
i 
 

  

 

 

 

 

 

Anthropogenic factors associated with West-European 

Hedgehog (Erinaceus europaeus) survival 

 

Lucy Emma Bearman-Brown 

 

 

 

 

 

Thesis submitted for the degree of Doctor of Philosophy (PhD) 

School of Biological Sciences 

Submitted August 2020 

 

 



i 
 

 

 

 

 

DECLARATION OF ORIGINAL AUTHORSHIP 
 

Declaration: I confirm that this is my own work and the use of all material from other 

sources has been properly and fully acknowledged 

 

Lucy Emma Bearman-Brown 

  



ii 
 

 

 

DEDICATION 
 

To Daniel Ball, affectionately known as Tex.  

Your love for, and chat about, “hedgies” knew no bounds, so this is dedicated to you. 

Rest well my friend.  

 

 

 

 

  



iii 
 

 

 

 

 

 

 

 

“The fact is that no species has ever had such wholesale control over everything on 

earth, living or dead, as we now have. That lays upon us, whether we like it or not, an 

awesome responsibility. In our hands now lies not only our own future, but that of all 

other living creatures with whom we share the earth.” 

Sir David Attenborough 

 



iv 
 

ABSTRACT 

Global biodiversity is declining at a rate comparable to previously documented mass 

extinctions and does not appear to be slowing despite extensive global collaboration in 

the academic community and policy change targets. This decline is expected to be 

greatest in terrestrial ecosystems due to anthropogenic factors particularly in two of the 

most pervasive forms of land change undertaken by humans; urbanisation and 

agricultural intensification which will lead to further significant changes in the species 

composition of ecological communities and abundance of species. For example, the 

West-European hedgehog (Erinaceus europeaus) population is declining substantially 

across its range as a result of anthropogenic activity, which is explored here.  

The degree to which the rural environment has been altered may impact the survival of 

hedgehogs. As hibernation has previously been described as a high-risk time, over-

winter survival and nesting behaviour in the rural, human-dominated landscape was 

investigated at two contrasting sites. Hedgehogs consistently nested near hedgerows, 

roads and woodlands, but avoided pasture fields. Differences between the sites were 

evident for arable fields, amenity grassland and buildings, such that different land 

management practices might influence hibernation success. Significant differences in 

survival and percentage mass loss between the two sites indicated that such land 

management practices may impact upon survival of hedgehogs, although mortalities 

occurred in autumn and spring, indicating winter is not the high-risk time previously 

described.   

Whilst the value of woodland to hibernating hedgehogs was evident over-winter, 

methods for detecting hedgehogs in such complex habitats are limited. Therefore, the 

effectiveness of three methods (infra-red thermal camera, specialist search dog, 

spotlight) for detecting hedgehogs were compared in three different habitats. 

Significantly more hedgehogs were detected, and at greater distance, using the camera 

and dog than the spotlight in amenity grassland and pasture although no hedgehogs 

were detected in woodland. This could indicate that all three methods are not suitable 

for surveying in this habitat or that hedgehogs typically avoid woodlands during the 

summer and autumn, potentially as a strategy to avoid badgers. 
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To further explore the cause of mortality of hedgehogs, data from wildlife hospitals were 

analysed.  Anthropogenic factors were responsible for up to 47% of admissions, whilst 

51% of animals survived to release. Survival was highest for orphans (63%) but lowest 

for anthropogenic causes (39%). Comparatively few large hospitals (>250 hedgehogs 

year-1) exist, but care for the majority of hedgehogs. The wild population is increased by 

an estimated 4-6% of the pre-breeding population nationally by rehabilitators, 

suggesting rehabilitation could have a marked benefit ameliorating some of the negative 

impacts of humans. 
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CHAPTER ONE 
Introduction 

Global biodiversity is declining at a rate comparable to previously documented mass 

extinctions (Parmesan, 2006; Firbank et al., 2008; Barnosky et al., 2011; Wagler, 2013; 

Ceballos and Ehrlich, 2018), and does not appear to be slowing despite extensive global 

collaboration in the academic community and policy change targets (Butchart et al., 

2010; Mace et al., 2012; Tittensor et al., 2014). The decline in biodiversity is greatest in 

terrestrial ecosystems (Crooks et al., 2017; Sala et al., 2017) due to anthropogenic 

factors, including, but not limited to: habitat loss, fragmentation and degradation; noise, 

light and chemical pollution; global climate change; the introduction of non-native 

species; and over-exploitation (Gurevitch and Padilla, 2004; Davies et al., 2009; Schulte 

et al., 2010; Barnosky et al., 2011; Oliver et al., 2015; Bond and Grasby, 2017; Stanton et 

al., 2018). However, variation in cause and impact differs significantly between species 

and regions (Woinarski et al., 2015; Crees et al., 2016; Harris et al., 2016). For example, 

Butchart et al. (2010) reported changes of: +3% (forest extent); -16% (terrestrial, 

habitat-specialist birds in Europe and North America); -9% (mangrove extent); -20% 

(seagrass extent); -31% (global vertebrates); -33% (global shorebirds); and -38% (coral 

reef condition). No taxon studied showed recent significant reductions in their rate of 

decline. Furthermore, the impact of these anthropogenic activities is expected to 

increase as the human population grows and expands (Tilman et al., 2001; Crist et al., 

2017). 

A major driver of biodiversity decline is habitat loss (Hoekstra et al., 2005; Duro et al., 

2014) and two of the most pervasive forms of land change undertaken by humans are 

urbanisation and agricultural intensification (Burel et al., 2004; Luck, 2007; Grimm et al., 

2008; Hahs et al., 2009; Seto et al., 2011), both of which are associated with the 

destruction of complex natural habitats and associated ecological communities ( 

Hoekstra et al., 2005; Grimm et al., 2008; Seto et al., 2011; Stanton et al., 2018). 

Agricultural intensification affects biodiversity at all levels (Robinson and Sutherland, 

2002), including microbiota (Banerjee et al., 2019), invertebrates (Hallmann et al., 2017), 

small mammals (Burel et al., 2004) and birds (Hayhow et al., 2017), with further concern 
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expressed regarding the resilience of ecosystems following this depletion (Oliver et al., 

2015). 

Both agricultural intensification and urbanisation are connected with different effects on 

soil characteristics and processes. Agriculture is associated with soil erosion, 

degradation, compaction and desertification, leading to long term declines in 

productivity and its environment moderating capacity  (Lal, 2001; Vanwalleghem et al., 

2017). For example, each year, an estimated 24 billion tons of fertile soil are lost due to 

erosion (Beck et al., 2016). Likewise, the extent of non-porous surfaces in  urban areas 

leads to the urban heat island effect resulting in an average increase of 2.9°C above the 

non-urban fringe, with a 4.3°C temperature difference in summer and 1.3°C in winter 

(Imhoff et al., 2010). In agricultural landscapes, complex systems are replaced with 

monocultures, whilst in urban areas primary producers are substantially reduced in both 

diversity and coverage; such changes fundamentally alter ecosystem resilience 

(Matsushita et al., 2016) and ecosystem services (Hahs et al., 2009).  Furthermore, 

changes in urban areas may affect rural landscapes, and vice versa. For example, as 

increasing amounts of land are covered with non-porous surfaces the water cycle is 

significantly altered, resulting in poor water quality in agricultural areas and increased 

rates of water abstraction (Fischer et al., 2007) whilst urban areas suffer from flash 

flooding and increased levels of water pollution (Hahs et al., 2009).  

Pollution is a pervasive element of both agricultural intensification and urbanisation. 

Urban areas are routinely affected by light and noise pollution, which have the potential 

to affect the physiology, behaviour and reproduction of a range of plant and animal taxa, 

including changes in foraging and reproductive behaviours, reduction in fitness, 

increased risk of predation and reduced reproductive success (Longcore and Rich, 2004; 

Newport et al., 2014). Agricultural areas are widely affected by chemical pollution from 

fertilisers and pesticides leaching into ground water (Parris, 2011). Whilst the overall 

pressure of agriculture on water quality in rivers, lakes, groundwater and coastal waters 

has eased since the early 1990s due to the decline in nutrient surpluses and pesticide 

use, for nearly half of the Organisation for Economic Co-operation and Development 

(OECD) countries absolute levels of agricultural nutrient pollution exceed national 

drinking water limits (Parris, 2011).  
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Significant changes in the species composition of ecological communities have been 

documented in both urbanised and intensively farmed areas (Geiger et al., 2010). The 

homogenisation of the landscape favours generalist species over specialist species 

(McKinney, 2006), resulting in some generalist species positively benefitting from the 

creation of urban and/or agricultural areas. These species, described by Blair (1996) as 

urban adapters, hold the ability to exploit abundant food subsidies and other resources, 

which allows them to attain inflated population densities (Bateman and Fleming, 2012). 

For example, the red fox (Vulpes vulpes) occupies the widest geographic range of any 

species of carnivore, with human-facilitated introduction to both North America and 

Australia fundamental to its global range expansion (Lewis et al., 1999). Once 

introduced, the species quickly exploited a wide range of habitats including intensively 

farmed, and latterly, highly urbanised areas (Lewis et al., 1999; Scott et al., 2014). 

Agricultural areas are also associated with additional negative effects on mammalian 

predators arising from the production and protection of livestock, such as deliberate 

persecution, reduced food web complexity, less stable food webs and the risk of trophic 

cascades (Freilich et al., 2003; Hooper et al., 2005; Baker et al., 2008a; Otto et al., 2008). 

As diversity and ecosystem function are more complex at higher trophic levels, 

understanding of how biodiversity loss may propagate through the ecosystem is crucial 

where significant anthropogenic change is evident (Thebault and Loreau, 2003; Worm 

and Duffy, 2003; Hooper et al., 2005). 

As the human population increases, both urban areas and agricultural production will 

inevitably increase, along with the progressive move of large numbers of people from 

rural areas to urban areas. The rate of urban expansion, driven by growth in GDP and 

human population expansion, varies globally, peaking at 13% per annum in coastal China 

(Seto et al., 2011). Fifty-five percent of the global population are now urban dwellers, up 

from 30% in 1950 and which is projected to reach 68% by 2050  (United Nations, 2019). 

Associated with this change, agricultural production will also need to approximately 

double, but for food and for increasing bioenergy use (Beck et al., 2016). Agricultural 

land covers approximately 38% (4.91 billion hectares) of Earth’s ice-free land, an 

increase by nearly 3% (154 million hectares) between 1985 and 2005 (Foley et al., 2011). 

Should historic patterns of human population growth and consumption continue, the 
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extent of natural ecosystems requiring conversion to agricultural land is expected to 

increase by 109 hectares by 2050 (Tilman et al., 2001). 

Biodiversity changes in the UK 

The decline in biodiversity across the United Kingdom (UK) is well defined (Hayhow et 

al., 2016; Martay et al., 2017; Defra, 2018). Long-term declines in the relative abundance 

and range of 75% of the 215 priority species monitored by the Joint Nature Conservation 

Committee (JNCC) since 1970 have been recorded (Defra, 2018; Figure 1.1), despite 

extensive financial investments and conservation (Laycock et al., 2011; McCarthy et al., 

2012). For example, the hazel dormouse (Muscardinus avellanarius), a European 

Protected Species, has been closely monitored throughout the UK since the late 1980s 

through the National Dormouse Monitoring Programme. Recent analysis of these data, 

however, has indicated a population decrease of 72% from 1993 to 2014, equivalent to a 

mean annual reduction of 6% (Goodwin et al., 2017), even though significant efforts 

have been made to address the underlying causes of decline (Bright et al., 2006).  

 

Figure 1.1. Change in the relative abundance of 215 priority species (103 birds, 80 moths, 21 

butterflies, 11 mammals) in the UK (Defra, 2018). Counts are standardised to 1970. Bar chart 

indicates the percentage of species increasing or declining over the long- (1970-2015) and short-

term (2010-2015). 

The decline in vascular plants was widely reported in 2014 when the first Red List for 

Vascular Plants was launched (Stroh et al., 2014), highlighting that one fifth of England’s 

wildflower species are under threat, with the majority of these threatened species 

suffering a decline of 30% or more, many of which were once widely regarded as 
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commonplace; almost one in five species were assessed as threatened. Such declines 

have been mirrored by invertebrate species, with a 68% decline in the habitat specialist 

butterflies index and a 30% decline in the index for butterfly species of the wider 

countryside (Defra, 2019a). Similarly, the status of pollinator index  declined by 31% 

from 1980 to 2016, with a 10% decrease between 2011 and 2016 alone (Defra, 2019b). 

Invertebrates providing pest control and pollination functions in ecosystems in the UK 

have shown declines of 16% and 27%, respectively, from 1970 to 2009 (Oliver et al., 

2015). 

In the same vein, breeding bird abundance has also declined markedly. In the latest 

review of  Birds of Conservation Concern, 20 species were moved to the Red List, a net 

increase of 16 species since the previous review in 2009; the number of red listed 

species now stands at 67, its highest ever total (Eaton et al., 2015; Harris et al., 2018). 

Within this general context, habitat-specific differences are also evident; for example, 

farmland birds have declined by 9% between 2010 and 2015, woodland birds by 23% 

since the 1970s and water and wetland birds have declined by 8% since 1975 (Hayhow et 

al., 2017). 

In comparison, the status of mammal species within the UK is less clear. Of 58 species 

reviewed by Mathews et al. (2018) , the geographic range and/or population of just four 

(7%) and nine (16%) species, respectively, were considered to have declined since the 

mid-1990s (Harris et al., 1995). However, these parameters could not be estimated for 

14 (24%) and 30 (52%) species, respectively, reflecting the difficulties associated with 

both monitoring mammal populations per se and the lack of density estimates for many 

species. Furthermore, Harris et al. (1995) and Mathews et al. (2018) employed slightly 

different analytical techniques such that the data presented in both publications are not 

directly comparable. 

In comparison, data for a subset of nine mammalian species recorded as part of the 

British Trust for Ornithology’s (BTO) Breeding Bird Survey (Harris et al., 2020) indicate 

declines in four (44%) species, including previously common species such as the red fox 

and the European rabbit (Oryctolagus cuniculus). Again, however, these general patterns 

cannot easily be compared with those of Mathews et al. (2018) because of differences in 

the range of species studied and differences in the methodologies applied.  



6 
 

Despite the caveats associated with comparing data which have been collected, 

analysed and presented in different ways, these examples illustrate that a broad range 

of taxonomic groups have experienced declines in the UK over the last 50 years. To help 

redress these declines, and their potential effects on ecosystem services and resilience 

(Oliver et al., 2015), a comprehensive understanding of anthropogenic pressures on 

populations at both local and national scales is fundamental for guiding future 

conservation efforts (National Research Council, 1992). Obtaining such evidence can, 

however, be challenging because of financial limitations, but also because of the 

inherent practical problems associated with studying those species of concern. One such 

species of interest in the UK at the current time is the West-European hedgehog 

(Erinaceus europaeus) (Linnaeus, 1758). 

Evidence for a decline in British hedgehog numbers 

The West-European hedgehog is a nocturnal, solitary, insectivorous mammal, native to 

much of Western Europe, the Iberian Peninsula and Italy northwards into Scandinavia 

(Morris and Reeve, 2008). To the east, the species is replaced by the Northern white-

breasted hedgehog (Erinaceus roumanicus) although the range of the two species 

overlap to a limited degree in Eastern Europe, through the Czech Republic (Reeve, 1994; 

Amori, 2016), north to Poland and the Baltic countries and southern Russia (Morris, 

2018) (Figure 1.2). In southern Spain, the West-European hedgehog is syntopic with the 

Algerian hedgehog (Atelerix algirus); the latter is found throughout North Africa, the 

south-eastern coastal region of the Iberian Peninsula and the Canary and Balearic 

Islands. The continental European population of A. algeirus is believed to be a recent 

anthropogenic introduction (Khaldi et al., 2016). The Southern white-breasted hedgehog 

(E. concolor) is distributed from Turkey, to Azerbaijan, south into Jordan and Israel and 

north to the Caucasus mountains, with no overlap with similar species (Amori, 2016b). 
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Figure 1.2. The geographical distribution of the Algerian hedgehog (Atelerix algirus), Northern 

white-breasted hedgehog (Erinaceus roumanicus), Southern white-breasted hedgehog 

(Erinaceus concolor) and West-European hedgehog (Erinaceus europaeus) in Europe (Adapted 

from: (Amori, 2016a); created by V. Boult). 

The West-European hedgehog has also been introduced to many islands within the UK, 

including the Uist Islands in Scotland, as well as into New Zealand (Reeve, 1994). In some 

of these areas, the species poses significant conservation problems for native species 

(Jackson and Green, 2000; Jackson, 2007; Bolfíková et al., 2013), so is controlled as an 

invasive species (Global Invasive Species Database, 2020).  

The West European hedgehog (hereafter “hedgehog”) is identified as Least Concern by 

the International Union for the Conservation of Nature (IUCN), as it is common 

throughout its extensive range (Amori, 2016a). It is protected under Appendix III 

(Protected Fauna Species) of the Convention on the Conservation of European Wildlife 

and Natural Habitats (Bern Convention) (Council of Europe, 1982), and is protected in 

the UK under the Wildlife and Countryside Act (1981), listed as Schedule 6.  

Whilst considered locally common, the population in the UK is believed to be declining 

(Battersby, 2005; Hof and Bright, 2016; Mathews et al., 2018; Williams et al., 2018a) and 

has recently been listed as Vulnerable in the IUCN Red List for Great Britain’s Mammals 

(The Mammal Society, 2020). However, accurate estimates for hedgehog populations 
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are currently not available (Croft et al., 2017), in part because of its elusive, nocturnal 

behaviour. For example, Harris et al. (1995) estimated a British population of 1.5 million, 

although this was considered of low reliability as it was based on just four estimates of 

hedgehog density which were then applied to 32 land classes. More recently, Mathews 

et al. (2018a) estimated overall population size by first interpolating the species’ 

geographic range based upon data held in The National Biodiversity Network gateway, 

local record centres, national and local monitoring schemes and iRecord (Mathews et al., 

2018), and then multiplying by habitat-specific density estimates by the extent of these 

habitats within the geographical range. These authors estimated that the national 

population may number just 522,000 pre-breeding individuals, although they also 

assigned their estimate a low reliability score as the volume of habitat-specific density 

estimates was similarly low; the estimates for urban and gardens and improved 

grassland were derived from just one study (Parrott et al., 2014), whereas those for 

arable and horticulture, broadleaved woodland, coniferous woodland and unimproved 

grassland were taken from the original report by Harris et al. (1995).  

Despite limitations associated with estimating densities per se (but see Schaus et al., 

2020),  ongoing monitoring programmes consistently indicate that rural hedgehog 

populations in the UK are continuing to decline, potentially at a rate of 2 - 11% per 

annum (Wembridge, 2015, 2011; Figure 1.3 a-b). Similar patterns of decline have also 

been recorded based upon presence-absence data at a 10x10 km2 grid cell scale across 

England (5.0-7.4% decline from 1960-2015: Hof and Bright 2016). Mathews et al. (2018) 

notes however, that declines appear to be in the density of populations rather than a 

contraction of the range, which appears to have remained relatively stable since 

consideration in the early 1990s (Arnold, 1993). This is consistent with the reduction in 

occupancy documented by Williams et al. (2018a). Comparable declines have been 

reported in other European countries, including Belgium (Holsbeek et al., 1999), 

Germany (Müller, 2018), Italy (Canova and Balestrieri, 2019) and the Netherlands 

(Huijser and Bergers, 2000; Van de Poel et al., 2015).  

There are, however, noticeable difference in trends between rural (Figure 1.3 a-b) and 

urban (Figure 1.3 c-d) landscapes. Hedgehogs were present in 10% (BTO Breeding Bird 

Survey) and 16% (BTO Waterways Breeding Bird Survey) of sites surveyed in rural 

habitats compared to 25% (People’s Trust for Endangered Species (PTES) Living with 
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Mammals) and 44% (BTO Garden BirdWatch) of sites surveyed in urban habitats. These 

differences are likely to reflect a combination of factors including variation in population 

density, habitat suitability and habitat utilisation. Conversely, this may potentially 

illustrate differences in the detectability of hedgehogs in the two landscapes based upon 

the survey methodologies used. For example, surveys with a primarily ornithological 

focus are likely to under-record hedgehogs which are active at night. In addition, 

volunteers in these bird surveys are also able to decide to record hedgehogs (and other 

mammal species) or not; such “opt in” approaches may increase the likelihood that 

surveyors who do detect hedgehogs (e.g. from animals dead on the roads, or through 

discussions with local landowners) end up choosing to include this species. On the 

positive side, however, the surveys run by the BTO are generally extensive, and this 

geographic scope generates large numbers of records throughout England, Scotland and 

Wales. 

 

Figure 1.3. Trends in UK hedgehog population as estimated by four different monitoring 

schemes: (a) PTES Mammals on Roads and (b) BTO Breeding Bird Survey reflect changes in rural 

hedgehogs; (c) PTES Living with Mammals and (d) BTO Garden BirdWatch reflect changes in 

urban hedgehogs. Solid lines show smoothed trends; dashed lines show 95% confidence limits. 

Estimates for each year (circles) are calculated as an index relative to the ‘base year’ indicated by 

the solid horizontal line (from Wembridge, 2015). 
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These differences in the direction and/or magnitude of population changes between the 

two landscapes could result in future differences in population trends (Macdonald and 

Burnham, 2011). Limited connectivity between patches of suitable habitat and the 

potential movement of hedgehogs from rural to urban/suburban areas may make this 

particularly significant (Doncaster et al., 2001; Young et al., 2006; Baker and Harris, 

2007; Hubert et al., 2011; van de Poel et al., 2015; Pettett et al., 2017b; Williams et al., 

2018a). Estimates of density within improved grassland  are considerably lower than 

those in gardens and urban areas (Parrott et al., 2014: 0.04 km-2 and 0.54 km-2 

respectively; Micol et al., 1994: 3.9 ±0.8 and 0.7 ±0.2 hedgehogs per field respectively). 

Most recently, Schaus et al. (2020) used motion-activated trail cameras and spatial-

capture-recapture methods to estimate densities of 4.3 and 32.3 hedgehogs per km-2 in 

rural versus urban habitats, respectively. 

The decline of a once common, widespread, generalist species such as the hedgehog is 

of significant concern (Hof, 2009) as it is likely to indicate a general deterioration in the 

environmental quality of the landscape, and may have far-reaching implications. Such 

changes may have more severe implications for less mobile taxa, which have to cope 

with increasingly fragmented landscapes. Morris (2018) describes hedgehogs as bio-

indicators, as their presence is indicative of sustainable populations of macro-

invertebrates, whose larvae and adult forms perform vital ecological function for a wide 

range of other species at all trophic levels.  

The species is a generalist predator, focusing largely on macroinvertebrates, but able to 

consume a broad diet including frogs, bird eggs and chicks, juvenile rodents, carrion and 

fallen fruit (Reeve, 1994; Morris, 2018;). Soft-bodied prey, such as earthworms, slugs, 

caterpillars and larvae, are preferentially selected over hard-bodied macroinvertebrates, 

possibly as a result of increased nutritional value due to decreased chitin, although 

earwigs and beetles do regularly feature in the diet (Yalden, 1976; Rautio et al., 2016). 

Hedgehog abundance has been shown to be positively correlated with the earthworm 

abundance (Doncaster, 1994; Micol et al., 1994; Young et al., 2006).   Throughout urban 

areas, their diet is heavily supported by anthropogenic foodstuffs, including pet food, 

sunflower seeds and nuts (Hubert et al., 2011; Rautio et al., 2016; Pettett et al., 2017b); 

some of these may, however, have detrimental effects by increasing dental decay and 

bone degradation, and urban hedgehogs are also occasionally poisoned through the 
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consumption of rodents and slugs that have been poisoned by householders or pest 

control personnel. 

Factors associated with the decline in UK hedgehog numbers 

The decline in the UK hedgehog population has been attributed to a range of factors in 

both rural and urban landscapes. However, the relative importance of, and interactions 

between, each of these factors is currently not known. In particular, the underlying 

biological mechanisms associated with these factors are poorly understood. For 

example, the negative correlation observed between badgers (Meles meles) and 

hedgehogs could be attributed to competition, predator avoidance and/or predation. 

Similarly, the increased tendency for hedgehogs to be found in areas associated with 

human habitation may be a result of, amongst other things: predator avoidance; 

increased food availability; increased availability of refugia for resting, breeding and 

hibernation; and micro-habitat differences in ambient temperature. 

Factors associated with the decline in hedgehogs in rural landscapes 

In rural landscapes, the factors most likely to have had a negative impact on hedgehogs 

are habitat loss, habitat fragmentation, habitat degradation, climate change and intra-

guild predation. 

Habitat loss 

Agricultural intensification has been a major cause of habitat loss across Europe since 

1945, with a move towards a less diverse landscape (Robinson and Sutherland, 2002; 

Firbank et al., 2008; Stoate et al., 2009; Tscharntke et al., 2012; Veach et al., 2017). The 

fragmentation of natural or semi-natural habitat through the introduction of areas of 

arable or pastoral land creates a mosaic habitat, including areas of semi-natural 

grassland, hedgerows, field margins, ditches, woodland, set-aside and waterways 

(Robinson and Sutherland, 2002). One habitat that has been notably affected by 

agricultural intensification, and which is considered intimately important for hedgehogs 

(the name hedgehog is derived from the Middle English “heyghoge” from “heyg” or 

“hegge” because of its tendency to be found near hedgerows, and “hoge”or “hogge” 

from its pig-like snout and grunting noises that it often makes), are hedgerows. 
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As agricultural production intensified after the Second World War, hedgerows were 

removed to increase field sizes and facilitate access for farming machinery (Barr and 

Gillespie, 2000; Benton et al., 2003). It is estimated that 24,600 km of hedgerow (4% of 

national total) was removed between 1977 and 1984, with a further 121,000 km (22% of 

national total) removed by 1990 (Barr et al., 1990). In addition to the physical removal of 

hedgerows, further losses have been attributed to under-management, resulting in 

successional development into a treeline, or over-management to the point they 

become little more than a line of shrubs (Barr and Gillespie 2000). One particular change 

associated with this overall decline was the decrease in the length of single species 

hedgerows, which are more frequently found between fields rather than along road 

sides (Barr and Gillespie, 2000). 

The loss of hedgerows is likely to have had a multitude of effects on hedgehogs 

historically as they are likely to have been important for nesting/breeding hibernating, 

as a source of food, as a refuge from predators and for navigation through the 

landscape. All of these important roles in the ecology of hedgehogs are still evident 

today (Hof, 2009; Moorhouse et al., 2014; Pettett et al., 2017b). However, as hedgehogs 

are generally associated with edge habitats, utilising the boundaries between fields, 

woodland fragments and areas of grassland (Morris, 1986; Dowie, 1993; Huijser, 2000; 

Hof and Bright, 2010a, 2012, 2016;  Williams et al., 2018a), they are likely to have 

benefitted (albeit only marginally) from the creation of heterogeneous landscapes. But it 

is the creation of large tracts of crop monocultures, typically associated with the 

widespread use of chemicals, that appear to have been especially detrimental 

(Doncaster, 1994; Haigh et al., 2009; Hubert et al., 2011; Hof and Bright, 2012; Van de 

Poel et al., 2015; Williams et al., 2018a; but see Pettett et al., 2017b) 

Habitat fragmentation 

Whilst habitat loss, degradation and fragmentation are frequently concurrent, they are 

distinct phenomena, and can occur in isolation (Curtis, 1956; Moore, 1962; Fahrig, 

2019). Together they lead to a reduction in total suitable habitat availability, resulting in 

an otherwise heterogeneous habitat becoming divided into smaller, less suitable patches 

embedded within a landscape of inhospitable space (Fahrig, 1997; Villard et al., 1999; 

Guerry and Hunter, 2002). The loss in total habitat availability, decline in the quality of 
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that remaining habitat and the isolation of suitable habitat patches have been identified 

as a significant driver for the loss of global biodiversity and the key cause of biodiversity 

loss in terrestrial ecosystems (Sala et al., 2017).  

Fragmentation, degradation and loss have been identified as threats to a wide range of 

taxa, and have large scale impacts on landscape dynamics, with the potential to put 

populations at risk of reaching their extinction threshold (Crooks et al., 2017). For 

example, 27% of mammalian species globally are threatened with extinction, and the 

loss and degradation of habitat has been implicated as a primary threat (Schipper et al., 

2008). This decline can result from a range of mechanisms, including the creation of 

detrimental edge effects between habitat patches, limit to the movement of animal and 

gene flow, and severing of landscape connectivity (Crooks and Sanjayan, 2006). 

Mammalian species classified as threatened in the World Conservation Union (IUCN) 

Red List experience higher levels of habitat fragmentation than those classified as Least 

Concern and Near Threatened (Crooks et al., 2017), indicating the impact of such 

processes on species survival. 

Although the loss of habitats poses a direct risk to hedgehogs at the point that they are 

physically removed, it is the resultant longer-term reductions in the number of nesting, 

breeding and hibernation sites, food availability and connectivity between 

subpopulations (leading to reduced gene flow: Andren, 1999; Morris, 2018) that are 

ultimately more detrimental. The magnitude of the impact arising from habitat 

fragmentation is dependent on a range of inter-related components including: the size 

of remaining fragments and how they meet the needs of individuals; the rate at which 

sub-populations go extinct; and patterns of dispersal (Moorhouse et al., 2014) and 

mating between sub-populations. Landscape fragmentation is significant across the 

European Union (EU): by 2015, around 28% of the landscape in the EU was classified as 

strongly or very strongly fragmented, equating to approximately 1.127 million km-2 

(European Environment Agency, 2019). 

Globally, the major fragmentation issue affecting wildlife is the creation and expansion 

of the road network and associated increases in traffic volume (Forman and Alexander, 

1998; Trombulak and Frissell, 2000; Eigenbrod et al., 2008; Ibisch et al., 2017; Wright et 

al., 2020). Traffic usage in the UK increased by 28% from 1993-2018, with 44% of all 
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motor vehicle traffic on rural A and rural minor roads by 2018 (Havaei-Ahary, 2019). 

Roads can create an impermeable barrier for some wildlife species (Forman and 

Alexander, 1998; Trombulak and Frissell, 2000), with body mass an influencing factor 

(Chen and Koprowski, 2019). For example, hedgehogs have been found to be unwilling 

to cross roads, with 50% of radio-tracked hedgehogs not crossing a single road during 

observations, and only 25% of observed trajectories crossing roads of any size (Rondinini 

and Doncaster, 2002). Similarly, hedgehog abundance has been reported to be 

approximately 30% lower near roads, suggesting factors associated with habitat quality 

in the vicinity of roads may also be important (Huijser and Bergers, 2000). 

Roads also pose a risk of direct mortality through wildlife-vehicle collisions (WVC) 

(Lesiński et al., 2011; Nelli et al., 2018; Fabrizio et al., 2019), with an estimated one 

million animals killed on Great Britain’s roads annually including 100,000-300,000 

hedgehogs (Roos et al., 2012; Wembridge et al., 2016); similar numbers have also been 

estimated in Belgium (Holsbeek et al., 1999) and the Netherlands (Huijser et al., 1998), 

and Rautio et al., (2016) also recorded a mean of 0.65 hedgehogs killed per 100 km-1 of 

road transect in their study in Finland. Consequently, WVCs can account for a large 

proportion of overall deaths in hedgehog populations (Reeve, 1998; Doncaster et al., 

2001). 

Hedgehog vehicle collisions peak in July, and are at their lowest during the winter 

months (Holsbeek et al., 1999; Haigh et al., 2014b; Canova and Balestrieri, 2019; Wright 

et al., 2020), in relation to patterns of mating behaviour, reproductive output and 

hibernation (Rautio et al., 2016). As outlined above, counts of dead hedgehogs on roads 

have been used in Great Britain as part of a long-term monitoring programme (Figure 

3a), although no study to date has demonstrated that such counts actually reflect 

population size for this species, although data for other species indicate that they may 

(Baker et al., 2004; Canova and Balestrieri, 2019). In addition, the location and/or 

frequency of hedgehog vehicle collisions are also influenced by road and roadside 

characteristics, as well as correlated with patterns of habitat composition (Hof and 

Bright, 2009; Pettett et al. 2017b; Santos et al., 2018; Wright et al., 2020); these 

relationships imply that the characteristics of certain locations may increase (or 

decrease) the likelihood that hedgehogs are killed and/or that more hedgehogs are 

killed on roads as animal density increases. 



15 
 

Habitat degradation 

Food availability in the landscape will undoubtedly affect both the presence and 

abundance of hedgehogs (Kristiansson, 1984). Within rural landscapes, the widespread 

use of herbicides, insecticides and molluscicides has led to the reduced abundance of 

soil macro-invertebrates (Decaëns and Jimenez, 2002; Zhiping et al., 2006; Nkem et al., 

2020), and have been proposed as a cause of the lower abundance and reduced 

distribution of hedgehogs in arable landscapes (Pettett et al., 2017b). However, these 

effects will vary between different habitats and different taxa within those habitats. For 

example, Hubert et al. (2011) recorded earthworm abundance at approximately three 

times higher in pasture (933 ± 214 kg/ha) than in arable (284 ± 97 kg/ha) fields, whereas 

arthropod abundance was four times higher in arable (3325 ± 940 kg/ha) than pasture 

(852 ± 217 kg/ha) fields. One potential approach to help reduce these effects is through 

the use of, for example, grassy field margins and beetle banks (Vickery et al., 2009; Hof 

and Bright, 2010a). 

However, the effects of food availability on hedgehog distribution, density, reproduction 

and survival in England and Wales are, at the current time, heavily influenced by 

badgers, an inter-guild predator (see below), whose numbers have approximately 

doubled in recent decades (Judge et al., 2014, 2017) (data are lacking for other nations 

within the UK). It is important to note, therefore, that whilst reduced food availability is 

often cited as a reason for the decline in hedgehog numbers (e.g. Wilson and 

Wembridge, 2018), the availability of macro-invertebrate prey must have been 

sufficiently high to sustain this increase. For example, Morris (unpublished data) 

suggested that one badger could consume the same number of earthworms as seven 

hedgehogs. Conversely, in their occupancy study, Williams et al. (2018a) reported that 

more than a quarter (27%) of the sites they surveyed had no badger setts nor 

hedgehogs. 

In addition to the use of agricultural chemicals, the increased use of heavy machinery 

may also have further reduced macroinvertebrate abundance through soil compaction, 

although there are few data on this. 
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Climate change 

The Intergovernmental Panel on Climate Change (IPCC) defines climate change as a 

change in the state of the climate that can be identified by changes in the mean and/or 

the variability of its properties and that persists for an extended period of time, typically 

decades (IPCC, 2007). Climate change has been identified as a key driver behind 

extinctions in a wide range of species globally (Thomas et al., 2004; Urban, 2015; Wan et 

al., 2019) and as a threat to ecosystem function (McCarty, 2001; Nolan et al., 2018). 

Whilst coral reefs (e.g. Baker et al., 2008b; Hoegh-Guldberg, 2011; Graham et al., 2020) 

and the polar regions (e.g. Lee et al., 2017; Amélineau et al., 2019; Box et al., 2019) are 

most widely studied, climate change affects all ecosystems. Such changes may affect 

species directly, such as through change in temperature making an area inhospitable, or 

indirectly, such as through changes in food diversity and abundance; these may then 

lead to e.g. alterations in species’ distribution, changes in key demographic variables, 

population isolation and increased risk of disease (Mawdsley et al., 2009). 

Species-specific examples of the impact of climate change are extensive, and represent 

every major taxon, across the globe. For example, polar bear (Ursus maritimus) 

populations are predicted to suffer drastic declines by the end of the 21st century 

(Hunter et al., 2010), Mauritius kestrels (Falco punctatus) experienced reduced 

reproductive success during wetter spring seasons (Senapathi et al., 2011), and warmer 

winters are associated with earlier breeding but reduced female fecundity in the wood 

frog (Rana sylvatica) (Benard, 2015). However, climate change may positively impact 

reproductive efforts: for example, the population of badgers in Wytham Woods, 

Oxfordshire, increased from 60 to 228 adults over a 10-year period, as warmer winters 

are believed to have led to increases in January body weight (Macdonald and Newman, 

2006).  

In general, warmer conditions have been shown to support greater hedgehog survival 

and breeding success on the Hebridean island of South Uist (Jackson, 2007). However, 

warm summers are also associated with an increase in admissions of hedgehogs to 

wildlife hospitals (Dowding, 2007); this may be associated with reduced food availability 

at the point many juvenile animals become independent, but is also potentially likely to 

affect all animals as they try to accumulate sufficient fat reserves prior to hibernation 

(Rasmussen et al., 2019a). Warm weather during winter may also increase the frequency 
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with which animals rouse from hibernation at a time where natural food availability is 

low, possibly reducing over-winter survival rates. In addition, by nesting, breeding and 

hibernating at (or below) ground level, hedgehogs are also vulnerable to the increased 

frequency of flooding events associated with climate change. This is particularly the case 

during winter, when rousing from hibernation can take several hours (Walhovd, 1979).  

Intra-guild predation 

Whilst a range of species including red foxes (Vulpes vulpes) (Harris, 1981; Doncaster et 

al., 1990), domestic dogs (Canis lupus familiaris) (Stocker, 2005; Morris and Reeve, 2007) 

and birds of prey (Sergio et al., 2003; Mikkola and Tornberg, 2014) kill hedgehogs, the 

Eurasian badger  is typically the only one considered to have a significant impact on the 

population in the UK (Reeve, 1994).  Badgers are generalist omnivores, primarily 

consuming invertebrates and plant matter (Roper, 2010), although they do eat smaller 

mammals including hedgehogs (Doncaster, 1992, 1994; Micol et al., 1994; Goszczyński et 

al., 2000; Del Bove and Isotti, 2001; Young et al., 2006); they are the only species known 

to be able to uncurl and kill a defensive hedgehog (Doncaster, 1992; Ward et al., 1997). 

Hedgehogs generally occur in the diet of badgers at low proportions, for example: 3% 

and 12% occurrence in badger scats in Italy (Del Bove and Isotti, 2001) and Poland 

(Goszczyński et al., 2000) respectively, although as many as four hedgehog remains were 

found in the stomach of one single adult found in England (Middleton, 1935). Badgers 

also, however, compete with hedgehogs for food, making them an intra-guild predator 

(Polis et al., 1989). Badger presence/increased density has been shown to negatively 

affect the density (Young et al., 2006; Trewby et al., 2014; Hof et al., 2019) and 

occupancy (Williams et al., 2018a) of hedgehogs in rural landscapes (see also Pettett et 

al., 2018b). 

Following enhanced legal protection in 1974, badger numbers in England and Wales 

have increased from approximately 250,000 in the 1980s, to 485,000 in 2014 (Judge et 

al., 2014, 2017). Whilst badger densities are higher in England and Wales than elsewhere 

in the native range (Johnson et al., 2002), this increase is replicated in continental 

Europe (van Moll, 2005). In England and Wales the badger population is typically 

concentrated in lowland pastoral landscapes (Judge et al., 2014, 2017) which is also 

favourable to hedgehogs in the absence of badgers (Hof et al., 2019). However, 
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hedgehog abundance is now thought to be higher in areas that are generally less 

suitable, such as areas dominated by arable land, due to a lower abundance of badgers 

(Hof et al., 2019).  

Hedgehogs are absent from areas of higher badger abundance (Micol et al., 1994; Young 

et al., 2006; Parrott et al., 2014; Williams et al., 2018a), and breed at lower levels close 

to badger setts (Hubert et al., 2011). In the early 1990s Micol et al. (1994) postulated 

that hedgehogs would be absent from most areas with badger sett densities above 0.23 

km-2. However, this limit has been exceeded throughout much of England and Wales, 

with Judge et al., (2014, 2017) recording badger sett densities ranging from 0.26 km-2 in 

upland areas to 5.98 km-2 in undulating pastoral areas. Despite this change, hedgehogs 

were present in a recent survey of England and Wales in areas where badger sett density 

was <3.29 main setts km-2 (Williams et al., 2018a) suggesting that the species is possibly 

more able to co-exist with badgers than suggested by Micol et al.'s earlier study. 

Similarly, hedgehog counts on amenity grassland, a key habitat for hedgehogs (Parrott et 

al., 2014; Pettett, et al., 2017b), varied from 0.2–1.0 hedgehogs ha-1 in areas where 

badgers were not culled as part of the Randomised Badger Culling Trial to investigate the 

effect of different culling strategies on the prevalence of bovine tuberculosis in cattle, to 

0.9–2.4 ha-1 in where badgers were culled (Trewby et al., 2014). The speed and 

magnitude of this change (mean hedgehog abundance approximately doubled in one 

year but was then stable for three more years before increasing again) suggest two 

possible mechanisms. First, the increased number of hedgehogs observed as badger 

numbers were reduced could reflect increased reproduction and/or survival rates; this 

mechanism would suggest that the greater impact of badgers is via predation. Second, 

as hedgehogs actively avoid badger odour when foraging (Ward et al., 1997; Monclús et 

al., 2006; Hof and Bright, 2012), the increase in hedgehog “numbers” observed could 

simply reflect the re-colonisation of habitat which they were avoiding; this mechanism 

would suggest the larger impact of badgers may be via avoidance. Unfortunately, no 

study to date has quantified how the movement patterns of hedgehogs change in 

response to the removal of badgers.   

One consistent observation from a growing number of studies, however, is that 

hedgehogs appear to be increasingly common in areas of human habitation, including 
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urban areas, as these are less frequently occupied by badgers (Doncaster, 1992; Young 

et al. 2006; Hubert et al. 2011, Van de Poel et al. 2015). However, urban areas also offer 

other additional advantages, but also disadvantages, for hedgehogs. These issues are 

discussed in the next section. 

Factors associated with the decline in hedgehogs in urban landscapes 

Other than a reduced abundance of badgers, urban areas are thought to be associated 

with an increased abundance of invertebrate prey (although there are very few data 

currently available to substantiate this perception) but especially food accidentally (e.g. 

refuse) or deliberately supplied by humans (Baker and Harris, 2007). At the very least, 

hedgehog populations are typically present at much higher densities than in rural 

habitats (e.g. Hubert et al. 2011, Van de Poel et al. 2015; Schaus et al. 2020) suggesting 

that food is abundant. However, urban areas are also associated with a range of factors 

that affect their survival, reproduction and movement patterns, some of which are 

similar to those seen in rural landscapes whereas other are novel. 

Like rural hedgehog populations, urban hedgehog populations are susceptible to the 

mortality and fragmentation risks associated with roads (Braaker et al., 2014, 2017). 

However, evidence from Bristol, England, suggests that urban hedgehogs may reduce 

the mortality risk associated with crossing roads by adjusting their nocturnal activity 

patterns such that they are most active in the latter half of the night when traffic volume 

is markedly lower (Dowding et al. 2010a). The second form of habitat fragmentation 

faced by urban hedgehogs is garden fencing: an increase in the quality, style (e.g. those 

with horizontal gravel boards) and maintenance of garden fences is believed to have 

reduced the ability of hedgehogs to move easily from garden to garden. Consequently, 

the PTES and British Hedgehog Preservation Society (BHPS) have launched “Hedgehog 

Street” (www.hedgehogstreet.org), a campaign to persuade householders to cut holes in 

or under their fences (“hedgehog holes”) to increase inter-garden connectivity. To date, 

>80,000 of people have signed up this campaign, although preliminary analysis of a 

questionnaire survey of these “Hedgehog Champions” suggest that only a small minority 

have actually created a hedgehog hole (A. Gazzard, pers. comm.). 

Urban gardens are also associated with a wide range of hazards which can injure or kill 

hedgehogs, including but not limited to: garden ponds; bonfires; garden strimmers 
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(which cause serious injuries to hedgehogs sleeping in grassy areas); domestic dogs; slug 

pellets; anticoagulant rodenticides (Dowding et al., 2010b); uncovered drains; discarded 

elastic bands (these can become trapped around the animal’s head and cut through the 

windpipe); and deliberate acts of cruelty. In addition, even those householders that put 

food out for hedgehogs can end up injuring or killing them. Historically, hedgehogs were 

often fed bread and milk, the latter resulting in diarrhoea as hedgehogs are lactose 

intolerant; despite a widespread campaign in the 1980s, this is still a recurrent problem 

today. More recent food-related problems relate to the use of bird foods such as 

unsalted peanuts and sunflower hearts which, along with a high abundance of some 

sugary fruits in commercially available hedgehog foods, can lead to dental decay or 

damage if they get stuck in the animal’s palate. The most serious issue, however, is the 

use of mealworms, which hedgehogs favour, but which cause a metabolic disorder 

whereby key minerals are leached from the animal’s bones resulting in brittle and 

distorted bones; such animals have to be euthanased. As a consequence of all these 

factors, hedgehogs are the mammalian species most commonly admitted to wildlife 

hospitals in England (Grogan and Kelly, 2013). 

Urban areas in Great Britain are also associated with large numbers of foxes (Scott et al., 

2014). Although not historically thought to be a major factor influencing hedgehog 

populations,  Trewby et al. (2014) reported an increase in both hedgehogs and foxes in 

relation to the culling of badgers, and Pettett et al. (2017b) found a positive correlation 

between the number of road-killed hedgehogs and the numbers of dead foxes. Further, 

Harris and Baker (2001) reported a substantial increase in hedgehogs observed alive and 

dead following a dramatic reduction in fox numbers due to an outbreak of sarcoptic 

mange. 

Hedgehogs in an anthropogenic world 

Whilst data from several different monitoring programmes indicate that British 

hedgehog populations have declined markedly in recent decades, the magnitude of this 

decline varies both within and between rural and urban landscapes. Associated with this 

decline are a broad range of underlying factors related to anthropogenic activities which 

can be expected to continue to negatively affect hedgehog populations. However, there 

are relatively few data that definitively support these factors as being detrimental to 
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hedgehog populations, with the possible exception of the role of badgers, although even 

in that case the underlying biological mechanism(s) is not known. In addition, there is a 

paucity of information about how these anthropogenic factors influence hedgehog 

survival rates, in part because of the practical challenges associated with studying this 

species. The following sections present key information related to the questions 

addressed in this thesis. 

Hibernation as a key period in hedgehog dynamics 

Hibernation has typically evolved to enable endothermic species to survive periods of 

prolonged food shortages as levels of energy expenditure are drastically reduced 

(Geiser, 2011; Staples, 2014; Ruf and Geiser, 2015). Multi-day bouts of torpor whereby 

high euthermic body temperature is suspended for periods lasting, on average, more 

than a week, differentiate hibernating species from those classed as daily heterotherms, 

which suspend the maintenance of a high euthermic body temperature for ~3-12 hours 

(Geiser and Ruf, 1995). Hibernating species tend to have slower reproductive rates 

(Turbill et al., 2011), potentially increasing their long-term vulnerability to human 

activities, including habitat fragmentation and changing climatic conditions (Inouye et 

al., 2000; Lane, 2012; Lane et al., 2012; Geiser, 2013). 

Hibernation is implemented by hedgehogs to avoid harsh winter conditions throughout 

much of their range (Reeve, 1994). However, it is a highly flexible strategy, for example 

Rasmussen et al. (2019a) suggested hibernation was delayed by up to one month due to 

a particularly mild autumn during a study of urban juveniles in Denmark.  In the UK, 

hedgehogs typically hibernate from November to March/April, with some variation 

dependent upon regional conditions (Reeve, 1994) . At the extreme of its geographical 

range in Finland,  hedgehog have been reported to hibernate continuously for more 

than 200 days (males: 224 ±4.8 days; females: 223 ± 2.5 days) (Rautio et al., 2014).  

Hibernation has typically been identified as a period of high risk for hedgehogs, although 

evidence to substantiate this assertion is limited and equivocal. Kristiansson (1990) 

observed that annual mortality rates in rural Sweden varied greatly with both age and 

season; mortality rates in summer (average 15%; range 2-33%) were markedly lower 

than in winter for adults (33%: 26%-43%) but especially for juveniles (33%: 6%-94%) 

(annual average: 34% in juveniles and 47% in adults and sub-adults). However, Walhovd 
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(1990) described such prior estimates as “over-rated”, and more recent studies suggest 

that survival rates during hibernation may be higher, e.g. 74% for juveniles in Denmark 

(Rasmussen et al., 2019a) and 83% survival in England (Yarnell et al., 2019) with the 

latter study suggesting that mortality in spring, post-hibernation, is the period of peak 

mortality. Earlier studies to quantify patterns of over-winter survival rates (e.g. Morris, 

1988; Kristiansson, 1990) have relied upon capture-mark-recapture techniques, but as 

these are not able to discriminate between deaths and emigration from the study area 

they are likely to generate biased estimates of over-winter mortality. 

To survive hibernation, hedgehogs must accumulate sufficient subcutaneous fat 

reserves. Previous estimates suggest this minimum body mass may be as high as 600-

650 g (Bunnell, 2002) or as low as 450 g (Morris, 1984); one animal weighing just 175 g 

reportedly survived hibernation in the western edge of the species’ range in Ireland 

(Haigh et al., 2012b). During hibernation, animals may lose 20-30% of their body weight 

(Jensen 2004; Rasmussen et al. 2019a), and is likely to increase the more often 

hedgehogs have to rouse temporarily to move nests in response to e.g. increases in 

temperature or disturbance.  

Hedgehog hibernacula must serve the dual purposes of keeping individuals warmer than 

the ambient temperature whilst also permitting exchange of respiratory gasses. To avoid 

physiological damage, hedgehogs must rouse from hibernation if the body temperature 

drops below 0°C; however, they can minimise the need to do this by building a suitably 

insulated nest that maintains its internal temperature above this critical threshold. 

Consequently, hedgehogs need access to suitable materials (mainly the leaves of 

broadleaved trees) to construct their winter nests (Morris, 2018). In addition, it is also 

reasonable to assume that nests must be sites in locations that minimise the likelihood 

of being detected by a predator or trampled accidentally (Morris, 1973). Furthermore, 

hedgehogs may need to have several suitable sites in close proximity to one another in 

order to minimise the risks associated with moving location if they have to do so (Reeve 

and Morris, 1985). Given these requirements, habitat loss, habitat degradation, climate 

change and fragmentation, as well as disturbance by livestock and humans, could all 

negatively impact over-winter survival rates of hedgehogs by e.g. reducing the ability of 

hedgehogs to build up fat reserves, reducing the availability of suitable sites and suitable 

nest materials, and increasing the frequency with which they move between nest sites. 
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Wildlife rehabilitation to address anthropogenic losses 

Wildlife rehabilitation involves the treatment and temporary care of injured, diseased or 

orphaned animals and the subsequent release of healthy animals to appropriate habitats 

in the wild (Miller, 2012).  Whilst rehabilitation is a global pursuit, there is little 

understanding of its role in helping conservation programmes (Pyke and Szabo, 2017) in 

particular in helping reversing species’ declines. Any benefit arising from wildlife 

rehabilitation will be related to the number of individuals of a given species entering 

rehabilitation centres, the success rate of rehabilitation practices and the survival rate of 

animals post-release. 

Although hedgehogs are known to be the mammal species most commonly admitted to 

wildlife hospitals / centres in England (Reeve and Huijser, 1999; Kirkwood, 2003; Grogan 

and Kelly, 2013), there is no detailed estimate of the numbers involved, although various 

assessments have been made (Table 1.1). For example, Molony et al. (2007) suggested 

30,000-40,000 casualties (all bird and mammal species) are admitted to wildlife hospitals 

annually, whilst Grogan and Kelly (2013) proposed a figure of 71,000 may be more 

accurate across England and Wales. In addition, Barnes and Farnworth (2016) estimated 

veterinary professionals may see more than 131,000 animals each year across the UK.  

However, none of these authors accounted for the fact that the hedgehog rehabilitation 

community in Great Britain contains an unknown number of small-scale rehabilitators 

who operate from their own homes. For example, the BHPS estimates that there may be 

as many as 800 hedgehog rehabilitators operating in the UK (Morris, 2018), whereas 

Mullineaux and Kidner (2011) suggested a total of 80 wildlife centres and the estimate of 

Grogan and Kelly (2013) outlined above was based upon a request to 123 individuals/ 

organisations. 
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 Table 1.1 Summary of studies outlining the number of hedgehog admissions to European wildlife rescue centres and veterinary practices 

Species recorded National estimate of treatment Sample size No (%) 
hedgehogs  

Rate of survival 
to release 

Identified factor 
for success 

Citation 

All British wildlife 
species admitted 

>131,000 animals (range 90,0444-
173,173) based on 10% of 1706 vet 
practices responded.  

8,081 
admissions to 
143 practices  

1,932 reported 
(23.9%) 

-  -  Barnes and 
Farnworth, 
2016 

Badger, blackbird, 
hedgehog, red fox, 
tawny owl, starling, 
house sparrow  

 Not reported 4 RSPCA 
hospitals 

5,187 over 4 
years; 754 
(14.5% of all 
admissions) 

39% for all 
species combined  
53% for 
hedgehogs  

Severity of injury Molony et al., 
2007 

All British wildlife 
species admitted 

71,000 27 - 40% assumed 
across all spp.  

- Grogan and 
Kelly, 2013 

All British wildlife 
species admitted 

4,000 1 wildlife 
hospital 

- None identified  - Mullineaux and 
Kidner, 2011 

European hedgehog 
Algerian hedgehog  

- 412 over 5 years 
78 over 5 years 

- 69% survived to 
release 

Cause of 
admission 

Martínez et al., 
2014 

European hedgehog - 168 over 3 years - 74% nestlings  
55% juveniles 
58% adults 
68% overall 

- Bunnell, 2001 

European hedgehog - 1 wildlife 
hospital (Jersey) 

3000  65%  - Morris, 1998 

British wildlife  - 16,000 
admissions to 
BWRC centres  

- 42% for all spp. 
31% for mammals 

- Kirkwood, 2003 

All British wildlife 
species admitted 

- 10,000/yr  
~35 centres 

16.5% of all 
admissions 

35% - Kirkwood and 
Best, 1998 

European hedgehog - 12,397 16% of all 
admissions 
54% of 
mammals 

- - Reeve and 
Huijser, 1999 
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Given the possible scale of hedgehog rehabilitation in the UK, information on the numbers 

of animals admitted annually, the reasons for those admissions, and rates of survival to 

release are potentially important metrics in understanding how hedgehog populations 

may be faring but also helping to identify underlying causes. Cross-collaboration between 

individuals / organisation would also act to enhance triage, treatment and release 

practices, and maximise animal welfare standards (Mullineaux, 2014). Combining 

databases across multiple agencies would also increase sample sizes and geographic scope 

(Martínez et al., 2006; Ancillotto et al., 2013). However, wildlife rehabilitation is largely 

unregulated in the UK (Mullineaux, 2014; British Zoological Veterinary Association, 2016), 

with no mandatory requirement to record the number of animals admitted and released, 

to share good practice or to monitor post-release survival. Furthermore, there is no official 

requirement for rehabilitators to register with the BHPS, the body that unofficially 

oversees hedgehog rehabilitation in the UK.  

Wildlife hospitals also potentially serve as a useful educational “starting point”. For 

example,  previous studies of admission records have suggested that anthropogenic 

factors were associated with 40-50% of admissions and 59% of deaths of hedgehogs in 

wildlife hospitals (Kirkwood and Best, 1998; Reeve and Huijser, 1999; Kirkwood, 2003). As 

such, wildlife rehabilitators are in the best position to identify risk factors that members of 

the public need to be informed about in order to help minimise the number of casualties; 

this is particularly pertinent now, when many people have access to the internet. To date, 

several such campaigns have been undertaken relating to e.g. the health implications of 

giving hedgehogs milk to drink, and the risks posed by bonfires on Guy Fawkes Night and 

New Year’s Eve. In addition, members of the public also need to be able to access 

information about when not to pick up wild animals (Martínez et al., 2014). At the most 

basic level, such education strategies require knowledge of the relative importance of 

each of these factors leading to admission and how these may be changing over time 

(Pyke and Szabo, 2017).  
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Overall, therefore, there is evidence to suggest that rehabilitated animals can have post-

release survival rates similar to those of wild individuals, but with the potential for high 

numbers of losses in some circumstances (Vogelnest, 2008). A range of factors can be 

identified that are likely to affect post-release success related to practices within hospitals 

themselves but also at release sites, for example: veterinary screening prior to release; 

release methodology (soft versus hard release); release location (site of origin versus new 

site) or habitat; or the number of animals released together (Molony et al., 2006).  

Ideally, current conservation programmes used to monitor hedgehog populations in the 

UK would not only help to provide information on the absolute or relative change in 

population size over time, but also help to inform the reasons for such changes (e.g. 

variation in summer and winter weather patterns). Such studies do, however, require 

long-term data sets, but the field is now potentially at the point where these programmes 

may allow such analyses to be conducted (e.g. several programmes have been running for 

~20 years; Figure 2a-c) and data from wildlife rehabilitation organisations such as the 

Royal Society for the Protection of Animals (RSPCA) may be available for longer time 

periods (Dowding, 2007). In addition, rehabilitation data would allow a more detailed 

analysis of some aspects of inter-annual trends in numbers as information on e.g. sex, age 

and reason for admission are recorded. 

Whilst wildlife rehabilitation is widely considered to be primarily for animal welfare rather 

than conservation (Mullineaux, 2014; Pyke and Szabo, 2017), depending on the scale at 

which such activities are occurring this view may be challenged. Lunney et al. (2004) 

suggested that with a comparable rate of survival and breeding between wild koalas 

(Phascolarctos cinereus) and those released after burning incidents, rehabilitated animals 

have the potential to contribute to the recovery of populations depleted by fire. Further, 

Thomas et al. (2013) concluded that following the rescue and release of green sturgeon 

(Acipenser medirostris) in the Sacramento River, California, a population decrease of 7% 

was predicted as a result of future stranding events with rescue and release, compared to 

33% decrease without such interventions.  
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In summary, wildlife rehabilitators potentially have an important role to play in helping 

the conservation of wild hedgehog populations by e.g. boosting local populations, 

enhancing understanding of potential threats, helping identify areas for future research 

and supporting understanding of underlying ecological mechanisms associated with the 

decline in hedgehog numbers. However, there is currently limited understanding of how 

rehabilitators operate, and the scale on which they contribute to the wild population, 

both of which warrant further investigation.  

Post-release monitoring and survival rates 

For rehabilitation to be considered successful, those animals which are released should 

ideally have survival rates comparable to individuals that do not enter hospitals and form 

part of the local breeding population. In the absence of either of these outcomes, 

rehabilitation can be considered, at best, a waste of resources; at worst, the presence of 

rehabilitated animals in the local population could lower overall survival and/or 

reproductive rates by virtue of negative density-dependent feedback mechanisms 

(Kirkwood and Sainsbury, 1996). Additional risks associated with wildlife rehabilitation 

include the introduction of parasitic diseases and potential genetic effects on recipient 

populations (Mullineaux, 2014). 

A range of studies have examined post-release survival rates in a range of habitats in 

Great Britain. Documented survival rates are: 58% (n = 12) after nine weeks (Morris and 

Warwick, 1994); 33% (n = 12) after 6 weeks (Sainsbury et al., 1996); and 42% survival after 

108 days (n = 12) (Reeve, 1998). Two studies have documented the survival rates of 

hedgehogs translocated from the Uist Islands in Scotland to mainland Britain. Warwick et 

al. (2006) recorded a 28-day survival rate of 67-80% for animals released into a Scottish 

Country Park (n = 20). Conversely, survival rates of rehabilitated hedgehogs released into 

urban Bristol (73% after 8 weeks; n = 20) were comparable to populations of both wild 

hedgehogs in the city (64-95%; n = 20) and to a population of animals from the Uist Islands 

that had spent a period of 4 weeks in captivity (n = 23) (Molony et al., 2006). Most 

recently Yarnell et al. (2019) found no significant difference in the survival of rehabilitated 
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hedgehogs (91%; n = 34;) released in winter when compared to wild (82%; n = 23) 

counterparts over a mean of 133.8 days. 

Overall, therefore, there is evidence to suggest that rehabilitated animals can have post-

release survival rates similar to those of wild individuals, but with the potential for high 

numbers of losses in some circumstances (Vogelnest, 2008); factors that could affect post-

release success related to practices within hospitals themselves and at release sites 

include veterinary screening prior to release, release methodology (soft versus hard 

release), release location (site of origin versus new site), and the number of animals 

released together (Molony et al., 2006). As such, wildlife rehabilitators potentially have an 

important role to play in helping the conservation of wild hedgehog populations by e.g. 

boosting local populations, enhancing understanding of potential threats and helping 

identify areas for future research. However, there is currently limited understanding of the 

structure and characteristics of the collective rehabilitation community, and the number 

of hedgehogs passing through these hospitals on an annual basis.  

Methods of hedgehog surveying and detection 

Effective estimation of the population size is essential for the development of effective 

conservation plans, and for determining whether these are successful or not. Both direct 

(observing the animal itself) and indirect (observing field signs) methods may be required 

to accurately determine a species’ range and abundance (Langbein et al. 1999, Wilson and 

Delahay 2001; Day et al. 2016). Indirect counts are based on counts of “field signs” such as 

refugia (Waters et al. 2011; Judge et al. 2014), tracks (Alibhai et al. 2017; Williams et al. 

2018a, b), scats (Churchfield et al. 2000; Day et al. 2016; Cortázar-Chinarro et al. 2019; 

Mwebi et al. 2019) and/or feeding signs (Redpath et al. 2001; Meek et al. 2012), or e.g. 

counts of animals killed on roads (Baker et al. 2004; Seiler et al. 2004; Bright et al. 2015) or 

by hunters (Aebischer et al. 2011; Aebischer 2019). Such indirect approaches have tended 

to be used where direct methods are not possible (e.g. the focal species occupies a habitat 

where direct observation is not possible), or because they are cheaper (Alibhai et al., 

2017). The use of indirect measures is, however, predicated on the assumption that they 
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reflect population size per se or some relative measure of population size, but it is known 

that they can be associated with a range of confounding factors that make estimates 

uncertain and interpretation of data difficult (McDonald and Harris 1999; Bright et al. 

2015). As a nocturnal, elusive species, surveying hedgehogs can be challenging, but with 

suspected decline of the UK population accurate recording methods are essential. 

Footprint-tunnels provide an indirect measure 

The use of footprint tunnels, originally developed to determine the utilisation of burrow 

systems by burrowing mammals (Mayer, 1957; Lord et al., 1970) provides a cost effective, 

indirect measure for recording the presence of small mammals. The standard design for 

surveying hedgehogs is a corrugated plastic board (for hedgehogs a minimum of 50 x 80 

cm) folded into a prism, with sheets of A4 white paper attached to each end of the base; 

strips of masking tape coated in a mix of paraffin or vegetable oil and carbon black is then 

placed either side of a centrally positioned food bait (cat/hedgehog biscuits, tinned dog 

food or similar for hedgehogs) (Figure 1.4). When animals walk through the tunnel, their 

footprints are left on the paper.   

 

Figure 1.4. Footprint tunnel for detecting hedgehogs with an indication of hedgehog footprints 

(Thomas and Wilson, 2018) 

Footprint-tunnels have been used successfully in studies of both urban (Williams et al., 

2018b) and rural (Yarnell et al., 2014; Williams et al., 2018a) populations, with each site 
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surveyed for a continuous five day-period. Whilst tunnels will typically only determine 

presence or absence, changes in occupancy in the order of 25% would be accurately 

detected (Yarnell et al., 2014). Success with the method in other studies has, however, 

been variable. For example, Haigh et al. (2012a) only recorded hedgehogs at two of three 

surveyed sites, and tunnels were not utilised by hedgehogs at all in Regent’s Park in 

London (Gurnell and Bowen, 2016). The reasons for these differences are unknown. 

Spotlights 

The use of high powered spotlights, typically of 1-2 million candles have been used 

globally for searching for nocturnal species including great crested newts (Triturus 

cristatus) (Langton et al., 2001), European hares (Lepus europaeus) (Santilli and Galardi, 

2016), red foxes (Parrott et al., 2012) and badgers (Hof et al., 2012), as well as hedgehogs 

(e.g.  Hof et al., 2012; Pettett et al., 2017b; Rast et al., 2019; Yarnell et al., 2019).  In the 

case of hedgehogs, spotlights can be used to estimate presence/absence but also as a tool 

to help estimate relative abundance since individuals can be easily captured and marked; 

to date, however, no one has attempted to use spotlighting as a method for estimating 

absolute density (e.g. using DISTANCE sampling) because of low contact rates (e.g. Poulton 

and Reeve, 2010). Marking individuals is usually achieved through the application of 5-10 

small plastic markers to spines, attached either with glue (Molony et al., 2006; Dowding et 

al., 2010a; Abu Baker et al., 2017) or heat (Doncaster, 1993), or through the insertion of a 

microchip (Doncaster, 1994). However, spotlight surveys which involve the physical 

capture of the hedgehog itself can only be undertaken under licence from Natural England 

(or other relevant devolved government agencies) as hedgehogs are listed on Schedule 6 

of the Wildlife and Countryside Act, 1981, which restricts the use of dazzling devices as a 

capture device.  

During spotlight counts, sites are typically searched systematically on 3-5 occasions (Micol 

et al., 1994) often along the margins of fields or amenity grassland (Haigh et al., 2012b) or 

following a pre-determined transect route. Detection rates vary, with approximately one 

hedgehog detected per km surveyed (Thomas and Wilson, 2018), although Haigh et al. 
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(2012a) considered spotlighting to be the most effective form of surveying in comparison 

to footprint tunnels, with a detection time of four nights for spotlighting compared to 48 

nights with footprint tunnels. Upon detection, hedgehogs will typically display a predator 

avoidance response, such as curling into a ball or running for nearby cover. 

Farms with woodland have been identified as reporting hedgehogs at a higher rate than 

those without (Micol et al., 1994), although less time is spent in woodland than in pasture 

fields (Doncaster, 1993; Pettet et al. 2017) and hedgehogs favour woodland edges over 

other habitats (Doncaster et al., 2001). Detecting hedgehogs in woodland is challenging 

because of the high vegetation. However, developing a technique capable of detecting 

hedgehogs in this habitat is particularly important, given that broadleaved woodland is 

considered to be the most important habitat for hedgehogs nationally (Mathews et al., 

2018).  

VHF/GPS  

Very High Frequency (VHF) and Global Positioning System (GPS) tags have been used 

internationally to study the movements of animals in a wide range of environments and 

contexts including in dense tropical forest river systems (Martin and Da Silva, 1998), 

during migration (García-Rippolles et al., 2010), and marine mammals in the open ocean 

(Kuhn et al., 2009). VHF tags are generally cheaper than GPS tags, but require that the 

animal is tracked physically by an observer whereas GPS tags allow an animal to be 

tracked remotely. VHF technologies can also be incorporated within GPS tags to allow 

retrieval of the latter (Recio et al., 2011). 

For tracking hedgehogs, tags can be attached to a clipped portion of spines using dental 

adhesive or epoxy/acrylic resin (Glasby and Yarnell, 2013; Rautio et al., 2013); 

alternatively, Barthel et al. (2018) suggested attaching a small piece of Velcro® to the 

spines so that successive tags can be replaced more easily, circumventing problems 

associated with the limited life span of tracking devices associated with the small body 

weight of hedgehogs. Total tag weight is typically 7-30 g but should  be no more than c. 
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5% of the animal’s body mass in accordance with international guidelines, whilst allowing 

for changes in mass e.g. during hibernation (Sikes and Gannon, 2011). Consequently, 

hedgehogs <600 g are rarely tagged (Yarnell et al., 2019). 

Both techniques are beneficial in quantifying home range size and distance travelled 

(Morris, 1988; Rautio et al., 2013), survival rates (Rasmussen et al., 2019a), nesting 

behaviour (Reeve and Morris, 1985), and patterns of behaviour following release from 

wildlife rescue centres (Hof and Bright, 2010b; Yarnell et al., 2019). 

Thermal cameras 

Infra-red thermography (IRT), or thermal imaging cameras (TIC) detect radiation at 

wavelengths of 9-14 µm on the electromagnetic spectrum, which are emitted by all 

objects on the Earth (Bowen et al., 2019). The amount of infra-red light emitted varies 

with temperature, allowing detection of objects of different materials to be visualised in 

the absence of visible light (Figure 1.5). Such devices are used widely in the medical and 

natural sciences, providing a safe and non-invasive diagnostics tool for disease detection 

in plants (Smigaj et al., 2015), and animals (Dunbar et al., 2009), and to assess animal 

welfare (Yarnell et al., 2013; Foster and Ijichi, 2017).  

 

Figure 1.5. Infra-red thermography (IRT) cameras visualise the radiation emitted by all objects, 

allowing objects to be seen in the absence of visible light, in this instance a hedgehog  
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IRT has also been utilised for surveying wildlife, and for the detection of wildlife poachers, 

either passively (Damm et al., 2010) or actively (Keller et al., 2019). IRT cameras can also 

be attached to aerial drones to increase the area and distance covered (Chrétien et al., 

2015). IRT has repeatedly been tested against other survey methods for a wide range of 

species (Storm et al., 2011; Keller et al., 2019;) and also have the potential to detect 

animals in dens/nests (Smith et al., 2020), including during hibernation (Bartonička et al., 

2017), although there are limitations due to environmental conditions (Smith et al., 2020).  

The use of IRT cameras has been assessed in hedgehogs in Regents Park, London, and 

were found to be more effective than spotlight surveying: 53% of hedgehog sightings were 

via the use of an IRT camera, compared to 42% by spotlight, 3% by sound and 2% went 

undetected (Bowen et al., 2019). Detection distance was also greater for IRT cameras than 

spotlights (IRT camera: mean 30 m, range 1–200 m; spotlights: mean 12 m, range 1–50 m), 

and volunteers quickly learnt how to use the cameras to detect hedgehogs. In addition, 

IRT cameras can be used to detect hedgehogs without the requirement for licensing, 

although they are considerably more expensive than spotlights (£500-£7000 per camera, 

compared to £40-£174 per torch; Thomas and Wilson, 2018). However, the model of 

camera used, and its settings, will significantly affect results e.g. Haigh et al. (2012a) found 

that hedgehogs could not be detected at a distance of even 1m using a Testo 880 range 

camera, whilst Bowen et al. (2019) detected hedgehogs over distances of up to 200 m 

(mean = 30 m, range = 1-200 m, n = 133) with a FLIR E60. This variability reduces the direct 

comparability of results from different studies. 

Summary and thesis outline 

Overall, the population status of the hedgehog in Great Britain is uncertain. Whilst there is 

significant evidence of a decline, potentially up to 50% in some places, questions remain 

regarding the scale at which this decline is occurring in some habitats, most notably in 

woodland, potentially due to limitations in survey methods available. Whilst much 

attention has been given to specific aspects of the species’ ecology, such as its interaction 
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with badgers and the impact of urbanisation on hedgehogs, little attention has been paid 

to anthropogenic interactions that may impact upon survival. 

As discussed here, the arable landscape is one that may be particularly inhospitable to this 

species, during a time of potentially greatest risk: hibernation. Further understanding of 

how hibernation may affect survival and present critical challenges is key to understanding 

the annual lifecycle of this mammal of conservation concern. This is therefore a particular 

focus in this thesis, along with other aspects of human:wildlife interaction, most notably in 

wildlife rehabilitation. Further understanding of factors that lead to the admission and 

survival of animals within rehabilitation, and the degree to which this practice can 

contribute to the survival of the species as a whole, requires further investigation. 

The following thesis is written as a series of chapters (Chapters Two to Five), each 

presented as an individual research paper for submission to peer-reviewed journals, hence 

some variation in style and formatting, and some degree of repetition. These papers are 

drawn together with the final chapter (Chapter Six) to provide overarching discussion and 

recommend areas of further research. This work has been undertaken in collaboration 

with external organisations, most notably People’s Trust for Endangered Species (PTES) 

and the British Hedgehog Preservation Society (BHPS), as well as with collaborators at 

University of Reading, Nottingham Trent University, Keele University and Conservation K9 

Consultancy.  
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CHAPTER TWO 

As outlined previously, hibernation has been proposed (Kristiansson, 1990) and debated 

as (Rasmussen et al., 2019a; Yarnell et al., 2019) a potentially high risk time for 

hedgehogs, and the arable landscape is suggested as particularly unfavourable (Hof and 

Bright, 2012; Hof and Bright, 2016; Williams, et al., 2018a), so determining how 

effectively hedgehogs survive hibernation in this landscape is important to establishing 

the degree to which survival occurs. Hibernation success may be dependent upon a range 

of habitat factors associated with agricultural intensification and climate change, which 

may affect: changes in body mass during hibernation and during the rest of the year, 

changes in mortality rates and changes in the way hedgehogs utilise the landscape for 

nesting, both in relation to the sites selected for nests and how frequently they move 

between nests.  

Therefore, in this chapter, data regarding the movements between nests of hedgehogs at 

two contrasting rural sites over two winters are considered. In this study I utilised radio 

tracking to quantify: (i) habitat factors associated with nest site selection and movements 

in the rural landscape over-winter; (ii) over-winter changes in body mass; (iii) patterns of 

nest-site occupancy and movement; (iv) over-winter survival rates.  

The manuscript presented in this chapter has been submitted for publication in the 

journal Animals, in a special issue: Applied Hedgehog Conservation.  

My contribution to the work: 

I undertook all survey work at the Hartpury campus and conducted the analysis with input 

from Dr Richard Yarnell and Dr Antonio Uzal at Nottingham Trent University, and from Dr 

Luke Evans and Dr Philip Baker at Reading University. I wrote the manuscript with Dr 

Philip Baker, with editorial input from all co-authors.  
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Over-Winter Survival and Nest Site Selection of the West-European 

Hedgehog (Erinaceus europaeus) in Arable Dominated Landscapes 

Simple Summary: Hedgehogs (Erinaceus europaeus) have declined markedly in the UK in 

recent decades. One key stage that could affect their population dynamics is the annual 

winter hibernation period. Therefore, we studied two contrasting populations in England 

to examine patterns of winter nest use, body mass changes and survival during 

hibernation. On average, animals at both sites weighed the same prior to, and used the 

same number of nests, during hibernation. There was a marked difference in survival rates 

between the two sites, but no animals died during hibernation; all deaths occurred prior 

to or after the hibernation period, mainly from predation or vehicle collisions. Hedgehogs 

consistently nested in proximity to some habitats (hedgerows, roads, woodlands) but 

avoided others (pasture fields); the use of other habitats (arable fields, amenity grassland, 

buildings) varied between the two sites. These data suggest: (i) that hibernation was not a 

period of significant mortality at either site for individuals that had attained a sufficient 

weight (>600 g) in autumn; but that (ii) habitat composition did significantly affect the 

positioning of winter nests, such that different land management practices (historic and 

current) could influence hibernation success. 

Abstract  

The West-European hedgehog (Erinaceus europaeus) has declined markedly in the UK. The 

winter hibernation period may make hedgehogs vulnerable to anthropogenic habitat and 

climate changes. Therefore, we studied two contrasting populations in England to 

examine patterns of winter nest use, body mass changes and survival during hibernation. 

No between-site differences were evident in body mass prior to hibernation nor the 

number of winter nests used, but significant differences in overwinter mass change and 

survival were observed. Mass change did not, however, affect survival rates; all deaths 

occurred prior to or after the hibernation period, mainly from predation or vehicle 

collisions. Hedgehogs consistently nested in proximity to hedgerows, roads and 

woodlands, but avoided pasture fields; differences between sites were evident for the 

selection for or avoidance of arable fields, amenity grassland and buildings. Collectively, 

these data indicate that hibernation was not a period of significant mortality for 
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individuals that had attained sufficient weight (>600 g) pre-hibernation. Conversely, 

habitat composition did significantly affect the positioning of winter nests, such that 

different land management practices (historic and current) might potentially influence 

hibernation success. The limitations of this study and suggestions for future research are 

discussed.  

Keywords: Erinaceus europaeus; farmland; habitat fragmentation; hedgerow; hibernacula; 

hibernation; mammal; nest 

Introduction 

Agricultural intensification and climate alteration are two anthropogenic processes that 

have profound impacts on natural ecological systems (Parmesan, 2006; Firbank et al., 

2008; Tscharntke et al., 2012; Tuck et al., 2014; Veach et al., 2017; Zabel et al., 2019). The 

effects arise from a wide range of underlying causal factors including: habitat destruction, 

fragmentation and degradation (Ellis et al., 2010; Crooks et al., 2011); the introduction of 

livestock, diseases and non-native biological control agents (Robinson et al., 2014; 

Wiethoelter et al., 2015; Gordon, 2018; Howell et al., 2019; Öllerer et al., 2019); the 

management of wildlife where they conflict with human interests (Eklund et al., 2017; van 

Eeden, et al., 2018a); the application of chemical biocides (Garcês et al., 2020); and 

changes in the phenology of key biological events (Brown et al., 2013; Kharouba et al., 

2018). Collectively, these factors have led to the decline, extirpation and extinction of 

large numbers of species (Butchart et al., 2010; Hoffmann et al., 2010; Di Marco et al., 

2014; Maxwell et al., 2016; Dudley and Alexander, 2017; Stanton et al., 2018), but also 

increases in the abundance and geographic range of others (e.g. Long, 2003; Clout and 

Russell, 2007). 

One group of species that might be expected to be particularly affected by agricultural 

practices and changing climatic conditions are hibernators (Inouye et al., 2000; Lane, 

2012; Lane et al., 2012; Geiser, 2013). Hibernation has typically evolved to enable species 

to survive periods of prolonged food shortages by dramatically reducing levels of energy 

expenditure (Geiser, 2011; Staples, 2014). One consequence of this is that hibernating 

species tend to have slower reproductive rates (Turbill et al., 2011), potentially increasing 

their long-term vulnerability to human activities. 



 

39 
 

The West-European hedgehog (Erinaceus europaeus, hereafter ‘hedgehog’) is a medium-

sized (<1.2 kg) insectivorous mammal found from the Iberian Peninsula and Italy 

northwards into Scandinavia (Morris and Reeve, 2008). In Great Britain, hedgehogs were 

historically found throughout a broad range of agricultural landscapes (Burton, 1969; 

Tapper, 1992; Arnold, 1993; Lovegrove, 2007), but rural populations have declined 

markedly in recent decades (Hof and Bright, 2016; Mathews et al., 2018; Williams, et al., 

2018a). Consequently, hedgehogs are now increasingly found within areas of human 

habitation in this country (Young et al., 2006; Parrott et al., 2014; Pettett et al., 2017b) 

and elsewhere (Hubert et al., 2011; Van de Poel et al., 2015). Associated with this decline 

has been a substantial reduction in the availability (Robinson and Sutherland, 2002) and 

quality (Carey et al., 2008; Wright, 2016; Dover, 2019) of hedgerows, an important habitat 

for foraging (Hof and Bright, 2010b), dispersal (Moorhouse et al., 2014) and refuge (Hof et 

al., 2012), and a substantive increase in the numbers of badgers (Meles meles) (Judge et 

al., 2014, 2017), an intra-guild predator (Trewby et al., 2014). 

During hibernation, hedgehogs face specific challenges. First, they need to accumulate 

sufficient fat reserves to survive for a period of many months; in Great Britain, hedgehogs 

typically hibernate from  October/November to March/April (Morris and Reeve, 2008), 

although the exact timing is dependent on a combination of both temperature and food 

availability (Morris, 2018). Second, they need to find enough appropriate building 

material(s) to construct a hibernaculum that will maintain the environment within the 

nest at an appropriate temperature; nests are preferentially constructed from the leaves 

of broadleaved trees (Morris, 1973). Third, the habitat must be sufficiently diverse that it 

offers a range of nesting locations in close proximity to one another so that an individual 

can relocate safely if necessary. In addition, by nesting at ground level, hedgehogs are 

susceptible to a range of other factors such as flooding, trampling by livestock, and 

disturbance by e.g. land managers, walkers and domestic dogs (Canis familiaris). Finally, 

changes in temperature patterns throughout winter may cause hedgehogs to rouse from 

hibernation when natural food availability is limited. 

Hibernation success is, therefore, dependent on several factors, all of which may be 

negatively affected by agricultural intensification and/or climate change. For example: hot 

dry summers, soil compaction from heavy machinery and the application of pesticides and 
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molluscicides may all reduce food availability prior to hibernation and, therefore, limit the 

ability of animals to acquire sufficient fat reserves to successfully complete hibernation; 

habitat loss and degradation may limit the number of suitable sites for hibernacula, 

meaning that hedgehogs may be forced to use alternative locations/habitats where 

preferred nesting materials are not available or whether the risk of disturbance is greater; 

and warmer, wetter and/or more variable winters may cause animals to rouse more often 

and move between nests more frequently thereby depleting fat reserves and increasing 

susceptibility to some forms of mortality. Ultimately, such effects would be evident as: 

reductions in body mass before, and increased mass loss during, hibernation; an increase 

in the number of winter nests used and their placement in the environment; and an 

increase in over-winter mortality rates. These parameters would be expected to vary 

between areas undergoing different types of land management practice, and potentially 

between sexes (e.g. females may enter hibernation in poorer condition because of the 

energetic burden of rearing offspring, whilst males may finish hibernating earlier so that 

they can put on weight before the mating season). 

Given the wide range of ways in which human activities could affect this phase, 

hibernation could represent a key critical period in the dynamics of hedgehog populations 

(Morris, 1984; Kristiansson, 1990;). Despite its potential importance, little research has 

been conducted on the hibernation behaviour of hedgehogs in Great Britain in the last 40 

years (Morris and Reeve, 2008; Yarnell et al., 2019). Therefore, in this study, we radio-

tracked hedgehogs at one arable-dominated and one pasture-dominated site in England 

over the hibernation period to quantify differences in: (i) the number of winter nest sites 

used; (ii) patterns of habitat selection for nests; (iii) over-winter survival rates; and (iv) 

over-winter changes in body mass. 

Materials and Methods  

Data were collected from: (1) the Brackenhurst Campus (332 ha) of Nottingham Trent 

University, Nottinghamshire, UK (Universal Transverse Mercator (UTM): 53°03′47″N , 

000°57′50″W); and (2) Hartpury University and College campus (339 ha), Gloucestershire, 

UK (UTM: 51°54′18″N , 002°18′37″W). Both sites were mixed commercial farms alongside a 

university campus, managed under the Entry level Environmental Stewardship Scheme 

(Natural England, 2013). Brackenhurst is dominated by arable fields (68.7%), with pasture 
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fields, amenity grassland and woodland covering 24%, 2% and 3% of total land area, 

respectively. In contrast, Hartpury is dominated by pasture (35%) and amenity grassland 

(17%) with higher woodland (8%) and lower arable (31%) coverage. Hedgerow length at 

each site is 27.1 km-1 (Brackenhurst) and 16.9 km-1 (Hartpury). Badgers were present at both 

locations. Hedgehog densities estimated in 2017 using two different methods were 5.6-9.4 

km-2 at Brackenhurst and 4.3-12.5 km-2 at Hartpury (Schaus et al., 2020). 

Fieldwork was conducted from August 2015-May 2016 and August 2016-May 2017, 

inclusive. Hedgehogs were captured by hand at night under licence from Natural England 

(ref: 20130866) using a 1-million candlepower spotlight to systematically search arable 

fields, pasture fields and areas of amenity grassland. Sites were surveyed at least twice per 

week during August and September. Once captured, animals were sexed, given a visual 

health check and weighed using digital scales (Salter 1035 platform scales, Salter, UK). 

Healthy animals weighing ≥600 g were fitted with a VHF radio transmitter (10 g: <2% of 

body mass; Biotrack Ltd, UK) glued to a region of clipped dorsal spines. All animals, 

regardless of body mass, were marked with coloured heat shrink tubing attached to 10 

dorsal spines in a unique location; tubing was attached using a portable soldering iron. The 

capture location was recorded with a handheld GPS unit (Garmin GPS 60, Garmin, UK). 

Animals were released at the point of capture, typically within 15 minutes. 

Nesting Behaviour 

Determining the onset of hibernation for each individual using radio-tracking is difficult. 

Previous authors have tended to use either a criterion based on the number of successive 

days a single nest was used, although these have been variable (e.g. seven days (Haigh et al., 

2012b), one month (Rautio et al., 2014)), or based upon a defined time period (Yarnell et al., 

2019). In this study, the latter approach was used as it was not possible to definitively 

identify the onset of hibernation based upon patterns of nest use alone (see Results) and 

because it was plausible that hibernating animals may have moved nests following e.g. 

disturbance by human activities. 

Consequently, radio-tracking data were divided into three phases in line with the time 

periods defined by Yarnell et al. (2019): August-October (pre-hibernation); November-

March (hibernation period); and April (post-hibernation). In the pre-hibernation phase, 

animals were located one night each week to record body mass and check transmitter 
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attachment, and once per week during the day to determine the position of nests. In the 

hibernation phase, animals were located two-three times each week to determine the 

position of nests: searches were a minimum of two days apart. Radio-tracking was 

conducted using a Sika radio-tracking receiver and handheld, three element Yagi antenna 

(Biotrack). 

The location of nests was recorded with a GPS unit and marked with a cane close to the nest 

for future identification. The position of nests was considered in the context of its specific 

location (e.g. in an animal burrow, hedgerow, next to or underneath a building) and the 

surrounding habitats (e.g. gardens, pasture, woodland). Where possible, nests were 

examined once they had been vacated to identify the dominant and secondary nesting 

materials. After examination, all nest material was left in position for future use, as 

hedgehogs have been found to return to nests or to occupy those of other individuals 

(Morris, 2014). 

The number of nests used by each hedgehog was calculated for the time period 1st 

November-31st March inclusive. Where an individual had not been tracked before 1st 

November (n = 3) or up to 31st March (n = 3), one extra nest was added to the actual 

number recorded in line with the pattern of nest use observed for other animals. 

Differences in the number of nests used by males and females within and between the two 

sites were analysed using a Kruskal-Wallis test as the data were not normally distributed. 

Patterns of habitat selection for winter nests were quantified by comparing the 

characteristics of observed (used) nest locations with those of randomly selected locations 

within the area available to hedgehogs. Data for each site were analysed separately. The 

available area was defined as the minimum convex polygon (MCP) encompassing all the 

diurnal and nocturnal locations from all hedgehogs radio-tracked during the study period at 

that site; this was used to incorporate areas outside each individual’s home range (McClean 

et al., 1998), and is a more objective reflection of the area used by each hedgehog 

population collectively than an arbitrarily predefined study area (Uzal et al., 2013). Available 

nest locations were randomly sampled (10 times the number of used locations) within the 

MCP for each study area to create an available versus used dataset. The habitat 

characteristics of used and available nest locations were obtained by calculating the 

minimum Euclidian distances to each of the seven main land cover types (amenity grassland, 
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arable fields, buildings and associated hard-standing (hereafter ‘buildings’), hedgerows, 

pasture fields, roads and road verges (hereafter ‘roads’), woodland) found in both areas. All 

GIS analyses were carried out using ArcMap 10.3.1 software (Environmental Systems 

Resource Institute) . 

Resource Selection Functions (RSFs; Manly et al., 2007) based on generalised linear models 

for each site were used to quantify habitat selection. A logistic regression for each site was 

fitted, with the response variable being the used (1: GPS nesting locations) and available 

locations (0: random location within the MCP area defined above). Collinearity among 

explanatory variables was assessed using the Pearson correlation coefficient. At 

Brackenhurst, but not Hartpury, the minimum distances to amenity grassland and buildings 

were highly correlated (r = 0.7). Therefore, two different RSFs were built: Model A included 

amenity grassland but not buildings; Model B included buildings but not amenity grassland. 

Both amenity grassland and buildings were included in the Hartpury model. 

Akaike’s Information Criterion (AIC) (Burnham and Anderson, 2002; Zuur et al., 2009) was 

used for model selection. Parameter values were averaged across models within two AIC 

units of the best fitting model (Burnham and Anderson, 2002). 

Patterns of survival 

Survival rates were compared between sites using Kaplan-Meier analysis (Kaplan and Meier, 

1958). Sexes and years were combined because of relatively small sample sizes 

(Brackenhurst n = 10; Hartpury: n = 21), and because there was no apparent difference in 

the number of males and females that died at each site (see Results). Because animals were 

captured at different times, a staggered entry (Pollock et al., 1989) design was used: the first 

animal was captured (Day 1) on August 1st. To avoid potential biases associated with the ad 

hoc recovery of untagged individuals, only radio-tagged individuals were included in this 

analysis. Differences in survival between the two sites were quantified using a log-rank test. 

Body Mass Changes 

Differences in overwinter changes in mass were compared between sites and sexes using a 

series of general linear models. Mass loss was calculated using each individual’s mass at 

capture as close to the start and end of the hibernation period as possible; on average, 

animals were captured 15.5 days before November 1st and 2.6 days after March 31st. 
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Statistical models compared differences in body mass at the start of hibernation, and 

absolute and percentage mass change during hibernation. All models included SITE and SEX 

as fixed factors and included a SEX*SITE interaction term. Linear correlation was also used 

to compare the number of nest sites used during hibernation with absolute mass loss over 

the hibernation period. 

Data Analysis 

General linear modelling and Kruskal-Wallis analyses were conducted using MINITAB version 

19.1.1 and SPSS version 25, respectively. Survival analysis and RSF analyses were undertaken 

in R 3.3.3 (R Core Team, 2016) using lme4 and MuMIn packages (Bates et al., 2015; Barton, 

2019). All data were checked to ensure they conformed to the underlying assumptions of 

the tests used. All results are presented as mean (± SD) unless otherwise specified. As it was 

not possible to e.g. re-capture all tagged animals or access all nest sites, and because some 

animals perished during the course of the study, sample sizes vary between analyses. 

Results 

Forty hedgehogs were found during nocturnal surveys: 33 were fitted with radio 

transmitters (Table 2.1). Data on nesting behaviour during the hibernation period were 

collected from 21 hedgehogs. In total, 448 nocturnal locations, 138 nests, and 1028 

diurnal locations were recorded.  
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Table 2.1. Number of hedgehogs captured and radio-tagged at each site, the total number of 

nocturnal and diurnal locations recorded, and the number of nest sites identified. 

Nesting Behaviour 

The pattern of nest use was highly variable, with several animals using the same nest site 

for extended periods before and/or during the hibernation period (Figure 2.1). There was 

no significant difference in the number of nests used by males and female within and 

between the two sites (Kruskal-Wallis test: H = 0.60, DF = 3, P = 0.896). Combining the 

data, hedgehogs used a median of five nests (mean ± SD = 5.5 ± 2.3) across the 151-day 

hibernation period. Thirteen animals (62%) used at least one site for ≥89 days. 

RSF analyses indicated that woodland, roads, pasture and, to a lesser extent, hedgerows, 

were consistently included in the top (ΔAIC < 2) ranked models at both sites (Figure 2.2; 

Table 2.2). At both sites, hedgehogs selected nest locations closer to hedgerows, in 

vegetation alongside roads and in woodlands, but avoided pasture fields (Table 2.3). 

Between-site differences were evident for arable fields (neither selected nor avoided at 

Brackenhurst; avoided at Hartpury) and both amenity grassland and buildings (both 

selected for at Brackenhurst in each model where these habitats were included; neither 

selected nor avoided at Hartpury, or not retained in top-ranked models). 

 
Brackenhurst Hartpury TOTAL 

2015-2016 2016-2017 2015-2016 2016-2017 

No. captured & marked 7 (4♀:3♂) 3 (2♀:1♂) 22 (12♀: 10♂) 8 (3♀: 5♂) 40 (21♀:19♂) 

No. radio-tagged  7 (4♀:3♂) 3 (2♀:1♂) 18 (9♀:9♂) 5 (3♀:2♂) 33 (18♀:15♂) 

No. tracked during 
hibernation 

7 (4♀:3♂) 3 (2♀:1♂) 7 (4♀:3♂) 4 (2♀:2♂) 21 (12♀:9♂) 

Total no. of nests 
recorded  

(% accessible for 
recording composition) 

54 (59%) 12 (100%) 50 (66%) 16 (75%) 138 (65%) 

No. of nocturnal locations 
recorded 

103 74 210 61 448 

No. of diurnal locations 
recorded 

408 114 360 146 1028 
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Figure 2.1. Pattern of occupation of winter nests by hedgehogs at Brackenhurst (ID numbers prefixed by “B”) and Hartpury (ID numbers prefixed by “H”). 

Figures in horizontal bars indicate the number of days that each nest was estimated to be occupied based upon the sampling regime (see text for details). 

Vertical blue columns indicate the start (November 1st) and end (March 31st) of the hibernation period: dark and light shaded bars indicate nests excluded from 

and included in the analysis of the number of nests used over the hibernation period, respectively.  
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H9100 F

H2533 F
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Figure 2.2. Position of hedgehog winter nest sites (blue dots) at (a) Brackenhurst and (b) Hartpury in relation to habitat composition. 

(a) 

(b) 
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Table 2.2. Results of the top five a-priori models for predictors of habitat selection of hedgehog winter nests. 

Models are ranked based on their AIC values. Null model is also provided for comparison. Models indicated in 

bold were selected to build average models. Brackenhurst had two alternative maximal models, one including 

distance to amenity grassland (Brackenhurst Model A) and another including distance to buildings (Brackenhurst 

Model B). Habitats included in each of the top-ranking models are indicated by the “” symbol. 

Brackenhurst Model A   
Models (N = 64) 
Amenity 
grassland 

Buildings Hedgerows Pastures Roads Woodland Arable AIC ΔAIC AICw 

 Not 
included 

     357.5 0.00 0.38 

 Not 
included 

     
358.2 0.75 0.26 

 Not 
included 

     
359.4 1.94 0.14 

 Not 
included 

     
360.8 3.33 0.07 

 Not 
included 

     
362.2 4.67 0.04 

NULL 491.2 134.00 <0.01 
Brackenhurst Model B  

Models (N = 64) 
Amenity 
grassland 

Buildings Hedgerows Pastures Roads Woodland Arable AIC ΔAIC AICw 

Not 
included 

      350.2 0.00 0.41 

Not 
included 

      351.1 0.90 0.26 

Not 
included 

      352.1 1.89 0.16 

Not 
included 

      352.6 3.44 0.07 

Not 
included 

      354.3 4.09 0.05 

NULL 491.2 141.00 <0.01 
Hartpury  

Models (N = 128) 
Amenity 
grassland 

Buildings Hedgerows
  

Pastures Roads Woodland Arable AIC ΔAIC AICw 

       395.6 0.00 0.49 
       397.4 1.80 0.20 
       397.6 2.04 0.18 
       399.4 3.84 0.07 
       401.2 5.61 0.03 
NULL 464.4 68.8 <0.01 



 

49 
 

Table 2.3. Model averaged values of the best a priori models (ΔAIC <2) investigating habitat 

selection for winter nest sites. SE = standard error. Brackenhurst had two alternative models, one 

including distance to amenity grassland but excluding buildings (Brackenhurst Model A) and 

another including distance to buildings but excluding amenity grassland (Brackenhurst Model B). 

Negative values indicate a higher probability of nesting closer to that specific habitat.  

Brackenhurst Model A 

(3 best a-priori models) 

 Brackenhurst Model B 

(3 best a-priori models) 

 

Variable Estimate SE z p value  Variable Estimate SE z p value  

(Intercept) -0.281 0.439 0.640 0.522  (Intercept) -0.113 0.432 0.261 0.794  

Hedgerows -0.013 0.006 2.000 <0.05  Hedgerows -0.013 0.006 2.000 <0.05  

Pasture 0.017 0.006 2.942 <0.01  Pasture 0.017 0.006 2.877 <0.01  

Roads -0.012 0.005 2.544 <0.05  Roads -0.010 0.004 2.443 <0.05  

Woodland -0.020 0.003 5.919 <0.001  Woodland -0.020 0.003 5.607 <0.001  

Arable 0.002 0.002 1.127 0.260  Arable 0.002 0.002 1.062 0.288  

Buildings (not included)  Buildings -0.01 0.003 3.412 <0.001  

Amenity 
grassland 

-0.008 0.003 2.527 <0.05  Amenity grassland (not included)  

 

Hartpury 

(2 best a-priori models) 

 

Variable Estimate SE z p value  

(Intercept) -2.514 0.515 4.879 <0.001  

Hedgerows -0.008 0.003 3.204 <0.01  

Pastures 0.010 0.003 3.748 <0.001  

Roads -0.016 0.006 2.590 <0.01  

Woodland -0.013 0.003 3.774 <0.001  

Arable 0.005 0.001 3.436 <0.001  

Buildings 0.001 0.001 0.488 0.626  

Amenity (not selected by top models) 

 

Winter nests were primarily constructed from broad leaves (major component in 45% of 

nests at Brackenhurst and 51% of nests at Hartpury: Appendix 1: Supplementary Table 1). 

Major differences in the relative proportion of nests containing different materials were, 

however, evident. For example, litter and/or plastic waste was present in 20 nests (24%) 
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at Hartpury, although never as the dominant material, but was never recorded at 

Brackenhurst. 

Patterns of Survival 

Nine animals died during the study, with no apparent sex difference in mortality risk 

(Brackenhurst: 1♂; Hartpury: 4♀:4♂). The overall survival rate was significantly lower at 

Hartpury (Log-rank test: Χ21 = 9.46, P = 0.002). All deaths occurred before or after the 

hibernation period (Figure 2.3). The most common known cause of death was predation 

by badgers (Appendix 1: Supplementary Table 2). 

 

 

Figure 2.3. Kaplan-Meier survival functions for hedgehogs at Brackenhurst (Site 1: n = 10) versus 

Hartpury (Site 2: n = 21). Data from sexes and years (2015-2016 and 2016-2017) combined. 

Vertical blue lines indicate the start (November 1st) and end (March 31st) of the hibernation 

period. 

Body Mass Changes 

Data on body mass changes across the study were available for 21 individuals. There were 

no significant SITE (F1,17 = 3.75, P = 0.069), SEX (F1,17 = 0.78, P = 0.389) or SITE*SEX (F1,17 = 

3.75, P = 0.943) differences in mean body mass at the start of the hibernation period 

(Appendix 1: Supplementary Table 3); collectively, hedgehogs weighed 869 ± 133 g (females: 

Brackenhurst  

Hartpury 
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843 ± 144 g; males: 898 ± 120 g). During hibernation, 16 individuals lost mass (Brackenhurst - 

5♀:3♂; Hartpury - 5♀:3♂), whilst five (Brackenhurst - 2♂; Hartpury - 1♀:2♂) gained mass. 

Absolute mass change (F1,17 = 4.65, P = 0.046) but not percentage mass change (F1,17 = 4.22, 

P = 0.056) differed significantly between the sexes at each site, although the latter was close 

to significance. At Brackenhurst, females lost 242 ± 150 g (-25%) on average whilst males 

gained a small amount of weight (4 ± 89 g; +1%); Figure 2.4); male and female hedgehogs at 

Hartpury lost 117 ± 121 g (-14%) and 110 ± 141 g (-15%), respectively (Appendix 1: 

Supplementary Figure 1). 

 
Figure 2.4. Mean (±SD) absolute mass change during the hibernation period (November 1st – 

March 31st) in relation to site and sex (Brackenhurst: n = 5♀:5♂; Hartpury: n = 6♀:5♂) 

There was a negative correlation between the number of nest sites used and the absolute 

loss in body mass, although this was not significant (r = -0.409, n = 21, P = 0.066; Figure 

2.5). However, this was dependent on the extreme loss exhibited by a single female at 

Brackenhurst (432 g); excluding this female, the relationship is significant (r = -0.561, n = 

20, P = 0.010).  
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Figure 2.5. Relationship between number of nests used during the hibernation period (November 

1st–March 31st) and the corresponding absolute change in mass (g) over the hibernation period (n 

= 21). 

Discussion 

In this study, we investigated four factors associated with the winter hibernation period of 

hedgehogs that could potentially be affected by agricultural land-use and climate change: 

(i) patterns of body mass change; (ii) frequency of winter nest use; (iii) habitat selection 

for winter nest sites; and (iv) over-winter survival. Between the two sites studied, one 

dominated by arable crop production and the other by pasture and amenity grasslands, 

there were no apparent differences in body mass at the start of hibernation, the number 

of nest sites used during winter, and the selection for and avoidance of many, but not all, 

major habitats as nesting locations. In contrast, there were significant differences 

between the study sites with respect to sex-specific changes in body mass, the use of 

hedgerows and buildings for nesting, and patterns of survival. 

Change in body mass 

Estimated body mass of radio-tagged animals at the outset of the hibernation period was 

not significantly different between Brackenhurst and Hartpury, with animals weighing, on 

average 869 ± 133 g. This is likely due, in part, to the fact that we only radio-tagged 
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individuals ≥600 g in accordance with guidance relating to the release of rehabilitated 

hedgehogs by the major wildlife welfare organisation in the UK (RSPCA, 2013). This 

reliance on radio-tagged individuals to ensure that individuals captured before 

hibernation could be re-captured afterwards does, however, preclude obtaining data on 

animals below this threshold weight.  

Acknowledging this caveat, the general pattern of mass loss observed (mean of 100-240 g 

within most site-sex divisions, equivalent to a mean of 14-25% of pre-hibernation mass) is 

within the range recorded in previous studies (Table 2.5). However, there was a 

substantial difference in sex-specific patterns of mass change at the two sites. At Hartpury, 

both males and females lost approximately the same amount of weight (Figure 2.4). 

Conversely, females at Brackenhurst lost markedly more weight than any other division, 

whereas males, on average, gained a small amount of weight. In fact, five (23.8%) animals 

across both sites gained weight across the hibernation period. This could indicate that 

individuals may have been able to access sufficient food resources during the winter 

period to offset the fat reserves used during hibernation, or that some animals may have 

already stopped hibernating and resumed typical foraging activity before they were 

recaptured in March/April. Although we are not able to discriminate between these 

possibilities, it is clear that the magnitude of these average changes are within the 

survivable range documented for this species. 

Absolute mass loss was also negatively correlated with the number of nests used in the 

winter period (Figure 2.5), although not significantly (P = 0.066). The lack of significance 

may, in part, be attributable to the relatively small sample size (n = 21), the highly variable 

changes in mass recorded, and the presence of one female that lost >400 g (40% of her 

body mass). Although this is among one of the largest percentage mass losses ever 

recorded (Table 2.4) and was >100 g more than any other individual in this study, this 

individual survived to spring. As rousing from hibernation is energetically expensive (Tähti 

and Soivio, 1977), hedgehogs would be expected to avoid doing so unnecessarily to avoid 

depleting their fat reserves. Rousing is likely to occur in response to environmental 
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fluctuations, including both rises or falls in temperature (Morris, 2018), but in 

anthropogenic landscapes, it may also occur in response to human disturbance. To date, 

however, there are very few data on the extent to which disturbances affect hedgehog 

hibernation, either by causing them to move nests or rouse but remain in the same nest 

(Walhovd, 1979), and what impacts these may have on energy consumption and mortality 

risk. 
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Table 2.4. Summary of body mass changes recorded in previous studies of the West-European hedgehog over the winter hibernation period. 

Country Habitat Years studied Sample size 
& composition 

Mass loss recorded 
over winter 

Minimum weight 
to survive 
hibernation 

Reference 

England Urban 
parkland 

1963 - 1968 105 25% Recommends 450 g (550 g 
in more northern areas) 

Morris, 1984 

Denmark Rural 2001 - 2002 10 (5♀:5♂); (3A:7J) 30 ± 7% (A) 
22 ± 10% (J) 

513 g Jensen, 2004 

Ireland Rural 2008 - 2009 8 (7A:1J) 301 ± 3.9 g (♀) (range: 15-38%) 
108 ± 2.6 g (♂) (range: 3-6%) 

475 g in Nov Haigh et al., 
2012b 

Denmark Suburban 2014 - 2015 8 (8J) 16 ± 3% (J) - Rasmussen et 
al., 2019a 

England Various 2010 - 2014 55 (19♀:30♂:16?); (20A:35J) 98.6 ± 35.6 g (♀) 
160.8 ± 40.5 g (♂) 
111.4 ± 33.0 g (A) 
162.2 ± 43.3 g (J) 
14.1 ± 3.1% (All animals) 

Recommends >600 g for 
release, but one individual 
weighing 391 g survived 
release and hibernation 

Yarnell et al., 
2019 

England Various 2015-2017 21 (11♀:10♂) Site 1: 240 ± 150 g (25 ± 13%) (♀) 
Site 1: -4 ± 89 g (1 ± 9%) (♂) 
Site 2: 117 ± 121 g (14 ± 16%) (♀) 
Site 3: 110 ± 141 g (15± 19%) (♂) 

- Present study 
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Nesting behaviour 

Hedgehogs used a median of 5 (mean: 5.5) nests during the 151-day hibernation period. 

This is markedly higher than that observed in other studies (Table 2.5). Drawing direct 

comparisons between the number of nests used in such studies is, however, problematic 

because of the methodological differences used to define the onset and duration of 

hibernation, coupled with latitudinal differences in weather and/or temperature which 

extend or shorten the overall length of the hibernation period. It is worth noting, 

however, that the mean number of nests used by the animals in this study was more than 

twice that (1.74 nests per 100 days = 2.6 nests over 151 days) recorded in the most recent 

study of hedgehogs in England and which utilized the same dates for defining the 

hibernation period (Yarnell et al., 2019). 

The increased number of nests used in our study was associated with periods during 

November, December and/or January where several individuals used a series of nests in 

quick succession (Figure 2.1). Although some of these periods of frequent movements 

between nests could be interpreted as indicating that an individual had not yet started 

hibernating, the patterns of nest retention exhibited throughout the study as a whole 

were extremely variable such that it is difficult to identify clear general trends. The 

possible exception to this is that the majority (62%) of animals used a single nest location 

for >89 days, with many of these used for the first time in November or December; this is 

markedly higher than the 21% of nests (n = 167) occupied for ≥3 months reported by 

Morris (Morris, 1973) in west London. 
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Table 2.5. Summary of over-winter nesting behaviour in previous studies of the West-European hedgehog. Studies are listed in chronological order. 

Country Habitat  Years studied Sample size 
& composition1 

Duration of hibernation 
(days) 

Number of nests used Reference 

England Urban park 1963 - 1967 167 nests Not recorded Mean occupation time = 
1.4 months (range 0-6 
months) 

Morris, 1973b 

Denmark Rural  2001 - 2002 10 (3A:7J) 197.7 ± 2.2 (A) 
178.8 ± 13.1 (J) 

2.2 (range: 1-4) Jensen, 2004 

Ireland Rural 2008 - 2010 8 (7A:1J) 167.3 ± 10.5 (♀) 
148.6 ± 10.2 (♂) 
155.4 ± 9.0 (A) 
157 (J) 

2.0 ± 0.6 (♀) 
3.2 ± 0.6 (♂) 
2.4 ± 0.7 (A) 
5.0 (J) 

Haigh et al., 2012b 

Finland Urban 2004 - 2006 11 (11A) (5♀:6♂) 223 ± 2.5 (♀) 
224 ± 4.8 (♂) 

1.0 (♀) 
1.0 (♂) 

Rautio et al., 2014 

Denmark 
 

Urban 2014 - 2015 8 (8J) 138.0 ± 5.6 (J) 1.8 ± 0.14 (J) Rasmussen et al., 
2019a 

England Various 2010 - 2014 55 (20A:35J); (19♀:30♂:16?) Not recorded 2.2 ± 0.5 (♀)2 

1.7 ± 0.4 (♂)2 

1.8 ± 0.4 (A)2 

2.6 ± 0.6 (J)2 

Yarnell et al., 2019 

England Arable 2015 - 2017 21A (12♀:9♂) Not recorded 5.8 ± 2.6 (♀) 
5.0 ± 1.9 (♂) 

Present study 
 

1 Data were recorded by the authors either in terms of the number of nests studied or the number of individuals studied: A = adult; J = juvenile; ? = unknown sex.  
2 Figures are the number of nests used per 100 days. 
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Clear patterns in nest location were evident for most, but not all, habitats. Hedgehogs 

consistently avoided nesting near pasture fields, whilst favouring hedgerows, woodlands 

and roads. In contrast, differing patterns of selection were evident for arable fields, 

buildings and amenity grassland. At Brackenhurst, nests were preferentially located near to 

amenity grassland and near buildings, although these habitats were strongly correlated with 

one another, whereas arable fields were neither selected nor avoided. Conversely, at 

Hartpury, arable fields were avoided, buildings were neither selected nor avoided and 

amenity grassland was not retained in the top-ranked models. These data imply that 

agricultural habitats were generally unsuitable for hibernation, a finding consistent with 

behaviour outside the hibernation period that has been attributed to a combination of 

reduced food availability (Hof and Bright, 2010a) and increased risk of predation from and 

competition with badgers (Young et al., 2006; Hubert et al., 2011; Parrott et al., 2014; 

Trewby et al., 2014; Van de Poel et al., 2015; Pettett et al., 2017a, ; Williams et al., 2018a). 

Hedgerows and woodland were an important habitat for nesting, a pattern that is evident in 

both summer and winter seasons in other studies (Jensen, 2004; Riber, 2006; Rautio et al., 

2014; Pettett et al., 2017b). Similarly, the selection for roads in this study is also most 

probably associated with the presence of hedgerows as borders along roads at both sites. In 

addition to acting as nesting sites, hedgerows are also recognised as an important refuge 

habitat whilst foraging where badgers are present (Hof et al., 2012; Pettett et al., 2017b) 

and for orientation through fragmented landscapes (Moorhouse et al., 2014). As such, the 

general loss and degradation of hedgerows in the UK (Sutherland et al., 2006; Cornulier et 

al., 2011) is likely to have negatively affected hedgehog populations due to impacts at 

multiple stages in their annual cycle, although the exact mechanisms are unknown because 

of the relative paucity of data on rural hedgehog populations and behaviour since the 1950s 

(Harris et al., 1995). 

Similarly, there are few data on the importance of woodlands for hedgehogs. For example, 

woodlands were not identified as a factor affecting patterns of occupancy in a national 

survey of England and Wales (Williams et al., 2018a), they were the least selected habitat in 

a radio-tracking study in arable landscapes (Pettett et al., 2017b), and no hedgehogs were 

detected in woodland in a pilot project on the Hartpury campus investigating the efficacy of 

three different methods for surveying hedgehogs (Bearman-Brown et al., 2020b; Chapter 
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Five): all these studies were, however, conducted in the summer. The preference for 

woodlands as sites for hibernation observed in this study, and the reliance on broad leaves 

as nesting material, may suggest that hedgehogs tend to avoid woodlands during the 

summer months but use them as sites for hibernating during the winter months. As outlined 

above, one possible reason for these seasonal differences is the presence of badgers, which 

favour woodlands and plantations as sites for their setts (Wilson et al., 1997) but undergo a 

period of torpor in winter (Roper, 2010). Consequently, hedgehogs could be avoiding 

woodlands during the summer when badgers are active but using them as hibernation sites 

in the winter when the risk from badgers is markedly lower. As such, woodlands may 

represent a key resource for hedgehogs but only during one phase of their annual cycle. The 

impact of historical changes in the coverage of different types of woodland (Hopkins and 

Kirby, 2007; Amar et al., 2010), their management and their interaction with an increasing 

badger population (Judge et al., 2014, 2017) on hedgehog populations are unknown but 

require investigation. For example, in their recent report, Mathews et al. (2018) estimated 

that 37% of the British hedgehog population was supported by broadleaved woodland.  

The affinity for amenity grassland as a foraging habitat has been well documented in Great 

Britain, most notably in the context of responses to the culling of badgers as a means for 

managing bovine tuberculosis in cattle (Young et al., 2006; Parrott et al., 2014; Trewby et 

al., 2014). During winter these areas are likely to be associated with low levels of badger 

activity (due to torpor) but also possibly marginally higher average temperatures than 

surrounding areas due to their proximity to buildings, and provision of food either 

accidentally (discarded refuse) or deliberately (although we were not aware of anyone 

deliberately feeding hedgehogs on either campus). However, amenity areas on university 

campuses are likely to experience high levels of pedestrian activity except in particularly 

poor weather and over the Christmas holiday period. The presence of buildings on these 

two sites also enabled hedgehogs to use some unusual nest locations, including piles of 

building materials and underground heating tunnels.  

Over-winter survival 

Survival across the study period as a whole (August-May) was significantly lower at Hartpury 

versus Brackenhurst. However, this was not associated with differences in mortality during 

the hibernation period itself, but rather mortality prior to the onset of hibernation and in the 
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period after animals had resumed foraging in spring: in fact, none of the tagged animals in 

this study (n = 31) died during the hibernation period itself (Figure 2.3). Consequently, 

mortalities were not related to body mass per se but stochastic events such as predation by 

badgers and road traffic accidents (although it could be argued that animals which have not 

yet accumulated sufficient fat reserves and/or those that leave hibernation having lost a 

large amount of weight might be expected to take greater risks when foraging). However, it 

must be emphasised that these survival data are based on animals that were in good 

physical condition (visually health-checked and ≥600 g) prior to hibernation in accordance 

with welfare guidelines; this is substantially higher than the minimum threshold of 450-513 g 

outlined in Table 2.4, and which would tend to elevate survival rates. 

The survival rate observed at Hartpury, when measured from August to April (approximately 

65%), was lower than that recorded in Sweden (57-96%, mean = 71%) over seven years in 

the 1970s (Kristiansson, 1990), whereas the survival rates at both sites when measured from 

October to April were comparable to studies from England (83%), Ireland (100%), Denmark 

(89-90%) and Finland (100%) conducted between 2001 and 2017 (Jensen, 2004; Rautio et 

al., 2013; Yarnell et al., 2019). Overall, this body of evidence suggests that, in general terms, 

the survival rate of animals that have accumulated sufficient fat reserves prior to 

hibernation is likely to be high, but that site-specific pressures associated with movements 

in autumn and spring can substantially increase mortality rates (Yarnell et al., 2019). 

Conclusions 

This study has identified key similarities and differences in four key parameters associated 

with the winter hibernation of hedgehogs across two sites associated with different 

patterns of land management. Most notably, the period of hibernation itself, when 

hedgehogs are generally inactive within hibernacula, is not associated with high levels of 

mortality. Conversely, it is the periods before and after entering hibernation that pose 

significant risks, predominantly from stochastic factors such as badger predation and vehicle 

collisions. In addition, hedgehogs at both sites consistently avoided nesting in proximity to 

pastoral fields during winter, but favoured locations near to hedgerows, woodlands and 

roads. Selection for or avoidance of arable fields, buildings, amenity grasslands and 

hedgerows varied between the two sites. 
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However, this study was associated with several practical limitations. Data could only be 

reliably collected from radio-tagged individuals and radio-tags can only be fitted to animals 

weighing ≥600 g for welfare reasons. Radio-tracking is also limited in the extent to which the 

start and end of the hibernation period (for each individual) can be identified reliably, and 

the ease with which data on short-term patterns of movement between nests can be 

collected given that animals are inactive for many successive days. Future studies, therefore, 

need to consider the use of other technologies, such as GPS tracking devices (Glasby and 

Yarnell, 2013) and animal-mounted bio-loggers (Chmura et al., 2018), to overcome these 

constraints. In particular, such studies need to focus on: (i) quantifying patterns of survival 

of animals weighing <600g; (ii) identifying factors associated with nest movements and 

whether this affects mass change during hibernation; and (iii) the role of woodlands in the 

annual cycle of hedgehogs in both arable and pastoral dominated landscapes. 
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CHAPTER THREE 
 

Chapter Two discussed factors associated with the rural landscape which may affect survival 

of hedgehogs, particularly over-winter. The association of hedgehogs increasingly with the 

urban landscape is discussed in Chapter One, and was also evident in Chapter Two, with the 

presence of badgers a possible explanation for this.  

This progression into urban and sub-urban habitats may bring hedgehogs into greater 

contact with humans, increasing the risk of mortality and injury. Having determined that 

where mortality does occur, it is during the active months, I sought to explore this further by 

considering if this is also evident in the condition of animals arriving with wildlife 

rehabilitators. 

In order to explore this further I undertook an analysis of data from one of Europe’s largest 

animal welfare organisations: the Royal Society for the Prevention of Cruelty to Animals 

(RSPCA) to examine the pattern of hedgehog admissions over 13 years to quantify: the age 

and sex composition of hedgehogs admitted annually and seasonally; age and sex 

differences between causes of admission; patterns of mortality and survival in relation to 

cause of admission; and the effect of age, sex and cause of admission on the probability of 

survival to release. Determining the extent to which animals can be returned to the wild, as 

a key characteristic of wildlife rehabilitation, is paramount for this practice to have any value 

in addressing some of the anthropogenic causes of decline reported in the literature.  

Therefore, in this chapter I aimed to explore: (i) how admission numbers are affected by 

season, sex, and age; (ii) how cause of admission and duration of care varies with season; 

and (iii) factors associated with long term fluctuations in the number and outcome of 

admissions. 

The manuscript presented in this chapter has been prepared for publication in European 

Journal of Wildlife Research. 

My contribution to the work: 

I designed the project and conducted all analysis with assistance from Dr Philip Baker. I 

prepared the manuscript with assistance from Dr Philip Baker.   
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An investigation of factors associated with the admission of hedgehogs 

(Erinaceus europeaus) to, and survival rates in, RSPCA wildlife centres in 

England and Wales 2006-2018 

Abstract 

Wildlife rehabilitation could have important benefits for formerly common species that are 

declining rapidly; analysis of admission records could help to identify underlying natural 

and/or anthropogenic reasons for such declines. In this study, we examined records from 

>23,000 hedgehogs (Erinaceus europaeus), a species that has declined by up to 40% in the 

last 20 years in Great Britain, admitted to the Royal Society for the Prevention of Cruelty to 

Animals between 2006-2018. Significantly more males (1.06♂:1.00♀) and juveniles were 

admitted, but the number of adults and juveniles admitted annually was positively 

correlated. Natural causes, anthropogenic causes, orphaned dependent young and attacks 

by other animals comprised 46%, 15%, 19% and 3% of admissions, respectively; however, 

given the indirect impacts of humans, anthropogenic factors could have been responsible 

for up to 47% of cases. In total, 51% of animals survived to be released, but 31% of animals 

that died or were euthanased perished >48h after being admitted, suggesting that existing 

triage procedures potentially need to be reviewed. Survival probabilities were equivalent for 

males and females, but significantly lower for adults versus juveniles. In relation to 

underlying causes, survival probabilities were highest for orphans (63%) and lowest for 

anthropogenic causes (39%). The dataset used did, however, contain a lot of missing data: 

the implications of this, and the other associated limitations of wildlife admissions data, are 

discussed. Overall, these data suggest that hedgehog rehabilitators are likely to have a 

marked benefit ameliorating some of the negative impacts caused by humans. 

Keywords: wildlife causalities; rehabilitation; hedgehog; mortality; injury; anthropogenic  

Introduction 

Wildlife rehabilitation (WR) involves the treatment and temporary care of injured, diseased, 

orphaned and displaced wild animals (mostly, but not exclusively, indigenous species) and 

the subsequent release of healthy individuals into appropriate wild habitats (Miller, 2012). 

Estimates of the numbers of animals taken into care annually at a national level typically run 

into the tens of thousands. For example, within the UK, wildlife hospitals and rehabilitators 
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have been estimated to receive 30,000 (Molony et al., 2006) to >71,000 animals per annum 

(Grogan and Kelly, 2013), with a further 130,000 wild animals treated by veterinarians each 

year (Barnes and Farnworth, 2016). Similarly, Garcês et al. (2020) estimated that 

approximately 12,000 wild birds had been admitted to wildlife rehabilitation centres in 

northern Portugal during the 10-year period 2008-2017, while the National Wildlife 

Rehabilitators’ Association in the United States reported treating 105,000 animals and birds 

in a single year (cited in Loyd et al., 2017). Based upon these figures, it is reasonable to 

assume that, at an international level and across the broad range of taxa involved, the total 

number of individuals entering WR facilities is likely to be in the order of millions each year. 

This volume of animals potentially represents a substantive source of information and / or 

specimens for use in a broad range of contexts. For example, in addition to improving 

practices associated with the rehabilitation process itself, such as triage and release 

protocols (Robertson and Harris, 1995; Molony et al., 2007; Kelly et al., 2008, 2010; 

Champagnon et al., 2012; Yarnell et al., 2019), data on the number of animals admitted and 

the reasons for those admissions could be used to answer questions related to a wide range 

of health, welfare and conservation related questions. This might include: disease, pollution 

and ecotoxicology surveillance (Dowding et al., 2010b; Mullineaux and Kidner, 2011; Silpa et 

al., 2015; Rasmussen et al., 2019b; Delogu et al., 2020); assessment of the relative 

importance of different causes of morbidity and mortality, and how these may vary with age 

and sex (Leighton and Grogan, 2011; Williams et al., 2017; Garcês et al., 2019); identifying 

the positive or negative impacts of anthropogenic activities such as wildlife management 

programmes, habitat alterations, legislative changes and climate change (Goldsworthy et al., 

2000; Lunney et al., 2004); and perhaps even for population monitoring (Pyke and Szabo, 

2018). Furthermore, although contested, WR may also have conservation benefits for some 

species; in particular, wildlife rehabilitators may receive large numbers of species that are 

widespread and relatively common, but which are declining rapidly. For these species, 

analysis of archival data on the numbers of animals entering their facilities, and the reasons 

why, may help to identify reasons for such declines, whilst also helping to promote the 

sharing of best practice between rehabilitators (Tribe and Brown, 2000; Wimberger and 

Downs, 2010; Schenk and Souza, 2014).  
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The West-European hedgehog (Erinaceus europeaus) is a small (<1.5 kg), insectivorous 

mammal found throughout Spain, Portugal and Italy north to Scandinavia (Morris, 2018). In 

several countries within this range, hedgehog populations are estimated to have declined by 

up to 40% over the last two decades (Holsbeek et al., 1999; Huijser and Bergers, 2000; Van 

de Poel et al., 2015; Hof and Bright, 2016; Müller, 2018; Williams et al., 2018a; Wilson and 

Wembridge, 2018); within Great Britain, the species was recently upgraded to Vulnerable by 

Mathews et al. (2018). Despite these changes, hedgehogs are still one of the most common 

species entering wildlife hospitals in England and Wales (Reeve and Huijser, 1999; Grogan 

and Kelly, 2013). This is due, in part, to the fact that they are widely found in residential 

gardens in urban areas (Hof and Bright, 2009) and that they are one of the easier species 

that members of the public can capture by hand. 

Within the UK wildlife rehabilitation is not a licenced activity (Mullineaux, 2014), and is 

practiced by a large number of autonomous individuals working from their own homes 

through to several large hospitals (Chapter Four); all work in collaboration with external or 

on-site veterinary surgeons, and many are registered as charities. The largest organisation in 

England and Wales undertaking WR activities is the Royal Society for the Prevention of 

Cruelty to Animals (RSPCA) which runs four wildlife hospitals in England along with a range 

of other animal welfare activities. Given the wide variation in the range of people 

rehabilitating hedgehogs, and their varied presence on social media, it is difficult to estimate 

how many hedgehogs are “rescued” each year in the UK, but it could be as many as 40,000-

59,000 individuals (Chapter Four). In the context of a national estimated pre-breeding 

population of 522,000 animals (Mathews et al., 2018), this is a substantial number. 

Consequently, wildlife rehabilitators could have a significant role in helping this species at 

the current time and for the foreseeable future.  

As wild hedgehogs enter wildlife hospitals because they are injured, orphaned or in ill-

health, collating information on the underlying reasons for these admissions means that it is 

possible to identify the relative importance of both natural and anthropogenic causes and 

how these may change over time. Previously, Reeve and Huijser (1999) analysed 11,541 

records from 20-30 wildlife hospitals collated by the British Wildlife Rehabilitation Council 

from 1993-1997: of these, 28% were classified as orphans and 28% were attributed to 

natural causes, but 25% were considered “unnatural” as they were associated with human 
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activities or their pets. Since that time, however, there have been substantive changes 

within Great Britain/the UK in a range of factors that could potentially have impacted 

hedgehogs. For example, between 1998 and 2018: the human population increased from 

58.4 million to 66.4 million (an increase of 14%: www.ons.gov.uk; data are for UK); the total 

length of roads increased from 388,641 km-1 to 397,021 km-1 (+2%: www.gov.uk; data are 

for Great Britain); road traffic volume increased from 284.9 billion to 328.1 billion vehicle 

miles (+15%: www.roadtraffic.dft.gov.uk; data are for Great Britain); the number of 

households increased from 24.0 million to 27.6 million (+15%: www.ons.gov.uk; data are for 

Great Britain); and the ten hottest years on record have all occurred since 2002 

(www.metoffice.gov.uk; data are for the UK). 

Therefore, in this study we examined the pattern of hedgehog admissions to the RSPCA 

across the 13-year period 2006-2018 to determine whether there have been any marked 

changes in the pattern of admissions since the earlier investigation by Reeve and Huijser 

(1999). Specifically, we quantified: (i) the age and sex composition of hedgehogs admitted 

annually; (ii) seasonal differences in the numbers of animals in different age-sex classes; (iii) 

age and sex differences between different causes of admission; (iv) patterns of mortality 

and survival in relation to cause of admission; and (v) the effect of age, sex and cause of 

admissions on the probability of survival to release. Differences in these parameters are 

then (vi) compared to the results of similar previous analyses. 

Methods 

Admissions records of hedgehogs admitted to the four RSPCA wildlife centres in England 

(East Winch, Norfolk; Mallydams Wood, East Sussex; Stapeley Grange, Cheshire; West 

Hatch, Somerset) were obtained, from January 2006 to December 2018 inclusive. The 

following information was recorded for each animal: age (adult, juvenile, unknown); sex 

(female, male, unknown); reason for admission (21 categories: abnormal behaviour 

(including out in the day), attacked by other animal, attacked by human, blind, 

caught/entangled, collision with vehicle, disease, flystrike, garden accident, geriatric, 

inexperienced juvenile, injury (cause uncertain), oiled/other contaminant, orphaned, other 

reason, parasite, poisoned, shot, starvation, unknown, weakness); admission date; outcome 

(released, euthanased, died, transferred to other organisation); and outcome date. Prior to 

analysis, the data were checked for errors and any anomalous records were removed (e.g. if 

http://www.ons.gov.uk/
http://www.gov.uk/
http://www.roadtraffic.dft.gov.uk/
http://www.ons.gov.uk/
http://www.metoffice.gov.uk/
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the admission date was later than the outcome date, if no definitive outcome was listed, 

etc.). The outcome and admission date were used to determine whether animals died, were 

euthanased or released within three time periods: at admission (difference between 

outcome and admission date =0), within 48 hours (difference = 1-2 days) or after 48 hours 

(≥3 days). This 48 hour time period is used as part of the overall triage process (e.g. the 

decision to euthanase or treat an individual may be deferred for 1-2 days thereby giving 

staff the opportunity to make a more informed decision as the animal’s likely chances of 

surviving). No specific licences were required for this work as it was a retrospective analysis 

of data recorded by the RSPCA as part of their normal practices. 

The sex and age composition of those animals admitted each year, and collectively, were 

compared using a series of chi-squared tests; animals of unknown sex or age were excluded 

from these analyses. The relationship between the numbers of adults and juveniles 

admitted each year were analysed using a Pearson’s correlation. The seasonal (spring: 

March - May; summer: June - August; autumn: September - November; winter: December - 

February) pattern of admission was then compared separately for adult males, adult 

females, juvenile males and juvenile females using repeated-measures ANOVAs: data for 

each age-sex class was checked to see if it conformed to the assumption of sphericity; 

where this assumption was not upheld, degrees of freedom were adjusted using the 

Greenhouse-Geisser correction. 

Causes of admission 

Differences in the age and sex composition for each of the 21 causes for admission listed 

above were quantified using a series of chi-squared test; tests were not conducted if sample 

sizes were too small, or if the cause of admission was specific to one age class (e.g. 

orphaned juveniles). In addition, to increase comparability with the previous study of Reeve 

and Huijser (1999), these 21 causes for admission were also merged into six categories: 

natural causes (abnormal behaviour, blind, disease, flystrike, geriatric, inexperienced 

juvenile, parasite, starvation, weakness); anthropogenic causes (attacked by human, 

caught/entangled, collision with a vehicle, garden accident, injury (cause uncertain), shot); 

orphaned juvenile; attacked by another animal; poison or pollutant; and other/unknown. 

Seasonal differences in the number of animals admitted for natural causes, anthropogenic 

causes, orphans and following an attack by another animal were compared using repeated-
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measures ANOVAs (the Greenhouse-Geisser correction was applied if the assumption of 

sphericity was violated). 

Patterns of survival to release 

The pattern of survival within each of the RSPCA’s 21 admission classes, and the six major 

groupings of these classes, was determined by collating the number of animals that died, 

were euthanased or were released within each of the three time periods (at admission, 

within 48 hours of admission, more than 48 hours after admission). The effect of sex, age 

and cause of admission (major grouping) on the probability that an animal survived to 

release was analysed using a binary logistic regression. This model included only main 

terms, as some major divisions (e.g orphans) were specific to just one age class. In addition, 

a Kruskal-Wallis test was used to compare the median time individuals spent in care within 

all admission classes and the six major groupings. 

Data analysis 

Statistical analyses were undertaken using MINITAB version 19 and SPSS version 25. 

Results 

A total of 24,419 hedgehogs were received by the RSPCA during 2006-2018. However, 477 

records (2%) were omitted: 9 cases where the dates of admission and release were 

contradictory; 31 cases where the animal had been in captivity for more than one year; 88 

cases where the individual was dead at arrival; 248 cases where no cause of admission was 

listed; 42 cases where the outcome date was not recorded; and 59 cases where the 

outcome was not listed. This left 23,942 cases for analysis. On average, 1842 hedgehogs 

were submitted annually (range: 1381-2518; Table 3.1). 

Sex and age composition 

Sex was not recorded for 13,727 (57.3%) individuals; of the remainder, 5253 (21.9%) were 

male and 4962 (20.7%) were female. This cumulative sex ratio (1.06♂:1.00♀) across the 

sample as a whole is significantly different from parity (Chi-squared test: Χ21 = 8.29, P = 

0.004). However, the sex ratio of animals of known sex within a given year was typically not 

significantly different from 1:1 ratio, with the exception of one year (Table 3.1). 
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Table 3.1. Sex and age composition of hedgehogs submitted to RSPCA wildlife centres 2006-2018. Chi-squared tests relate to animals of known sex and 
known age only. 

Year Sex composition Age composition Total 
Male Female Unknown Chi-squared test Adult Juvenile Unknown Chi-squared test  

2006 262 228 891 Χ2
1 = 2.36, P = 0.125 272 883 226 Χ2

1 = 323.22, P < 0.001 1,381 
2007 357 336 1,246 Χ2

1 = 0.66, P = 0.425 361 1,260 318 Χ2
1 = 498.58, P < 0.001 1,939 

2008 417 427 809 Χ2
1 = 0.12, P = 0.731 334 1,183 136 Χ2

1 = 475.15, P < 0.001 1,653 
2009 414 370 876 Χ2

1 = 2.47, P = 0.116 311 1,206 143 Χ2
1 = 528.03, P < 0.001 1,660 

2010 468 417 802 Χ2
1 = 2.94, P = 0.086 327 1,254 106 Χ2

1 = 543.54, P < 0.001 1,687 
2011 372 341 783 Χ2

1 = 1.35, P = 0.246 362 1,058 76 Χ2
1 = 341.14, P < 0.001 1,496 

2012 513 453 1,057 Χ2
1 = 3.73, P = 0.054 452 1,405 166 Χ2

1 = 489.07, P < 0.001 2,023 
2013 298 308 795 Χ2

1 = 0.17, P = 0.685 336 945 120 Χ2
1 = 289.53, P < 0.001 1,401 

2014 379 379 1,119 Χ2
1 = 0.00, P = 1.000 384 1,319 174 Χ2

1 = 513.34, P < 0.001 1,877 
2015 462 457 1,118 Χ2

1 = 0.03, P = 0.869 464 1,391 182 Χ2
1 = 463.25, P < 0.001 2,037 

2016 473 413 1,369 Χ2
1 = 4.06, P = 0.044 516 1,530 209 Χ2

1 = 502.45, P < 0.001 2,255 
2017 469 475 1,574 Χ2

1 = 0.04, P = 0.845 537 1,590 391 Χ2
1 = 521.30, P < 0.001 2,518 

2018 369 358 1,288 Χ2
1 = 0.17, P = 0.683 418 1,104 493 Χ2

1 = 309.20, P < 0.001 2,015 
Total 5,253 4,962 13,727 Χ2

1 = 8.29, P = 0.004 5,074 16,128 2,740 Χ2
1 = 5763.18, P < 0.001 23,942 
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Significantly more juvenile animals than adults were consistently admitted each year (Table 

3.1), although the numbers of adults versus juveniles submitted annually was significantly 

positively correlated (Pearson correlation coefficient: r = 0.753, P < 0.001: Figure 3.1). There 

was a 1.8-fold difference between the smallest number of juveniles submitted in a single 

year (2006: n = 883) and the largest number submitted in a single year (2017: n = 1590).  

 

Figure 3.1. Correlation between the number of adult (n = 5074) and juvenile (n = 16,128) hedgehogs 

submitted each year. The year 2016 is indicated by the red data point, as the only year where a 

significant difference in sex composition was detected.  

Seasonality of admissions by age and sex 

Information on both age and sex was recorded for 9711 (39.8%) animals. There was a 

significant difference in the number of animals admitted each season in all four age-sex 

classes (Repeated-measures ANOVA: adult females: F3, 36 = 86.393, P < 0.001, n = 1317; adult 

males: F3, 36 = 66.071, P < 0.001, n = 1303; juvenile females: F2.048, 25.472 = 143.694, P < 0.001, 

n = 3398; juvenile males: F1.984, 499.461 = 141.548, P < 0.001, n = 3693), although the seasonal 

pattern was different between most age classes (Figure 3.2). Adult animals were most 

frequently admitted in summer due to a peak in female admissions (Figure 3.2a): male 

admissions were comparable in both spring and summer (Figure 3.2b). The number of adults 

admitted then declined slightly during autumn and was lowest in winter (Figures 3.2a & 

3.2b). Juvenile males and females had similar patterns of admission (Figures 3.2c & 3.2d), 
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with numbers increasing markedly from spring to summer and then peaking in autumn: 

admissions in winter were intermediate to those seen in spring and summer. 

(a) Adult females 

    

 

(b) Adult males 
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(c) Juvenile females 

   

(d) Juvenile males 

  

Figure 3.2. Median (±IQR) number of hedgehogs admitted to RSPCA wildlife centres each season 

during the period 2006-2018 (inclusive) in relation to age and sex: (a) adult females (n = 1317); (b) 

adult males (n = 1303); (c) juvenile females (n = 3398); and (d) juvenile males (n = 3693). Letters 

denote post hoc groupings from a series of repeated-measures ANOVAs. 
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Causes of admission 

Cause of admission was predominantly as a result of natural causes (46%), anthropogenic 

causes (15%) and orphaned dependent young (19%) (Table 3.2). Very few animals were 

admitted following an attack by another animal (3%) or because they were poisoned or 

exposed to some other contaminant (<1%). However, the cause for admission was not 

recorded for 17% of individuals. 

Significant sex differences in the numbers of animals admitted were evident for natural 

causes, orphans and those attacked by another animal (Table 3.2): males were more likely 

to have been admitted for natural causes or having been orphaned, whereas more females 

were admitted following an attack by another animal. Significantly more males were also 

admitted in two sub-categories: caught/entangled and collision with a vehicle. Collectively, 

however, there was no sex difference in the numbers of hedgehogs admitted for 

anthropogenic causes, nor within the poison/pollutant or other/unknown categories. 

Age-related differences in the causes of admission were evident in every major category 

(Table 3.2). Juveniles were more likely to have been admitted for natural causes, following 

an attack by another animal and, by default, as orphans; adults were more likely to have 

been admitted for anthropogenic causes and because they were poisoned or exposed to a 

contaminant. Juveniles were also more prevalent in the other/unknown category. 

Significant differences were also evident in the majority of sub-categories: notably, 

significantly more juveniles were admitted for exhibiting abnormal behaviour and because 

they were starving, whereas more adults were attacked by humans, following a collision 

with a vehicle and because of an injury of unknown origin. 

There was a significant difference in the seasonal pattern of admissions classified as natural 

causes (Repeated-measures ANOVA: F1.391,16.689 = 98.26, P < 0.001), anthropogenic causes 

(F3,36 = 159.93, P < 0.001), an attack by another animal (F1.991,23.895 = 64.85, P < 0.001) and 

orphan (F1.241,14.890 = 243.37, P < 0.001). Admissions for anthropogenic causes, attacks by 

other animals and orphans peaked in summer, whereas those for natural causes were 

highest in autumn (Figure 3.3). Numbers of admissions for all these causes were generally 

much lower in winter and spring. 
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Table 3.2. Sex and age composition of hedgehogs (N = 23,942) admitted to RSPCA wildlife centres during 2006-2018 in relation to reason for admission. M = 
male; F = female; J = juvenile; A = adult; U = unknown. Chi-squared tests were only performed on animals of known sex and known age. Where no test 
results are presented, this is either because sample sizes were too small or because the sub-category was specific to one age class (e.g. orphaned juveniles). 

Major cause 
for admission 

Sub-category N (%) Sex composition Age composition 
M F U X21 P J A U X21 P 

NATURAL 
CAUSES 

Abnormal behaviour  5351 (22.3%) 1069 1008 3274 1.79 0.181 3377 1267 707 958.68 <0.001 
Blind  52 (0.2%) 17 14 21 0.29 0.590 9 40 3 19.61 <0.001 
Disease  482 (2.0%) 134 148 200 0.70 0.404 206 221 55 0.53 0.468 
Flystrike  205 (0.9%) 39 25 141 3.06 0.080 133 45 27 43.51 <0.001 
Geriatric  77 (0.3%) 33 25 19 1.10 0.294 6 68 3 - - 
Inexperienced juvenile  1032 (4.3%) 172 153 707 1.11 0.292 1005 3 24 - - 
Parasitism  125 (0.5%) 19 19 87 0.00 1.000 62 43 20 3.44 0.064 
Starvation  3106 (13.0%) 901 834 1371 2.59 0.108 2753 150 203 2334.00 <0.001 
Weakness  598 (2.5%) 119 95 384 2.69 0.101 312 176 110 37.90 <0.001 
Total  11,028 (46.1%) 2503 2321 6204 6.87 0.009 7863 2013 1152 3465.22 <0.001 

ANTHROPOGENIC 
CAUSES 

Attacked by human  26 (0.1%) 5 12 9 2.88 - 5 17 4 6.55 0.011 
Caught/entangled  861 (3.6%) 228 182 451 5.16 0.023 352 383 126 1.31 0.253 
Collision with vehicle  262 (1.1%) 70 48 144 4.10 0.043 61 166 35 48.57 <0.001 
Garden accident  185 (0.8%) 39 46 100 0.58 0.448 79 67 39 0.99 0.321 
Injury (cause uncertain)  2239 (9.4%) 476 467 1296 0.09 0.769 780 990 469 24.92 <0.001 
Shot  2 (<0.1%) 0 1 1 1.00 - 1 1 0 - - 
Total  3,575 (14.9%) 818 756 2001 2.44 0.118 1278 1624 673 41.25 <0.001 

ORPHANED 
YOUNG 

Orphan  4573 (19.1%) 873 772 2928 6.20 0.013 4451 0 122 - - 
Total  4573 (19.1%) 873 772 2928 6.20 0.013 4451 0 122 - - 

ATTACK BY 
ANIMAL 

Attacked by other animal  726 (3.0%) 136 174 416 4.66 0.031 335 263 128 8.67 0.003 
Total  726 (3.0%) 136 174 416 4.66 0.031 335 263 128 8.67 0.003 

POISON / 
POLLUTANT 

Oiling/other contaminant  36 (0.2%) 7 12 17 1.32 - 10 19 7 2.79 0.095 
Poisoning  12 (<0.1%) 3 3 6 0.00 - 2 7 3 2.78 0.096 
Total  48 (0.2%) 10 15 23 1.00 0.317 12 26 10 5.16 0.023 

OTHER Other  3946 (16.5%) 904 914 2128 0.06 0.815 2174 1118 654 338.74 <0.001 
Unknown  46 (0.2%) 9 10 27 0.05 - 15 30 1 5.00 0.025 
Total  3992 (16.7%) 913 924 2155 0.07 0.797 2189 1148 655 324.75 <0.001 

Total   23,942 5253 4962 13,727   16,128 5074 2740   
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(a) Natural causes 

 

(b) Anthropogenic causes 
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(c) Attack by another animal  

 

(d) Orphan 

 

Figure 3.3. Median (±IQR) number of hedgehogs admitted to RSPCA wildlife centres each season 
during the period 2006-2018 inclusive in relation to cause for admission: (a) natural causes (n = 
11,028); (b) anthropogenic causes (n = 3575); (c) juvenile females (n = 3398); and (d) juvenile males 
(n = 3693). Letters denote post hoc groupings from a series of repeated-measures ANOVAs 
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Patterns of survival to release 

Collectively, 51% of hedgehogs admitted survived to be released (Table 3.3): 12% died or 

were euthanased at admission, 22% within 48 hours and 15% after 48 hours of admission. 

There was no significant difference in the mean number of days that animals were in care 

across the six major subdivisions (Kruskal-Wallis test: H5 = 4.86, P = 0.433) with animals 

spending a median of 15.0 (IQR = 1.0-46.0) days in care; the maximum recorded stay was 

313 days. 

The probability of survival was significantly affected by sex (X22 = 1540.79, P < 0.001), age 

(X22 = 173.20, P < 0.001) and cause of admission (X25 = 399.20, P < 0.001). Animals of 

unknown sex were significantly less likely to have survived than males and females (Figure 

3.4a), whereas juvenile hedgehogs were significantly more likely to have survived than 

adults of unknown sex (Figure 3.4b). Orphaned individuals had the highest probability of 

surviving, whilst those admitted for anthropogenic causes were least likely to have survived 

(Figure 3.4c). 
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Table 3.3. Pattern of survival of hedgehogs admitted to RSPCA wildlife centres during 2006-2018 in relation to the cause for admission. Data indicate the 
number of animals that died (D), were euthanased or were released (R) within three time periods: at admission, within 48 hours of admission, and more 
than 48 hours after admission. The survival rate is the overall percentage of animals that survived to be released. Days in care is the mean number of days 
before death, euthanasia or release. 

Major cause 
for admission 

Sub-category At admission Within 48 hours After 48 hours N Survival 
rate 

Days in care 
D E R D E R D E R Mean Median 

NATURAL CAUSES Abnormal behaviour 67 522 29 1041 478 22 501 458 2233 5351 43% 28.5 14.0 
Blind 0 6 0 4 15 0 0 24 3 52 6% 24.0 6.0 
Disease 9 63 0 81 59 1 45 88 136 482 28% 29.4 18.0 
Flystrike 5 79 0 49 21 0 5 10 36 205 18% 26.3 18.0 
Geriatric 1 14 0 7 17 0 5 21 12 77 16% 30.7 22.0 
Inexperienced juvenile 1 31 7 94 54 7 70 85 683 1032 68% 28.7 16.0 
Parasitism 0 22 0 15 6 0 6 15 61 125 49% 31.9 18.0 
Starvation 46 54 5 509 59 0 240 57 2136 3106 69% 29.4 16.0 
Weakness 17 82 0 172 69 2 33 43 180 598 30% 29.9 16.0 
Total 146 873 41 1972 778 32 905 801 5480 11,028 50% 28.9 15.0 

ANTHROPOGENIC 
CAUSES 

Attacked by human 2 1 0 3 2 1 1 0 16 26 65% 16.1 1.0 
Caught/entangled 12 73 23 43 46 23 30 52 559 861 70% 30.6 15.0 
Collision with vehicle 7 100 1 28 47 0 11 18 50 262 20% 28.1 15.0 
Garden accident 1 46 0 14 22 1 6 14 81 185 44% 26.0 9.0 
Injury (cause uncertain) 34 861 5 221 373 2 46 218 479 2239 22% 30.1 18.0 
Shot 0 0 0 0 1 0 0 1 0 2 0% 43.0 43.0 
Total 56 1081 29 309 491 27 94 303 1185 3575 35% 29.8 16.0 

ORPHANED YOUNG Orphan 49 188 40 488 148 5 545 385 2725 4573 61% 28.8 14.0 
Total 49 188 40 488 148 5 545 385 2725 4573 61% 28.8 14.0 

ATTACK BY ANIMAL Attacked by other animal 16 125 10 88 53 4 18 43 369 726 53% 30.5 18.0 
Total 16 125 10 88 53 4 18 43 369 726 53% 30.5 18.0 

POISON / 
POLLUTANT 

Oiling/other contaminant 1 1 0 2 0 0 5 5 22 36 61% 37.7 27.0 
Poisoning 0 3 0 5 1 0 0 0 3 12 25% 43.7 14.5 
Total 1 4 0 7 1 0 5 5 25 48 52% 39.2 22.0 

OTHER Other 76 327 46 610 248 30 270 284 2055 3946 54% 28.7 14.0 
Unknown 1 2 0 23 1 0 6 1 12 46 26% 37.5 31.5 
Total 77 329 46 633 249 30 276 285 2067 3992 54% 28.8 15.0 

TOTAL  345 2600 166 3497 1720 98 1843 1822 11,851 23,942 51% 29.1 15.0 
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(a) Sex 
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(c) Cause of admission 

 

 

Figure 3.4. Probability that hedgehogs survived to release from binary logistic regression model 

incorporating (a) sex, (b) age and (c) cause of admission. Letters denote post hoc groups. 

Discussion 

This is one of the most comprehensive datasets on hedgehog admissions into wildlife 

rehabilitation centres analysed to date (Reeve and Huijser, 1999; Kirkwood, 2003; Molony et 

al., 2007; Grogan and Kelly, 2013; Garcês et al., 2020), consisting of >23,000 records spanning a 

13-year period. However, the dataset contained a substantial amount of unrecorded 

information for several variables that would be important for any statistical analysis. For 

example, 477 cases had to be discarded due to missing or inconsistent data: of the remaining 

23,942 cases, data on sex and age were missing for 57% and 11% of individuals, respectively, 

and data on both age and sex were present for only 40% of hedgehogs. This is likely to reflect 

the fact that the records have been completed by many different individuals with varying 
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degrees of clinical experience over the 13 year period, as is typical in this sort of working 

environment (e.g. Leighton and Grogan, 2011). 

Such a high “error rate” does, however, create two problems. First, it reduces statistical power, 

although with very large datasets this may not be overly problematic, although it may reduce 

the number of variables that can be included in any single analysis. Second, and more 

importantly, it could substantially distort the results if these missing data are not random. In 

this study, however, we were not able to investigate whether such biases exist or not, but it is 

important to acknowledge that they may; the following conclusions are therefore based on the 

assumption that where an individual’s age or sex was not recorded, this occurred randomly. 

The data from these four RSPCA wildlife centres exhibit several marked differences from the 

study of Reeve and Huijser (1999) who collated data (n = 11,541) from 20-30 centres from 

1993-1997. These differences include: an 11% increase in the mean number of hedgehogs 

admitted each year (1656 versus 1841) despite a substantive difference in the number of 

hospitals contributing information (≥20 versus 4, respectively); a markedly lower, but still 

significantly different, male-biased sex ratio (1.06♂:1♀ versus 1.2♂:1♀); and an overall release 

rate of 50% compared to 35%, although this is much lower than the ~68% reported by Molina-

Lopez et al. (2017). 

The most marked difference, however, was in the relative importance of different underlying 

reasons for admission, although there is some confusion relating to the figures presented by 

Reeve and Huijser (1999). These authors concluded that admissions were attributable to the 

following: natural causes, 28%; anthropogenic causes, 22%; orphaned, 28%, dogs and cats, <1%; 

poisoned, 2%; and other reasons, 13%. These values sum to 93%, and it is not possible to 

discern whether the remaining 7% represent another distinct category. Therefore, for the 

purposes of comparing these data with our own, we have redistributed the “missing” 7% in 

accordance with the observed distribution as reported by the authors (Table 3.4). 

Significant differences are evident in the relative proportion of all six categories (Table 3.4). In 

the current dataset, the relative importance of natural causes has increased by a factor of 1.56, 

whereas anthropogenic causes and orphans have decreased by a factor of 0.37 and 0.36, 
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respectively. Similarly, attacks by other animals increased markedly in importance in the most 

recent data, whereas poison/pollution declined in importance. It is of course, however, 

extremely difficult to draw direct comparisons between these sets of figures because of likely 

variation in the criteria used to assign animals to different categories and how these may have 

been interpreted by different people at different hospitals at different times. For example, 

Reeve and Huijser (1999) only presented data relating to attacks by cats and dogs, whereas the 

RSPCA record attacks across a broad range of other animals. Therefore, although it is 

reasonable to assume that these more recent data are likely to relate primarily to attacks by 

companion animals, given that these are particularly prevalent in urban areas (Murray et al., 

2010; Stanley et al., 2015), an unknown proportion of these are also likely to relate to attacks 

by e.g. badgers and foxes and, unfortunately, humans. 

Table 3.4. Summary of the relative importance of different causes of admission in the study of Reeve 
and Huijser (1999) versus the current study, using a z-score test. The minimum value is that reported by 
the authors; maximum values were calculated by re-distributing the “missing” 6.8% in accordance with 
the frequency of the originally cited figures. The z and P values listed are from a series of comparisons of 
two proportions. % are shown to 1d.p. as the analysis was based on these data.  

Source Reeve and Huijser (1999) 
(n = 11,541) 

This study 
(n = 23,942) 

Comparison of two 
proportions 

Cause Minimum Maximum 
Natural causes  27.5%  29.5%  46.1% z=-29.736; P < 0.001 
Anthropogenic causes  22.1%  23.7%  14.9% z=20.272; P < 0.001 
Orphan  27.9%  29.9%  19.1% z=22.729; P < 0.001 
Attack by other animal  0.7%  0.8%  3.0% z=-12.949; P < 0.001 
Poison/pollution  1.8%  1.9%  <0.1% z=17.342; P < 0.001 
Other/unknown  13.2%  14.2%  16.7% z=-6.019; P < 0.001 
Total  93.2%  100.0%  100.0%  

 

Furthermore, the assignment to a specific category ignores potential overlap between 

categories. For example, an individual that is debilitated by a parasitic infection or starving 

might be more likely to get run over by a vehicle as it forages for food. In addition, the RSPCA 

recording system includes several generic divisions that do not easily indicate the specific 

underlying cause for the animal’s admission (e.g. abnormal behaviour, inexperienced juvenile, 

weakness). In these instances, it would be useful if more detailed information could be 

recorded as the animal’s treatment progress or at post mortem; alternatively, a detailed 
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analysis of a randomly selected subset of these animals (sensu Molony et al., 2007) may help to 

identify commonalities between individuals in the same sub-category. 

These figures also do not represent the relative importance of these causes as sources of 

mortality in the wider population. This is primarily related to the ease with which animals 

affected by these different causes will be found and submitted to the RSPCA by members of the 

public. For example, an animal that has consumed a lethal dose of anticoagulant rodenticide 

may perish in a position where it is unlikely to be discovered, even if this takes several days, 

whereas an animal that is injured by a garden strimmer may be noticed immediately. Given 

these caveats, caution must be taken when interpreting what these data indicate for hedgehog 

populations themselves, rather than the subset of hedgehogs that find their way to 

rehabilitation centres.  

At first glance, anthropogenic causes appear to be a relatively minor cause for admission in the 

2006-2018 data (15%). This is perhaps surprising given the media (and social media) coverage 

devoted to issues such as road traffic collisions and garden related accidents (e.g. drowning, 

bonfires, garden strimmers). However, presenting the data in this format excludes the 

underlying pervasive impact that humans may be having on hedgehog populations. For 

example, starvation was recorded as the cause for admission of 28% of those individuals in the 

‘natural causes’ category. Although competition for food is a natural process, and one that is 

often associated with negative density-dependent feedback mechanisms (Sinclair and Pech, 

1996) such that starvation could reflect a healthy population, this is also possibly indicative of a 

reduced abundance of natural foods in both rural and urban landscapes. For example, 

urbanisation is associated with a substantial reduction in vegetative cover (Millennium 

Ecosystem Assessment (MEA), 2005), and recent trends in low maintenance gardening have 

reduced this even further (Smith, 2008; van Heezik et al., 2013). At present, however, there are 

few data on the abundance of macro-invertebrate prey in British urban areas, although Pettett 

(2015) reported that the prey taxa consumed by hedgehogs did not vary along the buildings to 

rural gradient studied, but all hedgehogs had consumed pet food suggesting that natural foods 

could be limited.  
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Similarly, orphaned hedgehogs are also most commonly admitted to wildlife hospitals after 

they have been accidentally disturbed by human activity (e.g. clearing vegetation, dismantling 

sheds) or by companion animals; as such, this indicates an underlying anthropogenic cause. 

Poisoning and other forms of contaminant would also fall into this category. Consequently, 

summing these various major and minor categories together imply that humans may be 

responsible directly or indirectly for 47% (n = 11,302) of overall cases in this dataset. As such, 

and to reiterate the point made by Reeve and Huijser (1999), anthropogenic factors are 

responsible for a marked proportion of admissions to wildlife hospitals, and this is despite 

widespread media coverage in the intervening 20 years on several of these aspects specifically, 

and the continuing decline of hedgehogs in the country as a whole generally. 

Intra- and inter-annual patterns of admissions 

There was a 1.8-fold difference between the lowest (n = 1381) and highest (n = 2518) number 

of hedgehogs admitted, a pattern which was consistent across both adults (272-537 = 2.0-fold 

difference) and juveniles (883-1590: a 1.8-fold difference). Consequently, differences in overall 

admissions appear to relate to simultaneous changes in both adult and juvenile animals (Figure 

3.1), rather than from one age class alone. This pattern is consistent with both an increase in 

the underlying population itself (“more animals available to be affected”) or the result of an 

underlying cause that has wide-ranging effects (“more animals affected in a population of a 

given size”). One possible factor that could affect animals on an inter-annual basis is prevailing 

weather conditions. For example, prolonged periods of hot dry weather in the summer could 

reduce food availability which would be expected to affect both adult and juvenile animals. 

Analyses of admission numbers in relation to patterns of weather are, therefore, warranted. 

Admissions were dominated by juveniles (76% of animals of known age), with pronounced 

peaks evident in the summer and autumn associated primarily with orphaned dependent young 

(Figures 3.2c & 3.2d; Figures 3.3a & 3.3d). In addition, these seasons were also associated with 

increased admissions associated with attacks from other animals and anthropogenic causes 

(Figures 3.3b & 3.3c), which could be linked to the increased ranging behaviour of newly 

independent offspring. Overall, therefore, these inter-annual and intra-annual patterns suggest 

that the summer and autumn seasons are key stages for hedgehog populations, but which can 
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be adversely affected by changes in food availability and associated secure refugia; both of 

these could be positively impacted by persuading to adopt strategies that increase access into 

more gardens (e.g. www.hedgehogstreet.org) but also adopting hedgehog-friendly gardening 

practices. The latter need to focus on promoting the year-round availability of ground-level and 

soil macro-invertebrates, as well as offering secure rest sites which cannot be accessed by dogs; 

promoting responsible dog ownership to make owners aware of the risk posed by their pets 

would also be an important consideration (Schenk and Souza, 2014). To date, the Hedgehog 

Street campaign has attracted more than 80,000 signatories, although this is still a relatively 

small number in the context of the 27.2 million households in Great Britain (Office for National 

Statistics, 2017). In addition, it is not even clear how many of these have actually created a 

hedgehog highway in their own garden (A. Gazzard, pers. comm.) which is the primary aim of 

this programme. 

Survival to release was significantly affect by age, sex and cause of admission. As reported by 

Molony et al. (2007), there was no significant difference between males and females (Figure 

3.4a) and juvenile animals were more likely to survive than adults (Figure 3.4b). However, there 

was a difference in survival probability between animals of known age and sex versus animals 

of unknown age and sex: animals of unknown sex had a survival probability almost half that of 

males and females, whereas animals of unknown age had a survival probability comparable to 

that of adults but significantly lower than that of juveniles. As outlined above, these results 

could be indicative of the fact that these unknown animals are not a random sample of the 

hedgehogs admitted and they could be masking important age or sex differences in survival; at 

the very least, they would act to reduce the survival probabilities of the animals whose sex and 

age is known.  

The pattern of survival within causes for admission (Figure 3.4c) did not reflect their relative 

importance as a cause of admission (Table 3.2). The highest survival rate was evident for 

orphans, indicating that rehabilitators are extremely proficient at rearing even the smallest 

hoglets. Similarly, the survival rate of hedgehogs attacked by other animals, which is 

presumably a reflection of the proficiency of their protective coats. Conversely, significantly 

lower survival probabilities were evident for anthropogenic causes, indicating that these are 

http://www.hedgehogstreet.org/
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often associated with greater levels of physical trauma or unusual injuries (e.g. netting wrapped 

around their neck) which their coat cannot protect them from, or which in some circumstances 

makes things worse.  

Welfare implications 

The 50% release rate for hedgehogs is amongst the highest for species most commonly 

admitted to the RSPCA’s wildlife centres in England and Wales (Grogan and Kelly, 2013). In the 

context of welfare during the rehabilitation process is the adoption of effective triage 

procedures, whereby animals that are likely to perish are identified as early as possible so that 

they can be humanely destroyed. In this study, of all animals admitted, 12% died or were 

euthanased at admission, 22% died or were euthanased within 48 hours and 15% died or were 

euthanased after 48 hours of admission. The figures related to 25% (at admission), 44% (<48 

hours) and 31% (>48 hours) of the 11,827 animals that did not survive. Although the RSPCA 

have made efforts to improve their triage protocols (Molony et al., 2007), the number of 

fatalities at all stages are indicative of a need that further improvements need to be made. 

Mean time in care was 15 days, although some animals were in captivity for hundreds of days. 

In the context of wildlife rehabilitation generally, this can lead to the individuals to become 

imprinted on or habituated to humans (Fàbregas et al., 2020), with these individuals more likely 

to become aggressive or a nuisance after release (Beringer et al., 2004). Admission is highly 

stressful as animals are exposed to humans and disease, which may cause further ill health and 

long-term stressor exposure or chronic stress. Such factors can lead to weight loss, 

immunosuppression, reproductive failure and psychological distress  (Sapolsky et al., 2000). 

Stress can also have a detrimental impact on immunological function, which can lead to animals 

contracting disease whilst in care (Fischer and Romero, 2019), which may further extend their 

stay. Furthermore, the considerable fluctuations in number of admissions, length of stay and 

rate of survival are important considerations for practitioners to be able to manage 

expectations and finances, as the expense of housing and food for animals within the 

rehabilitation environment are acknowledged as the most significant costs (Wimberger et al., 

2010). One additional consideration with the rehabilitation of juveniles is whether they can be 
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sufficiently prepared for independent survival in the wild (Baker, 2002; Guy et al., 2013), with 

the suggestion that rehabilitation as a group can be beneficial (Schwartz et al., 2016).  

For hedgehogs, the rapid turnover of animals transferred from the Uist Islands in Scotland and 

their subsequent release in Bristol, England was associated with low post-release survival rates 

due partly to stress while in captivity but also an inability to put on sufficient fat reserves prior 

to their release (Molony et al., 2006). Conversely, animals that were held in captivity for longer 

were able to accumulate sufficient fat reserves to survive the transition to the new habitat. For 

this species, therefore, an intermediate time in care is likely to be beneficial. 

However, one concern that has been raised in the rehabilitation community is that prolonged 

periods in care in close proximity to humans can reduce their ‘fear’ reflex whereby they roll up 

in a ball when they detect danger (Reeve, 1994). One possible consequence of this is that it may 

make them more vulnerable to dogs and foxes. The latter, it has been suggested, have 

increasingly “learnt” that they can kill hedgehogs by rapidly biting the hedgehog’s leg before it 

curls up; the animal is then debilitated. The efficiency of this hunting technique, whether it is 

increasing in frequency, and whether rehabilitated animals are more vulnerable are all 

unknown. 

Conclusion  

Records of animals entering wildlife rehabilitation centres potentially represent a useful means 

for identifying anthropogenic and natural factors impact wild animal populations, although they 

are associated with difficulties relating to e.g. the non-independence of causal factors and 

detection probabilities. In this study, these issues were further exacerbated by incomplete 

information in some fields of the dataset, notably age and sex, as well as the use of generic 

admission categories (e.g. inexperienced juvenile, abnormal behaviour) that do not provide 

definitive information on the underlying reason for admission. The former problem could lead 

to sampling biases that mask important relationships. These issues could be redressed by 

greater emphasis on ensuring the record for each animal is complete; this is likely to include the 

need to revisit the information recorded at the time of admission while the animal is in care, so 

that an accurate and comprehensive record is generated.  
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Despite extensive media coverage outlining the threats posed to hedgehogs, anthropogenic 

causes are still responsible for a substantial proportion of hedgehogs admitted to the RSPCA 

(up to 47%); some of these are, however, likely to be associated with habitat quality, and which 

may be further exacerbated by e.g. inter-annual variation in weather conditions. The 

relationship between the number of admissions and environmental factors requires further 

examination. 

Overall, 51% of hedgehogs admitted survived to release, although this varied markedly 

between different causes of admission. The highest survival probability was associated with 

orphaned juveniles (63%), and the lowest with anthropogenic causes (39%). Patterns of 

mortality during the rehabilitation process indicated that significant improvements in welfare 

could be achieved with more stringent triage procedures. 
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CHAPTER FOUR 
 

Chapter Three presented the rate of rehabilitation to release one of Europe’s largest animal 

welfare organisations  but it is not known on what scale wildlife rehabilitation is practiced 

across the country. Whilst the RSPCA handles substantial numbers, the BHPS reports in excess 

of 800 wildlife rehabilitators are operating, although the degree to which these facilities 

contribute to the care of hedgehogs has not previously been established.  

As discussed in Chapter One, Molony et al. (2007) suggested 30,000-40,000 casualties of a 

range of British bird and mammal species are admitted to wildlife hospitals annually, whilst 

Grogan and Kelly (2013) proposed a figure of 71,000 may be more accurate. In addition, Barnes 

and Farnworth (2016) estimated veterinary professionals may see more than 131,000 animals 

each year. Little more specific detail exists currently regarding the status of hedgehogs in 

rehabilitation so in this chapter I undertook a questionnaire with hedgehog rehabilitators 

across the UK to estimate: (i) the number of individuals/organisations rehabilitating hedgehogs 

in Great Britain, and (ii) the number of hedgehogs admitted to wildlife hospitals in a single year. 

The questionnaire also requested a range of information relating to the structure and practices 

of these individuals and organisations to identify how British hedgehog rehabilitation is 

structured, to gain a greater insight into its operation and the degree to which the practice of 

rehabilitation may support the conservation of the species, as well as the welfare of individual 

animals.  

The manuscript presented in this chapter has been prepared for publication in Anthrozoös.  

My contribution to the work: 

I designed the project, undertook data collection and conducted all analysis with assistance 

from Dr Philip Baker. I prepared the manuscript with assistance from Dr Philip Baker.   



 

90 
 

An estimate of the scale and composition of the hedgehog (Erinaceus 

europeaus) rehabilitation community in Great Britain and the Channel Islands 

Abstract 

The conservation benefits of wildlife rehabilitation are equivocal but could be substantial for 

formerly common species that are declining rapidly but which are still commonly admitted to 

wildlife hospitals. In Great Britain, one such species is the West-European hedgehog (Erinaceus 

europaeus). In this study, we used a questionnaire survey to estimate the number of 

practitioners (individuals or organisations) involved in rehabilitating hedgehogs and the number 

of animals entering hospitals in one benchmark year (2016); practitioners were identified using 

an internet search and snowball sampling. 304 rehabilitators were identified; 148 (48.6%) replied 

to the questionnaire. The latter consisted of 63% small (≤50 hedgehogs admitted per year-1), 17% 

medium-sized (51-250 year-1) and 21% large (>250 year-1) hospitals; however, these accounted 

for 5%, 12% and 83% of hedgehog admissions, respectively. Small hospitals were significantly less 

likely to be registered as a charity, have paid staff, have a business-related social media account, 

to use a computer for record keeping and carry out post-release monitoring; conversely, they 

were more likely to operate from their own personal residence and to have been established for 

≤5 years (74%). The known sample of 148 hospitals admitted 25,540 hedgehogs in 2016; 

extrapolations using two different methods suggest that all hospitals could have admitted 

40,000-59,000 hedgehogs, a much larger number than previous estimates. Assuming 50% of 

hedgehogs would survive to release, this would be equivalent to 4-6% of the pre-breeding 

population nationally, suggesting this practice could have a positive impact on both the 

population and on animal welfare. 

Keywords: Animal welfare, conservation, Erinaceus europaeus, European hedgehog, wildlife 

hospital, wildlife rehabilitation. 

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’ (Miller, 2012). 
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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 (Morner, 2002; Molina-López et al., 2011; Grogan and Kelly, 

2013; Schenk and Souza, 2014; Mcruer, et al. 2017; Montesdeoca, et al., 2017; Tejera et al., 

2018; Taylor-Brown et al., 2019). Although widely perceived as helping wildlife, the role of WR 

as a conservation tool is contested (Kirkwood, 2003). For example, it can be argued that most 

animals that enter wildlife hospitals tend to be species that are common and widespread 

(Molony et al., 2007; Wimberger et al., 2010) and that the money spent on their care is money 

that cannot be spent on conservation actions such as habitat preservation (Kirkwood, 1992). 

Similarly, unless released individuals have survival rates comparable to those of individuals that 

have not required similar treatment, the cost-effectiveness of human intervention could be 

questioned (Miller, 2012; Guy et al., 2013, 2014; Pyke and Szabo, 2017). Consequently, WR has 

more often been portrayed as an animal welfare issue or for the “benefit of the individual” than 

for conservation (Kirkwood and Sainsbury, 1996; Kirkwood and Best, 1998; Dubois, 2003; 

Kirkwood, 2003; Guy et al., 2013). 

However, WR does potentially offer resources that can aid conservation in a more general 

context such as aiding education (Dubois, 2003; Wimberger et al., 2010; Wimberger and 

Downs, 2010; Guy et al., 2013; Pyke and Szabo, 2017), disease surveillance (Trocini et al., 2008; 

Randall et al., 2012; Camacho et al., 2016; Yabsley, 2020), monitoring of environmental 

pollutants (Jaspers et al., 2006) and the development of a broad range of capture, treatment 

and release protocols that can subsequently be applied to species of conservation concern 

(Molony et al., 2006; Soorae, 2013). In addition, it can help reduce the impacts of catastrophic 

events such as oil spills and wildfires where large numbers of individuals within a breeding 

population may be affected in a very short space of time (Goldsworthy et al., 2000; Newman et 

al., 2003; Lunney et al., 2004; Griffith et al., 2013). Furthermore, although high conservation 

status is often perceived in the context of rarity, it can also result from rapid declines in species 

that were formerly abundant and widespread (Rodríguez et al., 2012; Monadjem et al., 2013). 

In this context, wildlife rehabilitators may continue to receive large numbers of individuals 

which, if successfully rehabilitated and released, could potentially contribute to the 
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conservation of that species. The magnitude of this benefit is dependent, in part, on the 

number of individuals rehabilitated and released in relation to population size (Guy et al., 2013; 

Pyke and Szabo, 2018). 

Quantifying the numbers of different species which are rehabilitated and released can, 

however, be challenging because of the way that WR is often practised. In many instances, the 

wildlife rehabilitation community of a country can 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 (Molony et al., 2007; Wimberger et 

al., 2010; Guy et al., 2013). In any given country, therefore, some rehabilitators may only treat a 

handful of animals each year, whereas larger organisations may treat thousands. In addition, 

not all countries require that wildlife rehabilitators are licenced or registered (Wimberger et al., 

2010; Mullineaux, 2014), such that even identifying the number of wildlife rehabilitators 

operating at any given time is problematic. This issue is currently of interest in Great Britain in 

the context of the rehabilitation of West-European hedgehogs (Erinaceus europeaus; hereafter 

‘hedgehog’), a species of increasing conservation concern (Mathews et al., 2018).  

The hedgehog is a small (<1.5kg), insectivorous mammal found throughout western Europe 

(Morris, 2018). In Great Britain, it can be found in a wide range of human-dominated 

landscapes, including arable and pastoral farmland as well as urban areas (Hof and Bright, 2009, 

2012; Van de Poel et al., 2015; Pettett et al., 2017b, 2018; Williams et al., 2018a). Evidence 

from a range of different long-term surveys suggest that populations may have declined by up 

to 40% in some habitats in the last few decades (Wembridge, 2011, 2015, 2018; Hof and Bright, 

2016; Pettett et al., 2017b; Williams et al., 2018a), with declines to varying degrees also present 

throughout Europe (Holsbeek et al., 1999; Huijser and Bergers, 2000; Van de Poel et al., 2015; 

Müller, 2018). 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-gild 

predator, the Eurasian badger (Meles meles); and climate change (Doncaster, 1994; Whalen et 

al., 1998; Huijser and Bergers, 2000; Rondinini and Doncaster, 2002; Molony et al., 2006; Young 

et al., 2006; Dowding et al., 2010a; Geiger et al., 2010; Moorhouse et al., 2014; Trewby et al., 
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2014). Despite this substantial decline, hedgehogs are frequently the most common mammal 

species admitted to wildlife hospitals in Great Britain (Kirkwood, 2003; Molony et al., 2007; 

Morris, 2018), and are also commonly taken to veterinary surgeons by members of the public 

for treatment (Barnes and Farnworth 2016). 

Most recently, Mathews et al. (2018) estimated that the British hedgehog population numbers 

approximately 0.52 million individuals, down from a similar estimate of 1.56 million in the mid-

1990s (Harris et al., 1995), which triggered its status to be upgraded to Vulnerable to extinction 

(The Mammal Society, 2020). However, both estimates were reliant upon extrapolating data on 

hedgehog density and/or occupancy within specific land classes (Harris et al., 1995) or habitats 

(Mathews et al., 2018) to the country as a whole, whilst acknowledging that such data were 

extremely limited and/or dated. For example, Mathews et al. (2018) were still reliant on density 

estimates collated by Harris et al. (1995) for four major habitat classes and were only able to 

update estimates for two habitats based on one further study in the intervening 20 years 

(Parrott et al., 2014). Consequently, both sets of authors gave low reliability scores for their 

respective estimates. 

Hedgehog rehabilitation in Great Britain 

Whilst the specific details of wildlife legislation in Great Britain are complex, in general terms 

these allow members of the public to take any injured (or orphaned) wild animal into captivity 

for the purposes of treatment (including euthanasia) or care prior to its subsequent release; 

whilst in captivity, the animal must receive appropriate husbandry and be taken to e.g. a 

veterinary surgeon for examination if necessary (Mullineaux, 2014; Jones and Chapman, 2019). 

At the point the animal is deemed fit enough to survive in the wild, it should be released 

(Miller, 2012). The selection of a suitable release site, and e.g. the time of year it is released, are 

therefore additional considerations (Molony et al., 2006; Miller, 2012; Yarnell et al., 2019). For 

example, although animals can often be released at the site where they were found, this is not 

always possible or advisable e.g. standardised release protocols for hedgehogs emphasise that 

they should not be released at locations with high badger numbers. Furthermore, the release of 

some non-native species is not permitted. For those individuals that cannot be released 

because they are unlikely to survive, many rehabilitators recommend euthanasia, whereas 
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others consider retention in captivity an acceptable option (although it is illegal to keep some 

species in captivity) (Bullen, 2010; Miller, 2012; Grogan and Kelly, 2013; Jones and Chapman, 

2019). 

The wildlife rehabilitation community in Great Britain is large, diverse and, in some respects, 

disjointed (Kirkwood, 2003). At one end of the spectrum is the Royal Society for the Protection 

of Animals (RSPCA) (www.rspca.org.uk), the largest animal welfare organisation in England and 

Wales, and the Scottish Society for the Protection of Animals (SSPCA) (www.scottishspca.org), 

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 (www.sttiggywinkles.org.uk) 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 Great Britain. For example, the British Hedgehog Preservation Society 

(BHPS) (www.britishhedgehogs.org.uk), a charitable organisation that has a specific focus on 

hedgehog rehabilitation, 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 800 different individuals and organisations (F. Vass, CEO of the 

BHPS, pers. comm.; Morris, 2018). These are often individuals working from their own private 

residence, with hedgehogs in care 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 Great Britain, 

and the availability of training courses associated with treating and rehabilitating hedgehogs 

(www.valewildlife.org.uk/courses/), 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 

from animals entering wildlife hospitals (Grogan, 2009; Grogan and Kelly, 2013), relatively few 

data currently exist on the numbers of animals that are admitted to wildlife hospitals in Great 

http://www.rspca.org.uk/
http://www.scottishspca.org/
http://www.sttiggywinkles.org.uk/
http://www.britishhedgehogs.org.uk/
http://www.valewildlife.org.uk/courses/
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Britain. For example, Molony et al. (2007) reported that an estimated 30,000-40,000 casualties 

are admitted to wildlife hospitals annually, with the most common species being the red fox 

(Vulpes vulpes), Eurasian badger (Melels meles), hedgehog and blackbird (Turdus merula). More 

recently, Grogan and Kelly (2013) reported 71,000 animals (of a wide range of British species) 

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, in this study, we used a structured internet search and 

questionnaire survey to estimate (i) the number of individuals and organisations rehabilitating 

hedgehogs in Great Britain, and (ii) the number of hedgehogs admitted to wildlife hospitals in a 

single year. The questionnaire also requested a range of information relating to the structure 

and practices of these individuals and organisations to identify how British hedgehog 

rehabilitation is structured at the current time: (iii) their charitable status; (iv) the numbers of 

paid and unpaid personnel involved; (v) patterns of veterinary support; (vi) how long they had 

been established; (vii) the physical infrastructure used; (viii) their use of social media; (ix) how 

they recorded information on the hedgehogs admitted; and (x) whether or not they conducted 

post-release monitoring. In addition, we 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.  

Materials and Methods  

Terminology 

For brevity, we use the term ‘rehabilitator’ to collectively refer to any individual or organisation 

which treats and releases hedgehogs; in Great 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; this includes private households, buildings in private premises such as a 

garden shed, and large purpose-build facilities.  

Internet search 

A systematic search was undertaken from September 2016-January 2017 using the online 

search engines Google and Bing, websites for known rehabilitators, online databases (e.g. 
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www.helpwildlife.co.uk/directory) and the social media platforms Facebook and Twitter to 

create a database of hedgehog rehabilitators and rehabilitation organisations. Search terms 

included: “wildlife hospital”, “wildlife rescue”, “hedgehog hospital”, “hogspital” and “hedgehog 

rescue”. Where available, the name and contact details of each rehabilitator were provisionally 

recorded if they had an online presence in any form, such as a social media profile, had been 

mentioned in a local or national media, or had a fundraising campaign advertised. However, 

because online information may be out of date (e.g. a rehabilitator had ceased practising), each 

rehabilitator was 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. 

Following this online search, snowball 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 forward/advertise the resultant 

questionnaire (see below) to their personal contacts. This approach would help identify 

rehabilitators that had no obvious online social media presence, including individuals that had 

only recently started practising. 

Questionnaire survey 

A self-administered questionnaire was distributed via SmartSurvey from January 2017-

December 2017 to obtain information on the composition of the hedgehog rehabilitation 

community in Great Britain and to estimate the number of animals admitted in 2016. The 

questionnaire was publicised through social media using a number of established web pages 

associated with wildlife and hedgehog rehabilitation, and contacting the rehabilitators 

identified above directly. The questionnaire was further publicised via newsletters published by 

the British Hedgehog Preservation Society (BHPS), British Wildlife Rehabilitation Council and the 

People’s Trust for Endangered Species. The BHPS promoted the questionnaire to the ~800 

carers on their database. All centres were contacted at least once via email or a social media 

message, depending on their preferred mode of communication as advertised on their website 

or social media, with a request to complete the questionnaire. Information requested included: 

their name; whether they were a registered charity or not; how many paid personnel they 
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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 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, marking spines with 

numbered tags (Reeve et al., 2019) or nail varnish). Ethical approval was provided by the 

University of Reading. 

Estimating the number of hedgehog admissions 

To estimate the total number of hedgehogs admitted in 2016 by all active rehabilitators 

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: 

these were assigned to reflect both the pattern of admissions but also to ensure that sufficient 

numbers of hospitals (both from the original searches and from snowball sampling) were in 

each division to enable statistical analysis. Differences in the relative numbers of hospitals in 

each of the three size classes 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. 
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Two models were used to estimate the numbers of hedgehogs admitted by those hospitals for 

which there was 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, medium and large hospitals; and the median 

number of hedgehogs admitted by those hospitals in each size class. The total sample of 

hospitals with missing data was then divided in accordance with the proportions identified in 

the known sample: the resulting number of hospitals in each size class was then multiplied by 

the associated median value to estimate the total number of hedgehogs admitted in each class. 

These three totals were then summed and added to the number of known hedgehogs admitted 

by those hospitals for which data were available. 

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). In this model, therefore, 

the proportion of small/medium/large hospitals and the median number of hedgehogs 

admitted within each size class were estimated separately for those hospitals identified in the 

online search versus those identified by snowball sampling. The estimated numbers of 

hedgehogs admitted within each of these two samples were then summed and added to the 

total number of known hedgehogs admitted by those hospitals for which data were available. 

Structure of the rehabilitation community 

Differences in the characteristics of small, medium and large hospitals were quantified using 

data from those rehabilitators where we had both an estimate of their size and who had 

completed the questionnaire survey; rehabilitators who had completed the questionnaire but 

who had not indicated the numbers of hedgehogs admitted in 2016 were excluded. Similarly, 

rehabilitators who had failed to answer a specific question were excluded from the analysis 

relating to that question. 

A series of chi-squared tests were used to compare differences between the three hospital 

classes with respect to: whether they were a registered charity or not; the type of veterinary 
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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); how long they had been established (data merged into two categories: ≤5 

years and >5 years); where hedgehogs were housed during rehabilitation (three categories: 

building in private grounds e.g. garden shed; in their private residence; a purpose-built facility); 

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); 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 

computer” indicates that the majority of records would have been recorded on computer with 

a minority on paper); and 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 number of unpaid staff 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. The distribution of paid staff was very uneven, with very few hospitals 

employing paid personnel at all, such that we were not able to analyse these data statistically. 

Therefore, we have 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 from 2012-2016 were investigated for 

each size category to identify whether 2016 was potentially an atypical year for the number of 

admissions. Median (±inter-quartile range (IQR)) numbers of admissions were plotted 

separately for small, medium and large hospitals utilising all the data available. However, it was 

not possible to analyse these data as some hospitals only supplied data for some years within 

the overall five-year period, whereas others provided data for all five years; consequently, the 

data were neither truly independent nor truly repeated. Therefore, Friedman tests were used 
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to identify whether there were any between-year differences for those subsets of hospitals 

within each size class where data were available for all five years. 

Data analyses 

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 

were therefore presented as medians ±IQR unless otherwise specified. 

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. Therefore, we had 

data on the number of admissions in the benchmark year for 174 hospitals but did not have 

equivalent data for 130 hospitals, consisting of 120 hospitals identified from the online searches 

and 10 from snowball sampling. 

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: 

X22 = 67.18, P < 0.001; Figure 4.1). 
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Figure 4.1. Frequency distribution of small, medium and large rehabilitation organisations identified 

from original online searches versus snowball sampling. Size categories were defined on the basis of the 

number of hedgehogs admitted in 2016: small = ≤50 admissions; medium = 51-250 admissions; and 

large = >250 admissions. 

Estimating the number of hedgehog admissions 

Overall, the 174 rehabilitators for which data were available admitted 25,540 hedgehogs in 

2016, with large hospitals dealing with much larger numbers (n = 21,145; 82.8%), than medium-

sized (n = 3,169; 12.4%) or small (n = 1,226; 4.8%) hospitals. 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 (Table 4.1); no 

significant differences were evident for medium-sized or large hospitals. 

Extrapolating from the data summarised in Table 4.1, the number of hedgehogs admitted by all 

304 active hospitals in the combined sample was estimated to range from 40,991 (Model 1 

where the data from the online search and snowball sample were treated as homogenous and 

merged) to 59,308 (Model 2 where the data from the online search and snowball sample were 

considered separately) individuals (Table 4.2). 
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Table 4.1. Summary of the median (±IQR) number of hedgehogs admitted to small (≤50 admissions per 

annum), medium (51-250 admissions) and large (>250 admissions) in 2016 for those hospitals identified 

in the original online search (n = 59) versus those identified by snowball sampling (n = 115). 

 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) 

Mann-Whitney test W = 1124.00, P < 0.001 
 

W = 256.50, P = 0.965 
 

W = 578.50, P = 0.097 
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Table 4.2. Estimated number of hedgehogs admitted to the active wildlife hospitals identified by the online search (n = 179) and snowball 
sampling (n = 125) based upon two extrapolations. Model 1 is based on the assumption that the combined data from the online search and 
snowball sample are a representative sample of the hospitals where data on hedgehog admissions in 2016 were not available (n = 125). Model 2 
is based on the assumption that the hospitals identified from the online search and snowball sample were not comparable, such that estimates 
for those hospitals where data were not available in each sample (n = 120 and n = 5, respectively) had to be calculated separately. The size of 
hospitals is defined on the basis of the number of hedgehogs admitted in 2016: small = ≤50 admissions; medium = 51-250 admissions; and large 
= >250 admissions. 

Model 1: combined sample is representative  

 Small Medium Large 
Total no. of hospitals identified (excluding closed & unknown) 304 (n = 179 + 125) 
Total no. of hospitals where number of hedgehogs admitted is 
known 

174 (n = 59 + 115) 

No. of hospitals where number of hedgehogs admitted is 
known 

109 (62.6%) 29 (16.7%) 36 (20.7%) 

Total known number of hedgehogs admitted 1,226 3,169 21,145 
No. of hospitals where number of hedgehogs admitted is not 
known 

130 (n = 120 + 10) 

Estimated number of hospitals in size division 81.4 (130 * 0.626) 21.7 (130 * 0.167) 26.9 (130 * 0.207) 
Estimated median number of hedgehogs admitted per sample 6 97 478 
Estimated number of additional hedgehogs 488 (81.4 * 6) 2,105 (21.7 * 97) 12,858 (26.9 * 

478) 
Estimated total number of hedgehogs in size division 1,714 5,274 34,003 
Estimated total number of hedgehogs admitted 40,991 
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Model 2: estimates need to be derived independently 

 Small Medium Large 
(a) Hospitals identified through online search 
Total no. of hospitals identified (excluding closed & unknown) 179 
Total no. of hospitals where number of hedgehogs admitted is known 59 
No. of hospitals where number of hedgehogs admitted is known 13 (22.0%) 17 (28.8%) 29 (49.2%) 
Total known number of hedgehogs admitted 299 1,833 18,070 
No. of hospitals where number of hedgehogs admitted is not known 120 
Estimated number of hospitals in size division 26.4 (120 * 0.220) 34.6 (120 * 0.288) 59.0 (120 * 0.492) 
Estimated median number of hedgehogs admitted per sample 25 97 500 
Estimated number of additional hedgehogs 660 (26.4 * 25) 3,356 (34.6 * 97) 29,500 (59.0 * 500) 
Estimated total number of hedgehogs in size division 959 5,189 47,570 
Estimated total number of hedgehogs admitted 53,718 
(b) Hospitals identified through snowball sampling 
Total no. of hospitals identified (excluding closed & unknown) 125 
Total no. of hospitals where number of hedgehogs admitted is known 115 
No. of hospitals where number of hedgehogs admitted is known 96 (83.5%) 12 (10.4%) 7 (6.1%) 
Total known number of hedgehogs admitted 927 1,336 3,075 
No. of hospitals where number of hedgehogs admitted is not known 10 
Estimated number of hospitals in size division 8.4 (10 * 0.835) 1.0 (10 * 0.104) 0.6 (10 * 0.061) 
Estimated median number of hedgehogs admitted per sample 6 121 135 
Estimated number of additional hedgehogs 50 (8.4 * 6) 121 (1.0 * 121) 81 (0.6 * 135) 
Estimated total number of hedgehogs in size division 977 1,457 3,156 
Estimated total number of hedgehogs admitted 5,590 
(c) All hospitals combined 
Total no. of hospitals identified (excluding closed & unknown) 304 (n = 179 + 125) 
Estimated total number of hedgehogs admitted 59,308 
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Structure of the hedgehog rehabilitation community 

Of the 304 active rehabilitators contacted, 153 completed the questionnaire survey indicating 

an overall return rate of 50%. However, 5 of these had to be omitted from the analyses of 

community structure as they did not provide information about the number of hedgehogs 

admitted in 2016, so we could not determine their size. Therefore, all analyses were based on a 

maximum sample size of 148 rehabilitators (49%). Responses from two rehabilitators in the 

Channel Islands were received and have been included here for completeness, whilst 

acknowledging these are not in Great Britain.  

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 4.3). In general terms, small and medium-sized hospitals were less likely to 

be registered as a charity, more likely to have been established within the five years prior to 

2016 (Figure 4.2), and more likely to operate out of the rehabilitator’s private residence (Table 

4.3). Furthermore, smaller hospitals were most commonly staffed by just one unpaid person 

(Figure 4.3), 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 4.3): 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 4.3). 

The median number of hedgehogs submitted annually throughout the period 2012-2016 

appeared to increase for small (Figure 4.4a) and medium-sized (Figure 4.4b) hospitals, and to a 

lesser degree for large hospitals (Figure 4.4c). Considering only those hospitals where there 

were five years’ worth of data (n = 28), the median number of hedgehogs submitted in 2016 

was significantly higher than in both 2012 and 2013 (Friedman test: H = 22.94, DF = 4, P < 0.001; 

Figure 4.4d).
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Table 4.3. Summary of the characteristics of small (≤50 hedgehogs admitted in 2016), medium-sized (51-250 hedgehogs admitted) and large 

(>250 hedgehogs admitted) wildlife hospitals based on the online questionnaire survey (n = 148). Sample sizes vary for individual analyses if 

respondents did not answer that question. 

Characteristics Small 
(n = 108) 

Medium 
(n = 22) 

Large 
(n = 18) 

Chi-squared results 

Registered charity (n = 148) No 96% 86% 28% X22 = 61.98, P < 0.001 
Yes 4% 14% 72% 

No. of paid staff (n = 146) % of hospitals with paid staff 5% 0% 44% - 
Mean no. of paid staff (range) 1.2 (1-2)1 - 6.4 (1-30) 

No. of unpaid staff (n = 148) 1 volunteer 84% 46% 22% X24 = 74.70, P < 0.001 
2 volunteers 15% 18% - 
3 or more volunteers 2% 36% 78% 

Veterinary care (n = 148) None 3% - - X28 = 13.03, P = 0.111 
Work with external vet practice 82% 100% 89% 
Work with external rescue/hospital 12% - - 
I am a veterinary nurse / vet 2% - - 
Have an onsite vet 2% - 11% 

Duration (n = 137) ≤5 years 79% 69% 12% X22 = 30.03, P < 0.001 
>5 years 21% 32% 88% 

Housing (n = 148) Building in private grounds 4% 18% 11% X24 = 41.53, P < 0.001 
Personal residence 94% 77% 50% 
Purpose-built facility 2% 5% 39% 

Social Media (n = 148) 
 

No social media account(s) 57% 5% 11% X24 = 52.46, P < 0.001 
Only personal account(s) 26% 18% 6% 
Business and/or personal account(s) 18% 77% 83% 

Record-keeping (n = 132) Paper (partly or fully) 78% 46% 50% X22 = 12.42, P = 0.002 
Computer (partly or fully) 22% 56% 50% 

Post-release monitoring (n = 145) No 59% 38% 24% X22 = 9.17, P = 0.010 
Yes 41% 62% 77% 

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 “4,000” 

which presumably refers to the students at these establishment 
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Figure 4.2. Number of years that small (≤50 admissions; n = 98), medium-sized (51-250 

admissions; n = 22) and large (>250 admissions; n = 17) hospitals had been established in 2016. 

 

 

Figure 4.3. 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. 
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(a) Small hospitals 

 

(b) Medium-sized hospitals 
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(c) Large hospitals 

 

 

(d) Hospitals with 5 years’ data (n = 28) 

 

Figure 4.4. 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 2012-2016; 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 Friedman test. 
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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 Great 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 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 59% (n = 179) were 

identified in the original online searches; the remaining 41% (n = 125) 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 Great 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; therefore, the numbers presented in this study 

should be considered minimum estimates. 

In terms of the number of hospitals, the hedgehog rehabilitation community in Great 

Britain is dominated by small hospitals (63%), with many fewer medium-sized (17%) and 

large (21%) 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 4.1). This 

pattern is further reflected in a wide range of associated characteristics. For example, 

small hospitals were: less likely to be a registered charity; likely to consist of just one 

unpaid member of staff; to operate out of their house or a building such as a shed in 

their garden; 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 out of their own home or garage whilst 

working full- or part-time. 

Furthermore, the majority of recent growth in the size and structure of this 

rehabilitation community is associated with smaller hospitals. For example, 74% of the 

small hospitals in our survey sample had been in operations for ≤5 years (equivalent to a 
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start within the period 2012-2016). In contrast, comparable figures for medium-sized 

and large hospitals were 10% and 18%, respectively. Despite their prevalence, however, 

the number of hedgehogs admitted into care across these small hospitals was 

comparatively small; of the 25,540 hedgehogs admitted by the 174 rehabilitators for 

which data were available, only 5% were associated with small hospitals compared to 

12% for medium-sized and 83% for large hospitals. The relatively low number of 

hedgehogs entering small hospitals is likely to reflect a range of limiting factors acting 

upon practitioners including space, time and funding. Furthermore, new rehabilitators 

may also purposefully only take on a limited number of patients, with the intention of 

expanding their capacity as they become more experienced; as such, individual hospitals 

may, over time, move between the (arbitrary) size classes we have defined. 

In addition, the numbers of hedgehogs handed in to any single rehabilitator is also likely 

to be dependent upon the size of their “catchment area”, how the hedgehog population 

in this area fluctuates over time and differences in the prevalence of factors which lead 

to hedgehogs being injured, orphaned or in ill-health. Consequently, the magnitude of 

the benefit of rehabilitating a given number of hedgehogs is contingent on the density 

and dynamics of the associated population; as such, the successful treatment and 

release of even moderate numbers of individuals into the local area could have marked 

value. Furthermore, the abundance of smaller rehabilitators may increase the likelihood 

that a sick or injured hedgehog is actually taken into care, as members of the public are 

sometimes reluctant to travel long distances (pers. obs.). 

The number of admissions relative to population size: a national perspective 

Extrapolating from the data derived from the questionnaire survey, we estimated that a 

total of 40,000-59,000 hedgehogs may have been admitted to the 304 wildlife 

rehabilitators active in 2016. However, there is a substantial disparity between these 

estimates, suggesting that they are sensitive to the modelling approaches used. For 

example, Model 2 was particularly affected by the proportion of large hospitals 

identified in the online searches (49%) which was then used to estimate the 

corresponding number in the sample of 120 hospitals for which no data were available; 

this calculation suggested that we had missed 59 large hospitals in these initial searches. 

We consider this unrealistic, as large rehabilitators typically had business related social 
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media accounts 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. Therefore, we believe the lower estimate of 40,000 is more plausible. 

This number is substantially greater than implied by previous estimates. For example, 

Molony et al. (2007) and Grogan and Kelly (2013) reported estimates of 30,000-40,000 

and 71,000 admissions per annum across the full range of bird and mammal species 

(there are >200 species of bird (Harris et al., 2020) and >40 species of mammal in Great 

Britain (Mathews et al., 2018), many of which end up in wildlife hospitals, several in 

large numbers (e.g. Grogan and Kelly, 2013; Baker et al., 2018)). Furthermore, it is 

important to note that: (i) the figures outlined above do not include the 31,000 

hedgehogs admitted to veterinary surgeons (Barnes and Farnworth, 2016), although 

merging these two estimates together is not straightforward since there would be some 

element of double-accounting as some individuals would subsequently be transferred to 

rehabilitators for further care prior to release, whilst some vets in Barnes and 

Farnworth's (2016) study would have been working in collaboration with a rehabilitator; 

and (ii)  the 304 active rehabilitators that we identified is substantially lower than the list 

of 800 hedgehog carers purportedly held by the BHPS, although we were not able to 

verify this number. If this latter figure is correct, then the number of hedgehogs 

admitted to wildlife hospitals in the benchmark year may have been markedly higher, 

although we would suggest that many of these additional hospitals would be considered 

small and therefore associated with relatively low median numbers of admissions. 

The most recent estimate of the pre-breeding hedgehog population in Great Britain is 

522,000 (Mathews et al., 2018). At the most basic level, our estimate of 40,000-59,000 

admissions is therefore equivalent to 8-11% of this total. However, only approximately 

50% of those animals admitted are likely to survive to be released (Grogan and Kelly, 

2013), implying that rehabilitators may collectively be saving 20,000-29,500 hedgehogs 

that would otherwise have been expected to perish (equivalent to 4-6% of the pre-

breeding population). Yet, even this lower value is large relative to the rate at which the 

British hedgehog population is estimated to be declining based upon data from two 

long-term citizen science programmes run by the People’s Trust for Endangered Species: 

trends in the size of rural hedgehog populations have been quantified using counts of 

dead hedgehogs on roads (“Mammals on roads”: 2001-2017), whilst urban populations 
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have been monitored by recording patterns of presence-absence in different habitats 

(“Living with mammals”; 2003-2017), in particular gardens (Wembridge and Langton, 

2016; Wilson and Wembridge, 2018). Although converting these data to absolute 

changes in population size is difficult, these data suggest annual declines in the order of 

3% in rural habitats and 2% in urban habitats. In this context, it can be argued that the 

hedgehog rehabilitation community could indeed be having a positive impact at a 

population level, rather than being merely a service related to animal welfare as some 

authors have previously suggested (Kirkwood and Sainsbury, 1996; Kirkwood and Best, 

1998; Dubois, 2003; Guy et al., 2013). 

Nevertheless, any benefits associated with rehabilitation are not likely to be experienced 

by rural and urban hedgehog populations equally. For example, a growing body of 

evidence suggests that hedgehogs are increasingly associated with areas of human 

habitation, both in Great Britain (Young et al., 2006; Hof and Bright, 2009; Pettett et al., 

2017b; Schaus et al., 2020) and elsewhere (Hubert et al., 2011; Van de Poel et al., 2015), 

and relatively uncommon in rural areas (Young et al., 2006; Trewby et al., 2014; Williams 

et al., 2018a). As >80% of people in Great Britain live in urban areas (Statista, 2020), and 

that urban hedgehogs are most commonly found in residential gardens (Hof and Bright, 

2009; Dowding et al., 2010a; Wembridge and Langton, 2016), it is perhaps unsurprising 

that most underlying reasons for hedgehogs being taken to wildlife hospitals are 

associated with garden-related factors (Chapter Three). Further, even in rural landscapes 

hedgehogs tend to be found near buildings (Pettett et al., 2017b), suggesting that most 

rehabilitated hedgehogs are likely to originate from areas of human habitation. This is 

despite the fact that <1% of the hedgehog population nationally is thought to be found 

in urban areas (Mathews et al., 2018). 

Limitations and future work 

The figures presented above assume that the benchmark year (2016) was typical whilst 

acknowledging that the number of admissions is likely to fluctuate inter-annually as the 

result of changes in population size, reproductive output, the number of practising 

rehabilitators, and factors likely to cause hedgehogs to enter hospitals (e.g. disease 

outbreaks, climatic conditions). For those hospitals where we did have a continuous set 

of data across the five-year period, the number admitted in 2016 was significantly higher 
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than in 2012 and 2013 potentially suggesting that admissions in the last year were larger 

than normal. Alternatively, these differences could have partly reflected the 

ease/accuracy with which rehabilitators could collate information on the number of 

hedgehogs they admitted each year, 2016 being the year closest to the time when the 

questionnaire was distributed. This is likely to be more time-consuming for rehabilitators 

that only have paper records which may get damaged, lost, or disposed of because 

rehabilitators do not have the space to store them or because they are not aware of the 

potential scientific usefulness of this information. Also, as individuals would need to 

physically trawl through their written record to extract the data, rehabilitators that rely 

on paper records may also be less likely to respond to questionnaires requesting 

detailed information; this is potentially one reason why half of the rehabilitators 

contacted actually completed the questionnaire survey. Strategies which focussed on 

increasing the number of rehabilitators who store their data electronically would 

facilitate similar future studies. 

The ultimate measure of the success of rehabilitation is the degree to which released 

individuals integrate into the wild population and reproduce. Although numerous 

studies have previously quantified post-release survival rates (e.g. Morris and Warwick, 

1994; Morris, 1997; Molony et al., 2006; Yarnell et al., 2019) most have relied on radio-

tagging individuals: although this enables each individual’s definitive fate to be 

identified, these studies typically only last 8-10 weeks and they typically do not even 

encompass the released animal’s first winter hibernation period. On a positive note, 48% 

of the rehabilitators who answered the questionnaire stated that they were conducting 

post-release monitoring, but most of this was via the use of numbered tags or nail 

varnish/correction fluid painted onto the spines; these are likely to be short-term as they 

will be lost when the spines are shed. Furthermore, lots of animals need to be marked to 

get sufficient observations from which to estimate post-release survival rates. For 

example, of 1,002 hedgehogs ear-tagged on the island of Jersey, only 156 (16%) were 

“recaptured”, but this did indicate that approximately 6% of animals survived for more 

than three years after being released (Morris, 2018). One major problem with relying 

solely on rehabilitators to collect post-release data, however, is that there is a strong 

dependence on released animals re-entering wildlife hospitals, implying that they have 

experienced further problems. One way around this would be for better collaborations 
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between rehabilitators and researchers in areas where long-term monitoring of 

individually-marked hedgehogs is already taking place; in these situations, scientists may 

be able to use a wider range of methods to quantify patterns of survival. 

Conclusion 

This study was the first to attempt to directly estimate the number, and characteristics, 

of practitioners rehabilitating hedgehogs in Great Britain and the Channel Islands, and 

the number of hedgehogs that enter their hospitals annually in comparison to the size 

and rate of decline of the national population. A minimum of 304 rehabilitators were 

identified: most (63%) of these admitted ≤50 hedgehogs annually, whereas the majority 

of hedgehogs (83%) were admitted by the small number of large hospitals. However, the 

growth of the hedgehog rehabilitation community is 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 both the size of the estimated breeding population and annual rate 

of decline implying that rehabilitation could be an important conservation action. 

However, further information is required on the long-term survival and reproductive 

rates of released hedgehogs. 
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CHAPTER FIVE 
 

As determined in Chapter Two, detection of hedgehogs in woodland is at a lower rate 

than in other habitats. Further, in Chapters Three and Four, trauma is a significant cause 

of admission to wildlife rehabilitators. This is as a result of garden tools, during mowing 

etc. possibly due to the camouflaged nature of the hedgehog nest in long grass. 

Detection of hedgehogs, either active or in the nest, in these complex habitats cannot be 

achieved through current methods, and monitoring population declines relies on robust, 

effective survey methods suited to a range of different habitats. Therefore, this chapter 

sought to determine the effectiveness of detecting hedgehogs with a conservation 

detection dog, in comparison to widely used detection methods. I conducted a pilot 

study to compare the effectiveness of a thermal camera, a detection dog and 

spotlighting as methods for locating hedgehogs in a rural landscape. This focused on key 

measures: (i) the absolute number of hedgehogs detected by each method in three 

different habitats (amenity grassland, pasture, woodland); (ii) the mean detection 

distance of each method in each habitat; and (iii) the effect of vegetative ground cover 

on detection distance. This then considers (iv) observations of using a detection dog for 

the first time as a method for locating hedgehogs; and (v) the costs and benefits 

associated with each of the three methods in the context of future studies. 

In this chapter I explored the use of three different methods for the detection of 

hedgehogs, namely spotlight, infra-red thermal cameras and conservation detection 

dogs, with a view to developing a method that could be used for detection of hedgehogs 

in the nest. Whilst the former two methods have been considered in the literature 

(Haigh et al., 2012a; Bowen et al., 2019), and spotlights are widely used for hedgehog 

detection (e.g. Hof et al., 2012; Pettett et al., 2017a), the use of detection dogs has not 

be fully explored for active hedgehogs and has not be described previously for those in 

the nest. Recent research demonstrated the benefit of dogs for the detection of small 

cryptic, nocturnal  mammals (Karp, 2020), albeit those which inhabit more open areas of 

the landscape than is typically for the hedgehog, and consideration of the animal in the 

nest is limited.  
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Comparing non-invasive surveying techniques for elusive, nocturnal 

mammals: a case study of the West European hedgehog (Erinaceus 

europaeus) 

Abstract 

Monitoring changes in populations is fundamental for effective management. The West-

European hedgehog (Erinaceus europeaus) is of conservation concern in the UK because 

of recent substantial declines. Surveying hedgehogs is, however, problematic because of 

their nocturnal, cryptic behaviour. We compared the effectiveness of three methods 

(infra-red thermal camera, specialist search dog, spotlight) for detecting hedgehogs in 

three different habitats. Significantly more hedgehogs were detected, and at greater 

distance, using the camera and dog than the spotlight in amenity grassland and pasture; 

no hedgehogs were detected in woodland. Increasing ground cover reduced detection 

distances, with most detections (59.6%) associated with bare soil or mown grass; the 

dog was the only method that detected hedgehogs in vegetation taller than the target 

species’ height. Current data on rural hedgehog movements suggest that the additional 

value of surveying with an infra-red camera or detection dog is most likely to be realised 

in areas where badgers (Meles meles), an intra-guild predator, are absent, and where 

ground cover enables hedgehogs to forage further from refuge habitats. Further 

consideration of the effectiveness of detection dogs for finding hedgehogs in nests, as 

well as developing techniques for monitoring this species in woodland, is warranted. 

Key words: Conservation dog; detection dog; infra-red camera; mammal monitoring; 

scent dog; thermal camera 

Introduction 

Wildlife management and conservation interventions are becoming increasingly 

important globally as extensive anthropogenic changes are made to the environment 

(Vitousek et al. 1997, Millennium Ecosystem Assessment (MEA) 2005, Sutherland 2013, 

Veach et al. 2017) and biodiversity is threatened (Butchart et al. 2010, Wagler 2013, 

Tittensor et al. 2014, Ceballos and Ehrlich 2018). The effective development and 

implementation of conservation and/or management strategies is, in part, dependent 

upon quantifying the distribution and abundance of populations and how they are 
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changing spatially and/or temporally (Warren et al. 2000, Wilson and Delahay 2001, 

Grenyer et al. 2006, Schipper et al. 2008).  

Methods for estimating temporal and spatial variation in population size and distribution 

can be broadly split into direct versus indirect methods (Langbein et al. 1999, Wilson and 

Delahay 2001, Day et al. 2016). Direct methods are associated with counts of live 

animals themselves, whereas indirect counts are based on counts of “field signs” such as 

refugia (Waters et al. 2011, Judge et al. 2014), tracks (Alibhai et al. 2017, Williams et al. 

2018a, b), scats (Churchfield et al. 2000, Day et al. 2016, Cortázar-Chinarro et al. 2019, 

Mwebi et al. 2019) and feeding signs (Redpath et al. 2001, Meek et al. 2012), or e.g. 

counts of animals killed on roads (Baker et al. 2004, Seiler et al. 2004, Bright et al. 2015) 

or by hunters (Aebischer et al. 2011, Aebischer 2019). These indirect approaches have 

tended to be used where direct methods are not possible (e.g. the focal species occupies 

a habitat where direct observation is not possible), or because they are cheaper (Alibhai 

et al., 2017). The use of indirect measures is, however, predicated on the assumption 

that they reflect population size per se or some relative measure of population size, but 

it is known that they can be associated with a range of confounding factors that make 

estimates uncertain and interpretation of data difficult (McDonald and Harris 1999, 

Bright et al. 2015). Converting counts of relative abundance to measures of absolute 

abundance is particularly problematic. 

In addition to counting animals for population monitoring, capturing individuals may also 

be an important component of scientific studies. For example, radio- and satellite-

tracking have revolutionised our understanding of animal movement patterns 

(Craighead and Craighead 1972, Deutsch et al. 1998, Marzluff et al. 2001) and the 

attachment of bio-loggers and animal-mounted video cameras enable scientists to 

obtain data that would otherwise be impossible to get (Yasuhiko 2004, Ropert-Coudert 

and Wilson 2005, Loyd et al. 2013, Volpov et al. 2015, Wilmers et al. 2015). Handling 

animals also enables morphological, physiological, isotopic, reproductive and 

parasitological data to be collected (Wassenaar and Hobson 2000, Elledge et al. 2008, 

Telfer et al. 2010, Wikenros et al. 2016), as well as being crucial to the application of 

techniques such as the use of doubly labelled water for estimating energy consumption 

(Lifson et al. 1955, Lifson and McClintock 1966, Nagy 2001, Pettett et al. 2017a). 

Typically, animals are captured using devices such as nets, traps and snares (Flowerdew 
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et al. 2004, Hill and Greenaway 2005, Tyrrell et al. 2009): this is often expensive, time-

consuming, and associated with significant animal welfare and legal issues (Putman 

1995, Lane and McDonald 2010, Brown et al. 2013). Consequently, the development of 

novel methods for locating animals that improve welfare standards and enable the 

collection of robust data is important for designing successful management plans. 

The West-European hedgehog (Erinaceus europeaus, hereafter ‘hedgehog’) is a species 

of increasing conservation concern in Great Britain (Mathews et al., 2018), and 

elsewhere (Haigh 2011, Van de Poel et al. 2015), because of a substantial decline in 

recent decades (Holsbeek et al.  1999, Huijser and Bergers 2000, Van de Poel et al. 2015, 

Hof and Bright 2016, Mathews et al. 2018, Müller 2018, Pettett et al. 2018b, Williams et 

al. 2018a, Wilson and Wembridge 2018). This has been widely attributed to a range of 

factors, including: a substantial reduction in the extent and quality of hedgerows (Carey 

et al. 2008, Moorhouse et al. 2014); increased predation and competition pressure from 

badgers (Meles meles) (Young et al. 2006, Judge et al. 2014); direct or indirect impact of 

roads (Huijser and Bergers 2000, Rondinini and Doncaster 2002) and the extensive use of 

pesticides (Battersby, 2005), which have resulted in direct poisoning (Dowding et al., 

2010b) or a decline in the abundance and variety of invertebrate prey (Geiger et al. 

2010, Hof and Bright 2010a, b). The magnitude of this decline is, however, equivocal 

because of problems associated with quantifying hedgehog density. 

To date, researchers and NGOs have generally relied upon spotlighting, footprint-

tunnels, trapping and/or counts of dead animals on roads to either (i) capture 

hedgehogs (mainly for marking and to attach radio-tracking or GPS-tracking devices) or 

(ii) estimate relative abundance or hedgehog presence-absence (Young et al. 2006, 

Poulton and Reeve 2010, Trewby et al. 2014, Pettett et al. 2017a, b, Williams et al. 2018 

a, b). However, these approaches have often varied in their efficacy and are associated 

with factors that may affect their robustness or usefulness. In addition, most studies 

have relied on a single technique, preventing comparison of the efficacies of different 

techniques. For example, footprint-tunnels have been used successfully in both urban 

and rural areas in the UK (Yarnell et al. 2014, Williams et al. 2018a, b) but have had 

limited uptake in other studies (Haigh et al. 2012a, Gurnell and Bowen 2016). Similarly, 

spotlight surveys were the most effective method for locating hedgehogs in Regent’s 

Park, London (Gurnell and Bowen, 2016), whereas Poulton and Reeve (2010) dismissed 
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this method for surveying hedgehogs, as when applied, they only detected hedgehogs in 

14 of 97 visits across 30 sites in Great Britain. The latter could, however, have simply 

reflected low patterns of occupancy at the sites surveyed rather than a limitation of 

spotlighting per se; this is supported by spotlights and footprint-tunnels providing 

consistent results across 17 of 19 (89%) sites surveyed in spring, 15 of 18 (83%) in 

summer and 6 of 17 (94%) in autumn, respectively, by Yarnell et al.  (2014: authors’ 

unpublished data). Finally, footprint-tunnels and counts of dead hedgehogs do not 

provide information about hedgehog density, and the latter may be influenced by road 

size (Rondinini and Doncaster, 2002). Consequently, there is a need to consider novel 

survey methods that overcome the limitations associated with these current methods, 

but also to compare their relative efficacy by conducting standardised surveys at the 

same site(s).  

Two methods that could potentially be used to survey hedgehogs more efficiently are 

infra-red thermal cameras and detection dogs. Infra-red thermal (IRT) cameras display 

an image of the scene using emitted heat (infra-red radiation) rather than visible light 

(Cilulko et al., 2013). In the context of surveying for animals, this approach is particularly 

useful at night when the contrast between the heat of the animal and the surrounding 

vegetation is large (Sabol and Hudson 1995, Mayle et al. 1999, Butler et al. 2006, Bowen 

et al. 2019). This overcomes issues associated with using visible light, such as from a 

spotlight or torch, to detect species that are cryptically camouflaged and those, such as 

with hedgehogs, which “freeze” or curl up when feeling threatened (Reeve 1994, 

Nottingham et al. 2019). However, like spotlights, IRT cameras are not as effective in 

dense vegetation, which blocks the heat signature (Ditchkoff et al., 2005); this is 

particularly problematic for small species where even short grass may obscure 

individuals (Boonstra et al. 1994, Karp 2020). 

Specially trained dogs have been used for conservation purposes since the 1890s when 

they were used to locate New Zealand kiwi (Apreyx spp.) and kakapo (Strigops 

habroptilus) (Helton, 2009). Since these pioneering projects, dogs have been trained to 

detect the presence of a wide array of biological organisms and associated structures 

and ejecta, including: plants (Goodwin et al., 2010); large mammal faeces (Vynne et al. 

2011, de Oliveira et al. 2012, Arandjelovic et al. 2015); reptiles (Stevenson et al. 2010, 

Nielsen et al. 2016); nests (Cablk and Heaton 2006, O’Connor et al. 2012); carcasses 
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(Paula et al. 2011, Mathews et al. 2013); and owl pellets (Wasser et al. 2012). Dogs rely 

on detecting the focal animal/object by scent rather than sight and are able, therefore, 

to detect these even if they are not in direct line of sight e.g. in vegetation (Leigh and 

Dominick 2015, Karp 2020), and at a greater distance than humans (Goodwin et al. 2010, 

de Oliveira et al. 2012). Furthermore, dogs trained to detect particular scents mean that 

they are better able to discriminate between objects/structures that challenge human 

observers. For example, dogs were 153% more accurate and 19 times faster at 

identifying koala (Phascolarctos cinereus) scat than experienced human surveyors 

(Cristescu et al., 2015), and accurately identified 90% of burrows containing nests of 

desert tortoises (Gopherus agassizii) (Cablk and Heaton 2006). 

Both IRT cameras and dogs have previously been used to locate hedgehogs. For 

example, dogs were used in the search for hedgehogs on the island of North Uist in 

Scotland during a removal programme to protect ground-nesting birds (Scottish Natural 

Heritage, unpublished); overall, over 1129 searches with dogs were undertaken, 

although no figure of the number of hedgehogs found during that time is available. 

Similarly, Warwick (1987) briefly used a dog during initial surveys in North Ronaldsey 

(Orkney Islands, Scotland) where it effectively found hedgehogs in a familiar area but 

not elsewhere. Finally, Morris (1988) also mentions success in finding hedgehogs with a 

dog although this is not described in detail. IRT cameras have been used successfully in 

Regent’s Park, London, UK (Bowen et al. 2019) and forest fragments in Auckland, New 

Zealand (Nottingham et al. 2019). Conversely, Haigh et al. (2014a) concluded that the 

IRT camera they used was ineffective.  

The efficacy of these two techniques have not, however, been compared, nor have these 

techniques been applied in non-urban habitats within Great Britain. Therefore, in this 

study, we conducted a pilot project to compare the effectiveness of an IRT camera, a 

detection dog and spotlighting as methods for locating hedgehogs in a rural landscape. 

Specifically, we compared: (i) the absolute number of hedgehogs detected by each 

method in three different habitats (amenity grassland, pasture, woodland); (ii) the 

median detection distance of each method in each habitat; and (iii) the effect of 

vegetative ground cover on detection distance. We then go on to: (iv) discuss our 

observations of using a detection dog for the first time as a method for locating 
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hedgehogs; and (v) consider the costs and benefits associated with each of the three 

methods in the context of future studies. 

Materials and Methods 

Data were collected on the Hartpury University and College campus, Gloucestershire, UK 

(UTM: 51°54′18″N, 002°18′37″W), a 360 ha-1 mixed commercial farm used for agricultural 

teaching and research. Previous studies had confirmed that hedgehogs were present 

(Bearman-Brown et al., 2020a; Chapter Two). The site was surveyed on 18 separate 

nights during May-October 2019 following a standardised transect route (approx. 6km 

long; but see Results) which encompassed three specific habitat types (HABITAT): 

amenity grassland, pasture and woodland. Surveys were conducted using three different 

methods (METHOD): spotlighting; infra-red thermal (IRT) camera; and a trained 

conservation detection dog. Only one method was used on any given night, with six 

replicates performed for each method. All three habitats were surveyed once each night, 

with habitats visited in a random order. 

Surveys started approximately one hour after sunset and were conducted on nights with 

minimal rain and wind as these may have affected hedgehog behaviour and reduced the 

efficiency of one or more of the survey methods. Two measures of survey effort were 

recorded within each habitat: survey duration (TIME: maximum 40 minutes) and 

distance travelled (DISTANCE). Air temperature and humidity were recorded at the start 

and end of each survey and each time a hedgehog was located. 

Spotlight and thermal camera surveying 

Spotlight (1 million candle-power Clulite CB2 Clubman, Clulite Engineering Ltd., 

Petersfield, Hampshire, UK) and infra-red thermal camera (FLIR E53, FLIR Systems UK, 

West Malling, Kent, UK) surveys were conducted on foot by an experienced hedgehog 

surveyor (LBB). The surveyor was accompanied by a second person for safety reasons 

but who was instructed to remain silent throughout; any hedgehogs missed by the 

surveyor but observed by the safety person were recorded at the end of the surveying 

(i.e. they were not recorded as a “detection” for the purposes of the current study). The 

spotlight was not filtered as in some other studies (Pettett et al. 2017a,b). 

Both the spotlight and IRT camera were used intermittently, with the surveyor walking 

ten paces then stopping to slowly scan the surrounding area; this approach was adopted 
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to minimise the risk of tripping, as the IRT camera may not indicate hazards that have 

equal thermal properties to the surrounding area. Batteries on both devices were 

changed after approximately 1.5 hours. The thermal camera was recently calibrated, and 

set up according to the following parameters (Bowen et al., 2019): emissivity setting set 

to a custom setting of 0.95; distance 20 m; relative humidity 50%; atmospheric 

temperature 20°C; and window compensation off. 

Dog-team surveying 

One male rescue springer spaniel dog was trained to search for, and quietly indicate 

upon, the scent of hedgehog: training was conducted using hedgehog spines taken from 

specimens found dead on roads. The dog had previously been trained to detect a range 

of wildlife odours and worked in a commercial capacity for a consultancy undertaking 

wildlife surveys. Consequently, he was only available for the current project outside 

these other commitments. The alert behaviour was to sit near (≥0.5 m) the source of the 

odour and remain there quietly until called away, at which point he received the reward 

(tennis ball). He was handled by an experienced, trained detection dog handler (LW). 

The dog and handler team were despatched on different nights to the human surveyors 

to ensure the dog was not following the scent of human surveyors. The dog worked on 

an 8m long line to ensure close control at all times. The handler followed the 

standardised transect route, but the dog was allowed to lead the handler when an odour 

was detected. Once the odour trail had been followed to ensure all areas had been 

covered, the dog-handler team would then return to the point at which they had 

departed from the transect.  

As the primary focus of this study was to determine the reliability of the dog in detecting 

hedgehogs in a range of habitats, the dog-handler team was followed at a distance of 

15-20 m by a second surveyor with the thermal camera. This allowed the area to be 

checked unobtrusively to determine if any hedgehogs had been missed by the dog. The 

handler was not informed if any hedgehogs had been missed until the surveys had been 

completed. 

The dog team worked for a maximum of three hours per night for welfare reasons, with 

40 minutes survey time followed by a 20 minute break. During the break period, the 

dog’s harness was removed, and he was put in his kennel in a van as a clear indication 
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that it was time to rest. Water was offered at regular intervals during surveying in 

accordance with environmental temperature and humidity to ensure that his mucous 

membranes remained moist and that he was working effectively. 

Data recording 

To minimise disruption to surveying during the current project, a period of prior 

surveying was undertaken on site using the thermal camera to locate, capture and mark 

hedgehogs for identification purposes. By doing this, any hedgehog captured during the 

study could be identified and released quickly; unmarked animals, however, did need 

more extensive handling as these also needed to be marked for future studies. This 

period also provided opportunity to determine the most appropriate settings for the 

thermal camera under different environmental conditions.  

All hedgehogs detected during the study were captured by hand under licence from 

Natural England, as the use of dazzling devices such as high-powered spotlights for 

detecting hedgehogs is restricted under Schedule 6 of the Wildlife and Countryside Act, 

1981 (licence number: 2017-31042-SCI-SCI). At their initial capture, all animals were 

weighed, sexed, given a health check and marked using sections of numbered plastic 

tubing (Printasleeve Ltd, Crewkerne, Somerset, UK) glued to five individual spines on the 

nape of the neck. Animals caught for the first time were released at the point of capture 

within 15 minutes; previously marked animals that had been re-caught were typically 

released within ≤5 minutes. The time taken to process each animal was excluded from 

the 40 minute survey period. 

The capture location of each hedgehog was recorded using a handheld GPS device 

(Garmin GPS 60). The height of vegetation in the area immediately surrounding the 

hedgehog was categorised as: (1) bare ground or mown grass; (2) less than the height of 

the back of the hedgehog (approx. <15 cm); (3) ≤0.5 m tall; (4) ≤1 m tall; or (5) >1 m tall. 

These categories were condensed to two levels for analysis (low: Category 1; high: 

Categories 2-5 combined) because of small sample sizes in the latter divisions.  

For spotlighting and the IRT camera, detection distance was measured as the straight-

line distance from the surveyor to the position of the hedgehog when it was first 

sighted. For the dog team, detection distance was taken as the straight-line distance 
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from the dog to the hedgehog at the point the handler believed it was clear the dog had 

caught the animal’s scent. 

Data analysis  

Survey effort 

As the number of hedgehogs detected by each method may vary in relation to the 

method itself but also the density of hedgehogs in the different habitats and survey 

effort, preliminary analyses were conducted to determine whether survey effort was 

consistent. A general linear model was used to analyse the effects of HABITAT and 

METHOD on distance walked (DISTANCE): this model included a HABITAT*METHOD 

interaction term. Both predictor variables were modelled as fixed factors. Data were 

checked to ensure that they conformed to the underlying assumptions of the test 

(Grafen and Hails, 2002). Data for the duration of surveying (TIME) were not normally 

distributed, so a Kruskal-Wallis test was used to compare median values across all nine 

HABITAT-METHOD subgroups. 

The relationship between DISTANCE and TIME was analysed using Pearson correlation as 

these are likely to be inter-related, which can cause problems with multicollinearity in 

statistical models (Grafen and Hails 2002, Field 2017). Initially, data across all three 

habitats were compared. A further correlation was conducted for those data from 

amenity grassland and pasture but excluding woodland as the latter was excluded from 

the analysis comparing the survey methods since hedgehogs were not detected in 

woodland by any method (see Results).  

Comparison of survey methods 

The effect of METHOD, HABITAT, TIME, DISTANCE, air TEMPERATURE and HUMIDITY on 

the number of hedgehogs detected was analysed using a generalised linear model (GLM) 

assuming a Poisson error distribution. As no hedgehogs were detected in woodland 

using any method, these data were both uninformative for evaluating the influence of 

the covariates and caused under-dispersion; they were, therefore, removed prior to 

analysis. An initial global model containing all covariates was fitted and then AIC based 

multi-model selection (Burnham and Anderson, 2002) was applied using the MuMin 

package (Barton, 2019) in R version 3.3.3 to find the best fitting models; models with 

∆AICc values <2 were assumed to have equal support (Burnham and Anderson, 2004). 
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The assumptions of the GLM were then tested for the global model and the single best-

fitting model, using a goodness-of-fit deviance test and a residual dispersion test for a 

Poisson error distribution through the DHARMa package (Hartig, 2017). 

Factors affecting detection distance 

It was not possible to incorporate METHOD, HABITAT type (amenity grassland, pasture) 

and ground COVER (low, high) into a single analysis because of e.g. the inherent 

limitations of the methods themselves and how this influenced sample sizes in different 

categories (see Appendix 2: Supplementary Figure 2). For example, surveyors are less 

likely to be able to detect hedgehogs in dense cover using a spotlight or IRT camera 

because the animal is physically hidden from view, whereas this may not be the case for 

a detection dog. Therefore, we used a combination of Kruskal-Wallis and Mann-Whitney 

tests to compare differences in the distance over which hedgehogs were first detected 

in relation to (a) survey method, (b) ground cover and (b) habitat. 

General linear model, Kruskal-Wallis and Mann-Whitney analyses were conducted using 

Minitab version 19 and SPSS version 25. Data are presented as mean (±SD) or median 

(±IQR) in accordance with the statistical tests used. 

Results 

Survey effort 

Survey DISTANCE was not significantly affected by METHOD (General linear model: F2,45 

= 0.05, P = 0.952) or the interaction between METHOD*HABITAT (F4,45 = 0.99, P = 0.424) 

but was significantly affected by HABITAT (F2,45 = 60.74, P < 0.001). Distance walked was 

significantly higher in pasture (2.27 ± 0.20 km) than in amenity grassland (1.73 ± 0.19) 

and woodland (1.67 ± 0.14). 

There was also a significant difference in the duration of surveying (TIME) across the 

nine HABITAT and METHOD subgroups (Kruskal-Wallis test: H = 20.72, DF = 8, P = 0.008). 

Although there was a lot of overlap between subgroups, this difference was principally 

due to a longer survey time in pasture (all surveys lasted 40 minutes regardless of survey 

method) compared to mean survey times of 38.9 (range: 36-40) minutes for amenity 

grassland and 36.8 (range: 32-40) minutes for woodland. 
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Survey duration and distance walked were significantly positively correlated when data 

from all three habitats were considered (Pearson correlation: r = 0.41, n = 54, P = 0.002), 

but not when woodland was excluded (r = 0.31, n = 36, P = 0.064). 

Comparison of survey methods 

Hedgehogs were detected on 47 occasions across the 54 transect surveys (mean (±): 

0.87 ± 1.20; range: 0-5). There was a marked difference in the number of animals 

detected within each habitat (Table 5.1). Most notably, no hedgehogs were detected by 

any method in woodlands; 2.6 times as many hedgehogs were detected in amenity 

grassland versus pasture. On no occasion did the dog fail to detect a hedgehog that was 

located by the second surveyor following behind with the IRT camera. 

Table 5.1. Number of hedgehogs recorded within each habitat using each survey method. Six 
transect surveys were conducted in each habitat using each method.  

Method Habitat Total Mean (±SD) Median 
[Range] Amenity 

grassland Pasture Woodland 

Camera 15 4 0 19 1.06 ± 1.55 0.0 [0-5] 
Dog 12 8 0 20 1.11 ± 1.02 1.0 [0-3] 

Spotlight 7 1 0 8 0.44 ± 0.86 0.0 [0-3] 
Total 34 13 0 47 0.87 ± 1.20 0.0 [0-5] 

Mean (±SD) 1.89 ± 1.32 0.72 ± 0.89 0.00 0.87 ± 1.20   
Median [Range] 2.0 [0-5] 0.5 [0-3] 0.0 [-]    

 

Across all models, there were significantly fewer hedgehogs detected in pasture than in 

amenity grassland (Table 5.2; Figure 5.1). In three out of the five top-ranked models, 

including the best overall model, METHOD of detection was retained, with more 

hedgehogs detected with the infra-red camera and the dog compared to spotlighting 

(Table 5.2; Figure 5.1). DISTANCE walked and TEMPERATURE were retained in two and 

one of the best models, respectively, although neither were significant. 
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Table 5.2. Estimated regression parameters (± standard error) from the general linear model 
predicting the number of hedgehogs detected. Reference level for ‘Habitat’ is amenity grassland; 
reference level for ‘Method’ is spotlight. Models presented are those with ∆AICc < 2. Full and 
conditional model averages are presented beneath. Asterisks denote: * < 0.05, ** < 0.01, *** 
<0.001. 

Intercept Distance 
(km) 

Habitat 
(Pasture) 

Method 
(Camera) 

Method 
(Dog) 

Start 
temperature 

(°C) 

df AICc ∆AICc 

-0.04 
(± 0.37) 

 -0.96** 
(± 0.33) 

0.87* 
(± 0.42) 

0.92* 
(± 0.42) 

 32 102.1 0.00 

0.66 
(± 0.70) 

 -0.89* 
(± 0.33) 

0.97* 
(± 0.43) 

0.87* 
(± 0.42) 

-0.05 
(± 0.04) 

31 103.5 1.33 

0.64*** 
(± 0.17) 

 -0.96** 
(± 0.32) 

   34 103.5 1.42 

1.47 
(± 1.35) 

0.84 
(± 0.75) 

-1.39** 
(± 0.51) 

0.83 
(± 0.42) 

0.86 
(± 0.42) 

 31 103.6 1.46 

-1.29 
(± 1.35) 

1.10 
(± 0.76) 

-1.56** 
(± 0.53) 

   33 103.9 1.73 

-0.22 
(± 1.18) 

 

0.30 
(± 0.62) 

-1.11* 
(± 0.47) 

0.61 
(± 0.54) 

0.61 
(± 0.54) 

-0.01 
(± 0.03) 

Full average 

-0.22 
(± 1.18) 

0.96 
(± 0.77) 

-1.10* 
(± 0.47) 

0.88* 
(± 0.42) 

0.89* 
(± 0.42) 

-0.05 
(± 0.04) 

Conditional average  

 
 

 

Figure 5.1. The predicted number (± SE) of hedgehogs detected per transect across HABITAT and 
METHOD from the single best model (Table 5.2). 
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Factors affecting detection distance 

On average, the minimum detection distance was significantly greater for the IRT 

camera compared to the spotlight, with the detection dog intermediate to these two 

methods (Kruskal-Wallis test: H = 8.21, DF = 3, P = 0.016; Figure 5.2). However, there was 

a lot of overlap in the detection distances (Figure 5.3). Hedgehogs were generally 

detected by spotlighting at a distance of 1-10 m, although one individual was first 

detected at 20 m. Similarly, hedgehogs tended to be detected by the dog within 4-15 m, 

but with two detection events at 25 m and 30 m; it must be noted, however, that these 

values are likely to be conservative estimates as the point at which the hedgehog was 

first detected was sometimes hard to estimate based upon a clear change in the dog’s 

behaviour. Detection distance was most variable using the IRT camera, ranging from 4-

50 m; this method was associated with the majority of long-distance detections (>15 m). 

 

 

Figure 5.2. Median (±IQR) distance hedgehogs were first detected using an infra-red thermal 
camera (n = 19), detection dog (n = 20) or spotlight (n = 8). Data from different habitats and 
different levels of ground cover combined. Letters denote post hoc groupings from a Kruskal-
Wallis test. 
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Figure 5.3. Pattern of minimum detection distance (m) in relation to survey method: infra-red 
thermal camera (n = 19), detection dog (n = 20) and spotlight (n = 8). Data from different 
habitats and different levels of ground cover combined. 
 

Most detections (n = 28) were associated with low ground cover (bare ground or mown 

grass): hedgehogs tended to be detected using the spotlight at distances of 5-10 m, dog 

at 5-15 m and IRT camera at 8-30 m, respectively (Figure 5.4a). In comparison, spotlights 

were only able to detect hedgehogs in higher vegetation at very short distances (1 m) 

whereas the detection distances for both the IRT camera and dog were much higher (IRT 

camera: 6-18 m and dog: 4-25 m; Figure 5.4b). The dog was the only method that 

detected hedgehogs in vegetation greater than the height of the hedgehog (Categories 

3-5; n = 4). Given these patterns, the median detection distance was significantly greater 

in low ground cover (Mann-Whitney test: U = 120.50, n = 47, P = 0.002; Figure 5.5). 
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Figure 5.4. Pattern of minimum detection distance (m) in relation to survey method in (a) low (n 
= 28) and (b) high (n = 19) ground cover. Data from different habitats combined. 
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Figure 5.5. Distance to first detection of hedgehogs across all habitats, with all methods 
combined. Low vegetation is equivalent to bare ground or mown grass; high vegetation was 
equivalent to vegetation greater than 15cm in height. 

Discussion 

This pilot study is the first to compare the efficacy of an infra-red thermal camera, a 

detection dog and spotlighting as methods for locating hedgehogs in three common 

rural habitats in Great Britain: amenity grassland, pasture and woodland. To standardise 

survey effort, surveyors walked the same transect route in each habitat, trying to walk at 

a consistent speed for a maximum of 40 minutes. In addition to affecting survey effort, 

differences in walking speed in different habitats could affect the amount of noise made 

by surveyors, thereby affecting the number of animals detected; this is particularly true 

for hedgehogs which generally tend to freeze or curl into a ball when they feel 

threatened, although some individuals will actively run away (Reeve 1994, Morris 2018). 

However, significant differences were evident for both the distance walked and survey 

duration within each of the three habitats. Distance walked during surveying was 

significantly higher in pasture (mean: 2.27 km-1) than in both amenity grassland (1.73 

km-1) and woodland (1.67 km-1), whereas survey duration was lower in woodlands 

(mean: 36.8 minutes) compared to amenity grassland (38.9 minutes) and pasture (40.0 

minutes). Consequently, surveyor speed was markedly greater in pasture (3.4 kmh-1) 

than in the other habitats (amenity grassland: 2.7 kmh-1; woodland: 2.7 kmh-1). At one 

level, these data indicate the need to record both measures of survey effort in these 

sorts of studies, but also those where a single technique is used to derive an estimate of 

the relative abundance of hedgehogs. Standardising survey distance and time may be 
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particularly important in large-scale surveys involving volunteers, where surveyor skill 

may be a particular issue for cryptic species such as the hedgehog. To date, however, 

survey effort has not typically been recorded in hedgehog studies in the UK and/or 

incorporated into the resultant statistical analyses (e.g. Young et al. 2006, Poulton and 

Reeve 2010, Trewby et al. 2014, Bowen et al. 2019). In this study, distance walked but 

not survey time was retained in two of the five best-ranked models investigating factors 

associated with the number of hedgehogs detected (Table 5.2). 

Approximately twice as many hedgehogs were located, on average, using the IRT camera 

and detection dog than spotlighting in both amenity grassland and pasture (Figure 5.1). In 

addition, the minimum detection distance was greater for the IRT camera (median: 11 m) 

and, to a lesser degree, the detection dog (10 m) than the spotlight (5 m: Figure 5.2). 

These distances for the IRT camera and spotlight are markedly lower than those reported 

by Bowen et al. (2019) from their study in Regent’s Park London. In that study, the 

thermal camera detected hedgehogs at a mean distance of 30.0m, but with a maximum 

distance of 200 m; comparable figures for the torch used were a mean and maximum of 

12.0 m and 50 m, respectively. 

Drawing specific comparisons between studies is, however, difficult. For example, in 

addition to differences associated with the make and model of the thermal camera and 

torch used in different studies, and the number of surveyors applying each method at 

any given time (e.g. Bowen et al. (2019) utilised 3-4 surveyors for torch surveys 

compared to one person for their IRT camera), it is also necessary to consider 

differences in hedgehog density, habitat structure and the wider landscape. One major 

difference between our study and Bowen et al.’s (2019) study is the potential impact of 

the presence of badgers: these are absent from Regent’s Park but are present at 

Hartpury. Many previous studies have documented changes in the density (Young et al. 

2006, Hubert et al. 2011, Trewby et al. 2014, Van de Poel et al. 2015) and movement 

behaviour (Hof et al. 2012, Pettett et al. 2017b) of hedgehogs in the presence versus 

absence of badgers. Notably, hedgehogs tend to remain in closer proximity to areas of 

cover where badgers are present, which would tend to have the effect of reducing 

detection distances because animals would be less likely to be in open habitats a long 

way from protective vegetation. 
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None of the three methods detected any hedgehogs in woodland. This could indicate an 

inability of all three methods to work effectively in very cluttered habitats, or that woods 

are not a favoured habitat for hedgehogs at this time of the year. Although the data are 

limited, there is some evidence that supports the latter hypothesis. For example, 

woodlands were the least selected habitat in a radio-tracking study of hedgehogs in 

arable landscapes (Pettett et al., 2017b) and were not identified as a factor significantly 

affecting patterns of hedgehog occupancy in a national survey of England and Wales 

(Williams et al., 2018a). As outlined above, one possible factor affecting the use of 

woodlands is the likelihood of encountering badgers, which favour woodlands and 

plantations as habitats for their setts (Wilson et al., 1997). This aspect of hedgehog 

ecology requires urgent attention as two previous national estimates of the total 

number of hedgehogs in Great Britain (Harris et al. 1995, Mathews et al. 2018) have 

both relied upon an estimate of 40 hedgehogs/km2 for broadleaved woodland, with this 

single habitat harbouring 37% of the national population. 

Detection distances were, however, significantly affected by the amount of ground 

cover. In fact, we had to merge all categories of ground cover other than bare ground or 

mown grass (60% of all detection events) for analysis because of the small number of 

detections in categories where even small amounts of grass were present. Not 

surprisingly, therefore, the median detection distance was significantly higher (11.5 m) 

at the lowest level of ground cover compared to more vegetated areas (7.0 m). In the 

presence of vegetative cover, the detection dog out-performed the other two methods, 

accounting for 11 of 19 (58%) detections, and was the only method where hedgehogs 

were detected when they were surrounded by vegetation taller than they were. 

Performance of the detection dog 

As biological organisms, detection dogs are potentially susceptible to a range of 

limitations not evident with other forms of survey “equipment” including fatigue, 

distraction and potential risk to the focal animals themselves. In this study, we therefore 

adapted the surveying protocol to minimise some of these issues. For example, we 

ensured that the dog had a 20 minute rest period after each habitat had been surveyed 

and did not work for more than three hours each night. In addition, as the detection of 

animals by scent can be affected by environmental conditions, leading to inconsistencies 
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in detection ability (Gutzwiller 1990, Cablk et al. 2008), we only surveyed when the air 

temperature was above ~10oC (mean 15.4oC; range 9.3-24.1oC) and conditions were dry 

(humidity: mean 68%; range 40-100%). As a result, humidity was not significant in the 

analysis of factors affecting the numbers of hedgehogs detected, but air temperature at 

the start of surveying was retained in one of the five top-ranking models: in that model, 

air temperature was negatively related to the number of hedgehogs located but the 

parameter was not significant (Table 5.2). This partly corroborates the observation of 

Pettett et al. (2017a) that hedgehogs were more likely to be further from cover in colder 

temperatures.  

Whilst in many instances dogs have been used to detect scats (e.g. Smith et al., 2005, 

Long et al., 2007, Vynne et al., 2011) or carcasses (e.g. Paula et al., 2011, Alasaad et al., 

2012, Mathews et al., 2013), the use of a dog to locate and approach live (potentially) 

prey animals poses additional challenges. These include the potential for the dog to 

injure the animal, for the animal to injure itself in attempts to escape, and/or for the 

transmission of disease. In this context, both the selection of a dog with a low prey drive 

and rigorous training is critical (Karp, 2020). In this study, the dog never approached a 

hedgehog closer than approximately 0.5 m as trained, and never attempted to pursue 

any other animal encountered during surveying (e.g. rabbits Oryctolagus cunniculus). 

Upon approach by the dog, all hedgehogs demonstrated a freeze or curl response 

suggesting the risk of injury to the hedgehogs was low, as attempts to escape were not 

evident; all animals also demonstrated the same responses when spotlights were used, 

as has been previously reported (Bowen et al., 2019). However, a flee response was 

observed on two occasions when using the IRT camera; in both cases, the animals were 

already only a short distance from cover.  

To further ensure the safety of the hedgehogs and the dog itself, the dog remained on a 

long line as recommended by Mathews et al., (2013). However, previous authors have 

suggested that allowing a dog to search freely allows for more natural movement and 

search patterns for the target (de Oliveira et al., 2012, Glen et al., 2018, Thomas et al., 

2020) and dogs have been found to be more effective off-lead in controlled trials 

searching for scats (Cristescu et al., 2015); the use of dogs to find live, nocturnal animals 

at night has also been recently reported (Karp, 2020). Therefore, future studies could 

examine whether the use of an unrestricted dog could further increase hedgehog 
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detection rates; this could be particularly important in habitats, such as woodlands, 

where the presence of the surveyor may impede the dog’s movement. However, it must 

be noted that on no occasion did the dog in this study fail to detect a hedgehog that was 

also detected by the second surveyor carrying the IRT camera, such that detection 

reliability in both amenity grassland and pasture was not negatively impacted by being 

restrained.  

The dog in this study was used to detect free-roaming hedgehogs. However, the ability 

to detect hedgehogs in their nests could offer both scientific and practical benefits. For 

example, they could facilitate studies investigating the use of different habitats as sites 

for summer nests and winter hibernacula (Morris 1973, Reeve and Morris 1985); they 

may be especially helpful in helping obtain data from smaller individuals that cannot be 

fitted with radio-tags on welfare grounds, but which may be more vulnerable to 

variation in food availability (sensu Rasmussen et al. 2019a). Nesting hedgehogs are also 

vulnerable to a range of human activities including mowing, bonfires and the clearance 

of land for development (Reeve 1994, Reeve and Huijser 1999, Rasmussen et al. 2019a). 

In these contexts, detection dogs offer one possible means of locating nesting animals 

which could then be moved out of harm’s way; currently no option exists to do this. 

Cost-benefit comparisons 

Both the IRT camera and the detection dog enabled surveyors to detect more hedgehogs 

and at greater distances than spotlighting, and the IRT camera detected more 

hedgehogs at greater distances than the dog in areas of low ground cover, but this was 

reversed in areas of high ground cover. As such, thermal cameras and detection dogs 

both offer distinct advantages over spotlighting in terms of both capturing hedgehogs 

and for surveying and monitoring populations, but also some disadvantages including 

price and practicability. For example, the IRT camera and spotlight models (including 

battery packs) used in this study retailed at a cost of approximately £4600 and £270, 

respectively. In comparison, the detection dog cost £470 per night (£350 fee, £80 

transport and £40 accommodation) to hire. These figures translate to a unit-cost of £242 

(dog), £34 (spotlight) and £141 (IRT camera) per hedgehog detected. However, the cost 

of both the IRT camera and the spotlight are fixed, such that the financial reward of 
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purchasing these devices would increase each time they are used; this is not the case for 

the detection dog. 

However, the added value of the camera and the dog are the additional number of 

animals that would be detected per unit effort. From a scientific perspective, these extra 

detection events would lead to more robust data, including increased statistical power 

(Mayle et al., 1999). Unfortunately, quantifying the magnitude of this added value from 

the current study is complicated because of how the data were collected: because the 

focus of the study was to compare the ability of the three methods to detect live 

hedgehogs, and especially because the IRT camera is dependent on identifying body 

heat, we had to collect data on live hedgehogs in real time. It was also not possible to 

use all three methods simultaneously for practical reasons, but also because having 

three sets of surveyors in the field in the same place at the same time would likely 

increase levels of disturbance and perhaps raise difficulties in maintaining the 

independence of observations. Consequently, we used one technique each night, which 

meant that the distribution of hedgehogs was not consistent across each night of 

surveying. In addition, the increased detection distance associated with the camera and 

dog would not increase the value of these methods if they simply detected hedgehogs 

earlier than the spotlight, but which would have been detected by the latter in due 

course e.g. they were in front of the surveyor on the general trajectory of the transect; 

this was the case for most of the detections in this study. Conversely, the increased 

detection range of the camera and dog would be an advantage if hedgehogs displayed 

an aversive reaction to the sound of an approaching surveyor; there are currently no 

data on whether this is a problem or not. 

Furthermore, data from radio-tracking studies suggest that, in areas where badgers are 

present, hedgehogs are typically in close proximity to refuge habitats such as 

hedgerows. For example, (Hof et al., 2012) recorded mean distances to cover of 8 m at 

sites with badgers versus 28 m at sites without badgers. Similarly, Pettett et al. (2017a) 

recorded that hedgehogs were, on average, 13 m closer to hedgerows and 7 m closer to  

buildings, when badgers were present. In the context of, for example, a citizen-science 

project to estimate hedgehog abundance across a large spatial scale (sensu Williams et 

al. 2018b), surveyors would likely be instructed to follow hedgerows and other linear 

habitats because of the increased likelihood of detecting hedgehogs, but also to avoid 
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damaging crops or disturbing livestock. In these circumstances, spotlight searches may 

represent a cheap and effective method for surveying hedgehogs, although surveyors 

would need to be licensed in accordance with the Wildlife and Countryside Act which is 

unlikely to be granted to novice surveyors. Conversely, a licence is not required for IRT 

cameras. 

However, hedgehogs are also known to forage further from refuge habitats if badgers 

are absent and if other cover is available. For example, the mean distance to cover 

increased from 4 m to 42 m in Hof and Bright's (2012) study, and from 12 m when arable 

crops were less than 50 cm tall, to 38 m when they were >1 m tall. In these 

circumstances, the IRT camera and dog would be advantageous, e.g. being able to locate 

hedgehogs much further into a pasture field even where a transect follows the field 

margin. A detection dog, in particular, would be able to locate hedgehogs in taller 

vegetation than an IRT camera or spotlight, which would help extend the amount of 

time surveys could be conducted throughout the year as vegetation grows; although, it 

is questionable whether farmers would allow surveyors to approach hedgehogs in arable 

fields if this was likely to damage the crop. 

The current availability of just a single commercial “hedgehog dog” is a limitation for the 

widespread use of this approach in future studies, especially for extensive studies where 

multiple sites need to be surveyed within a single field-season. However, having 

demonstrated that dogs can be successfully trained to locate active hedgehogs, further 

individuals may become available in due course. It is important to acknowledge that 

performance can vary between dogs and handlers (Cablk and Heaton, 2006, Jamieson et 

al., 2017, DeMatteo et al., 2019), and even one dog’s performance may change with 

different handlers (Jamieson et al., 2018). As such, this dog/handler variation would 

need to be incorporated into the design of future studies. 

Conclusion 

Spotlights have conventionally been used to locate hedgehogs for tagging and marking 

and to estimate relative abundance. In this study, however, significantly more 

hedgehogs were detected using an infra-red thermal camera and a detection dog, and at 

greater distances, in amenity grassland and pasture. Nevertheless, the benefits of an IRT 

camera and dog for surveying hedgehog populations are likely to be dependent on the 
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typical pattern of hedgehog foraging behaviour. One factor known to significantly affect 

the distance hedgehogs range from cover is the presence/absence of badgers: in the 

presence of badgers, IRT cameras and dogs may offer limited benefits as hedgehogs are 

likely to stay close to cover, within the typical detection range of a spotlight; in the 

absence of badgers, IRT cameras and dogs may enable hedgehogs to be detected at 

much greater distances from transect lines. 

No hedgehogs were detected in woodland by any method. This could indicate that all 

three methods are not suitable for surveying in this habitat or that hedgehogs typically 

avoid woodlands during the summer and autumn. Future studies, therefore, need to 

determine whether woodlands are an important habitat for hedgehogs and, if so, 

identify a suitable method for surveying them. In this context, detection dogs may be 

suitable as they were the only method in this study to detect hedgehogs in vegetation 

greater than the height of a hedgehog. 

This study has demonstrated that detection dogs can be trained to successfully and 

safely locate free-ranging hedgehogs, with a performance comparable to, or greater 

than, current technologies, although they are associated with markedly higher costs. 

Further consideration should, therefore, be given to improving this technique e.g. by 

comparing the effectiveness when the dog is not confined to a leash; this may be 

particularly true for habitats with high ground cover. Additional attention should also be 

focused on investigating the effectiveness of detecting hedgehogs when they are in 

summer and/or winter nests, as this may have applied benefits for this declining species. 
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CHAPTER SIX 

General Discussion 

With much of the world altered through anthropogenic activity it is of little surprise that 

biodiversity is declining at an alarming rate. Changes in land use, such as agricultural 

intensification and increases in urbanisation result in habitat fragmentation and degradation, 

pollution and climate change, which have led to mass extinctions and ecological changes in all 

well studied marine, freshwater and terrestrial groups (Parmesan, 2006; Firbank et al., 2008; 

Barnosky et al., 2011; Bond and Grasby, 2017). Agriculture is considered to have the greatest 

negative impact on biodiversity of all human activities (Balmford et al., 2012; Kleijn et al., 

2012), and this is only likely to increase as the human population expands increasing the 

requirement for food (Tilman et al., 2011). Moreover, urbanisation is leading to a substantial 

decline in natural and semi-natural habitat availability (UK National Ecosystem Assessment, 

2014; Hayhow et al., 2019). It seems apparent that supporting an increasing human 

population and maintaining space for biodiversity are somewhat mutually incompatible. 

However, there is increasing understanding amongst the scientific community (Chan et al., 

2016) and beyond, of the impact of such changes, and the need to safeguard the natural world 

has been recognised, in order to protect ecosystem services fundamental to biodiversity at all 

levels (Brown et al., 2007; Daily et al., 2009; Schindler and Lee, 2010; Hautier et al., 2015).  

Biodiversity in the UK is catalogued to a greater degree than possibly anywhere else in the 

world, with significant amounts of the data regarding species’ distribution and abundance 

collected by voluntary citizen scientists (Pearce-Higgins et al., 2018), demonstrating a keen 

interest by members of the public in biodiversity. However, the extent to which anthropogenic 

activity may negatively impact the natural world is also widely evident, as discussed in Chapter 

One and the extent to which Great Britain has changed in the last twenty years in discussed in 

Chapter Three. It is therefore not surprising that many species are declining across the 

country. It has therefore become more important than ever to understand the impact of 

interaction between humans and wildlife on the welfare, survival and existence of all 

concerned.  

The aim of this thesis was to explore a range of ways in which hedgehogs are affected by 

anthropogenic activity, be it through the survival of hedgehogs in a landscape significantly 

altered by humans (Chapter Two); through activity where hedgehogs are brought into the 
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direct care of humans as a result of anthropogenic factors (Chapters Three and Four); or how 

different methods can be used to understand changes in the range and abundance of the 

hedgehog in the rural landscape (Chapter Five).   

Whilst it is widely reported that the hedgehog population is in decline (Chapter One), 

particularly in the rural landscape, much of the data that the recent review of British mammal 

populations used (Mathews et al. 2018) was obtained twenty five years ago (e.g. Harris et al., 

1995), and is likely to be out of date, particularly in light of such substantive changes to the 

British landscape as those outlined previously. It is therefore pertinent that new methods 

which facilitate greater accuracy in animal detection are explored to expand the tool kit 

available to conservation biologists to answer the most basic of biological questions; (i) where 

does a species occur; and (ii) where could that species occur (Peterson and Dunham, 2003). 

Addressing the first question reliably requires appropriate methods for accurate detection in 

the field, and the focal species considered within this thesis presents key challenges around 

that. Its small size, nocturnal behaviour and elusive nature could result in large numbers of 

animals going undetected, particularly in a landscape abundant with badgers, where 

hedgehogs remain closer to vegetation allowing easy access to refugia (Hof et al., 2012).  

Whilst prior methods have allowed for the detection of hedgehogs in open ground using 

technology (Bowen et al., 2019), field signs such as footprints (e.g. Yarnell et al., 2014; 

Williams et al., 2018a) or their presence after death on road kill surveys (Huijser and Bergers, 

2000), finding them in dense vegetation or in the nest has to date not been possible. The use 

of a conservation detection dog has been shown here to be practical, safe and effective. As 

discussed in Chapter Five, further research is required in the development of this method, 

particularly in relation to the impact of hibernation nest location and the scent picture 

released by the hedgehog. As discussed in Chapter Two, hibernation nests can be difficult to 

access, such as in areas of dense bramble or under buildings, and so ensuring the dog can get 

sufficiently close to nests to reliably indicate will be a potential barrier. However, given much 

land clearance occurs overwinter to avoid breeding birds in hedgerows, for example, this 

method warrants further consideration if it could prevent harm to hibernating hedgehogs.  

Chapter Five sought to evaluate the use of conservation detection dogs for locating active 

hedgehogs, with a view to developing a method for detection in the nest. The use of dogs to 

find ejecta and carcasses has been widely practiced (Chapter Five), but their use to find cryptic 
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mammals whilst active has only been very recently described (Karp, 2020). This chapter 

demonstrated their value in locating hedgehogs, particularly when used in combination with a 

thermal camera. The recent corroboration of the use of IRT cameras (Bowen et al., 2019) 

enhanced this by determining that IRT cameras were reliable to validate the detection dog’s 

effectiveness, rather than simply provide a comparison between three methods.  

The use of the thermal camera in Chapter Five added further weight to the value of this tool in 

hedgehog surveying, whilst exploring some of its key limitations. Whilst these cameras are 

valuable for detecting hedgehogs in open habitats, they are less useful in more dense, 

cluttered areas. There were notable differences in the detection distance between this study 

and that of Bowen et al. (2019) in Regent’s Park, London, but this can be explained by 

differences in the landscape features at the two sites. The complexity of the site chosen for 

this study was greater than much of Regent’s Park, with fewer large open areas, more mature 

hedgerow and more undulating terrain. Therefore, whilst the weight of the evidence favours 

thermal cameras for the detection of hedgehogs in the open landscape, they are not well 

suited to more complex or closed areas, where hedgehogs may be inclined to reside, 

particularly in the presence of badgers. Consideration of the quality of the equipment used is 

also essential, as illustrated by the lack of detection success described by Haigh et al. (2012a). 

Chapter Two identified that, contrary to prior research (Kristiansson, 1990), hibernation 

appears a comparatively safe time for hedgehogs where they have achieved a body weight 

≥600 g. There is clearly still work to do to understanding the survival of hedgehogs below this 

weight, particularly in the rural landscape after Rasmussen et al. (2019a) considered urban 

juveniles (although in Denmark rather than Great Britain). Clear guidance regarding the weight 

at which hedgehogs are unlikely to survive hibernation in the wild can be provided to 

rehabilitators and the public, and to determine landscape features particularly important to 

this survival, as that of Morris (1984) is widely disputed as too low by many wildlife 

rehabilitators (pers. obs.) and suggested as too high by recent overwinter research (Haigh et 

al., 2012b; Rasmussen et al., 2019a). Further, with the correlation between number of nests 

and loss in body mass over winter the impact of disturbance on hedgehogs, both in the rural 

and the urban landscape, is of concern (Chapter Two).  

Increasing public understanding of the issues associated with hedgehogs, and all wildlife more 

generally, in the anthropogenic landscape could be key to the protection of wildlife, such as 
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how the public can provide the best care when animals are sick or injured, how injuries and 

fatalities can be avoided, and how to provide sufficient resources within the garden to support 

a local population. Chapter Four identified the substantial number of hedgehogs that are 

admitted to wildlife hospitals for a wide range of natural and anthropogenic  causes, but most 

frequently as a result of being underweight juveniles, orphans, or otherwise in a state of poor 

physical condition. For wildlife rehabilitation to have any value for conservation, release rates 

must be sizeable, and those animals returned to the wild must have survival and breeding 

rates similar to their wild counterparts. Data presented here indicate high numbers of animals 

are admitted (Chapter Four; in the order of 8-11% of the British population per annum) and 

release of those animals back into the wild is commonplace (Chapter Three; 51%). Success 

comparable to wild counterparts has recently been demonstrated; the survival of rehabilitated 

animals is comparable to their wild counterparts, even when released during winter (Yarnell et 

al., 2019). These studies together, therefore, add weight to the argument that wildlife 

rehabilitation can, in fact, have benefit for wildlife conservation.  

There is debate, however, regarding whether it is morally right to interfere with events in 

nature (e.g. Kirkwood and Sainsbury, 1996). The high number of admissions to wildlife 

hospitals as a result of anthropogenic causes (Chapter Four; up to 47%) presents an 

opportunity to mitigate against some of the harm caused by anthropogenic activities.  Whilst 

those associated with direct action by humans, such as road traffic collisions or attack by 

humans, are clearly as a result of such human activity, the picture is more complex when the 

degree to which the landscape has been changed by anthropogenic activity is considered. As 

discussed in Chapter One, habitat fragmentation, degradation and loss are key causes of the 

loss of biodiversity and may lead to insufficient food availability, reduced foraging 

opportunities and isolation of small localised populations, all of which may lead to substantive 

issues in the population as a whole.  

Seasonal fluctuations in survival were evident both in the wild and in the admissions to RSPCA 

hospitals, with an increase in mortality in the autumn and spring identified in Chapter Two. In 

the wild, the periods before and after hibernation were found to be when death is most likely 

to occur (as previously described by Yarnell et al., 2019), with deaths on roads and predation 

by badgers most frequently recorded. In spring, when hedgehogs are at decreased body mass 

following hibernation, they may be more inclined to take risks during foraging, putting them at 

greater chance of predation, or they may struggle to regain weight in a landscape limited in 
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foraging opportunities. The relationship between badgers and  hedgehogs is clearly a complex 

one (e.g. Doncaster, 1992; Trewby et al., 2008; Dowding et al., 2010a; Pettett et al., 2017a; 

Williams et al., 2018a), and undoubtedly depends on factors wider than simply whether they 

occupy the same space. The attraction of hedgehogs to areas of human habitation (as seen as 

Brackenhurst in Chapter Two and discussed in depth by others (e.g. Hubert et al., 2011; Hof et 

al., 2019)) has been proposed as an attempt to seek refuge from such predation pressure. This 

may be later compromised by the increasing badger population in urban areas (Harris et al., 

2010) but presents important questions regarding the quality of the rural habitat, and 

management strategies that may facilitate the co-existence of the two species.  

In Chapter Three the role of the RSPCA in rehabilitating substantial numbers of hedgehogs was 

discussed, leading to the release of more than 50% of those admitted, which is equal to or 

greater than survival rates for a range of species reported elsewhere (e.g. Reeve and Huijser, 

1999; Tribe and Brown, 2000; Molony et al., 2007; Molina-López et al., 2017; Baker et al., 

2018). Factors leading to increased risk of admission were identified, particularly noting a 

higher number of males than females, more juveniles than adults, and seasonal peaks, 

particularly for adult females in summer and juveniles of both sexes in autumn. Such increases 

in admissions at these key periods may indicate the environment is insufficient for meeting 

the needs of these animals, particularly for females during lactation and juveniles gaining 

sufficient weight prior to hibernation.  

Cause of admission could be attributed to anthropogenic factors in up to 47% of cases, 

although greater clarification is needed in the record keeping and admission process in order 

to support further analysis. Gaps in records and little detail in the cause of admission removed 

the possibility of analysis in a large number of cases. Wider issues related to record keeping 

were discussed in Chapter Four, whereby a paucity of data was evident in the responses of 

many rehabilitators. This is an area whereby considerable future work is required with the 

rehabilitation community to ensure such data are reliable, accurate and complete for similar 

future studies. There is a wealth of information regarding the status of animals in the wild, 

early warnings regarding biochemicals and disease and indications of the causes of mortality 

evident within these data, should they be complete and accessible to researchers.   

Comparisons drawn between the RSPCA data and the findings of Reeve and Huijser (1999) 

illustrated differences in the cause of admission, with significantly more hedgehogs admitted 
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to RSPCA hospitals as a result of natural causes, as a result of anthropogenic causes, and as 

orphans particularly. Possible reasons for this have been discussed previously (Chapter Three). 

The increase in the number of animals following poor condition may be reduced through 

public education campaigns, such as Hedgehog Street and those run by many smaller scale 

hedgehog rehabilitators, although the degree to which feeding by members of the public can 

artificially support the wild population is open to debate.  

Implications for hedgehog conservation  

The hedgehog has been shown to be in decline across its extensive range, however due to 

challenges associated with recording this illusive mammal the extent and causes of this decline 

are not fully understood. Only through the development of new methods of detection can this 

be addressed. This thesis has added weight to the use of IRT cameras in the detection of 

hedgehogs, and tested for the first time under controlled conditions the use of conservation 

detection dogs for finding active hedgehogs. The validation of this method here provides 

essential groundwork the development of a new protocol, including the training of the first 

professional “hedgehog dog” which is now available for commercial use, and others which are 

currently in training now the method has been demonstrated as viable.  

The role of woodlands has been further highlighted as important to hedgehogs during winter, 

although their lack of detection during the summer months in the same woodland sheds 

further light on the potential impact that badgers have on the annual cycle of hedgehogs. This 

helps to support the previously published body of work (Young et al., 2006; Hof et al., 2012; 

Parrott et al., 2014; Trewby et al., 2014; Williams et al., 2018a; Hof et al., 2019) that shows 

that following such high levels of anthropogenic alteration the rural landscape is unable to 

accommodate these two intra-guild species; the dominant known cause of death for animals 

in Chapter Two was predation by badgers. Whilst the control of one native species to protect 

another has been evidenced as effective (Trewby et al., 2014), this is unlikely to be popular 

with the British public and does not take into account the co-existence of these two species 

for millennia; the innate fear of badger odour shown in naïve hedgehogs is testament to this 

(Ward et al., 1997). It is more likely that the scale at which the rural landscape has been 

modified for anthropogenic benefit leads this intra-guild predatory relationship to be one that 

is so heavily skewed. Once the interaction between these two species is understood in more 

detail, further mitigation measures can be implemented to facilitate the survival of both 
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species, such as through measures associated with agri-environment schemes particularly 

hedgehog management and protection (MacDonald et al., 2007; Hof and Bright, 2010b; 

Moorhouse et al., 2014).  

Further, the increasing badger population in the rural landscape is leading to a move of 

hedgehogs from the rural to the urban landscape (Hubert et al., 2011; Van de Poel et al., 

2015), and Chapter Two demonstrated this with the importance of roads and buildings to 

hibernating hedgehogs in two sites where badgers are known to reside. With increased food 

abundance in sub-urban and urban areas through residents providing supplementary 

provisions (deliberately or otherwise) hedgehog populations are able to survive, and 

potentially even thrive (Hubert et al., 2011). Whilst this may provide a much-needed refuge, it 

is not without its concerns, including the move of badgers into the urban landscape, and the 

potential for increased contact with humans, which has been shown here (Chapters Three and 

Four) to lead to extensive numbers of injuries (and deaths) through trauma caused in gardens 

and on roads, or lead orphans and underweight juveniles to be taken into care.  

The degree to which hedgehog rehabilitation occurs has previously been substantially under-

reported (Chapter Three and Four) so this study provides an important insight into this 

practice. Whilst it is without doubt advantageous that there are experienced, knowledgeable 

individuals across the country readily willing to provide the care required by those animals, as 

evidenced by the huge numbers of animals released back into the wild, it does cause unease 

regarding the lack of regulation of wildlife rehabilitation in the UK. The majority of care has 

been shown to be undertaken within private residential facilities, by individuals working in 

isolation (Chapter Four) and it is this that may present cause for concern, in significant 

contrast to the large-scale wildlife hospitals, usually dealing with a wide range of species of 

British wildlife. Major challenges with gaining access to records have been identified here, and 

this alone creates alarm as this lack of record keeping would contravene both veterinary and 

conservation-based legislation. A key recommendation as a result of this thesis would be that 

organisation with relevant oversight or influence within the wildlife rehabilitation sector (be it 

the RSPCA, British Wildlife Rehabilitation Council (BWRC), BHPS or others) investigate 

strategies for supporting these rehabilitation facilities in developing best practice and 

supporting record keeping. Lack of knowledge regarding who is qualified to undertake this 

care, and the impact this may have on humans and the wider hedgehog population also 
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require further consideration to prevent harm, potentially through registration or regulation 

of practitioners.  

Recommendations for further work 

Here, I summarise and add to recommendations for future work that I believe would be 

beneficial and which build on the work in this thesis. 

1. Gain greater understanding of fluctuations in mortality of hedgehogs, particularly in 

relation to seasonal variations and differences between life stages. Whilst I have 

established here that there is considerable variation in mortality rates between 

seasons, with a peak evident in spring post-hibernation this does warrant further 

consideration with a year-round radio-tracking study on a larger scale, particularly of 

rural hedgehogs. Survival amongst animals during their first year has been shown to be 

high in the sub-urban landscape (Rasmussen et al., 2019a) but further consideration of 

this in the rural landscape is needed, where hedgehogs may be under greater pressure 

from badgers (Hof and Bright, 2012; Trewby et al., 2014), reduced food availability and 

quality (Hof and Bright, 2010a), agricultural biocides (Dowding et al., 2010b; Sánchez-

Barbudo et al., 2012) and habitat degradation (Hof, 2009). 

2. Greater understanding of the experience of hedgehogs during hibernation is required, 

particularly the impact of disturbance on physiological function, and how this differs to 

natural fluctuations in torpor. The correlation found between the number of nests 

used and absolute loss in body mass (Chapter Two) is one of particular concern in a 

human-dominated landscape, when disturbance during this critical period may be 

frequent and substantial. In this study it was not possible to determine to what extent 

animals roused without leaving the nest during hibernation, but as the cost of arousal 

is significant the impact of such disturbance may be substantial, even when the animal 

is not moving between nests. The wider availability of small, lightweight data loggers 

and accelerometers than when these data were collected provides opportunity for 

greater exploration of the animal’s behaviour within the nest.  

3. Develop greater understanding of the experience of hedgehogs in rehabilitation to 

determine the extent to which they are affected by the close proximity to conspecifics 

and humans. As has been determined here (Chapters Three and Four) hedgehogs are 

being rehabilitated in significant numbers, and the extent of the interaction they have 
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with humans will affect the degree to which they become habituated and the level of 

stress they may experience.  

4. The use of detection dogs for finding hedgehogs warrants further consideration, 

specifically for finding them in the nest as this is where they are particularly vulnerable. 

There are also questions regarding whether dogs need to be specifically trained to 

detect the odour during hibernation, as research finding animals in hibernation is 

limited, and the change in biochemistry may result in a change in the scent picture. 

Hedgehog nests may also be harder to access (as per Chapter Two whereby 35% of 

nests could not be accessed for examination), which may prevent the dog locating the 

hedgehog, or physically gaining access to the immediate location of the nest.  

5. Develop greater understanding of the survival rate of hedgehogs upon release 

following rehabilitation to add to current understanding. Whilst it has been recently 

determined the survival of hedgehogs released during winter is comparable to wild 

counterparts (Yarnell et al., 2019), particular consideration is needed regarding the 

minimum weight at which hedgehogs can reasonably be expected to survive 

hibernation following release, to further lighten the load on rehabilitators, and how 

survival differs for animals considerably smaller than the 600 g requirement in the 

study presented here (Chapter Two). Whilst Morris (1984) has long since advocated 

the admission to rehabilitation of animals under 450-550 g to human care, these 

figures are based upon an estimation of mass lost over winter, rather than true values 

of mass loss. As shown in Chapter Two, hedgehog mass loss can vary significantly, with 

the potential for either no loss over winter due to frequent feeding bouts, or rapid 

mass gain upon emergence from hibernation clouding the picture further. As radio 

tracking tags decrease in size, tracking ever smaller individuals will be possible within 

ethical boundaries, facilitating a greater degree of accuracy to this figure. The use of 

detection dogs for studying these smaller animals has also been proposed (Chapter 

Five).  

6. Wildlife rehabilitators have a wealth of data that is largely untapped. Whilst issues 

around accessing records, and the reliability of those data have been discussed here 

(Chapters Three and Four), myriad questions could be explored through such records, 

for example, study of maternal behaviour and data on litter size and sex ratio could be 



 

150 
 

recorded in rehabilitation centres without the need for a licence or to disturb wild 

hedgehogs, to gain greater understanding regarding mortality prior to dispersal.  

7. Whilst current advice is to return animals to their site of origin it seems apparent that 

this is often not the case. The extent to which this impacts upon gene flow is unknown, 

as is the impact on potential transmission of disease and parasites (Chipman et al., 

2008; Saldanha et al., 2019). With such large numbers of hedgehogs admitted to care 

the impact release practice may have on the wild population could be significant. For 

example, the wild population could be artificially supported with healthy animals, or 

negatively impacted if these artificially supported animals are genetically inferior to the 

rest of the population, particularly if animals are always released in particular sites, 

such as the neighbourhood of the hospital. 

8. With so many unofficial/informal rehabilitators operating, the likelihood of 

comprehensive health assessments for all animals by a veterinary surgeon prior to 

release is unlikely, and so therefore consideration of the potential impact of such 

practice on the wild population is paramount.  

9. The substantial number of rehabilitators working with hedgehogs may be of concern, 

depending upon the extent to which they are connected to paraprofessionals and an 

experienced veterinary team. Whilst wildlife rehabilitation is long considered to be 

based on trial and error, the scale of hedgehog care discussed here, often in short term 

facilities in residential accommodation, could present significant welfare issues, for 

both the animals and humans concerned. For example, Sangster et al. (2016) identified 

the public health risk associated with close encounters with hedgehogs due to the 

detection of zoonotic subtypes of Cryptosporidium parvum in the wild population 

presenting risk to physical health for rehabilitators. Further, the potential impact of 

isolation of individuals caring for such animals could increase the risk of compassion 

fatigue, burn out and grief (Neumann, 2010; Englefield et al., 2018). Further to this, 

greater understanding of the variation in practices undertaken within rehabilitation 

centres is needed, such as considering where and how animals are returned to the wild 

(e.g. soft versus hard release, selection criteria around choosing appropriate locations). 

Such understanding of rehabilitation would support the argument for or against 

licencing of wildlife rehabilitators in the UK.  
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10. Greater understanding regarding return rates of animals to rehabilitation centres 

through wide-scale marking of released animals with PIT tags would provide valuable 

insight into the rate at which hedgehogs are readmitted into care, how they disperse 

and their long-term survival post-release. Currently such large-scale studies are not 

available for either hedgehogs or other species. This would provide important insight 

into whether individuals are repeatedly admitted but not identified as marking is not 

used (as discussed in Chapter Three) or when admitted by different hospitals in the 

same locality. In the absence of a national database recording such identification aids 

for any species of wildlife it is largely unknown on what scale animals return to care.  

11. Further consideration of reliable methods for detecting hedgehogs in woodlands is 

required, as no hedgehogs were detected using three different methods here (Chapter 

Five). In this study the dog was handled on lead, which has been shown to affect the 

effectiveness of searching, and so further consideration of the method, with searches 

conducted off lead would be recommended. The woodland utilised in this study had a 

dense understory, and so may have presented particular challenges for the methods 

tested, so surveying alternative woodlands would be beneficial. Radio tracking of 

hedgehogs has shown woodlands to be of significant value to the hibernating 

hedgehog (Chapter Two) and thus reliable survey methods are required for this 

habitat.  

12. More detailed consideration of the interaction between badgers and hedgehogs in 

woodland is paramount to determine the extent to which hedgehogs may fall foul of 

competitive exclusion, and understanding of the value of this habitat in the annual 

cycle of hedgehogs is needed. 

Conclusions 

In this thesis I have explored a range of factors affecting the survival of the hedgehog in the 

anthropogenic landscape, with particular consideration for: survival at a time of year 

previously considered to be high risk; how the rehabilitation process affects them; and how 

surveying methods can be advanced through the use of non-invasive methods to better 

understand the population. The substantial numbers of hedgehogs admitted to wildlife 

hospitals has been shown to potentially have a significant impact on the population, even 

though rehabilitation has previously been considered to be a practice for animal welfare 

rather than conservation. However, it is clear from the studies presented here that further 
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research needs to be undertaken within the rehabilitation environment. There are substantial 

challenges associated with this though, as the lack of regulation does little to facilitate even 

knowing where this practice is undertaken, let alone the number of animals treated. The 

unregulated nature of the rehabilitation sector in the UK could present significant risks if 

training, veterinary support and investment are not taken sufficiently seriously. Issues related 

to data reliability have been discussed here, and sample sizes in two chapters were reduced 

considerably as a result of inaccessible or incomplete records, potentially skewing analysis. 

However, this study has brought such issues to light and thus lead to strategies to mitigate 

such problems to support future research.  

Gaining data regarding this small, elusive mammal, be it in the wild or in captivity, certainly 

has its challenges, and in order to fully understand how this species is affected by changes 

seen across the human-dominated landscape ongoing work is required: for example, in 

relation to detection methods in the wild, and the way in which hedgehogs are treated in 

captivity, the impact of release practices and how behaviour, once returned to the wild, is 

affected by anthropogenic activity. If the decline of hedgehogs across their range is to be 

reversed greater understanding and accommodation of their needs is critical. Without doubt, 

however, the potentially positive impact of the practices discussed here provide some hope 

for the future; be it in the hundreds of individuals working to rehabilitate and release 

thousands of sick and injured animals each year, to the conservation detection dog teams 

providing greater insight into many species of threatened wildlife. 
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Appendix 1 
Supplementary Table 1. Summary of the dominant materials used in winter nest construction at 

Brackenhurst and Hartpury. Data for 2015-2016 and 2016-2017 combined. Figures in parentheses are 

the number of nests where the material was recorded as a secondary material. Sample sizes are less 

than the total number of nests used by study animals as not all nests were accessible. 

Material Brackenhurst Hartpury Total 
Broad leaves 32 (49) 42 (42) 74 (91) 

Conifer 0 (5) 0 (0) 0 (5) 
Grass 12 (20) 5 (9) 17 (29) 

Herbaceous plants 1 (18) 0 (1) 1 (19) 
Ivy 7 (14) 0 (0) 7 (14) 

Litter / plastic 0 (0) 0 (20) 0 (20) 
Moss 1 (4) 0 (1) 1 (5) 

Ornamental bush 2 (7) 0 (1) 2 (8) 
Ornamental grass 2 (2) 3 (2) 5 (4) 

Shredded garden waste 2 (2) 0 (0) 2 (2) 
Soil 1 (1) 0 (0) 1 (1) 

Stones 1 (1) 0 (0) 1 (1) 
Straw 1 (3) 0 (2) 1 (5) 
Twigs 0 (3) 0 (5) 0 (8) 

Unknown 9 (1) 32 (0) 41 (1) 
Total 71 82 153 

 

Supplementary Table 2. Cause of death (n = 9) from a sample of 31 individuals followed over two 

winter hibernation periods (2015-2016 or 2016-2017). 

Cause Brackenhurst Hartpury Total 
Badger predation 0 3 3 (38%) 

Road traffic 0 2 2 (22%) 
Natural causes 0 1 1 (11%) 
Euthanased1 0 1 1 (11%) 

Unknown 1 1 2 (22%) 
Total 1 8 9 

1 Animal was euthanased by a veterinary surgeon because of a large facial tumour 
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Supplementary Table 3. General linear models comparing site and sex differences in (a) body mass (g) 

at the start of the hibernation season, and (b) absolute and (c) percentage mass change during the 

hibernation period (n = 21). 

(a) Body mass at the start of the hibernation period 
Variable Degrees of 

freedom 
Adjusted sum 

of squares 
Adjusted mean 
sum of squares 

F statistic P 

SITE 1 60668 60668.0 3.75 0.069 
SEX 1 12647 12646.5 0.78 0.389 

SITE*SEX 1 85 84.9 0.01 0.943 
Error 17 274767 1612.7   
Total 20 351287    

 
(b) Absolute mass change during hibernation 

Variable Degrees of 
freedom 

Adjusted sum 
of squares 

Adjusted mean 
sum of squares 

F statistic P 

SITE 1 170 169.5 0.01 0.919 
SEX 1 83754 83754.2 5.21 0.036 

SITE*SEX 1 74755 74755.3 4.65 0.046 
Error 17 273349 16079.4   
Total 20 425417    

 
(c) Percentage mass change during hibernation 

Variable Degrees of 
freedom 

Adjusted sum 
of squares 

Adjusted mean 
sum of squares 

F statistic P 

SITE 1 18.26 18.26 0.08 0.776 
SEX 1 835.16 835.16 3.81 0.067 

SITE*SEX 1 923.28 923.28 4.22 0.056 
Error 17 3721.86 218.93   
Total 20 5424.88    
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Supplementary Figure 1. Mean (±SD) (a) body mass (g) at the start of the hibernation season, and (b) 

percentage mass change during the hibernation period in relation to site and sex (Brackenhurst: n = 

5♀:5♂; Hartpury: n = 6♀:5♂) 

 

(a) Body mass at the start of hibernation 

(b) Percentage mass change during hibernation 
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Appendix 2 

 
 
Supplementary Figure 2. Median (±IQR) of initial detection distance to hedgehog in relation to method (infra-red thermal camera, detection dog, spotlight), 
habitat (amenity grassland, woodland) and ground cover (low: bare ground or mown grass; high: less than the height of the hedgehog or higher). Figures 
above columns are the number of hedgehogs detected

(10) 

(5) 

(4) 
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