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Simple Summary: Large numbers of animals enter wildlife hospitals/centres each year around the
globe, but it is unclear whether the efforts of wildlife rehabilitators have significant impacts on the
conservation of the species involved. In this study, we used a questionnaire survey to estimate the
number and characteristics of practitioners helping to rehabilitate injured and orphaned hedgehogs
(Erinaceus europaeus) in Britain, and the number of hedgehogs admitted in one benchmark year (2016).
Overall, 304 rehabilitators were identified: 148 supplied data on their structure, and 174 outlined the
number of hedgehogs admitted in 2016. Most hospitals (62.6%) were small (admitting <50 hedgehogs
each year), but most hedgehogs (82.8%) were admitted to large hospitals (>250 hedgehogs each year).
We estimated that this rehabilitation community collectively admitted >40,000 hedgehogs in the
benchmark year, of which approximately half could have survived to be released. Assuming that
most hedgehogs originated from urban areas, we estimate that >3% of the post-breeding population
of hedgehogs entered wildlife hospitals in 2016. In contrast, the urban hedgehog population in Britain
is estimated to have declined by approximately 2% per year during 2003–2017. These figures suggest,
therefore, that wildlife rehabilitation has potentially been an important factor in the dynamics of
hedgehog populations in this country during this period.

Abstract: The conservation benefits of wildlife rehabilitation are equivocal, but could be substantial
for formerly common species that are declining rapidly but are still commonly admitted to wildlife
centres. We used a questionnaire survey to estimate the number of practitioners rehabilitating West
European hedgehogs (Erinaceus europaeus) in Britain and the numbers entering hospitals/centres
in one benchmark year (2016); practitioners were identified using an internet search and snow-
ball sampling. Overall, 304 rehabilitators were identified: 148 supplied data on their structure,
and 174 outlined the number of hedgehogs admitted in 2016. The former comprised 62.6% small
(≤50 hedgehogs admitted year−1), 16.7% medium-sized (51–250 yr−1), and 20.7% large (>250 yr−1)
hospitals; however, these accounted for 4.8%, 12.4%, and 82.8% of hedgehog admissions, respectively.
Small hospitals were less likely to be registered as a charity, have paid staff, have a social media
account, to record admissions electronically, or to conduct post-release monitoring. However, they
were more likely to operate from their home address and to have been established for ≤5 years.
Extrapolations indicate that this rehabilitation community admitted >40,000 hedgehogs in 2016, of
which approximately 50% could have been released. These figures suggest that wildlife rehabilitation
has potentially been an important factor in the dynamics of hedgehog populations in Britain in the
last two decades.

Keywords: animal welfare; conservation; Erinaceus europaeus; European hedgehog; wildlife hospital;
wildlife rehabilitation
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1. Introduction

The International Wildlife Rehabilitation Council defines wildlife rehabilitation (WR)
as ‘the treatment and temporary care of injured, diseased, and displaced indigenous
animals, and the subsequent release of healthy animals to appropriate habitats in the
wild’ [1]. Although specific data are lacking, it is reasonable to assume that the practice
of rehabilitating wild animals has increased at an international level as a result of the
increasing negative impact of humans on natural ecosystems [2–9]. Although widely
perceived as helping wildlife, the role of WR as a conservation tool is contested [10]. For
example, it can be argued that most animals that enter wildlife hospitals are from common
and widespread species [11,12], and that the money spent on their care cannot then be
spent on wider conservation actions such as habitat preservation [13]. Similarly, unless
released individuals have survival and/or reproduction rates comparable to those which
have not required treatment, the cost-effectiveness of WR could be questioned [1,14–16].
Consequently, WR has more often been portrayed as an animal welfare issue or for the
“benefit of the individual” [14,17–19].

However, WR can aid conservation in a more general context, such as aiding ed-
ucation [12,14,16,19,20], disease surveillance [21–24], monitoring of environmental pol-
lutants [25], and the development of capture, treatment, and release protocols that can
subsequently be applied to species of conservation concern [26,27]. In addition, it can
help to reduce the welfare and population-level impacts of catastrophic events such as oil
spills and wildfires, where large numbers of individuals may be affected in a very short
space of time [28–31], by, e.g., reducing mortality rates and by euthanising individuals
considered likely to die of their injuries. Furthermore, although high conservation status
is often perceived in the context of rarity, it can also result from rapid declines of species
that were formerly abundant and widespread [32,33]; in this context, wildlife rehabilitators
may receive large numbers of individuals whose care could potentially contribute to the
conservation of that species. The magnitude of this benefit is, therefore, partially dependent
on the number of animals rehabilitated and released in relation to population size [14,34].

Quantifying the numbers of different species which are successfully rehabilitated and
released can, however, be challenging because of the way that WR is often practised. In
some countries, the wildlife rehabilitation community may encompass single individuals,
charitable and non-charitable NGOs, and/or government agencies, some of which may
focus on wildlife generally whilst others focus on just one or a few species [11,14,20].
Consequently, some rehabilitators may only treat a handful of animals each year, whereas
larger organisations may treat thousands. As such, there may be substantive differences
between organisations with respect to size, facilities, operating protocols, and experience
which could affect patterns of care and, ultimately, release rates. In addition, not all
countries require that wildlife rehabilitators are licenced or registered [20,35], such that
even identifying the number of rehabilitators operating at any given time is problematic.
This issue is currently of interest in Britain in the context of the rehabilitation of West
European hedgehogs (Erinaceus europeaus; hereafter ‘hedgehog’), a species of increasing
conservation concern.

The hedgehog is a small (<1.5 kg), insectivorous mammal found throughout western
Europe [36]. In Britain, it is found in a wide range of human-dominated landscapes,
including arable and pastoral farmland as well as urban areas [37–42]. Evidence from a
range of different monitoring programs suggests that populations may have declined by
up to 40% in some habitats in the last few decades [40,42–44], with declines to varying
degrees also present throughout Europe [39,45–47]. Factors likely to be associated with
this decline include: habitat loss, fragmentation, and degradation; the application of
chemical biocides; an increase in the size of road networks and associated traffic volume;
the increased abundance of an intra-guild predator, the Eurasian badger (Meles meles); and
climate change [26,46,48–55]. Most recently, the British hedgehog population was estimated
to number approximately 0.88 million individuals [44,56], down from 1.56m in the mid-
1990s [57]; although the veracity of both estimates is equivocal, these, in combination
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with the trends outlined above [40,42–44], triggered the species’ status to be upgraded to
Vulnerable in these countries [56]. Despite this substantial decline, hedgehogs are frequently
the most common mammal species admitted to wildlife hospitals in Britain [10,11], and are
also commonly taken to veterinary surgeons by members of the public for treatment [58].

Hedgehog Rehabilitation in Britain

Whilst the specific details of wildlife legislation in Britain are complex, in general
terms, members of the public are allowed to take any injured (or orphaned) wild animal
into captivity for the purposes of treatment or care prior to its subsequent release. Whilst
in captivity, the animal must receive appropriate husbandry and be taken to a veterinary
surgeon for examination if necessary [35,59]; as part of this care, hedgehogs may be hu-
manely killed (euthanised) in order to prevent suffering and/or where they are unsuitable
for release. At the point the animal is deemed fit enough to survive in the wild, it should
be released [1]. For those hedgehogs that cannot be released because they are unlikely to
survive, many rehabilitators recommend euthanasia. Conversely, others consider retention
in captivity an acceptable option, although some oppose this on welfare, and perhaps legal,
grounds [1,4,59,60].

The wildlife rehabilitation community in Britain is large, diverse, and, in some respects,
disjointed [10]. At one end of the spectrum is the Royal Society for the Protection of
Animals (RSPCA), the largest animal welfare organisation in England and Wales, and the
Scottish Society for the Protection of Animals (SSPCA), which operates in Scotland. Both
organisations investigate and enforce cases associated with animal welfare and animal
cruelty, including wild animals, but also rehabilitate injured wild animals; the RSPCA has
four wildlife centres based in England, and the SSPCA has one based in Clackmannanshire.
Similarly, Tiggywinkles Wildlife Hospital in Oxfordshire, England is considered the largest
purpose-built wildlife hospital in Europe. Individually, these three organisations may each
admit >1000 hedgehogs each year.

However, there are a substantial number of smaller organisations and individuals who
also rehabilitate hedgehogs in Britain. For example, the British Hedgehog Preservation
Society (BHPS) (http://www.britishhedgehogs.org.uk, accessed on 10 November 2022), a
charitable organisation that has a specific focus on hedgehog conservation and rehabilita-
tion, maintains a service whereby members of the public can call them to ask for the contact
details of their nearest hedgehog carer/rehabilitator. Under UK data protection rules, this
information cannot be disseminated to researchers, but it is estimated that this list may
contain up to 600 different individuals and organisations (Fay Vass, President of the BHPS,
pers. comm.; [36]). These are often individuals working from their own private residence,
with hedgehogs housed within their home itself or in a shed or purpose-built unit in
their garden. Given the widespread interest in the plight of hedgehogs in Britain, and the
availability of training courses associated with treating and rehabilitating hedgehogs (e.g.,
http://www.valewildlife.org.uk/courses/, accessed on 10 November 2022), the numbers
of these individuals/smaller organisations is likely to have grown in recent years.

Despite earlier recommendations about the scientific merits of collecting and collating
data about animals entering wildlife hospitals in Britain [4,61], relatively few data exist on
numbers admitted annually. For example, [11] reported an estimated 30,000–40,000 casualties
per annum, the most common species being red fox (Vulpes vulpes), Eurasian badger (Meles
meles), hedgehog and blackbird (Turdus merula). More recently, [4] reported 71,000 ani-
mals were admitted to the RSPCA’s four wildlife centres and 23 other wildlife hospitals
in 2011. Given this paucity of information, and the potentially increasing importance of
rehabilitation as hedgehog numbers continue to decline, we used a structured internet
search and questionnaire survey to estimate (1) the number of individuals and organisa-
tions rehabilitating hedgehogs in Britain, and (2) the number of hedgehogs admitted to
wildlife hospitals in a single year (2016). The questionnaire also (3) requested information
relating to the structure and practices of these individuals and organisations to identify
how the British hedgehog rehabilitation community is structured at the current time. In
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addition, we (4) highlight the challenges associated with deriving estimates of the number
of rehabilitators practising and the numbers of hedgehogs admitted in the context of similar
future studies.

2. Materials and Methods

For brevity, we use the term ‘rehabilitator’ to refer to any individual or organisation
that treats and releases hedgehogs; in Britain, this is also synonymous with the term
“carer.” The terms ‘hospital’ or ‘centre’ refer to any building or structure from which a
rehabilitator operates (including private households, buildings on private premises such as
a garden shed and/or large purpose-build facilities). The terms ‘hospital’ or ‘centre’ do not
necessarily reflect the size of an establishment nor the range of medical facilities present.

A systematic internet search was undertaken from September 2016–January 2017 using
the online search engines Google and Bing, websites (e.g., www.britishhedgehogs.org.uk,
accessed on 28 January 2017), online databases (e.g., www.helpwildlife.co.uk/directory,
accessed on 28 January 2017), and the social media platforms Facebook and Twitter to create
a database of hedgehog rehabilitators. Search terms included: “wildlife hospital,” “wildlife
rescue,” “hedgehog hospital,” “hogspital” and “hedgehog rescue.” Where available, the
name and location of each rehabilitator was provisionally recorded if they had an online
presence in any form (e.g., social media profile, if they had been mentioned in local or
national media, if they had a fundraising campaign). However, because online information
may be erroneous (e.g., they had ceased practising), rehabilitators were only classified as
active if their online information indicated that they were still operating in 2016; where this
information was not immediately evident, the rehabilitator was contacted directly by email
or via social media to confirm.

Following this online search, snowball sampling (chain-referral sampling) was used
to help identify additional rehabilitators. This was done by searching the social media
associates of each provisionally identified rehabilitator, and by also asking them to for-
ward/advertise our survey questionnaire to their contacts. This approach helped to identify
rehabilitators that had no obvious online social media presence and individuals who had
only recently started practising.

2.1. Questionnaire Survey

A self-administered questionnaire was distributed via SmartSurvey® from January
2017–December 2017. The questionnaire was publicised through social media using web
pages associated with wildlife and hedgehog rehabilitation, and through contacting the
rehabilitators identified above directly. The questionnaire was further publicised via
newsletters published by the BHPS, British Wildlife Rehabilitation Council, and the People’s
Trust for Endangered Species. The BHPS promoted the questionnaire to all ~600 carers in
their database. All centres were contacted at least once via email or a social media message,
depending on their preferred mode of communication advertised on their website or social
media. Information requested included: their name; whether they were a registered charity
or not; how many paid personnel they employed; how many unpaid staff (volunteers)
worked at their hospital; whether they had a full-time veterinary surgeon on staff or worked
in conjunction with an external veterinary practice; the year they had started rehabilitating
hedgehogs; whether their hospital was run from their personal residence or from a purpose-
built rehabilitation centre; whether they had a personal and/or business social media
account for advertising their hospital to the general public; and whether they used paper
records or a computer to record information about the animals they have cared for.

Respondents were then asked to indicate how many hedgehogs they had received
each year for the 5-year period from 2012–2016, inclusive; as 2016 was the most recent
year for which respondents would have had complete information, this was taken as the
benchmark year for estimating the number of animals admitted. Finally, respondents were
asked to indicate whether they undertook post-release monitoring of any sort and, if so,
what methods they used (radio-tags, GPS-tags, injected microchips (PIT tags), ear tags,

www.britishhedgehogs.org.uk
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marking spines with numbered tags (e.g., [62] or nail varnish). Such monitoring is typically
passive, as it is focused on identifying animals that are readmitted to hospitals after their
release, individuals that have been killed on roads near to where they were released, and/or
the use of motion-activated video cameras at release sites.

2.2. Estimating the Number of Hedgehog Admissions

In order to estimate the total number of hedgehogs admitted in 2016 by all active
hospitals identified, we first categorised those hospitals for which we had data on the
number of admissions into three size classes: small, medium, and large. These divisions
were estimated retrospectively based upon the frequency distribution of the numbers
of hedgehogs admitted (see Results). These were assigned both to reflect the pattern of
admissions but also to ensure that a sufficient number of hospitals (both from the original
searches and from snowball sampling) was in each division to enable statistical analysis.
Differences in the relative numbers of hospitals in each size class identified in the online
searches versus the snowball sampling were compared using a chi-squared test. Differences
in the median number of hedgehogs admitted in 2016 within each size class in the online
searches versus snowball sampling were compared using a series of Mann–Whitney tests.

Two models were used to estimate the numbers of hedgehogs admitted by those
hospitals for which there were no data available. In Model 1, the data from both the online
searches and snowball sampling were merged and treated as a homogenous sample. These
combined data were used to estimate the proportion of small (PS), medium (PM), and
large (PL) hospitals in the overall community, as well as the median number of hedgehogs
admitted by each hospital in each size class (NS, NM, and NL, respectively). These values
were then used to estimate the number of hedgehogs (TX) admitted to those hospitals
with missing data (H): TX = H × PM × NS + H × PM × NM + H × PL × NL. These
were then added to the number known to have been admitted to those hospitals for which
data were available (TY) in order to estimate the total number of hedgehogs admitted in
2016 (T): T = TX + TY.

Model 2 followed a similar approach, except that the data from the online searches
and snowball sampling were treated separately, as there was evidence that the composition
of each sample varied with respect to the proportion of hospitals in each size class and the
median number of hedgehogs admitted within each size class (see Results).

2.3. Structure of the Rehabilitation Community

Differences in the characteristics of hospital size classes were quantified using data
from those rehabilitators where we had both an estimate of their size and who had com-
pleted the questionnaire survey; rehabilitators who had completed the questionnaire but
who had not indicated the numbers of hedgehogs admitted in 2016 were excluded. Simi-
larly, rehabilitators who had failed to answer a specific question were excluded from the
analysis relating to that variable.

A series of chi-squared tests were used to compare differences between the three
hospital classes with respect to: (i) whether they were a registered charity or not; (ii) the
type of veterinary care they had (five categories: none, work with an external veterinary
practice, work with external wildlife hospital, they themselves are a veterinary nurse or
veterinary surgeon, onsite veterinary surgeon); (iii) how long they had been established
(data merged into two categories: ≤5 years and >5 years); (iv) where hedgehogs were
housed during rehabilitation (three categories: building in private grounds, e.g., garden
shed; in their private residence; a purpose-built facility); (v) the type of social media
account(s) that they had (three categories: none; only one or more personal social media
accounts; one or more business accounts, with or without personal accounts as well);
(vi) how they kept records of the hedgehogs admitted (two categories: fully or partly
on paper; fully or partly on computer. NB: the option “partly paper” indicates that the
majority of records were recorded on paper with a minority on computer, whereas “partly
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computer” indicates the reverse); and (vii) whether they did or did not undertake any form
of post-release monitoring.

In addition, we quantified the number of paid and unpaid (volunteers) staff working
in each hospital size class. The latter was divided into three categories (1 volunteer,
2 volunteers, ≥3 volunteers) and analysed using a chi-squared test; where hospitals were
run by just one unpaid person, this would be the person in charge of that hospital who was
running it on a voluntary basis. It was not possible to statistically compare the number of
paid staff, as very few hospitals employed any paid personnel. Therefore, we have simply
summarised these data by indicating: the percentage of hospitals within each size class
that employed one or more paid staff; and the mean number of paid staff in those hospitals
where they were present.

Temporal trends in the annual number of admissions were investigated in order to
identify whether 2016 was potentially an atypical year using two approaches. First, data
from the current questionnaire were used to compare the median number of hedgehogs
admitted in each hospital size class for the five-year period from 2012–2016, inclusive. Me-
dian (±IQR) numbers of admissions are presented for small, medium, and large hospitals
separately, utilising all data available. However, not all hospitals supplied data for all five
years; therefore, separate Friedman tests were used to identify between-year differences
using those subsets of hospitals within each size class that did supply data for all five years.
Second, data on the number of juveniles, adults, and hedgehogs of unknown age admitted
to the four RSPCA wildlife centres in England (East Winch, Norfolk; Mallydams Wood,
East Sussex; Stapeley Grange, Cheshire; West Hatch, Somerset) were collated for the period
from January 2006 to December 2018, inclusive.

All statistical analyses were conducted using MINITAB version 19.1.1 and SPSS version
25. Nonparametric tests were used throughout, as the data were not normally distributed.
Data are therefore presented as medians ± inter-quartile ranges unless otherwise specified.

3. Results

Overall, 239 rehabilitators were provisionally identified through online searches; 179
were considered active in 2016, 47 were considered not active, and 13 were of unknown
status. Of the 179 that were active, information on the number of hedgehogs admitted was
available from 59 (33.0%). A further 125 rehabilitators were identified by snowball sampling,
all of which were considered active; 115 (92.0%) provided information on admissions. Data
on the number of admissions in the benchmark year were available for 174 of 304 hospitals
(57.2%: n = 59 + 115), but with data missing from a further 130 known establishments
(n = 120 + 10).

Based on the pattern of admissions in 2016 (Figure 1), small, medium, and large
hospitals were defined as those which admitted ≤50 (n = 109: 62.6%), 51–250 (n = 29:
16.7%), and >250 (n = 36: 20.7%) hedgehogs, respectively. Significantly more small hospitals
and fewer large hospitals were detected by snowball sampling compared to the original
online search (Chi-squared test: X2

2 = 67.18, p < 0.001; Figure 1).

3.1. Estimating Total Hedgehog Admissions in Benchmark Year

Overall, the 174 rehabilitators for which data were available admitted 25,540 hedge-
hogs in 2016, with large hospitals collectively dealing with substantially larger numbers
(n = 21,145; 82.8%), than medium-sized (n = 3169; 12.4%) or small (n = 1226; 4.8%) or-
ganisations. Significantly fewer hedgehogs were admitted to small hospitals depending
on whether they had been identified by snowball sampling versus those that had been
identified in the original online search (Mann–Whitney test: W = 1124.00, p < 0.001; Table 1);
no significant differences were evident for medium-sized (W = 256.50, p = 0.965) or large
(W = 578.50, P = 0.097) hospitals. Extrapolating from these data, the number of hedgehogs
admitted by all 304 active hospitals in the combined sample was estimated to range from
40,991 (Model 1) to 59,308 (Model 2) individuals (Table 2).
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Table 1. Summary of the median (±IQR) number of hedgehogs admitted to small (≤50 admissions
per annum), medium-sized (51–250 admissions), and large (>250 admissions) hospitals in 2016 based
on whether they had been identified in the original online search (n = 59) versus those identified by
snowball sampling (n = 115). Figures are also presented for all hospitals combined.

Small Medium Large

Online 25.0 (10.0–32.0)
(n = 13)

97.0 (67.5–156.5)
(n = 17)

500.0 (346.0–701.0)
(n = 29)

Snowball 6.0 (2.0–12.8)
(n = 96)

121.0 (59.0–143.0)
(n = 12)

235.0 (201.0–582.0)
(n = 7)

Combined 6.0 (2.5–16.0)
(n = 109)

97.0 (63.5–145.0)
(n = 29)

478.0 (261.0–645.0)
(n = 36)

3.2. Structure of the Hedgehog Rehabilitation Community

Overall, 148 of the 304 active rehabilitators contacted (48.7%) supplied information
about both their structure and the number of hedgehogs they admitted in 2016. However,
not all respondents answered all questions about their composition, so sample sizes varied
between analyses.

Hospitals varied significantly with respect to their charitable status, the number of
unpaid staff working at the hospital, the length of time they had been established, where
hedgehogs were housed during the rehabilitation process, their social media presence,
patterns of record-keeping but not patterns of veterinary care, and whether they conducted
post-release monitoring (Table 3). In general terms, small and medium-sized hospitals were
less likely to be registered as charities, more likely to have been established within the five
years prior to 2016 (Figure 2), and more likely to operate out of the rehabilitator’s private
residence (Table 3). Furthermore, smaller hospitals were most commonly staffed by just
one unpaid person (Figure 3), less likely to have a business social media presence, more
likely to rely on paper records, and less likely to carry out post-release monitoring (Table 3).
Post-release monitoring by all hospitals was predominantly via the use of spinal tags or nail
varnish (n = 65 of 70 hospitals that conducted post-release monitoring). All three categories
of hospital relied extensively on support from an external veterinary practice. Paid staff
were present in <5% of small and medium-sized hospitals, but >40% of large hospitals
(Table 3).
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Table 2. Estimated number of hedgehogs admitted to all wildlife hospitals active in 2016 (n = 304); extrapolations are based upon data supplied by 59 of
159 hospitals identified from an online internet search and 115 of 125 hospitals identified from subsequent snowball searching. Hospital size was categorised on the
basis of the number of hedgehogs admitted in 2016: small ≤50 admissions; medium = 51–250 admissions; and large ≥250 admissions. Model 1 assumed that there
were no significant differences in (i) the relative distribution of hospitals of different sizes nor (ii) the median number of hedgehogs admitted annually between
hospitals identified in the original online search versus snowball sampling; estimates were, therefore, based on the combined data. Model 2 assumed that there were
significant differences in both of these components between hospitals identified in the original online search versus snowball sampling; estimates were, therefore,
based on each subset of data separately.

Model 1: Online Internet Search and Snowball Sampling Data Combined

Small Medium Large

Total number of hospitals identified (NO = hospitals identified by online search; NS = hospitals identified by
snowball search)

304
(N0 = 179, NS = 125)

Total number of hospitals where number of hedgehogs admitted was known 174
(N0 = 59, NS = 115)

Number (%) of hospitals in each size category where the number of hedgehogs admitted was known 109
(62.6%)

29
(16.7%)

36
(20.7%)

Absolute number of hedgehogs known to have been admitted in 2016 within each hospital size category 1226 3169 21,145

Number of hospitals where number of hedgehogs admitted in 2016 was not known 130
(N0 = 120, NS = 10)

Estimated number of hospitals in each size division where data on the number of hedgehogs admitted was unknown 81.4
(130 × 0.626)

21.7
(130 × 0.167)

26.9
(130 × 0.207)

Median number of hedgehogs admitted per hospital within each hospital size category (see Table 1) 6 97 478

Estimated number of additional hedgehogs admitted in 2016 within each hospital size category 488
(81.4 × 6)

2105
(21.7 × 97)

12,858
(26.9 × 478)

Estimated total number of hedgehogs admitted in 2016 within each hospital size category 1714 5274 34,003

Estimated total number of hedgehogs admitted in 2016 40,991
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Table 2. Cont.

Model 2: Online Internet Search and Snowball Sampling Data Treated Independently

Small Medium Large

(a) Hospitals identified through online search

Total number of hospitals identified 179

Total number of hospitals where number of hedgehogs admitted was known 59

Number (%) of hospitals where number of hedgehogs admitted was known 13 (22.0%) 17 (28.8%) 29 (49.2%)

Known number of hedgehogs admitted within each hospital size category 299 1833 18,070

Median number of hedgehogs admitted per hospital within each hospital size category (see Table 1) 25 97 500

Number of hospitals where number of hedgehogs admitted was not known 120

Estimated number of hospitals in each size division where data on the number of hedgehogs admitted was unknown 26.4
(120 × 0.220)

34.6
(120 × 0.288)

59.0
(120 × 0.492)

Estimated number of additional hedgehogs admitted in 2016 within each hospital size category 660
(26.4 × 25)

3356
(34.6 × 97)

29,500
(59.0 × 500)

Estimated total number of hedgehogs admitted in 2016 within each hospital size category 959 5189 47,570

Estimated total number of hedgehogs admitted in 2016 53,718

(b) Hospitals identified through snowball sampling

Total number of hospitals identified 125

Total number of hospitals where number of hedgehogs admitted was known 115

Number (%) of hospitals where number of hedgehogs admitted was known 96
(83.5%)

12
(10.4%)

7
(6.1%)

Known number of hedgehogs admitted within each hospital size category 927 1336 3075

Median number of hedgehogs admitted per hospital within each hospital size category (see Table 1) 6 121 135

Number of hospitals where number of hedgehogs admitted was not known 10

Estimated number of hospitals in each size division where data on the number of hedgehogs admitted was unknown 8.4
(10 × 0.835)

1.0
(10 × 0.104)

0.6
(10 × 0.061)

Estimated number of additional hedgehogs admitted in 2016 within each hospital size category 50
(8.4 × 6)

121
(1.0 × 121)

81
(0.6 × 135)

Estimated total number of hedgehogs admitted in 2016 within each hospital size category 977 1457 3156

Estimated total number of hedgehogs admitted in 2016 5590

(c) All hospitals combined

Estimated total number of hedgehogs admitted in 2016 within each hospital size category 1936 6646 50,726

Estimated total number of hedgehogs admitted in 2016 59,308
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Table 3. Summary of the characteristics of small (≤50 hedgehogs admitted in 2016), medium-sized
(51–250 hedgehogs admitted), and large (>250 hedgehogs admitted) wildlife hospitals (n = 148).
Sample sizes vary between individual analyses if respondents had not answered that question.

Characteristics Small
(n = 108)

Medium
(n = 22)

Large
(n = 18)

Chi-Squared
Results

Registered charity (n = 148)
No 96.3% 86.4% 27.8% X2

2 = 61.98,
p < 0.001Yes 3.7% 13.6% 72.2%

No. of paid staff (n = 146)
% of hospitals with paid staff 4.7% 0.0% 44.4% -
Mean no. of paid staff (range) 1.2 (1–2) 1 - 6.4 (1–30)

No. of unpaid staff (n = 148)

1 volunteer 83.3% 45.5% 22.2%
X2

4 = 74.70,
p < 0.0012 volunteers 14.8% 18.2% -

3 or more volunteers 1.9% 36.4% 77.8%

Veterinary care (n = 148)

None 2.8% - -

X2
8 = 13.03,

p = 0.111

Work with external vet practice 81.5% 100.0% 88.9%

Work with external rescue/hospital 12.0% - -

I am a veterinary nurse/vet 1.9% - -

Have an onsite vet 1.9% - 11.1%

Length of time established
(n = 137)

≤5 years 78.6% 68.2% 11.8% X2
2 = 30.03,

p < 0.001>5 years 21.4% 31.8% 88.2%

Housing (n = 148)

Building in private grounds 3.7% 18.2% 11.1%
X2

4 = 41.53,
p < 0.001Personal residence 94.4% 77.3% 50.0%

Purpose-built facility 1.9% 4.5% 38.9%

Social Media (n = 148)

No social media account(s) 56.5% 4.5% 11.1%

X2
4 = 52.46,

p < 0.001
Only personal account(s) 25.9% 18.2% 5.6%

Business and/or personal
account(s) 17.6% 77.3% 83.3%

Record-keeping (n = 132)
Paper (partly or fully) 78.3% 45.5% 50.0% X2

2 = 12.42,
p = 0.002Computer (partly or fully) 21.7% 55.5% 50.0%

Post-release monitoring (n = 145)
No 58.9% 38.1% 23.5% X2

2 = 9.17,
p = 0.010Yes 41.1% 61.9% 76.5%

1 Two small hospitals based at higher education establishments were excluded from these figures as they listed
the number of paid staff as “lots” and “4000” which presumably refers to the students at these establishment.
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Figure 3. Frequency plot of the number of unpaid staff (volunteers) working at small (≤50 admissions;
n = 108), medium-sized (51–250 admissions; n = 22), and large (>250 admissions; n = 17) hospitals
in 2016.

The median number of hedgehogs submitted annually throughout the period from
2012–2016 appeared to increase for small (Figure 4a) and medium-sized (Figure 4b) hospi-
tals, and to a lesser degree for large hospitals (Figure 4c). Considering only those hospitals
where there were 5 years’ worth of data (n = 28), the median number of hedgehogs submit-
ted in 2016 was significantly higher than in both 2012 and 2013 (Friedman test: H = 22.94,
DF = 4, p < 0.001; Figure 4d). There was a significant positive correlation between the
number of juveniles and adult hedgehogs admitted to the four RSPCA wildlife centres
annually (Pearson correlation coefficient: r = 0.753, p < 0.001), with 2016 being associated
with a particularly large number of admissions (Figure 5).
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Figure 4. Median (±IQR) number of hedgehogs admitted annually to (a) small (≤50 admissions),
(b) medium (51–250 admissions), and (c) large (>250 admissions) hospitals each year in the five-year
period from 2012–2016, inclusive; figures above columns indicate sample sizes. (d) Number of
hedgehogs admitted annually for those hospitals (n = 28) that provided data for all five years; letters
above columns indicate post hoc groups from a Friedman test.
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Figure 5. Number of juveniles, adults, and hedgehogs of unknown age admitted annually across the
four wildlife hospitals in England run by the Royal Society for the Prevention of Cruelty to Animals
during the period from 2006–2018, inclusive.

4. Discussion

This study is, to the best of our knowledge, the first to attempt to estimate the number
of practitioners involved in the rehabilitation of hedgehogs in Britain and the number of
hedgehogs admitted into their care. At one level, searching for rehabilitators via the internet
should be straightforward: as members of the public need to be able to locate and contact
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individuals or organisations who take in and care for injured or orphaned hedgehogs,
it would be expected that practitioners would maintain an active social media presence
advertising their services. However, this did not seem to be the case. Overall, we identified
304 active rehabilitators, but only 58.9% were identified in the original online searches;
the remainder were only identified by snowball sampling (i.e., relying on provisionally
identified practitioners to further advertise our request for information to their personal
contacts). This potentially indicates that a large proportion of hedgehog rehabilitators in
Britain rely on indirect contact networks (e.g., referrals from other rehabilitators) or “word
of mouth” in order to be found by members of the public. This increases the possibility
that they will not be identified in studies like this one, such that the numbers presented
below should be considered minimum estimates. In addition, this also means that some
smaller hospitals may be difficult for members of the public to contact in the event that
they discover an injured or orphaned hedgehog.

In terms of the number of hospitals, the hedgehog rehabilitation community in Britain
is dominated by small hospitals (62.6%), with many fewer medium-sized (16.7%) and large
(20.7%) establishments. This does, in part, reflect the approach we used to group hospitals
into different size classes, but it is clear that a very large number of rehabilitators deal
with relatively small numbers of admissions annually (Figure 1). This pattern is further
reflected by a wide range of associated characteristics. For example, small hospitals were
less likely to be registered charities, but more likely to consist of just one unpaid member of
staff, to operate out of their house or associated building on their property, to rely on paper
records rather than a computer, and not to carry out post-release monitoring. Collectively,
these characteristics are consistent with the image of a passionate hedgehog enthusiast
operating from their home address in conjunction with volunteer helpers whilst working
full- or part-time.

Furthermore, most recent growth in the size and structure of this rehabilitation com-
munity was associated with small hospitals: of the 137 hospitals whose establishment time
was known, 94 (68.6%) were <5 years old (77 small, 15 medium-sized, and 2 large). Despite
their prevalence within the community, however, small hospitals only accounted for 4.8%
of 25,540 hedgehogs admitted in 2016 (n = 174 rehabilitators); in comparison, medium-
sized and large hospitals accounted for 12.4% and 82.8% of admissions, respectively. As
such, it could be argued that small hospitals make a relatively minor contribution to the
rehabilitation of hedgehogs in Britain. Yet, there are possible advantages associated with
having a high density of small hedgehog hospitals operating throughout the country, but
also limitations.

First, one factor that may increase the likelihood that an animal survives the rehabili-
tation process is the speed with which it receives care after having been discovered by a
member of the public (hereafter ‘finder’). Having a hospital close to the animal’s initial
location is likely to reduce transport times, especially if the finder was prepared to take it to
the hospital themselves. In these circumstances, affected individuals could potentially be
removed ‘out of harm’s way’ more rapidly (e.g., out of direct sunlight, away from potential
predators/scavengers, reduced risk of flystrike) and could receive appropriate first aid
within a couple of hours of having been discovered, although it must be acknowledged
that they may have been injured or unwell for considerably longer. At one extreme, this
‘time to care’ may be reduced even further if the finder was the person who caused the
injury in the first place (e.g., with a garden strimmer) or who, for example, disturbed a nest
of hoglets while gardening. However, these early advantages are potentially dependent
on finders seeking advice from rehabilitators about the appropriate course of action; if
these are difficult to contact, as may be the case for those hospitals that do not have a social
media presence, then the affected animal may simply be left in an adverse location for
some further period of time. In addition, there is anecdotal evidence that members of the
public can become frustrated when rehabilitators ask them to deliver the animal to their
hospital for treatment, especially if the distance required is large. At one extreme, this
could potentially mean that the animal is subsequently ignored and never receives any
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treatment, or that the finder posts a negative comment on social media which could tarnish
the reputation of the rehabilitator/hospital.

It is important to note that the number of hedgehog rehabilitators identified in this
study is substantially lower than the >1700 veterinary practices in Britain [58]. However,
there is often a degree of confusion relating to the obligation veterinary surgeons are under
when it comes to treating wild animals in this country. The Royal College of Veterinary
Surgeons code of professional conduct states that “all veterinary surgeons in practice must
take steps to provide 24-hour emergency first aid and pain relief to animals according to
their skills and the specific situation” (www.rcvs.org.uk/setting-standards/advice-and-
guidance/code-of-professional-conduct-for-veterinary-surgeons/supporting-guidance/24
-hour-emergency-first-aid-and-pain-relief/, accessed on 10 November 2022). This treat-
ment may be administered free of charge, but they may also be able to claim payment
for this emergency initial treatment through a memorandum of understanding between
the RSPCA and the British Veterinary Association. After this initial 24-hour period, some
practitioners may then expect to be paid for further treatment, whereas others may be
working in partnership with local hedgehog rehabilitators, such that they may offer further
care at a reduced price or for free. This collaboration enables hedgehogs to be cared for
outside of veterinary practices where they would be surrounded by domestic animals and
humans [58]. However, this distinction between free treatment in the initial 24-h emergency
period, but not necessarily afterwards, has led to a degree of confusion by members of the
public, including conflicting information appearing on social media that vets are obliged
to treat hedgehogs and other wild animals for free regardless of the timescale involved.
Consequently, this has led to a degree of antipathy towards vets from some quarters. In
addition, there is also a perception that vets, and some rehabilitation organisations as well,
are “too quick to euthanise.” As a result, some rehabilitators recommend that members
of the public should take injured hedgehogs to them in the first instance rather than to a
vet/other rehabilitation organisation, as the latter are considered to be likely to euthanise
an individual even if it presents with survivable injuries. Paradoxically, this would increase
the amount of time that an animal requiring veterinary attention would have to suffer
before actually being examined by a vet.

The second potential advantage associated with decreased distance between finding
location and hospitals is that rehabilitated individuals may be more likely to be returned to
their original site. However, even this is not always possible, as householders may refuse
to have the animal returned to their garden and/or the rehabilitator may deem a site to
be unsafe (e.g., due to the presence of badgers or busy roads) such that an alternative
location is required. At present, there are insufficient data available on the specific release
practices of different hospitals, although it is clear that hedgehogs are commonly released at
alternative locations for practical or welfare reasons. Whilst this may not affect post-release
survival rates significantly (sensu [26]), it may influence patterns of gene flow [63,64] and
possibly disease transmission within and between populations [65,66].

Despite these putative advantages, small hospitals are also likely to have their limi-
tations. As outlined above, 56.5% of the small hospitals that replied to the questionnaire
survey stated that they did not have any social media accounts, and only 17.6% had a busi-
ness social media account. Furthermore, 125 of the 304 rehabilitators identified, including
96 of 109 small hospitals, were only identified by snowball sampling. These data imply that
members of the public may, therefore, not be able to easily find their nearest rehabilitator
if they do not have a website/social media presence. In addition, small hospitals were
associated with a range of characteristics that could affect their ability to maximise release
rates. For example, only 4.9% of small hospitals had one or two paid staff, only 1.9% had
three or more volunteers, 94.4% were located in the rehabilitator’s private residence, and
2.8% stated they had no veterinary care. Furthermore, practitioners within small hospitals
also need to carry out a wide range of ancillary activities beyond looking after the animals
in their care, such as maintaining an online presence, training volunteers, and raising funds.
As such, small hospitals may experience significantly greater challenges with, e.g., housing

www.rcvs.org.uk/setting-standards/advice-and-guidance/code-of-professional-conduct-for-veterinary-surgeons/supporting-guidance/24-hour-emergency-first-aid-and-pain-relief/
www.rcvs.org.uk/setting-standards/advice-and-guidance/code-of-professional-conduct-for-veterinary-surgeons/supporting-guidance/24-hour-emergency-first-aid-and-pain-relief/
www.rcvs.org.uk/setting-standards/advice-and-guidance/code-of-professional-conduct-for-veterinary-surgeons/supporting-guidance/24-hour-emergency-first-aid-and-pain-relief/
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hedgehogs in hygienic conditions, minimizing stress (sensu [67]), managing disease spread,
and may also have limited capacity at certain times of the year (e.g., when the number of
orphaned juveniles is high or during heatwaves), although they are likely to be in contact
with other nearby rehabilitators who may have space.

At present, however, all of these putative benefits and concerns are conjecture, and
may be unrealised and/or unwarranted, principally because of a lack of data on hedgehog
rehabilitation in Britain (either collectively or from individual rehabilitators) to substantiate
or refute these claims. This is, in part, due to the difficulties associated with identifying
practitioners, but also obtaining access to data for analysis. The latter is further exacerbated
by the fact that most hospitals/centres do not keep fully computerised records, which means
that collating information about numbers admitted, underlying reasons for admission,
cause-specific release rates, and time in care before death, euthanasia, or release is difficult.
Major reasons for this relate to the constraints associated with recording data electronically
where money and manpower are limited, meaning that those data which are accessible
tend to be from the larger centres, but also because hospitals/centres in Britain are not
required to collate such data or make it available to researchers. One potential, but highly
contentious, option would be to make wildlife rehabilitation a licensed activity, with the
submission of data compulsory. However, such a scheme would require funding, and
smaller organisations argue that this additional cost would mean that they would have to
cease operating. As such, additional methods for collecting such data within the current
structure of the rehabilitation community need to be identified.

The Number of Admissions Relative to Population Size

Extrapolating from the data derived from the questionnaire survey, we estimate that
a total of 40,000–59,000 hedgehogs were admitted to the 304 active wildlife rehabilitators
identified in 2016. However, the disparity between these estimates suggests that they are
sensitive to the modelling approaches used. For example, Model 2 was particularly affected
by applying the proportion of large hospitals identified in the online searches (49.2%) in
order to estimate the corresponding number in the sample of 120 hospitals for which no
data were available; this implies that we had missed 59.0 large hospitals in these initial
searches. We consider this to be unrealistic; however, large rehabilitators typically had
business or personal social media accounts (88.9%), meaning that they were relatively
straightforward to identify. This is also reflected in the fact that only three large hospitals
were identified by snowball sampling. Furthermore, the number of active rehabilitators
used in deriving these estimates was substantially lower than the ~600 carers purported
to be held on the BHPS’s directory, although this organisation does not have detailed
information about their status (i.e., whether they are currently practicing, and if so, how
many hedgehogs they take in each year). However, the fact that we were not able to
identify such a large number of rehabilitators in this study does potentially suggest that
these undetected individuals/organisations may not actually be active, but that, if they
are practicing, they are likely to be dealing with small numbers of hedgehogs. For these
reasons, we consider the lower estimate of 40,000 is more plausible, but accept that it may
be higher.

Regardless, this estimate is substantially greater than those from previous studies.
For example, [4,11] reported estimates of 30,000–40,000 and 71,000 admissions per annum
across the full range of bird (>200 species [68]) and mammal (>40 species [56]) species
in Britain, respectively. It is also substantially larger than the number of West European
hedgehogs admitted to wildlife centres in other parts of its range (n = 490 in the 5-year
period from 2009–2013 in three rescue centres in eastern Spain [69]; n = 16,967 in the 10-year
period from 2010–2019 in 34 rescue centres in the Czech Republic [70]; n = 740 in the
17-year period from 2002–2019 to the two main wildlife hospitals in northern Portugal [71]).
Furthermore, our estimate does not explicitly include the 31,000 hedgehogs admitted to
veterinary surgeons each year [58], although there is likely some degree of overlap, since
individual hedgehogs will be taken by rehabilitators to vets for treatment and/or vets will
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pass on hedgehogs to rehabilitators for long-term care and for release. It does not, however,
include those hedgehogs taken directly to vets which are then euthanised or die naturally
in the practice.

The most recent estimate of the pre-breeding hedgehog population in Britain is
879,000 [44,56]. If we assume, based on the data from the RSPCA, which are the only
data available at the current time, that approximately 50% of hedgehogs admitted to hospi-
tals survive to be released [4], our results suggest that rehabilitators may collectively be
saving 20,000 hedgehogs that would otherwise perish, a number equivalent to 2.3% of the
national pre-breeding population. However, the causes for admission given by finders
(Bearman-Brown and Baker, unpublished data) do suggest that most hedgehog casualties
probably originate from urban areas, and that a large proportion of affected animals are
juveniles [72]). If we assume that the pre-breeding population of hedgehogs associated
with gardens and other urban green spaces is 200,000 [44], the adult sex ratio is 1:1, each
adult female produces one litter a year, and mean litter size is 4.5 [36], this figure would
equate to 10.0% of the pre-breeding or 3.1% of the post-breeding urban population. Given
that presence–absence data from different habitats within urban areas suggest that this
population has declined by approximately 2.0% per annum between 2003–2017 [73,74],
it can be argued that hedgehog rehabilitation could have been an important component
affecting the rate at which the urban population has been declining in the last two decades,
rather than being merely a service related to animal welfare, as some authors have sug-
gested previously [14,17–19]. It is important to acknowledge, however, that this estimate
has been based on assumptions that require further examination once more detailed data
are available from a much broader suite of hospitals/centres.

Furthermore, those data from the RSPCA and for those hospitals where we had a
continuous set of data across the five-year survey period suggest that 2016 was a rather
atypical year; in the former, the number admitted in 2016 was 22% higher than the average
across the 13-year time period, whereas in the latter, the number admitted was significantly
higher than in 2012 and 2013. At one level, the number of admissions would be expected to
vary inter-annually, but, for a population that is assumed to be declining [44], we might
expect to observe a general downward trajectory (assuming that the capacity of these
hospitals has been approximately constant over time). In contrast, the pattern observed
has been one for a general increase in admissions (Figures 4d and 5), with periodic peaks
(Figure 5). The underlying reasons for these inter-annual fluctuations are unclear, but
could be related to broad-scale changes associated with over-winter hibernation mortality,
reproductive output, invertebrate prey availability, public awareness, risks related to
anthropogenic activities, and/or inclement weather. As such, future research needs to
focus on identifying how such ecological and human-mediated factors affect population
dynamics and patterns of admission into wildlife hospitals.

5. Conclusions

This study was the first to attempt to directly estimate the number and characteristics
of practitioners rehabilitating hedgehogs in Britain. A minimum of 304 rehabilitators were
identified: most (n = 109) hospitals admitted less ≤50 hedgehogs annually, whereas most
hedgehogs (82.8%) were admitted to the smaller number of large establishments (n = 36).
However, the growth of the hedgehog rehabilitation community was mostly associated
with the creation of these smaller hospitals. Overall, the collective number of hedgehogs
admitted to (40,000–59,000) and potentially released from (20,000–29,500) these wildlife
hospitals was large relative to the size of the pre-breeding population and the estimated
annual rate of decline, especially if we assume that most individuals originated from urban
areas. This implies that wildlife rehabilitation has potentially been an important factor in the
dynamics of hedgehog populations in the last two decades. However, further information is
still required regarding many facets of the rehabilitation process, as well as establishing how
extrinsic ecological and anthropogenic factors affect the numbers of hedgehogs admitted to
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wildlife hospitals. Such future work would benefit particularly from facilitating means by
which rehabilitators could store standardised information electronically.

Author Contributions: Conceptualization, L.E.B.-B. and P.J.B.; data curation, L.E.B.-B.; formal analy-
sis, L.E.B.-B. and P.J.B.; investigation, L.E.B.-B. and P.J.B.; methodology, L.E.B.-B. and P.J.B.; project
administration, L.E.B.-B.; supervision, P.J.B.; visualization, P.J.B.; writing—original draft, L.E.B.-B.
and P.J.B.; writing—review and editing, L.E.B.-B. and P.J.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the use of information in the public domain and archive data relating to wildlife.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Participants were informed of time to completion, right to withdraw, and confidentiality and security
of data. As this study utilised retrospective/archive data from wildlife rehabilitation centres, ethical
approval was not necessary. The data retrieved did not include any personal, protected, or sensitive
data; no identifying data regarding individual people were collected, and as animals involved were
wild, they are not owned by individuals.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank the participants who responded to the question-
naire, who supported in promoting the questionnaire, and who provided feedback in the development
of the questionnaire. The authors would like to specifically thank the RSPCA for provision of the
comprehensive data set and to the BHPS, who advised on the development and promotion of the
questionnaire. We would also like to thank two anonymous reviewers for their helpful comments.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Miller, E.A. (Ed.) Minimum Standards for Wildlife Rehabilitation, 4th ed.; National Wildlife Rehabilitators Association: St. Cloud,

MN, USA, 2012.
2. Morner, T. Health Monitoring and Conservation of Wildlife in Sweden and Northern Europe. Ann. N. Y. Acad. Sci. 2002,

969, 34–38. [CrossRef] [PubMed]
3. Molina-López, R.A.; Casal, J.; Darwich, L. Causes of Morbidity in Wild Raptor Populations Admitted at a Wildlife Rehabilitation

Centre in Spain from 1995–2007: A Long Term Retrospective Study. PLoS ONE 2011, 6, e24603. [CrossRef] [PubMed]
4. Grogan, A.; Kelly, A. A Review of RSPCA Research into Wildlife Rehabilitation. Vet. Rec. 2013, 172, 211–215. [CrossRef] [PubMed]
5. Schenk, A.N.; Souza, M.J. Major Anthropogenic Causes for and Outcomes of Wild Animal Presentation to a Wildlife Clinic in

East Tennessee, USA, 2000–2011. PLoS ONE 2014, 9, e93517. [CrossRef] [PubMed]
6. Mcruer, D.L.; Gray, L.C.; Horne, L.A.; Clark, E.E. Free-Roaming Cat Interactions with Wildlife Admitted to a Wildlife Hospital. J.

Wildl. Manag. 2017, 81, 163–173. [CrossRef]
7. Montesdeoca, N.; Calabuig, P.; Corbera, J.A.; Oros, J. A Long-Term Retrospective Study on Rehabilitation of Seabirds in Gran

Canaria Island, Spain (2003–2013). PLoS ONE 2017, 12, e0177366. [CrossRef]
8. Tejera, G.; Rodríguez, B.; Armas, C.; Rodríguez, A. Wildlife-Vehicle Collisions in Lanzarote Biosphere Reserve, Canary Islands.

PLoS ONE 2018, 13, e0192731. [CrossRef]
9. Taylor-Brown, A.; Booth, R.; Gillett, A.; Mealy, E.; Ogbourne, S.M.; Polkinghorne, A.; Conroy, G.C. The Impact of Human

Activities on Australian Wildlife. PLoS ONE 2019, 14, e0206958. [CrossRef]
10. Kirkwood, J.K. Introduction: Wildlife Casualties and the Veterinary Surgeon. In BSAVA Manual of Wildlife Casualties; BSAVA:

Gloucester, UK, 2003; pp. 1–4. ISBN 0905214633.
11. Molony, S.E.; Baker, P.J.; Garland, L.; Cuthill, I.C.; Harris, S. Factors That Can Be Used to Predict Release Rates for Wildlife

Casualties. Anim. Welf. 2007, 16, 361–367.
12. Wimberger, K.; Downs, C.T. Annual Intake Trends of a Large Urban Animal Rehabilitation Centre in South Africa: A Case Study.

Anim. Welf. 2010, 501–513.
13. Kirkwood, J.K. Wild Animal Welfare. In Animal Welfare and the Environment; Ryder, R.D., Ed.; Gerald Duckworth, Co., Ltd.:

London, UK, 1992; pp. 139–154.
14. Guy, A.J.; Curnoe, D.; Banks, P.B.; Guy, A.J.; Curnoe, Á.D.; Curnoe, D.; Banks, P.B. A Survey of Current Mammal Rehabilitation

and Release Practices. Biodivers. Conserv. 2013, 22, 825–837. [CrossRef]

http://doi.org/10.1111/j.1749-6632.2002.tb04347.x
http://www.ncbi.nlm.nih.gov/pubmed/12381560
http://doi.org/10.1371/journal.pone.0024603
http://www.ncbi.nlm.nih.gov/pubmed/21966362
http://doi.org/10.1136/vr.101139
http://www.ncbi.nlm.nih.gov/pubmed/23436601
http://doi.org/10.1371/journal.pone.0093517
http://www.ncbi.nlm.nih.gov/pubmed/24686490
http://doi.org/10.1002/jwmg.21181
http://doi.org/10.1371/journal.pone.0177366
http://doi.org/10.1371/journal.pone.0192731
http://doi.org/10.1371/journal.pone.0206958
http://doi.org/10.1007/s10531-013-0452-1


Animals 2022, 12, 3139 19 of 21

15. Guy, A.J.; Curnoe, D.; Banks, P.B. Welfare Based Primate Rehabilitation as a Potential Conservation Strategy: Does It Measure Up?
Primates 2014, 55, 139–147. [CrossRef] [PubMed]

16. Pyke, G.H.; Szabo, J.K. Conservation and the Four Rs, Which Are Rescue, Rehabilitation, Release, and Research. Conserv. Biol.
2017, 32, 50–59. [CrossRef] [PubMed]

17. Kirkwood, J.K.; Sainsbury, A.W. Ethics of Interventions for the Welfare of Free-Living Wild Animals. Anim. Welf. 1996, 5, 235–243.
18. Kirkwood, J.K.; Best, R. Treatment and Rehabilitation of Wildlife Casualties: Legal and Ethical Aspects. Practice 1998, 20, 214–216.

[CrossRef]
19. Dubois, S. A Survey of Wildlife Rehabilitation Goals, Impediments, Issues, and Success in British Columbia, Canada. Master’s

Thesis, The University of Victoria, Victoria, BC, Canada, 2003.
20. Wimberger, K.; Downs, C.T.; Boyes, R.S. A Survey of Wildlife Rehabilitation in South Africa: Is There a Need for Improved

Management? Anim. Welf. 2010, 19, 481–499.
21. Trocini, S.; Pacioni, C.; Warren, K.; Butcher, J.; Robertson, I. Wildlife Disease Passive Surveillance: The Potential Role of Wildlife

Rehabilitation Centres. In Proceedings of the Australian Wildlife Rehabilitation Conference, Canbarra, Australia, 22–24 July
2008; pp. 1–5.

22. Randall, N.J.; Blitvich, B.J.; Blanchong, J.A. Efficacy of Wildlife Rehabilitation Centers in Surveillance and Monitoring of Pathogen
Activity: A Case Study with West Nile Virus. J. Wildl. Dis. 2012, 48, 646–653. [CrossRef]

23. Camacho, M.C.; Hernández, J.M.; Lima-Barbero, J.F.; Höfle, U. Use of Wildlife Rehabilitation Centres in Pathogen Surveillance: A
Case Study in White Storks (Ciconia Ciconia). Prev. Vet. Med. 2016, 130, 106–111. [CrossRef]

24. Yabsley, M.J. The Role of Wildlife Rehabilitation in Wildlife Disease Research and Surveillance. In Medical Management of Wildlife
Species: A Guide for Practitioners; Hernandez, S.M., Barron, H.W., Miller, E.A., Aguilar, R.F., Yabsley, M.J., Eds.; Wiley Blackwell:
London, UK, 2020; pp. 159–165.

25. Jaspers, V.L.B.; Voorspoels, S.; Covaci, A.; Eens, M. Can Predatory Bird Feathers Be Used as a Non-Destructive Biomonitoring
Tool of Organic Pollutants? Biol. Lett. 2006, 2, 283–285. [CrossRef]

26. Molony, S.E.; Dowding, C.V.; Baker, P.J.; Cuthill, I.C.; Harris, S. The Effect of Translocation and Temporary Captivity on
Wildlife Rehabilitation Success: An Experimental Study Using European Hedgehogs (Erinaceus europaeus). Biol. Conserv. 2006,
130, 530–537. [CrossRef]

27. Soorae, P.S. Global Re-Introduction Perspectives: 2013; Further Case Studies from around the Globe; Soorae, P.S., Ed.; IUCN/SSC
Reintroduction Specialist Group: Gland, Switzerland, 2013; ISBN 9782831716336.

28. Goldsworthy, S.D.; Giese, M.; Gales, R.P.; Brothers, N.; Hamill, J. Effects of the Iron Baron Oil Spill on Little Penguins (Eudyptula
Minor). II. Post-Release Survival of Rehabilitated Oiled Birds. Wildl. Res. 2000, 27, 573–582. [CrossRef]

29. Newman, S.H.; Ziccardi, M.H.; Berkner, A.B.; Holcomb, J.; Clumpner, C.; Mazet, J.A.K. A Historical Account of Oiled Wildlife
Care in California. Mar. Ornithol. 2003, 31, 59–64.

30. Lunney, D.; Gresser, S.M.; Mahon, P.S.; Matthews, A. Post-Fire Survival and Reproduction of Rehabilitated and Unburnt Koalas.
Biol. Conserv. 2004, 120, 567–575. [CrossRef]

31. Griffith, J.E.; Dhand, N.K.; Krockenberger, M.B.; Higgins, D.P. A Retrospective Study of Admission Trends of Koalas to a
Rehabilitation Facility over 30 Years. J. Wildl. Dis. 2013, 49, 18–28. [CrossRef] [PubMed]

32. Rodríguez, A.; Rodríguez, B.; Lucas, M.P. Trends in Numbers of Petrels Attracted to Artificial Lights Suggest Population Declines
in Tenerife, Canary Islands. Ibis 2012, 154, 167–172. [CrossRef]

33. Monadjem, A.; Botha, A.; Murn, C. Survival of the African White-Backed Vulture Gyps Africanus in North-Eastern South Africa.
Afr. J. Ecol. 2013, 51, 87–93. [CrossRef]

34. Pyke, G.H.; Szabo, J.K. What Can We Learn from Untapped Wildlife Rescue Databases? The Masked Lapwing as a Case Study.
Pacific Conserv. Biol. 2018, 24, 148–156. [CrossRef]

35. Mullineaux, E. Veterinary Treatment and Rehabilitation of Indigenous Wildlife. J. Small Anim. Pract. 2014, 55, 293–300. [CrossRef]
36. Morris, P.A. Hedgehog; HarperCollins: London, UK, 2018.
37. Hof, A.R.; Bright, P.W. The Value of Green-Spaces in Built-up Areas for—Western Hedgehogs. Lutra 2009, 52, 69–82.
38. Hof, A.R.; Bright, P.W. Factors Affecting Hedgehog Presence on Farmland as Assessed by a Questionnaire Survey. Acta Theriol.

2012, 57, 79–88. [CrossRef]
39. Van de Poel, J.L.; Dekker, J.; Langevelde, F.V. Dutch Hedgehogs Erinaceus europaeus Are Nowadays Mainly Found in Urban Areas,

Possibly Due to the Negative Effects of Badgers Meles Meles. Wildl. Biol. 2015, 21, 51–55. [CrossRef]
40. Pettett, C.E.; Moorhouse, T.P.; Johnson, P.J.; Macdonald, D.W. Factors Affecting Hedgehog (Erinaceus europaeus) Attraction to

Rural Villages in Arable Landscapes. Eur. J. Wildl. Res. 2017, 63, 54. [CrossRef]
41. Pettett, C.E.; Johnson, P.J.; Moorhouse, T.P.; Macdonald, D.W. National Predictors of Hedgehog Erinaceus europaeus Distribution

and Decline in Britain. Mamm. Rev. 2018, 48, 1–6. [CrossRef]
42. Williams, B.M.; Baker, P.J.; Thomas, E.; Wilson, G.J.; Judge, J.; Yarnell, R.W. Reduced Occupancy of Hedgehogs (Erinaceus

europaeus) in Rural England and Wales: The Influence of Habitat and an Asymmetric Intra-Guild Predator. Sci. Rep. 2018, 8, 12156.
[CrossRef]

43. Hof, A.R.; Bright, P.W. Quantifying the Long-Term Decline of the West European Hedgehog in England by Subsampling
Citizen-Science Datasets. Eur. J. Wildl. Res. 2016, 62, 407–413. [CrossRef]

http://doi.org/10.1007/s10329-013-0386-y
http://www.ncbi.nlm.nih.gov/pubmed/24132600
http://doi.org/10.1111/cobi.12937
http://www.ncbi.nlm.nih.gov/pubmed/28328146
http://doi.org/10.1136/inpract.20.4.214
http://doi.org/10.7589/0090-3558-48.3.646
http://doi.org/10.1016/j.prevetmed.2016.06.012
http://doi.org/10.1098/rsbl.2006.0450
http://doi.org/10.1016/j.biocon.2006.01.015
http://doi.org/10.1071/WR99076
http://doi.org/10.1016/j.biocon.2004.03.029
http://doi.org/10.7589/2012-05-135
http://www.ncbi.nlm.nih.gov/pubmed/23307368
http://doi.org/10.1111/j.1474-919X.2011.01175.x
http://doi.org/10.1111/aje.12009
http://doi.org/10.1071/PC18003
http://doi.org/10.1111/jsap.12213
http://doi.org/10.1007/s13364-011-0044-y
http://doi.org/10.2981/wlb.00072
http://doi.org/10.1007/s10344-017-1113-6
http://doi.org/10.1111/mam.12107
http://doi.org/10.1038/s41598-018-30130-4
http://doi.org/10.1007/s10344-016-1013-1


Animals 2022, 12, 3139 20 of 21

44. Wembridge, D.; Johnson, G.; Al-Fulaij, N.; Langton, S. The State of Britain’s Hedgehogs 2022; People’s Trust for Endangered Species:
London, UK, 2022.

45. Holsbeek, L.; Rodts, J.; Muyldermans, S. Hedgehog and Other Animal Traffic Victims in Belgium: Results of a Countrywide
Survey. Lutra 1999, 42, 111–119.

46. Huijser, M.P.; Bergers, P.J.M. The Effect of Roads and Traffic on Hedgehog (Erinaceus europaeus) Populations. Biol. Conserv. 2000,
95, 6–9. [CrossRef]

47. Müller, F. Langzeit-monitoring Der Strassenverkehrsopfer Beim Igel (Erinaceus europaeus L.) Zur Indikation von Populationsdichte
Veränderungen Entlang Zweier Teststrecken Im Landkreis Fulda. Beiträge Naturkd. Osthessen 2018, 54, 21–26.

48. Doncaster, C.P. Factors Regulating Local Variations in Abundance: Field Tests on Hedgehogs. Erinaceus europaeus. Oikos 1994,
69, 182–192. [CrossRef]

49. Whalen, J.K.; Parmelee, R.W.; Edwards, C.A. Population Dynamics of Earthworm Communities in Corn Agroecosystems
Receiving Organic or Inorganic Fertilizer Amendments. Biol. Fertil. Soils 1998, 27, 400–407. [CrossRef]

50. Rondinini, C.; Doncaster, C.P. Roads as Barriers to Movement for Hedgehogs. Funct. Ecol. 2002, 16, 504–509. [CrossRef]
51. Young, R.P.; Davison, J.; Trewby, I.D.; Wilson, G.J.; Delahay, R.J.; Doncaster, C.P. Abundance of Hedgehogs (Erinaceus europaeus) in

Relation to the Density and Distribution of Badgers (Meles Meles). J. Zool. 2006, 269, 349–356. [CrossRef]
52. Dowding, C.V.; Harris, S.; Poulton, S.M.C.; Baker, P.J. Nocturnal Ranging Behaviour of Urban Hedgehogs, Erinaceus europaeus, in

Relation to Risk and Reward. Anim. Behav. 2010, 80, 13–21. [CrossRef]
53. Geiger, F.; Bengtsson, J.; Berendse, F.; Weisser, W.W.; Emmerson, M.; Morales, M.B.; Ceryngier, P.; Liira, J.; Tscharntke, T.; Winqvist,

C.; et al. Persistent Negative Effects of Pesticides on Biodiversity and Biological Control Potential on European Farmland. Basic
Appl. Ecol. 2010, 11, 97–105. [CrossRef]

54. Moorhouse, T.P.; Palmer, S.C.F.; Travis, J.M.J.; Macdonald, D.W. Hugging the Hedges: Might Agri-Environment Manipulations
Affect Landscape Permeability for Hedgehogs? Biol. Conserv. 2014, 176, 109–116. [CrossRef]

55. Trewby, I.D.; Young, R.P.; McDonald, R.A.; Wilson, G.J.; Davison, J.; Walker, N.; Robertson, P.A.; Doncaster, C.P.; Delahay, R.J.
Impacts of Removing Badgers on Localised Counts of Hedgehogs. PLoS ONE 2014, 9, 2–5. [CrossRef]

56. Mathews, F.; Kubasiewicz, L.M.; Gurnell, J.; Harrower, C.A.; McDonald, R.A.; Shore, R.F. A Review of the Population and Conservation
Status of British Mammals. A Report by the Mammal Society under Contract to Natural England, Natural Resources Wales and Scottish
Natural Heritage; Natural England: Peterborough, UK, 2018; ISBN 9781783544943.

57. Harris, S.; Morris, P.A.; Wray, S.; Yalden, D.W. A Review of British Mammals: Population Estimates and Conservation Status of British
Mammals Other Than Cetaceans; JNCC: Peterborough, UK, 1995; ISBN 1-873701-68-3.

58. Barnes, E.; Farnworth, M.J. Perceptions of Responsibility and Capability for Treating Wildlife Casualties in UK Veterinary
Practices. Vet. Rec. 2016, 108, 197. [CrossRef]

59. Jones, S.A.; Chapman, S. The Ethics and Welfare Implications of Keeping Western European Hedgehogs (Erinaceus europaeus) in
Captivity. J. Appl. Anim. Welf. Sci. 2019, 23, 467–483. [CrossRef]

60. Bullen, K. Hedgehog Rehabilitation; British Hedgehog Preservation Society: Ludlow, UK, 2010.
61. Grogan, A. The Importance of Research in Wildlife Rehabilitation. Available online: http://bwrc.org.uk/conference-proceedings/

4549145806 (accessed on 25 July 2021).
62. Reeve, N.J.; Bowen, C.; Gurnell, J. An Improved Identification Marking Method for Hedgehogs. Mammal Commun. 2019, 5, 1–5.
63. Barthel, L.M.F.; Wehner, D.; Schmidt, A.; Berger, A.; Hofer, H.; Fickel, J. Unexpected Gene-Flow in Urban Environments:The

Example of the European Hedgehog. Animals 2020, 10, 2315. [CrossRef]
64. Rasmussen, S.L.; Nielsen, J.L.; Jones, O.R.; Berg, T.B.; Pertoldi, C. Genetic Structure of the European Hedgehog (Erinaceus

europaeus) in Denmark. PLoS ONE 2020, 15, e0227205. [CrossRef] [PubMed]
65. Rasmussen, S.L.; Larsen, J.; van Wijk, R.E.; Jones, O.R.; Berg, T.B.; Angen, Ø.; Larse, A.R. European hedgehogs (Erinaceus europaeus)

as a natural reservoir of methicillin-resistant Staphylococcus aureus carrying mecC in Denmark. PLoS ONE 2019, 14, e0222031.
[CrossRef] [PubMed]

66. Rasmussen, S.L.; Hallig, J.; van Wijk, R.E.; Huus Petersen, H. An investigation of endoparasites and the determinants of parasite
infection in European hedgehogs (Erinaceus europaeus) from Denmark. Int. J. Parasitol. Parasites Wildl. 2021, 16, 217–227. [CrossRef]
[PubMed]

67. Rasmussen, S.L.; Kalliokoski, O.; Dabelsteen, T.; Abelson, K. An exploratory investigation of glucocorticoids, personality and
survival rates in wild and rehabilitated hedgehogs (Erinaceus europaeus) in Denmark. BMC Ecol. Evol. 2021, 21, 96. [CrossRef]
[PubMed]

68. Harris, S.J.; Massimino, D.; Balmer, D.E.; Eaton, M.A.; Noble, D.G.; Pearce-Higgins, J.W.; Woodcock, P.; Gillings, S. The Breeding
Bird Survey 2019; British Trust for Ornithology: Thetford, UK, 2020; ISBN 9781912642151.

69. Martínez, J.C.; Rosique, A.I.; Royo, M.S. Causes of Admission and Final Dispositions of Hedgehogs Admitted to Three Wildlife
Rehabilitation Centers in Eastern Spain. Hystrix 2014, 25, 107–110. [CrossRef]

70. Lukešová, G.; Voslarova, E.; Vecerek, V.; Vucinic, M. Trends in Intake and Outcomes for European Hedgehog (Erinaceus europaeus)
in the Czech Rescue Centers. PLoS ONE 2021, 16, e0248422. [CrossRef] [PubMed]

71. Garcês, A.; Soeiro, V.; Lóio, S.; Sargo, R.; Sousa, L.; Silva, F.; Pires, I. Outcomes, Mortality Causes, and Pathological Findings in
European Hedgehogs (Erinaceus europeus, Linnaeus 1758): A Seventeen Year Retrospective Analysis in the North of Portugal.
Animals 2020, 10, 1305. [CrossRef]

http://doi.org/10.1016/S0006-3207(00)00006-9
http://doi.org/10.2307/3546136
http://doi.org/10.1007/s003740050450
http://doi.org/10.1046/j.1365-2435.2002.00651.x
http://doi.org/10.1111/j.1469-7998.2006.00078.x
http://doi.org/10.1016/j.anbehav.2010.04.007
http://doi.org/10.1016/j.baae.2009.12.001
http://doi.org/10.1016/j.biocon.2014.05.015
http://doi.org/10.1371/journal.pone.0095477
http://doi.org/10.1136/vr.104052
http://doi.org/10.1080/10888705.2019.1672553
http://bwrc.org.uk/conference-proceedings/4549145806
http://bwrc.org.uk/conference-proceedings/4549145806
http://doi.org/10.3390/ani10122315
http://doi.org/10.1371/journal.pone.0227205
http://www.ncbi.nlm.nih.gov/pubmed/31951621
http://doi.org/10.1371/journal.pone.0222031
http://www.ncbi.nlm.nih.gov/pubmed/31490992
http://doi.org/10.1016/j.ijppaw.2021.10.005
http://www.ncbi.nlm.nih.gov/pubmed/34703761
http://doi.org/10.1186/s12862-021-01816-7
http://www.ncbi.nlm.nih.gov/pubmed/34022803
http://doi.org/10.4404/hystrix-25.2-10248
http://doi.org/10.1371/journal.pone.0248422
http://www.ncbi.nlm.nih.gov/pubmed/33705491
http://doi.org/10.3390/ani10081305


Animals 2022, 12, 3139 21 of 21

72. Burroughes, N.D.; Dowler, J.; Burroughes, G. Admission and Survival Trends in Hedgehogs Admitted to RSPCA Wildlife
Rehabilitation Centres. Proc. Zool. Soc. 2021, 74, 198–204. [CrossRef]

73. Wembridge, D.; Langton, S. Living with Mammals: An Urban Study. Br. Wildl. 2016, 27, 188–195.
74. Wilson, E.; Wembridge, D. State of Britain’s Hedgehogs, 2018; People’s Trust for Endangered Species: London, UK, 2018.

http://doi.org/10.1007/s12595-021-00363-9

	Introduction 
	Materials and Methods 
	Questionnaire Survey 
	Estimating the Number of Hedgehog Admissions 
	Structure of the Rehabilitation Community 

	Results 
	Estimating Total Hedgehog Admissions in Benchmark Year 
	Structure of the Hedgehog Rehabilitation Community 

	Discussion 
	Conclusions 
	References

