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Abstract
The rehabilitation of sick or injured wildlife and their subsequent release back into the wild is considered
important, not only for the welfare of the individual animal but also for the conservation and management of
endangered and threatened wildlife. The European hedgehog Erinaceus europaeus has declined by 25% in
Britain over the last decade and is the most common mammal admitted to wildlife rehabilitation centres in
Britain, with a large proportion of individuals admitted to gain body weight overwinter prior to release in the
spring. Consequently, many thousands of hedgehogs are housed overwinter which incurs significant costs for
rehabilitation centres, and has potentially animal welfare issues, such as, stress in captivity, reintroduction
stress, increased mortality risk and impaired or altered behaviour. To determine if releasing rehabilitated
hedgehogs during autumn and winter had an effect on their survival, body weight or nesting behaviour, we
compared these factors between 34 rehabilitated hedgehogs with 23 wild hedgehogs across five sites in
England over four different winters. Overwinter survival was high for both wild and rehabilitated hedgehogs,
with a significant decrease in survival across both groups when hedgehogs became active post hibernation in
https://link.springer.com/article/10.1007/s10344-018-1244-4
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spring. We found no differences in the survival rates up to 150 days post release, in weight change, or nest use
between wild- and winter-released rehabilitated hedgehogs. Our results suggest that under the correct
conditions, rehabilitated hedgehogs can be released successfully during winter, therefore avoiding or reducing
time in captivity.

Introduction
The rehabilitation of sick or injured wildlife and their subsequent release back into the wild is considered an
important tool in the conservation and management of endangered and threatened wildlife (Molony et al. 2006;
Guy et al. 2013; Mullineaux 2014). However, welfare of the individual should be of primary concern
throughout the rehabilitation process and the goal of rehabilitation should be to ensure that individuals are
released in a physical and physiological condition that enables them to survive equally as well as wild
individuals (Mullineaux 2014). Despite this, the reported success of rehabilitation varies considerably (Guy et
al. 2013; Mullineaux 2014) with few studies conducted into the survival of released, rehabilitated animals
(Molony et al. 2007). Given that, rehabilitated individuals are often considered to have a lower chance of
survival compared to wild individuals as a result of reintroduction stress, impaired foraging ability and
increased mortality risk (Molony et al. 2006) and altered ranging behaviour (Tolhurst et al. 2016), the lack of
studies in this field needs addressing to provide evidence to inform rehabilitation practice.
In Britain, at least 70,000 casualties are admitted to wildlife rescue centres annually (Grogan and Kelly 2013),
with the European hedgehog Erinaceus europaeus being the most common mammal species admitted (Molony
et al. 2006; Mullineaux 2014). An extended period of monitoring post-release is considered an essential part of
the rehabilitation processes; however, this is not universally adopted (Guy et al. 2013). Previous studies have
monitored the survival and movements of rehabilitated and translocated hedgehogs (Morris 1997, 1998;
Molony et al. 2006), but these have not addressed the survival and movement patterns of rehabilitated
individuals over the winter hibernation period which is considered a critical phase in the annual cycle of the
hedgehog and has previously been identified as a period of high mortality (Kristiansson 1990).
For small heterothermic mammals such as hedgehogs, hibernation overwinter is essential to avoid seasonal
stresses of reduced resource availability and elevated endothermic demands (Geiser 1998). Hibernating
mammals will reduce their energy requirements, activity levels, and physiological processes in response to low
environmental temperatures and reduced food availability (Buck and Barnes 1999; Sendor and Simon 2003;
Németh et al. 2009; Cooper and Withers 2014). Critical to overwinter survival is the ability to attain a
minimum body mass prior to the onset of hibernation ensuring the individual has enough fat reserves to
maintain warmth and metabolic processing, and failure to achieve a critical mass prior to hibernation may
increase the risk of mortality (Kristiansson 1990; Csorba 2003; Jensen 2004; Bunnell 2009; Cooper and
Withers 2014). Consequently, rapid mass gain in the period leading up to hibernation is common (Buck and
Barnes 1999; Haigh et al. 2012). Several authors have attempted to identify a minimum weight by which
hedgehogs will have a greater chance of survival over winter (e.g. Morris 1984; Jensen 2004); however, this is
likely to be context-dependent and vary with climate and latitude (Haigh et al. 2012) and be higher in Northern
Europe where the winters are typically harsher and longer in duration (Kristiansson 1990).
Current guidance from various animal welfare and conservation organisations on the release weight of
rehabilitated hedgehogs states that individuals should be at least 600 g before release in late autumn/early
winter (Hedgehog hibernation weight – a collaborative view n.d.). Despite this, many rehabilitators habitually
keep hedgehogs in care over winter (even if this weight is achieved), under the assumption that they will have
low survival if released (e.g. Sainsbury et al. 1996). This is not only costly to the wildlife rehabilitator and
limits the housing space available for new individuals arriving at centres but also prolongs the duration that
individuals spend in care. Longer captivity times can result in animal habituation and loss of behavioural skills
that are relied upon for successful survival in the wild (Miller 2000).
The aim of the study was to compare overwinter survival, body weight changes and nesting behaviour between
wild and rehabilitated hedgehogs. We hypothesise that under the correct circumstances there would be no
difference in overwinter behaviour and survival rates of hedgehogs released during winter compared to their
counterparts. Results of this study will inform hedgehog rehabilitation practice and further highlight the need
for scientific studies to provide evidence in support of rehabilitation practice and release protocols.

Methods
https://link.springer.com/article/10.1007/s10344-018-1244-4
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Ethics statement
All work was conducted under a Natural England Licence (20121788) and following approval by the ethical
review committees of the School of Animal, Rural and Environmental Sciences, Nottingham Trent University
(ARE10), and the School of Pharmacy and Biomolecular Sciences, University of Brighton.

Study sites and animals
Rehabilitated hedgehogs were from the Royal Society for the Prevention of Cruelty to Animals (RSPCA)
wildlife rehabilitation centres. Rehabilitated hedgehogs’ admission weights ranged from 0 g (born in captivity)
to 530 g. Hedgehogs that weighed under 150 g were bottle fed and weaned at between 150 and 175 g (n = 4),
and all others ate independently. No distinction was made between hand-reared and weaned hedgehogs in the
analysis. All individuals had passed a veterinary health check prior to release. Where possible, hedgehogs were
released back to sites where they were found. All other hedgehogs were released at sites deemed suitable for
hedgehogs; selection criteria included available suitable habitat located away from main roads (to reduce the
chances of road mortality) and for the site to have minimal or no local badger (Meles meles) activity or reported
badger setts nearby, as previous hedgehog releases in such areas resulted in high rates of predation (Doncaster
1992; Morris and Warwick 1994).
The study took place at five study areas across Southern and Central England over four winters. The
rehabilitation release sites, UK grid references and winters were as follows: Pett (TQ8741 1402) (2010-11);
Seddlescombe (TQ7832 1817) (2011-12); a local nature reserve in Brighton (TQ 3262 0723) (2011–2013) and
a suburban area of Brighton (TQ3130 0415) (2013–2014). Wild hedgehogs were also studied in Brighton
(TQ2627 0694) (2013–2014) and at Nottingham Trent University’s Brackenhurst Campus near Southwell, (SK
6946 5243) (2012–13 and 2013–14). In Brighton, wild hedgehogs were located in residential gardens following
reports from a local hedgehog community group. At Brackenhurst, wild hedgehogs were located during
nocturnal searches using one million candle power spotlights. The majority of wild hedgehogs were caught in
October prior to winter hibernation, while the rehabilitated individuals were released throughout autumn and
winter. Release of rehabilitated hedgehogs was timed so that mean night temperature was above 0 °C for at
least 2 days before release and forecast for minimum temperature to be above 0 °C for 5 days post release.
Rehabilitated hedgehogs were ‘soft’-released at dusk, by placing a nest-box which contained bedding and food,
at the release site, from which the hedgehog could leave and re-access. The boxes were checked daily after
release to check the hedgehog had moved, and if no hedgehog was present, the box was removed. Hedgehog
ages were classed as either ‘adults’ (known to have survived at least one winter season) or ‘young of year’ (yet
to experience a winter season), and gender was recorded.

Radio tracking
All hedgehogs were tagged with VHF radio transmitters weighing approximately 7 g (Biotrack, Wareham,
Dorset) following the methods described by Young et al. (2006). All radio transmitters weighed less than 5%
body weight (range 0.54–1.79%), meeting the guidelines of the American Society of Mammalogists (Sikes and
Gannon 2011). Radio-tracking took place using a Sika radio tracking receiver fitted with a flexible Yagi threepronged antenna (Biotrack). Hedgehogs were also individually marked with coloured heat shrink tubing to aid
identification and weighed prior to release using an electronic balance (Glasby and Yarnell 2013). Rehabilitated
hedgehogs were located via radio-tracking once per day for 3 days after release. All hedgehogs were located in
their nests at least once per week between their release date and the following spring, and the location of each
nest was recorded using a Garmin GPSmap 62 handheld GPS. The radio-tracking survey period was split into
three-time periods in an attempt to identify periods of differing survival over autumn, winter and spring. These
were ‘autumn’ (before 31st of October), ‘winter’ (between 1st of November and 31st of March) and ‘spring’
(after 1st of April). From the 1st of March, location data was taken at least three times a week to identify
hedgehog activity after hibernation. Once a hedgehog has been identified as moving nests after the 1st of
March, nocturnal radio tracking commenced in order to relocate and weigh hedgehogs and to remove their
radio-transmitters. Weight change over winter was calculated as the difference between the weight when first
radio-tagged and released, to the date the animal was first caught after the 1st of March. The last weight of the
animal would depend on when hedgehogs became active after hibernation in relation to when they were
recaptured, so that individuals that had been active for some time are likely to have recovered weight lost over
winter, whereas those that were captured soon after becoming active are likely to weigh less than before winter,
increasing variation in this variable.
https://link.springer.com/article/10.1007/s10344-018-1244-4
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Analysis
Hedgehog fate was determined as either ‘surviving’, ‘died’ or ‘unknown’. Survival during a survey period
(autumn, winter or spring) was confirmed if an individual was relocated alive or had moved nests in the
following season. An animal was recorded as having died if it was found dead during the study period. If an
individual was not re-caught due to tag loss/failure, or animal disappearance, then the fate was recorded as
being unknown. The total number of days alive was calculated for each hedgehog between the first date of
radio-tag attachment and release, to the last date known to be alive (i.e. the date that the hedgehog was
recaptured, and the tag removed or the last date of recorded nest movement). The total number of days alive
was also calculated for each individual during the study and also for each survey period. The first day alive was
either the day the individual was first radio-tagged and released, or if already tagged, as the first day of the
study period (autumn, winter or spring). The last day alive was either the day the animal was found alive and
had its tag removed, or in the situation where the animal could not be relocated due to disappearance or tag
failure and loss, the day which the individual was known to have moved nest or was last seen alive. The
number of days alive was used in right-censored Kaplan-Meier survival analysis to compare survival rates of
wild and rehabilitated individuals (Kaplan and Meier 1958). That is, only hedgehogs that were known to have
died were recorded as such, and for hedgehogs where fates were unknown, they were assumed to have survived
up to the last movement between nests and assumed to have dropped out of the survey at that point in time.
Kaplan-Meier survival analysis was conducted for all hedgehogs pooled, and by all hedgehogs pooled across
season, by treatment (wild or rehabilitated) and by treatment up to 150 days into the study. The survival curves
of wild and rehabilitated were compared up to 150 days as the sample sizes (number of individuals still being
tracked) beyond this time period was greatly reduced (mostly to due tag removal, loss or disappearance of
individuals), making statistical comparisons dependent on a few individuals. Individual hedgehogs were treated
independently in each survey period for this analysis, so that a hedgehog tracked over the entire survey period
was included in the survival estimates across all three survey periods. Survival rates between the two groups
were tested with a log-rank test. Survival rates of all hedgehogs were compared between seasons to ascertain
whether season influenced survival as this is likely to inform release protocols. All survival analysis was
conducted in R (R Core Team 2014) using the ‘survival’ (Therneau 2015) and ‘survminer’ (Kassambara and
Kosinski 2018) packages.
Changes in hedgehog weight (g) were assessed using variables: ‘start weight’ (weight of individual at the start
of the radio-tracking period); ‘last weight’ (last known recorded weight of individual during the study); ‘weight
change’ (the difference in ‘start weight’ and ‘last weight’); ‘daily weight change’ (‘weight change’ divided by
the number of days between the start and last weights were recorded); and ‘percentage weight change’
(proportional weight loss over winter per individual). Nesting rate (number of nests used by individuals per
100 days) was recorded as the number of nests reported as being used by each individual over the duration of
the radio-tracking period ∗ 100. The total number of days individuals were radio-tracked was also recorded and
compared between wild and rehabilitated individuals.
To test whether overwinter behaviour of hedgehogs varied by age or gender, a preliminary analysis of only the
wild hedgehogs was conducted to determine whether these variables required factoring into analyses. All data
was tested for homogeneity with a Bartlett test, and for normality using a Shapiro-Wilk test. To compare
differences in over winter behaviour between gender (male versus female), age (adults versus young of year)
and wild versus rehabilitated hedgehogs, independent t tests were used where assumptions of normality and
homogeneity were met, and Mann-Whitney U tests used otherwise. Unless specified all values represent means
± 1 standard error. All analysis was conducted in R (R Core Team 2014).

Results
A total of 57 hedgehogs were tracked over four winters between 2010 and 2014, comprising 34 rehabilitated
(21 males, 6 females and 7 unknown) and 23 wild hedgehogs (13 females and 10 males) (Table 1). Two tags
fell off soon after attachment giving 55 individuals tracked. The age profiles of hedgehogs differed between
wild and rehabilitated hedgehogs, with the majority (74%) of wild hedgehogs comprising adults, whereas the
majority (91%) of the rehabilitated hedgehogs were young of the year.
Table 1 Number of wild and rehabilitated hedgehogs monitored over four winters between
2010 and 2014, across five study sites in England. The total number of hedgehogs per site are
shown as well as number of adults, young of the year (YoY), sex (if known) and whether the
https://link.springer.com/article/10.1007/s10344-018-1244-4
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hedgehogs originated from the wild (wild) or from rehabilitation centres (rehab). Sites were
as follows: Pett; Sedd = Seddlescombe; BrLNR = Local Nature Reserve Brighton; Brsub =
Suburban Brighton; and Brack = Brackenhurst Campus
Full size table
Hedgehogs were radio-tracked on average 133.76 ± 5.7 days (n = 55), with wild hedgehogs being tracked for
significantly longer (n = 23; mean = 158.7 ± 6.89) than rehabilitated hedgehogs (n = 31; mean = 115.84 ± 7.04)
(t test: t = 4.392, df = 51.50, p value < 0.001), due to the rehabilitated individuals being released throughout the
winter period, compared to the wild individuals that entered the study in late autumn or early winter.

Survival
A total of 36 (63%) hedgehogs were alive at the time of tag removal and were deemed to have survived the
winter. Seven (12%) individuals were known to have died during the study, comprising four wild individuals
and three rehabilitated. Cause of death was attributed to road traffic accidents (n = 3, 43%), predation by
badgers (n = 3, 43%) and one hedgehog (14%) was likely to have died from starvation due to a lack of fat
reserves as identified at necropsy. All rehabilitated hedgehogs that died were predated by badgers. The fate of
14 (3 wild and 11 rehabilitated) hedgehogs (25%) could not be determined due to combination of tag
loss/failure or the hedgehog not being recaptured. Therefore, the survival rate of hedgehogs whose fate was
known was 83% (n = 42).
Kaplan-Meier survival analysis showed that hedgehog survival over winter was 0.961 ± SE 0.028 after
100 days, falling to 0.257 ± SE 0.791 after 200 days (Fig. 1). However, only 10 individuals were tracked over
181 days, reducing sample size, which resulted in lower survival probabilities towards the end of the study.
There was a significant difference in overwinter survival between wild and rehabilitated hedgehogs (log rank
test: chi-squared = 5.6, d.f. = 1, p = 0.017) (Fig. 2). However, the two survival curves only diverged after
150 days, in response to very few rehabilitated hedgehogs being tracked for more than 150 days. Therefore, a
survival analysis on the first 150 days that each hedgehog was involved in the study was conducted that found
there was no significant difference between wild and rehabilitated hedgehog survival (log rank test: chisquared = 0.4, d.f. = 1, p = 0.542) (Fig. 3). Due to a lack of significance in survival between the first 150 days
after release between wild and rehabilitated hedgehogs, the survival data across both treatments was pooled to
enable a comparison between seasons. There was a significant difference in hedgehog overwinter survival rate
by season, with survival rates being lowest in spring, compared to autumn and winter (log-rank test: chisquared = 18.5, d.f. = 2, p < 0.0001) (Fig. 4).
Fig. 1

https://link.springer.com/article/10.1007/s10344-018-1244-4
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Kaplan-Meier survival curve and risk table from 55 wild and rehabilitated hedgehogs radio-tracked
through time (days) over four winters (October to May 2010–2014) in England. The risk table
shows the number of hedgehogs still known to be alive and participating in the study. Shaded area
represents 95% confidence interval
Full size image
Fig. 2

https://link.springer.com/article/10.1007/s10344-018-1244-4
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A comparison of Kaplan-Meier survival curves and risk table between wild (n = 23) and
rehabilitated (n = 34) hedgehogs radio-tracked through time (days), over four winters (October to
April 2010–2014) in England. The risk table shows the number of hedgehogs still known to be
alive and participating in the study after number of days. The p value is the significance level of
the log-rank test between the survival curves of wild and rehabilitated hedgehogs. Shaded areas
represent 95% confidence intervals
Full size image
Fig. 3

https://link.springer.com/article/10.1007/s10344-018-1244-4
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A comparison of Kaplan-Meier survival curves and risk table between wild (n = 23) and
rehabilitated (n = 34) hedgehogs radio-tracked through time (days), over the first 150 days that
individuals participated in the study, across fours winters (October to April 2010–2014) in
England. The risk table shows the number of hedgehogs still known to be alive and participating in
the study after number of days. The p value is the significance level of the log-rank test between
the survival curves of wild and rehabilitated hedgehogs. Shaded areas represent 95% confidence
intervals
Full size image
Fig. 4

https://link.springer.com/article/10.1007/s10344-018-1244-4
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A comparison of Kaplan-Meier survival curves and risk table for radio-tracked hedgehogs (n = 57)
through time (days), across three seasons (autumn, before the 31st of October; winter, the 1st of
November to 31st of March; spring, after the 31st of March) over winters 2010–2014 in England.
The risk table shows the number of hedgehogs still known to be alive and participating in the study
after number of days. The p value is the significance level of the log-rank test between the survival
curves of hedgehogs’ radio-tracked in different seasons. Shaded areas represent 95% confidence
intervals
Full size image

Gender and age differences in over winter behaviour of wild hedgehogs
There were no significant differences (p > 0.05) in any of the variables (‘start weight’; ‘last weight’; ‘weight
change’; ‘daily weight change’; ‘percentage weight change’ ‘nesting rate’; and ‘number of days tracked’)
between wild male (n = 10) and female (n = 13) hedgehogs (Table 2). Adult wild hedgehogs (n = 17) were
significantly heavier than young of the year (n = 6) at the start and end of the study, respectively (Table 2).
However, there was no significant difference between adults and young of the year regarding weight change
over winter, daily weight change or in the number of nests used per 100 days (Table 2). Therefore, hedgehogs
of all ages and genders were pooled for comparisons in over winter behaviour between wild and rehabilitated
conspecifics.
Table 2 Comparisons of over winter weights, number of days tracked and number of nest
locations in wild hedgehogs across different age (adult and young of the year) and gender
(male and female) classifications from individuals radio-tracked over two consecutive winters
between 2013 and 2014 in England. Where, start weight is the weight of individual at the
start of the radio-tracking period); last weight is the last known recorded weight of
individual during the study; weight change is the difference in start weight and last weight;
daily weight change is weight change divided by the number of days between the start and
last weights were recorded); nesting rate is the number of nests used per 100 days; and the
number of days tracked is the duration that each individual was radio-tracked. All weights
https://link.springer.com/article/10.1007/s10344-018-1244-4
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are in grams. All values are mean (± standard error). Values in bold indicate a significant
difference (p < 0.05) in independent t tests or non-parametric equivalent
Full size table

Comparison of wild and rehabilitated hedgehogs over winter behaviour and weight
change
The average weight of rehabilitated hedgehogs upon release was 631.74 g ± 13.57 with a range between 391 g
and 851 g. The average weight loss for hedgehogs over winter was 110.32 g ± 22.08 which equated to an
average loss rate of 0.72 g/day ±0.19 (n = 39). There was no significant difference in weight loss or daily
weight loss between wild and rehabilitated hedgehogs over winter (wild weight loss = −124.74 g ± 26.82 (n =
19), rehabilitated weight loss = −96.61 g ± 35.12 (n = 20), Mann-Whitney U test: W = 180 p = 0.792; wild daily
weight loss = −0.79 g/day ± 0.17, rehabilitated daily weight loss = −0.65 g/day ± 0.35, Mann-Whitney U test: W
= 211, p = 0.569). Average percentage of body weight loss across all hedgehogs over winter was 14.11% ± 3.08,
with maximum percentage weight loss being 44.01%. There was no significant difference in percentage weight
loss between wild (13.35% ± 2.88 (n = 19)) and rehabilitated (14.84 ± 5.44 (n = 20)) hedgehogs during the study
(Mann-Whitney U test: W = 227, p = 0.309).
In total, 92 winter nests were utilised by 40 hedgehogs, with between 1 and 7 nests used per hedgehog. An
average of 1.74 ± 0.20 nests was used every 100 days by hedgehogs over the study period. There was no
significant difference in the rate of nest use between wild (n = 23; mean = 1.98 ± 0.32) or rehabilitated
hedgehogs (n = 17; mean = 1.42 ± 0.2) (Mann-Whitney U test: W = 229.5, p = 0.359). The distance between
successive nest sites ranged from 2 to 323 m for wild hedgehogs, and 6–245 m for rehabilitated hedgehogs.
There was no difference in the mean distance between successive nests per hedgehog between wild (n = 17,
106 ± 16 m) and rehabilitated hedgehogs (n = 7, 82 ± 41 m) (t test: t = −0.55, df = 8, p = 0.598).

Discussion
This study is the first to compare overwinter survival, body weight changes and nesting behaviour between
wild and rehabilitated hedgehogs to inform hedgehog rehabilitation practice. Our findings show that
rehabilitated animals released in winter have similar survival rates, changes in weight and use a similar number
of nests to wild conspecifics over similar time periods, suggesting that healthy hedgehogs can be released
throughout winter under favourable conditions without affecting survival rates. This would reduce costs to
rehabilitators and free up space for incoming unhealthy hedgehogs in need of rehabilitation, as well as reduce
the time hedgehogs are in captivity, thereby reducing the potential negative consequence of captivity on natural
behaviour required for survival in the wild and so providing an overall positive effect on hedgehog welfare
(Miller 2000).
In this study, survival rates were high, with no difference in survival overwinter between wild and rehabilitated
hedgehogs within 150 days post release, suggesting that release of rehabilitated hedgehogs will not impact their
chances of survival in comparison with wild conspecifics. Overwinter survival of wild adult and juvenile
hedgehogs has been recorded as being on average 66% in Southern Sweden (Kristiansson 1990), which is
lower than reported here, which may reflect the colder winters and consequent longer hibernation periods
experienced at higher latitudes.
Despite low numbers of deaths recorded in this study, some interesting patterns of mortality did emerge which
can be used to highlight some advantages of winter release of rehabilitated hedgehogs. The majority of
mortality occurred during the spring season, once hedgehogs became active after winter hibernation. This may
be expected as hedgehogs will be less active overwinter, and relatively safe in nest sites from major sources of
mortality (for review see Turbill et al. 2011), such as road traffic accidents (Huijser and Bergers 2000) or
predation (Doncaster 1992). All seven hedgehog mortality events occurred after the 5th of March, and the six
animals killed on roads and by badgers were killed after April when they are more likely to encounter such
risks due to higher levels of activity. One wild individual died of suspected starvation near the end of winter,
and, although this is only one individual, it may suggest that the post emergence time period is associated with
increased risks of mortality due to low body condition and a lack of natural prey availability, and that survival
post hibernation may be lower than survival over winter per se. However, this is speculation based on the
evidence in this study but may merit further research, so that any negative consequences of releasing
rehabilitated hedgehogs at the end of winter are better understood.
https://link.springer.com/article/10.1007/s10344-018-1244-4
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Survival rates of released rehabilitated hedgehogs in this study (0.96 ± SE 0.02 after 100 days) are higher than
other studies on post release survival in the UK (Morris et al. 1993; Morris and Warwick 1994; Morris 1997;
Reeve 1998; Molony et al. 2006). These studies found post release survival rates (corrected by time period)
between 0.00 (Morris and Warwick 1994) and 0.55 per 100 days (Molony et al. 2006). The differences in
survival rate of post release hedgehogs is likely due to timing of release (greater survival over winter associated
with lower chance of encountering sources of mortality) combined with the suitability of release site for
hedgehogs. In this study, hedgehogs were released in a range of sites that were regarded as suitable for
hedgehogs, namely suitable habitat away from main roads and in areas with a low density of badgers. Despite
this all three rehabilitated hedgehogs known to have died were due to badger predation, suggesting that the
release sites were not completely badger-free. In other studies that have released hedgehogs, those where
releases took place in suburban areas (presumably without badgers, Molony et al. 2006)) and areas without
badgers such as on the Island of Jersey (Morris 1997), had higher post release survival rates than those where
release sites were predominantly rural (e.g. Morris et al. 1993; Morris and Warwick 1994; Reeve 1998). This
highlights the importance of suitable release sites for rehabilitated hedgehogs, with optimal release sites being
those that are suburban and free of badgers. This is borne out by current research in the UK showing that
hedgehog occupancy and abundance is low in rural landscapes (Hubert et al. 2011; Yarnell et al. 2014; Pettett et
al. 2017; Williams et al. 2018; Williams et al. 2018a), which suggests that these habitats are sub-optimal for
hedgehogs and should not be used for rehabilitation release and that release into suburban areas without main
roads and badgers should increase individual survival rates.
The overwinter behaviour of released rehabilitated hedgehogs was similar to their wild counterparts and is
similar to other studies that have shown released individuals have innate behaviours that allow them to forage,
find and build nests and function in the natural environment following a period in rehabilitation (Morris 1998).
The effect of spending a first winter in captivity on hedgehogs’ future ability to subsequently successfully
breed, forage and survive overwinter is unknown and this would warrant further investigation into the longerterm consequences of overwintering in captivity, although there is no evidence to support this in this study. We
found that wild hedgehogs sampled in this study were heavier than their rehabilitated conspecifics at the start
and end of the study period, which is to be expected since the majority of the rehabilitated individuals were
young of the year compared to the majority of wild animals being fully grown adults. Despite this, released
individuals were able to find shelter and build their own nests and at similar rates to their wild counterparts,
further supporting our contention that winter release of hedgehogs can be used as a release strategy by wildlife
rehabilitators. Furthermore, no differences in weight loss overwinter were observed between wild and
rehabilitated hedgehogs. This suggests there are no differences in thermoregulatory capabilities or ability to
find environmentally stable hibernation locations or respond to environmental cues across seasons for foraging.
Hibernation weight loss could not be estimated in this study since the majority of hedgehogs became active and
are likely to have had opportunity to forage and start to gain weight before individuals were re-caught and
weighed. However, our winter weight loss estimates are similar to those recorded in other studies that suggest
winter weight loss of between 20 and 40% body weight in over wintering hedgehogs across Northern Europe
(Morris 1984; Jensen 2004; Haigh et al. 2012). Current rehabilitation guidance from the RSPCA states that
hedgehogs should be over 600 g prior to release between December and March (RSPCA 2013). In this study,
the rehabilitated hedgehogs weighed on average 631 g at release, ensuring adequate body condition to survive
to the following spring, with the high survival rates confirming that current RSPCA and British Hedgehog
Preservation Society guidance on release weights in winter is appropriate
(http://www.britishhedgehogs.org.uk/pdf/Hibernation-Weight.pdf). However, not all animals in this study
weighed over 600 g upon release, since the study took place before the RSPCA and British Hedgehog
Preservation Society guidance was published. Despite this, all animals in this study survived considerable
overwinter periods, irrespective of release weight. Those individuals that where known to have died did so due
to factors unrelated to body size, i.e. road traffic or badger predation. This suggests that identifying a minimum
weight by which individual hedgehogs can be released is problematic. Current guidance is based on studies of
weight loss already discussed (Morris 1984; Jensen 2004; Haigh et al. 2012), and further research is required to
refine predictions of minimum weight of hedgehogs to survive overwinter. Indeed, the minimum weight will
likely be context-dependant, and influenced by local weather conditions, time of year, and age of the individual
as well as individual differences in behaviour and physiological condition, and it may be that as long as the
hedgehog is healthy (as determined by a veterinarian) that the hedgehogs should be released irrespective of
weight, but further research would be useful to help inform this decision.
There were a number of limitations in the study, such as the unbalanced design in ages and gender, different
years used across treatments and difficulties associated with tag loss/failure which limited sample sizes. Despite
https://link.springer.com/article/10.1007/s10344-018-1244-4
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these, the survival and behaviour data clearly show that hedgehogs released in winter will exhibit similar
behaviours and survival rates to wild individuals.

Conclusion
In conclusion, this study is the first to compare overwinter survival and behaviour of wild and rehabilitated
hedgehogs and demonstrate that rehabilitated hedgehogs survive well if released in winter and exhibit natural
behaviours of nest building, while changes in weight are similar to wild counterparts. Based on these findings,
we recommend that wildlife rehabilitators can release rehabilitated hedgehogs during winter if the criteria used
for release are similar to those used in this study. That is, hedgehogs should weigh over 600 g, have passed a
veterinary health check, are soft-released in areas where the individuals were originally found or suburban
areas without main roads and badgers, and during periods of mild weather (> 0 °C) over winter. Following
these guidelines will reduce the periods of captivity for rehabilitated hedgehogs and allow them to reintegrate
into their natural habitats as soon as possible, improving their welfare, whilst reducing the costs of care for the
wildlife rehabilitators.

References
1. Buck CL, Barnes BM (1999) Annual cycle of body composition and hibernation in free-living arctic
ground squirrels. J Mammal 80:430–442
Article Google Scholar
2. Bunnell T (2009) Growth rate in early and late litters of the European hedgehog (Erinaceus europaeus).
Lutra 52:15–22
Google Scholar
3. Cooper CE, Withers PC (2014) Ecological consequences of temperature regulation: why might the
mountain pygmy possum Burramys parvus need to hibernate near underground streams? Temperature
1:32–36
Article Google Scholar
4. Csorba A (2003) Influence of body weight on hibernation of common dormouse (Muscardinus
avellanarius). Acta Zool 49:39–44
Google Scholar
5. Doncaster CP (1992) Testing the role of intraguild predation in regulating hedgehog populations. Proc
Roy Soc (Lond) [Biol] 249(1324):113–117
CAS Article Google Scholar
6. Geiser F (1998) Evolution of daily torpor and hibernation in birds and mammals: importance of body
size. Clin Exp Pharmacol Physiol 25:736–740
CAS Article Google Scholar
7. Glasby L, Yarnell RW (2013) Evaluation of the performance and accuracy of global positioning system
bug transmitters deployed on a small mammal. Eur J Wildlife Res 59(6):915–919
Article Google Scholar
8. Grogan A, Kelly A (2013) A review of RSPCA research into wildlife rehabilitation. Vet Rec 172(8):211.
https://doi.org/10.1136/vr.101139
CAS Article PubMed Google Scholar
https://link.springer.com/article/10.1007/s10344-018-1244-4

12/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

9. Guy AJ, Curnoe D, Banks PB (2013) A survey of current mammal rehabilitation and release practices.
Biodivers Conserv 22(4):825–837
Article Google Scholar
10. Haigh A, O’Riordan RM, Butler F (2012) Nesting behaviour and seasonal body mass change in a rural
Irish population of the Western hedgehog (Erinaceus europaeus). Acta Theriol 57(4):321–331
Article Google Scholar
11. Hedgehog hibernation weight – a collaborative view.
http://www.britishhedgehogs.org.uk/pdf/Hibernation-Weight.pdf. Accessed 21 Dec 2018
12. Hubert P, Julliard R, Biagianti S, Poulle M-L (2011) Ecological factors driving the higher hedgehog
(Erinaceus europaeus) density in an urban area compared to the adjacent rural area. Landsc Urban Plan
103:34–43
Article Google Scholar
13. Huijser MP, Bergers PJM (2000) The effects of roads and traffic on hedgehog (Erinaceus europaeus)
populations. Biol Conserv 95:111–116
Article Google Scholar
14. Jensen AB (2004) Overwintering of European hedgehogs Erinaceus europaeus in a Danish rural area.
Acta Theriol 49:145–155
Article Google Scholar
15. Kaplan EL, Meier P (1958) Nonparametric-estimation from incomplete observations. J Am Stat Assoc
53:457–481
Article Google Scholar
16. Kassambara A, Kosinski M (2018) Survminer: drawing survival curves using ‘ggplot2’. R package
version 04.2. https://CRAN.R-project.org/package=survminer. Accessed 16 March 2018
17. Kristiansson H (1990) Population variables and causes of mortality in a hedgehog (Erinaceus europaeus)
population in southern Sweden. J Zool Lond 220:391–404
Article Google Scholar
18. Miller EA (2000) Minimum standards for wildlife rehabilitation, 3rd edition. National Wildlife
Rehabilitators Association, St. Cloud, MN 77 pages
Google Scholar
19. Molony SE, Dowding CV, Baker PJ, Cuthill IC, Harris S (2006) The effect of translocation and
temporary captivity on wildlife rehabilitation success: an experimental study using European hedgehogs
(Erinaceus europaeus). Biol Conserv 130:530–537
Article Google Scholar
20. Molony SE, Baker PJ, Garland L, Cuthill IC, Harris S (2007) Factors that can be used to predict release
rates for wildlife casualties. Anim Welf 16(3):361–367
CAS Google Scholar
21. Morris P (1984) An estimate of the minimum body weight necessary for hedgehogs (Erinaceus
europaeus) to survive hibernation. J Zool Lond 203:291–294
https://link.springer.com/article/10.1007/s10344-018-1244-4

13/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

Google Scholar
22. Morris PA (1997) Released, rehabilitated hedgehogs: a follow-up study in Jersey. Anim Welf 6:317–327
Google Scholar
23. Morris PA (1998) Hedgehog rehabilitation in perspective. Vet Rec 143:633–636
CAS PubMed Google Scholar
24. Morris PA, Warwick H (1994) A study of rehabilitated juvenile hedgehogs after release into the wild.
Anim Welf 3(3):163–177
Google Scholar
25. Morris PA, Meakin K, Sharafi S (1993) The behaviour and survival of rehabilitated hedgehogs
(Erinaceus europaeus). Anim Welf 2:53–66
Google Scholar
26. Mullineaux E (2014) Veterinary treatment and rehabilitation of indigenous wildlife. J Small Anim Pract
55:293–300
CAS Article Google Scholar
27. Németh I, Nyitrai V, Altbäcker V (2009) Ambient temperature and annual timing affect torpor bouts and
euthermic phases of hibernating European ground squirrels (Spermophilus citellus). Can J Zool 87:204–
210
Article Google Scholar
28. Pettett CE, Moorhouse TP, Johnson PJ, Macdonald DW (2017) Factors affecting hedgehog (Erinaceus
europaeus) attraction to rural villages in arable landscapes. Eur J Wildlife Res 63(3):54
Article Google Scholar
29. R Core Team (2014) R: a language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria URL http://www.R-project.org/. Accessed 16 March 2018
30. Reeve N (1998) The survival and welfare of hedgehogs (Erinaceus europaeus) after release back into the
wild. Anim Welf 7:189–202
Google Scholar
31. RSPCA (2013) RSPCA wildlife rehabilitation protocol: hedgehogs. RSPCA, Southwater
Google Scholar
32. Sainsbury AW, Cunningham AA, Morris PA, Kirkwood JK, Macgregor SK (1996) Health and welfare of
rehabilitated juvenile hedgehogs (Erinaceus europaeus) before and after release into the wild. Vet Rec
138:61–65
CAS Article Google Scholar
33. Sendor T, Simon M (2003) Population dynamics of the pipistrelle bat: effects of sex, age and winter
weather on seasonal survival. J Anim Ecol 72(2):308–320
Article Google Scholar
34. Sikes RS, Gannon WL (2011) Guidelines of the American Society of Mammalogists for the use of wild
mammals in research. J Mammal 92(1):235–253
https://link.springer.com/article/10.1007/s10344-018-1244-4

14/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

Article Google Scholar
35. Therneau T (2015). A package for survival analysis in S. version 2.38, URL:https://CRAN.Rproject.org/package=survival. Accessed 16 March 2018
36. Tolhurst B, Grogan A, Hughes H, Scott DM (2016) Effects of temporary captivity on ranging behaviour
in urban red foxes (Vulpes vulpes). App Anim Behav Sci 181:182–190
Article Google Scholar
37. Turbill C, Bieber C, Ruf T (2011) Hibernation is associated with increased survival and the evolution of
slow life histories among mammals. Proc Roy Soc (Biol) 278:3355–3363
Article Google Scholar
38. Williams B, Baker PJ, Thomas E, Wilson G, Judge J, Yarnell RW (2018) Reduced occupancy of
hedgehogs (Erinaceus europaeus) in rural England and Wales: the influence of habitat and an asymmetric
intraguild predator. Sci Rep 8:12156. DOI:https://doi.org/10.1038/s41598-018-30130
39. Williams B, Mann N, Neumann JL, Yarnell RW, Baker PJ (2018a) A prickly problem: developing a
volunteer-friendly tool for monitoring populations of a terrestrial urban mammal, the west European
hedgehog (Erinaceus europaeus). Urban Ecosyst 21(6):1075–1086
Article Google Scholar
40. Yarnell RW, Pacheco M, Williams B, Neumann JL, Rymer DJ, Baker PJ (2014) Using occupancy
analysis to validate the use of footprint-tunnels as a method for monitoring the hedgehog Erinaceus
europaeus. Mammal Rev 44:234–238
Article Google Scholar
41. Young RP, Davison J, Trewby ID, Wilson GJ, Delahay RJ, Doncaster CP (2006) Abundance of
hedgehogs (Erinaceus europaeus) in relation to the density and distribution of badgers (Meles meles). J
Zool Lond 269:349–356
Article Google Scholar
Download references

Acknowledgements
We would like to thank all the volunteers who assisted with finding hedgehogs and radio tracking; particularly
Mr. and Mrs. Bean, Becky Walton, Bryan Warren, Chloe Dixon, Rashad New and Angela Barbon. We would
also like to thank all the staff at RSPCA Mallydams Wood for caring for the hedgehogs and radio tracking,
particularly Jess O’Doherty, Nicky Lambert and Claire Thomas. We would like to thank Stephen Harrison at
Nottingham Trent University for conducting the necropsy and two anonymous Reviewers who helped improve
the manuscript.

Funding
Funding was provided jointly by Nottingham Trent University, University of Brighton and the RSPCA.

Author information
Affiliations
1. School of Animal, Rural and Environmental Sciences, Brackenhurst Campus, Nottingham Trent
University, Southwell, NG25 0QF, UK
https://link.springer.com/article/10.1007/s10344-018-1244-4

15/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

Richard W. Yarnell & Joanne Surgey
2. RSPCA Wildlife Department, Wilberforce Way, Southwater, West Sussex, RH13 9RS, UK
Adam Grogan
3. RSPCA Mallydams Wood, Peter James Lane, Fairlight, Hastings, TN35 4AH, UK
Richard Thompson
4. School of Pharmacy and Biomolecular Sciences, University of Brighton, Lewes Road, Brighton, BN2
4GJ, UK
Kate Davies, Christina Kimbrough & Dawn M. Scott
Authors
1. Richard W. Yarnell
View author publications
You can also search for this author in PubMed Google Scholar
2. Joanne Surgey
View author publications
You can also search for this author in PubMed Google Scholar
3. Adam Grogan
View author publications
You can also search for this author in PubMed Google Scholar
4. Richard Thompson
View author publications
You can also search for this author in PubMed Google Scholar
5. Kate Davies
View author publications
You can also search for this author in PubMed Google Scholar
6. Christina Kimbrough
View author publications
You can also search for this author in PubMed Google Scholar
7. Dawn M. Scott
View author publications
You can also search for this author in PubMed Google Scholar

Corresponding author
Correspondence to Richard W. Yarnell.

Additional information
Publisher’s Note
https://link.springer.com/article/10.1007/s10344-018-1244-4

16/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Rights and permissions
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if changes were made.
Reprints and Permissions

About this article

Cite this article
Yarnell, R.W., Surgey, J., Grogan, A. et al. Should rehabilitated hedgehogs be released in winter? A comparison
of survival, nest use and weight change in wild and rescued animals. Eur J Wildl Res 65, 6 (2019).
https://doi.org/10.1007/s10344-018-1244-4
Download citation
Received: 16 July 2018
Revised: 07 December 2018
Accepted: 13 December 2018
Published: 03 January 2019
DOI: https://doi.org/10.1007/s10344-018-1244-4

Share this article
Anyone you share the following link with will be able to read this content:
Get shareable link

Sorry, a shareable link is not currently available for this article.
Copy to clipboard

Provided by the Springer Nature SharedIt content-sharing initiative

Keywords
Rehabilitation release
Overwinter survival
Hibernation
Radio-telemetry
Hedgehog
Reintroduction stress
https://link.springer.com/article/10.1007/s10344-018-1244-4

17/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

Download PDF
Sections
Figures
References

Abstract
Introduction
Methods
Results
Discussion
Conclusion
References
Acknowledgements
Funding
Author information
Additional information
Rights and permissions
About this article
Fig. 1
figure1
View in articleFull size image
Fig. 2
figure2
View in articleFull size image
Fig. 3
figure3
View in articleFull size image
Fig. 4
figure4
View in articleFull size image
1. Buck CL, Barnes BM (1999) Annual cycle of body composition and hibernation in free-living arctic
ground squirrels. J Mammal 80:430–442
Article
Google Scholar
2. Bunnell T (2009) Growth rate in early and late litters of the European hedgehog (Erinaceus europaeus).
Lutra 52:15–22
Google Scholar
3. Cooper CE, Withers PC (2014) Ecological consequences of temperature regulation: why might the
mountain pygmy possum Burramys parvus need to hibernate near underground streams? Temperature
1:32–36
Article
Google Scholar
4. Csorba A (2003) Influence of body weight on hibernation of common dormouse (Muscardinus
avellanarius). Acta Zool 49:39–44
https://link.springer.com/article/10.1007/s10344-018-1244-4

18/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

Google Scholar
5. Doncaster CP (1992) Testing the role of intraguild predation in regulating hedgehog populations. Proc
Roy Soc (Lond) [Biol] 249(1324):113–117
CAS
Article
Google Scholar
6. Geiser F (1998) Evolution of daily torpor and hibernation in birds and mammals: importance of body
size. Clin Exp Pharmacol Physiol 25:736–740
CAS
Article
Google Scholar
7. Glasby L, Yarnell RW (2013) Evaluation of the performance and accuracy of global positioning system
bug transmitters deployed on a small mammal. Eur J Wildlife Res 59(6):915–919
Article
Google Scholar
8. Grogan A, Kelly A (2013) A review of RSPCA research into wildlife rehabilitation. Vet Rec 172(8):211.
https://doi.org/10.1136/vr.101139
CAS
Article
PubMed
Google Scholar
9. Guy AJ, Curnoe D, Banks PB (2013) A survey of current mammal rehabilitation and release practices.
Biodivers Conserv 22(4):825–837
Article
Google Scholar
10. Haigh A, O’Riordan RM, Butler F (2012) Nesting behaviour and seasonal body mass change in a rural
Irish population of the Western hedgehog (Erinaceus europaeus). Acta Theriol 57(4):321–331
Article
Google Scholar
11. Hedgehog hibernation weight – a collaborative view.
http://www.britishhedgehogs.org.uk/pdf/Hibernation-Weight.pdf. Accessed 21 Dec 2018
12. Hubert P, Julliard R, Biagianti S, Poulle M-L (2011) Ecological factors driving the higher hedgehog
(Erinaceus europaeus) density in an urban area compared to the adjacent rural area. Landsc Urban Plan
103:34–43
Article
Google Scholar
13. Huijser MP, Bergers PJM (2000) The effects of roads and traffic on hedgehog (Erinaceus europaeus)
populations. Biol Conserv 95:111–116
Article
Google Scholar
14. Jensen AB (2004) Overwintering of European hedgehogs Erinaceus europaeus in a Danish rural area.
Acta Theriol 49:145–155
https://link.springer.com/article/10.1007/s10344-018-1244-4

19/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

Article
Google Scholar
15. Kaplan EL, Meier P (1958) Nonparametric-estimation from incomplete observations. J Am Stat Assoc
53:457–481
Article
Google Scholar
16. Kassambara A, Kosinski M (2018) Survminer: drawing survival curves using ‘ggplot2’. R package
version 04.2. https://CRAN.R-project.org/package=survminer. Accessed 16 March 2018
17. Kristiansson H (1990) Population variables and causes of mortality in a hedgehog (Erinaceus europaeus)
population in southern Sweden. J Zool Lond 220:391–404
Article
Google Scholar
18. Miller EA (2000) Minimum standards for wildlife rehabilitation, 3rd edition. National Wildlife
Rehabilitators Association, St. Cloud, MN 77 pages
Google Scholar
19. Molony SE, Dowding CV, Baker PJ, Cuthill IC, Harris S (2006) The effect of translocation and
temporary captivity on wildlife rehabilitation success: an experimental study using European hedgehogs
(Erinaceus europaeus). Biol Conserv 130:530–537
Article
Google Scholar
20. Molony SE, Baker PJ, Garland L, Cuthill IC, Harris S (2007) Factors that can be used to predict release
rates for wildlife casualties. Anim Welf 16(3):361–367
CAS
Google Scholar
21. Morris P (1984) An estimate of the minimum body weight necessary for hedgehogs (Erinaceus
europaeus) to survive hibernation. J Zool Lond 203:291–294
Google Scholar
22. Morris PA (1997) Released, rehabilitated hedgehogs: a follow-up study in Jersey. Anim Welf 6:317–327
Google Scholar
23. Morris PA (1998) Hedgehog rehabilitation in perspective. Vet Rec 143:633–636
CAS
PubMed
Google Scholar
24. Morris PA, Warwick H (1994) A study of rehabilitated juvenile hedgehogs after release into the wild.
Anim Welf 3(3):163–177
Google Scholar
25. Morris PA, Meakin K, Sharafi S (1993) The behaviour and survival of rehabilitated hedgehogs
(Erinaceus europaeus). Anim Welf 2:53–66
Google Scholar
https://link.springer.com/article/10.1007/s10344-018-1244-4

20/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

26. Mullineaux E (2014) Veterinary treatment and rehabilitation of indigenous wildlife. J Small Anim Pract
55:293–300
CAS
Article
Google Scholar
27. Németh I, Nyitrai V, Altbäcker V (2009) Ambient temperature and annual timing affect torpor bouts and
euthermic phases of hibernating European ground squirrels (Spermophilus citellus). Can J Zool 87:204–
210
Article
Google Scholar
28. Pettett CE, Moorhouse TP, Johnson PJ, Macdonald DW (2017) Factors affecting hedgehog (Erinaceus
europaeus) attraction to rural villages in arable landscapes. Eur J Wildlife Res 63(3):54
Article
Google Scholar
29. R Core Team (2014) R: a language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria URL http://www.R-project.org/. Accessed 16 March 2018
30. Reeve N (1998) The survival and welfare of hedgehogs (Erinaceus europaeus) after release back into the
wild. Anim Welf 7:189–202
Google Scholar
31. RSPCA (2013) RSPCA wildlife rehabilitation protocol: hedgehogs. RSPCA, Southwater
Google Scholar
32. Sainsbury AW, Cunningham AA, Morris PA, Kirkwood JK, Macgregor SK (1996) Health and welfare of
rehabilitated juvenile hedgehogs (Erinaceus europaeus) before and after release into the wild. Vet Rec
138:61–65
CAS
Article
Google Scholar
33. Sendor T, Simon M (2003) Population dynamics of the pipistrelle bat: effects of sex, age and winter
weather on seasonal survival. J Anim Ecol 72(2):308–320
Article
Google Scholar
34. Sikes RS, Gannon WL (2011) Guidelines of the American Society of Mammalogists for the use of wild
mammals in research. J Mammal 92(1):235–253
Article
Google Scholar
35. Therneau T (2015). A package for survival analysis in S. version 2.38, URL:https://CRAN.Rproject.org/package=survival. Accessed 16 March 2018
36. Tolhurst B, Grogan A, Hughes H, Scott DM (2016) Effects of temporary captivity on ranging behaviour
in urban red foxes (Vulpes vulpes). App Anim Behav Sci 181:182–190
Article
Google Scholar
https://link.springer.com/article/10.1007/s10344-018-1244-4

21/23

29.6.2020

Should rehabilitated hedgehogs be released in winter? A comparison of survival, nest use and weight change in wild and rescued a…

37. Turbill C, Bieber C, Ruf T (2011) Hibernation is associated with increased survival and the evolution of
slow life histories among mammals. Proc Roy Soc (Biol) 278:3355–3363
Article
Google Scholar
38. Williams B, Baker PJ, Thomas E, Wilson G, Judge J, Yarnell RW (2018) Reduced occupancy of
hedgehogs (Erinaceus europaeus) in rural England and Wales: the influence of habitat and an asymmetric
intraguild predator. Sci Rep 8:12156. DOI:https://doi.org/10.1038/s41598-018-30130
39. Williams B, Mann N, Neumann JL, Yarnell RW, Baker PJ (2018a) A prickly problem: developing a
volunteer-friendly tool for monitoring populations of a terrestrial urban mammal, the west European
hedgehog (Erinaceus europaeus). Urban Ecosyst 21(6):1075–1086
Article
Google Scholar
40. Yarnell RW, Pacheco M, Williams B, Neumann JL, Rymer DJ, Baker PJ (2014) Using occupancy
analysis to validate the use of footprint-tunnels as a method for monitoring the hedgehog Erinaceus
europaeus. Mammal Rev 44:234–238
Article
Google Scholar
41. Young RP, Davison J, Trewby ID, Wilson GJ, Delahay RJ, Doncaster CP (2006) Abundance of
hedgehogs (Erinaceus europaeus) in relation to the density and distribution of badgers (Meles meles). J
Zool Lond 269:349–356
Article
Google Scholar
Over 10 million scientific documents at your fingertips
Switch Edition
Academic Edition
Corporate Edition
Home
Impressum
Legal information
Privacy statement
How we use cookies
Accessibility
Contact us
Not logged in - 82.203.153.195
University of Helsinki (2000251163) - University of Jyvaskyla (2000617297) - FInelib (3000168668) - 1237
FineLib LNCS Finland (3000518934) - University of Helsinki,Finelib Springer Compact (3003509205)
Springer Nature
© 2020 Springer Nature Switzerland AG. Part of Springer Nature.

https://link.springer.com/article/10.1007/s10344-018-1244-4

22/23

