYLQJ� EH\RQG� WKHLU� ¿UVW� ZLQWHU�� ZLWK� WKH� PDMRULW\� RI�
deaths occurring throughout the winter period (Morris 1969; 
Kristiansson 1990). Mortality rates of adult hedgehogs are 

also highest in winter with survival rates estimated at 66%, 
the likely cause being inadequate fat reserves (Kristiansson 
1990). As winter conditions arrive, hedgehogs that are present in 
New Zealand’s alpine zones could conceivably take advantage 
of longer foraging and breeding seasons by making short-
distance altitudinal migrations to lower elevations that have 
comparably milder climatic conditions, thereby improving 
survivability. Hedgehogs are not a migratory species; however, 
WKH\�KDYH�GHPRQVWUDWHG�ÀH[LELOLW\�LQ�WKHLU�IRUDJLQJ�VWUDWHJ\�
by changing their spatial utilisation of habitat and altering 
searching behaviour with the temporary availability of food 
(Parkes 1975; Cassini et al. 1994). Making short-distance 
movements when alpine terrain becomes unfavourable, in 
WHUPV�RI�IRRG�DYDLODELOLW\�RU�FOLPDWLF�FRQGLWLRQV��PLJKW�D൵RUG�
individuals a greater opportunity to accumulate body fat stores 
and improve their chances of surviving a shorter hibernation 
SHULRG�DW� ORZHU�HOHYDWLRQV��7KH�FRVWV�DQG�EHQH¿WV�RI�GRLQJ�
so would be weighed against those of hibernating in-situ and 
conserving energy stores (Webb & Ellison 1998).

Determining whether hedgehogs persist in New Zealand’s 
alpine zones is important, as landscape-scale management 
programmes that aim to remove hedgehogs from upland areas 
require a sound understanding of the ecology of hedgehogs in 
WKHVH�]RQHV��6XFK�SURJUDPPHV�FRXOG�EH�VSDWLDOO\�UH¿QHG�E\�
needing only to target contracted distributions of hedgehogs at 
times when high-elevation populations have moved downwards 
and are still actively foraging during the shoulder seasons. 
We hypothesised that hedgehogs move to lower elevations 
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when winter conditions threaten. We tested this hypothesis by 
FDSWXULQJ�DQG�*36�9+)�WDJJLQJ�KHGJHKRJV�DW�KLJK�HOHYDWLRQV�
and following their movements from late summer to early 
ZLQWHU��+HUH��ZH�SUHVHQW�WKH�¿UVW�LQIRUPDWLRQ�RQ�WKH�UHVSRQVH�RI�
hedgehogs to winter conditions in New Zealand’s alpine zones.

Methods

The study area was located at the head of Camp and Bush 
Streams (1500–1950 m a.s.l.) in the Two Thumb Range, 
Canterbury, in New Zealand’s South Island (-43.7242° S 
170.6902° E). We captured hedgehogs between 20 January 
and 17 March 2020 (the height of the austral summer) using 
D� FRPELQDWLRQ� RI� ODUJH� PHWDO� ER[� WUDSV� �(OOLRWW� 6FLHQWL¿F�
(TXLSPHQW��8SZH\��9LF��� EDLWHG�ZLWK� FDW� IRRG� �:KLVNDV��
Ocean Fish Loaf), and night spotlighting transects. Upon 
FDSWXUH��ZH�GHWHUPLQHG�WKH�VH[�DQG�ERG\�PDVV�RI�KHGJHKRJV�
DQG�¿WWHG�DOO�LQGLYLGXDOV�DERYH�D�ZHLJKW�WKUHVKROG�RI�����J�
ZLWK�D�VPDOO�*36�9+)�EDFNSDFN�PDGH�IURP�D�ORZ�FRVW�*36�
unit (Allan et al. 2013) before releasing individuals where 
FDSWXUHG��'HSHQGLQJ�RQ�EDWWHU\�VL]H��*36�9+)�EDFNSDFNV�
ZHLJKHG� ��±��� J� DQG� GLG� QRW� H[FHHG� ����� RI� D� WDJJHG�
hedgehog’s body mass, a rule that Recio et al. (2011) deemed 
appropriate for hedgehogs. Static tests of these devices led 
XV�WR�H[SHFW�PHDQ�ORFDWLRQ�HUURUV�EHWZHHQ������P�DQG������
m, which we considered to be acceptable for recording the 
movements of hedgehogs (NF, unpubl. data). We scheduled 
GHYLFHV�WR�UHFRUG�ORFDWLRQ�¿[HV�HYHU\���PLQ�HDFK�QLJKW��IURP�
one hour before sunset to one hour after sunrise. We recaptured 
tagged individuals every two to three weeks at which time 
WKH\�ZHUH�ZHLJKHG�DQG�UHHTXLSSHG�ZLWK�FKDUJHG�*36�XQLWV��
+HGJHKRJV�FDUULHG�GHYLFHV�XQWLO�ODWH�$SULO�0D\��VHYHUDO�ZHHNV�
after hedgehogs commence hibernation in the lower elevation 
habitats of this region (Moss 1999). As we were unable to 
UHSODFH�*36�WDJV�GXULQJ�1HZ�=HDODQG¶V�/HYHO���&29,'����
ORFNGRZQ�����0DUFK±���$SULO��������*36�GHYLFH�EDWWHULHV�
ZHQW�ÀDW�DQG�*36�GDWD�ZHUH�QRW�FROOHFWHG�WKURXJKRXW�WKH�ODWH�
autumn period.

:H�FROODWHG�DOO�GDWD�FROOHFWHG�WKURXJKRXW�PXOWLSOH�*36�
deployments for each individual and separated data into 
either active or inactive categories, as indicated by hedgehog 
PRYHPHQWV�LQ�UHODWLRQ�WR�GHQ�VLWHV�ZKLFK�ZHUH�LGHQWL¿HG�DV�
daily movement data were amassed. We combined the mean 
nightly elevation produced from hedgehogs’ active data 
ORFDWLRQ�¿[HV�HYHU\�WKUHH�GD\V�ZLWK�WKH�HOHYDWLRQ�RI�FDSWXUH�
locations recorded when deploying, retagging and recovering 
devices, to plot the elevations that individual hedgehogs used 
throughout the study period. Nights when hedgehogs did 
not leave their dens were considered separately to display 
trends of inactivity. A HOBO data logger (Onset Computer 
Corporation 2002) was positioned at 1750 m and set to record 
the ambient temperature at 1-hour intervals from 15 January to 
30 April. To plot the elevation of snow coverage across time, 
we interpolated manual measurements of the lower limit of 
the snow line in the immediate study area using regularly-
acquired 10 m resolution imagery provided by Sentinel 2A and 
2B satellites (Copernicus Sentinel data 2020). We then used 
DFWLYH�*36�GDWD�WR�GHWHUPLQH�WKH�VXPPHU�DXWXPQ�KRPH�UDQJHV�
RI�HDFK�KHGJHKRJ��ZKLFK�ZH�GH¿QH�DV�WKH�VSDWLDO�XVH�RI�HDFK�
individual hedgehog based on its active data only, between 1 
February and 28 March 2020. To do so, we used the heatmap 
IXQFWLRQ� LQ�4*,6� �4*,6�'HYHORSPHQW�7HDP�������ZKLFK�
uses Kernel Density Estimation (KDE) to produce a density 

raster from point data, and used the contour function to derive 
50% and 95% isopleths. We located hedgehogs several weeks 
after winter conditions arrived (characterised by regular mean 
daily temperatures below 10°C and snowfall that persisted on 
WKH�JURXQG�IRU�H[WHQGHG�SHULRGV��DQG�DIWHU�KLEHUQDWLRQ�KDV�
been recorded to commence in lowland habitats of the region 
�PLG�$SULO��0RVV��������:H�WKHQ�RYHUODLG�WKH�¿QDO�NQRZQ�
location of each individual hedgehog, which was assumed to 
have been recorded after the commencement of hibernation, 
DJDLQVW� WKHLU� VXPPHU�DXWXPQ� KRPH� UDQJHV� WR� GHWHUPLQH� LI�
they had moved out of such areas.

Results

:H�FDSWXUHG�DQG�*36�WDJJHG�VL[�DGXOW�IHPDOH�KHGJHKRJV�DW�
elevations between 1550  and 1800 m. We found no evidence 
RI�¿YH�WDJJHG�LQGLYLGXDOV�PRYLQJ�WR�ORZHU�HOHYDWLRQV�ZLWK�
the onset of colder temperatures and the presence of snow 
DW�WKH�HQG�RI�$SULO��)LJ������7KH�VL[WK�KHGJHKRJ�ZDV�IRXQG�
GHDG�LQ�LWV�VXPPHU�DXWXPQ�KRPH�UDQJH�QHDU�WKH�HQG�RI�WKH�
study, likely caused by a large malignant melanoma that was 
UHYHDOHG�XSRQ�SRVW�PRUWHP�H[DPLQDWLRQ��'U�$O\VVD�&DOGHU��
$QLPDO�:HOIDUH�2൶FH�±�8QLYHUVLW\�RI�2WDJR��SHUV��FRPP����
This individual was not included in movement analyses. One 
individual, hedgehog #3, was left tagged for an additional 
month as it was found to be using a lower area within its home 
range and it was thought that a downward movement might 
yet occur. When located again on 31 May, this hedgehog was 
in a den at a higher elevation under snow cover within its 
summer home range.

Tagged individuals typically made nightly movements 
in the terrain surrounding active den sites, with some 
making occasional forays into higher elevation habitat before 
returning to den at lower elevations (hedgehog #2 & #3; Fig. 
2). Individuals’ elevation ranges varied between 64.6 m and 
274.3 m (mean = 170.1 m, SD = 95.5 m). Two of the tagged 
individuals were found with young shortly after initial capture: 
hedgehog #1 was found on 21 January in an elaborate den at 
�����P�D�V�O���ZLWK�WKUHH�KRJOHWV��HDFK�ZHLJKLQJ�DSSUR[LPDWHO\�
180 g; and on 6 February, hedgehog #2 was found in a den at 
1660 m a.s.l. with one hoglet weighing 200 g (Fig. 2).

:KHQ� HDFK� KHGJHKRJ�ZDV� ORFDWHG� D� ¿QDO� WLPH� LQ� ODWH�
$SULO�0D\��DOO�ZHUH�IRXQG�ZLWKLQ�WKHLU�VXPPHU�DXWXPQ�KRPH�
UDQJHV��)LJ������DQG�WKH�9+)�WUDQVPLWWHUV�RI�DOO�KHGJHKRJV�
H[FHSW� IRU� KHGJHKRJ����ZHUH� RSHUDWLQJ� LQ�PRUWDOLW\�PRGH�
�D�VSHFL¿F�SXOVH�UDWH�WKDW�LV�DFWLYDWHG�DIWHU����KRXUV�RI�]HUR�
motion), which indicated that no movement had occurred in 
the previous night. Several hedgehogs were found denning 
beneath undisturbed snow that had been present in the area 
for more than a week, as indicated by satellite imagery (Figs 
�������:KHQ�KDQGOHG��VHYHUDO�KHGJHKRJV�H[KLELWHG�VLJQV�RI�
partial arousal from hibernation, described by Herter (1934) 
and Suomalainen and Saarikoski (1970) as a semi-dormant 
state of minimal motor movement and a lack of response 
to acoustic stimuli. The individuals we observed freely 
XQFXUOHG�LQ�KDQG��VORZO\�H[WHQGHG�WKHLU�OLPEV�DQG�H[SRVHG�
their underbelly, and were not responsive to touch or sound 
�)LJ������7KLV�EHKDYLRXU�ZDV�PDUNHGO\�GL൵HUHQW� IURP� WKHLU�
typical response of forming tight, defensive balls and tucking 
away their limbs and underbelly when handled. There was 
evidence of short periods of inactivity during cold weather 
LQ�PLG�0DUFK��ZLWK�*36�GDWD�LQGLFDWLQJ�WKDW�KHGJHKRJV�ZHUH�
inactive for periods of up to three days at a time, several weeks 
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Figure 1. Elevation (m a.s.l.) of hedgehog locations across the study period, with the reported commencement of hibernation in mid-April 
at lower elevations marked with a vertical dashed line (Moss 1999), and the presence of snow on the ground indicated by the shaded 
DUHDV��(DFK�SRLQW�UHSUHVHQWV�HLWKHU�WKH�PHDQ�HOHYDWLRQ�RI�WKH�KHGJHKRJ�DFURVV�WKUHH�QLJKWV��*36�GDWD��RU�WKH�HOHYDWLRQ�RI�D�KHGJHKRJ�
ORFDWHG�E\�9+)�UDGLR�WHOHPHWU\��&URVVHV�LQGLFDWH�VLQJOH�QLJKWV�RI�]HUR�DFWLYLW\��3RLQWV�DUH�MRLQHG�ZLWK�D�OLQH�WR�WUDFN�WKH�HOHYDWLRQ�UHFRUGV�
RI�LQGLYLGXDO�KHGJHKRJV�RYHU�WLPH�DQG�FRORXUHG�WR�FRUUHVSRQG�ZLWK�ORFDWLRQ�¿[HV�RI�WKH�VDPH�LQGLYLGXDO�LQ�)LJ����

Figure 2.�*36�ORFDWLRQV�RI�KHGJHKRJV�EHWZHHQ�20 January and 28 March 2020, with 95% (outer lines) and 50% (bold lines) isopleths. 
Final locations, recorded in late autumn, are marked with an X. The den sites where young were found are marked for hedgehogs #1 
(green) and #2 (red). Hedgehog home ranges from left to right correspond to IDs: #3, #1, #2, #5, #4.
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Figure 3.�+HGJHKRJ����H[KLELWLQJ�VLJQV�RI�SDUWLDO�DURXVDO�IURP�KLEHUQDWLRQ�DW������P�RQ����$SULO�������OHIW���DQG�KHGJHKRJ����IRXQG�
denning at 1608 m a.s.l. beneath undisturbed snow on 31 May 2020 (right).

before snow was present in the study area. At this time, body 
ZHLJKWV�RI�WKH�VL[�WDJJHG�KHGJHKRJV�UDQJHG�IURP����±����J 
(mean = 663 g). Although mean 24 h temperatures dipped 
below 5°C on several occasions between 15 January and 15 
March, they typically ranged from 10–17°C. The mean 24 hr 
WHPSHUDWXUH�H[FHHGHG����&�RQ�RQO\�WZR�RFFDVLRQV�EHWZHHQ�
15 March and 30 April.

Discussion

We found no evidence of female hedgehogs responding to the 
arrival of winter conditions by moving out of the areas that 
WKH\�XVHG�LQ�VXPPHU�DXWXPQ�WR�ORZHU�HOHYDWLRQV�QHDUE\��$V�
GDWD�ZHUH�FROOHFWHG�IRU�¿YH�IHPDOH�KHGJHKRJV�RQO\��ZH�FDQQRW�
infer the same for all hedgehogs, especially due to observed 
GL൵HUHQFHV�LQ�KLEHUQDWLRQ�WLPLQJ�EHWZHHQ�PDOHV�DQG�IHPDOHV�
(Parkes & Brockie 1977). However, our observations do 
indicate that at least a proportion of hedgehogs enter hibernation 
in New Zealand’s alpine zones. The time at which hedgehogs 
FRPPHQFH�KLEHUQDWLRQ�GHSHQGV�RQ�WKH�FRVWV�DQG�EHQH¿WV�RI�
doing so (Webb & Ellison 1998). In the case of the female 
hedgehogs that we studied, the energetic cost of shifting 
foraging ranges in times of resource scarcity may outweigh the 
EHQH¿WV�RI�D�OHQJWKHQHG�IRUDJLQJ�VHDVRQ��ZKHUHDV�KLEHUQDWLQJ�
LQ�VLWX�PD\�HQDEOH�KHGJHKRJV�WR�PD[LPLVH�HQHUJ\�UHVHUYHV�WR�
take into hibernation. Webb & Ellison (1998) demonstrated the 
energetic advantage of entering hibernation in low temperatures 
���&��DQG�HVWLPDWHG�WKDW�ERG\�IDW�VWRUHV�VX൶FLHQW�IRU�!�����
days of hibernation would be depleted in less than a day 
by a hedgehog in a normothermic state. Hedgehogs that do 
enter hibernation in the alpine zone likely remain there for 
the duration of winter, as movements during this time would 
H[SRVH�LQGLYLGXDOV�WR�ORZ�WHPSHUDWXUHV��FDXVH�WKHP�WR�H[SHQG�
irrecoverable fat reserves, and the near-complete snow cover 
would prevent them from locating hibernacula. Hedgehogs are 
presumably capable of remaining in hibernation in this zone 

throughout winter, considering that this species hibernates for 
XS�WR�HLJKW�PRQWKV�LQ�WKH�H[WUHPH�QRUWK�RI�WKHLU�GLVWULEXWLRQ�LQ�
Europe (Rautio et al. 2014) and that New Zealand’s winters 
are comparably shorter.

Movement data that showed inactivity for periods lasting 
several days in mid-March suggest that intermittent hibernation 
at high elevations may commence earlier than Moss’s (1999) 
estimate for lowland areas of mid-April. We noted that the mean 
��KU�WHPSHUDWXUH�H[FHHGHG����&�RQ�RQO\�WZR�RFFDVLRQV��PHDQ� �
5.7°C, SD = 3.4°C) between 15 March and 30 April, a threshold 
EHORZ�ZKLFK�KHGJHKRJV�KLEHUQDWH��.ULVWR൵HUVVRQ�	�6RLYLR�
������-RQHV�	�6DQGHUV�������%H[WRQ��������7KH�FRQVLVWHQWO\�
low temperatures during this period suggest that the hedgehogs 
we studied responded to ambient temperature rather than a 
VFDUFLW\�RI�IRRG�UHVRXUFHV�� WKRXJK�QHLWKHU� WKH�VSHFL¿F�IRRG�
resources that are important to hedgehogs, nor their seasonal 
DYDLODELOLW\�DUH�NQRZQ�LQ�WKH�FRQWH[W�RI�1HZ�=HDODQG¶V�DOSLQH�
zones. Between 30 April and 31 May, hedgehog #3 moved to 
D�GL൵HUHQW�GHQ�ORFDWLRQ��GXULQJ�ZKLFK�WLPH�WKH�DUHD�FOHDUHG�
of snow. This behaviour may suggest that like hedgehogs in 
lower elevations, individuals at high elevations take advantage 
of foraging opportunities during periods of relatively warm 
weather when snow is not present (Reeve 1994), or that as 
Haigh et al. (2012) and Rasmussen et al. (2019) observed, 
hedgehogs in New Zealand’s alpine zones may shift between 
several hibernacula throughout winter when it is possible to 
do so. Hedgehog #3’s movement resulted in the individual 
denning at a higher elevation within her home range and gave 
no indication that she responded to a strong environmental 
cue of snowfall persisting on the ground for close to a week 
by moving to a lower elevation. The observation of two adult 
females rearing young in the alpine zone further supports 
the notion that hedgehogs present in the high elevations of 
New Zealand reside permanently in these zones. Interestingly, 
the other four adult females were not found with young at 
any point during the study. It is not known whether this was 
coincidental or a result of resource limitation.
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7KHVH�UHVXOWV�R൵HU�D�NH\�SLHFH�RI�LQIRUPDWLRQ�WR�%URFNLH¶V�
(1975) attribution of overwinter starvation as a primary cause 
of decreasing hedgehog abundance with increasing elevation. 
2XU�¿QGLQJ�RI�KHGJHKRJV�SHUVLVWLQJ�LQ�1HZ�=HDODQG¶V�DOSLQH�
zones infers that such individuals are indeed subject to the 
factors that Brockie (1975) suggested to cause higher rates of 
overwinter starvation at higher elevations, of (1) a potentially 
reduced abundance of food for hedgehogs, and (2) a lengthened 
hibernation period which would require greater energy 
reserves to see individuals through hibernation (South et al. 
2020), leaving a narrower window of time for both juvenile 
DQG�DGXOW�KHGJHKRJV�WR�EUHHG�DQG�JDLQ�VX൶FLHQW�IDW�UHVHUYHV�
WR� VXFFHVVIXOO\� KLEHUQDWH��$GGLWLRQDOO\�� H[SRVXUH� WR� FROGHU�
ambient temperatures with increasing elevation would further 
increase the risk of overwinter mortality, as the metabolic rate 
RI�KLEHUQDWLQJ�KHGJHKRJV�LQFUHDVHV�FRQVLGHUDEO\�DW�H[WUHPHO\�
ORZ� WHPSHUDWXUHV� �í��&�� DQG� ZRXOG�PRUH� UDSLGO\� GHSOHWH�
energy stores (Soivio et al. 1968). Such an increase in mortality 
rates of adult hedgehogs throughout periods of colder than 
normal winter temperatures was reported by Kristiansson 
(1990). Increasingly mild, shorter winters as a consequence of 
climate change could cause hedgehog populations to increase 
in these zones because of decreased mortality rates and an 
increased potential for hedgehogs to have more than one litter 
per year. Hedgehog population growth would in turn result 
in increased predation pressure on vulnerable native fauna in 
this environment.

The lack of altitudinal migration to lower elevations in 
winter among the female hedgehogs that we studied indicates 
that eradication-level control programmes targeting introduced 
hedgehogs in New Zealand will need to address all habitat 
zones where hedgehogs are found, and cannot be spatially 
UH¿QHG� E\� QHHGLQJ� WR� WDUJHW� RQO\� D� FRQWUDFWHG� GLVWULEXWLRQ�
RI�WKH�VSHFLHV��$�SRWHQWLDO�PDQDJHPHQW�EHQH¿W�RI�KHGJHKRJ�
populations residing permanently at high elevations is that 
once they are eradicated or controlled to low densities, it may 
take some time for new populations to establish via dispersal 
from lower elevation areas. Any such programmes should be 
based on a sound understanding of how hedgehog activity 
LV�LQÀXHQFHG�E\�WHPSHUDWXUH�LQ�WKHVH�]RQHV��DV�WKLV�ZLOO�EH�
LPSRUWDQW�IRU�GL൵HUHQWLDWLQJ�EHWZHHQ�ORZ�KHGJHKRJ�DFWLYLW\�
and low densities or trapping rates.
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