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Executive summary  

 

 

1. We present the first comprehensive review of the status of British mammal 

populations for over 20 years. The population size, range size, temporal trends and 

future prospects of Britainôs 58 terrestrial mammals are assessed. Island sub-species 

and feral mammals are excluded from the main review, but are considered in the 

appendix.  

 

2. Britain has 44 native species that arrived before the formation of the English 

Channel. Previously extinct in the wild, the beaver has been reintroduced into 

Scotland and England in the last decade. The wild boar, also previously extinct, has 

been the subject of several illegal releases over recent years: the provenance of 

current populations is unknown. There are 7 species that, although introduced by 

human activities, are considered naturalised and have formed part of Britainôs fauna 

since at least Roman times. The remaining 7 species are more recent introductions. 

 

3. The geographical ranges of 18 species have increased since 1995; 4 have declined; 

and 22 have remained stable. A lack of data prevented assessment of the remaining 

14 species. 

 

4. Population sizes have increased since 1995 in 15 species; 9 have declined; and 4 

have remained stable. A lack of data prevented assessment of the remaining 30 

species.   

 

5. All of the species recently introduced to Britain show an increase in geographical 

range except the brown rat, which is stable, and the American mink, where there are 

differences between countries. Additionally, all show an increase in population size 

except the brown rat which appears ð on the basis of very poor data ð to be stable, 

and the American mink which appears to be in decline. There are important data 

deficiencies for all introduced species that need to be addressed urgently. 

 

6. Among native and naturalised species where change could be assessed with 

reasonable confidence, there have been increases in the geographical range of the 

following animals: 

 

¶ Otter, pine marten and polecat. 
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¶ Red, fallow and roe deer. 

¶ Greater and lesser horseshoe bat. 

¶ Beaver and wild boar (both of which have become established since the last 

review, following releases from unknown sources). 

 

Population sizes have increased for the following species: 

 

¶ Otter, pine marten, polecat and badger. 

¶ Red and roe deer. 

¶ Greater and lesser horseshoe bat. 

¶ Beaver and wild boar. 

 

7. Among native and naturalised species where change could be assessed with 

reasonable confidence, there have been decreases in the range of the following 

species: 

 

¶ Red squirrel. 

¶ Black rat. 

¶ Wildcat. 

¶ Grey long-eared bat. 

 

8. Population sizes have declined for the following species: 

 

¶ Hedgehog. 

¶ Rabbit. 

¶ Red squirrel. 

¶ Hazel dormouse. 

¶ Orkney vole. 

¶ Water vole. 

¶ Black rat. 

¶ Wildcat. 

 

9. Formally approved Regional Red List assessments, conducted for native species in 

Great Britain according to the International Union for Conservation of Nature (IUCN) 

criteria. Approved assessments were also made for the Orkney vole, which is 

naturalised, because it is officially recognised as an island sub-species; and for the 
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lesser white-toothed shrew because of uncertainty about whether it is naturalised or 

native. The assessments placed 26 species in the Least Concern category (meaning 

that the risk of extinction in the near future is low). Ten native species, plus the 

Orkney vole, were classified as Threatened (meaning that they face a high risk of 

extinction). Five native species, plus the lesser white-toothed shrew, were classified 

as Near Threatened (meaning that they were close to qualifying as Threatened, or 

are likely to qualify in the near future). Insufficient evidence was available to allow 

assessment of the other 4 species. 

 

10. All species under review lacked some of the data required for robust estimation of 

population size. The most common issue was that no information was available on 

the percentage of potentially suitable habitat within the range that was actually 

occupied. In these cases, 100% occupancy was assumed, which will usually have led 

to overestimated population sizes. For example, the Bechsteinôs bat was assumed to 

be present in all deciduous woodland, and the red deer in all woodland, within their 

geographical range.  

 

Robust population density data were lacking for all bats, with the exception of the 

greater and the lesser horseshoe. There were insufficient data to permit population 

size estimation at all for the whiskered, Brandtôs and Alcathoe bats (cryptic species), 

barbastelle bat, Leislerôs bat, and the potentially migratory Nathusiusô pipistrelle bat. 

One other bat, the noctule, also had a score of zero for population estimate reliability. 

For this species, estimates could be computed, but they were based on very restricted 

data, resulting in correspondingly large confidence intervals. 

 

Reliability scores of zero were also assigned to the population estimates for the water 

shrew, lesser white-toothed shrew, harvest mouse, and weasel, and it was not possible 

to compute a population estimate at all for the Orkney vole. Overall, 40% of the non-

bat species, including all of the shrews, had very poor reliability scores (<=1). 

 

11. Several drivers were associated with temporal changes in population size or range. 

Fifteen species are currently controlled to reduce their impact on the environment or 

on other species. Eighteen species have been affected by changes in habitat quality 

or availability since 1995.  

 

12. The review presents the most up-to-date assessment of population size and status 

for the 58 terrestrial mammals in Britain. It highlights an urgent requirement for more 
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research to assess population densities in key habitats, and to assess the 

percentage of potentially suitable habitat where a given species actually occurs: at 

present, uncertainty levels are unacceptably high. It is possible that declines in many 

species are being overlooked because a lack of robust evidence precludes 

assessment. There is also an urgent need to quantify precisely the scale of declines 

in species such as the hedgehog, rabbit, water vole and grey long-eared bat, and, 

where necessary, to identify the causal factors. Finally, effective and evidence-based 

strategies for mammal conservation and management must be developed. 
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1 Introduction  

 

 

The status of terrestrial mammal populations in Britain was last comprehensively reviewed 

over 20 years ago (Arnold, 1993; Harris et al., 1995). Yet mammals are key components of 

practically every terrestrial ecosystem in Britain. Small mammals are prey for mammalian 

predators and avian raptors (Norrdahl and Korpimäki, 1995) and their burrows create nesting 

sites for bumblebees (Kells and Goulson, 2003). Ungulates shape the landscape through 

grazing (Palmer et al., 2003), and bats and small mammals can indicate the health of an 

ecosystem (Pearce and Venier, 2005; Jones et al., 2009). An up-to-date review of the 

population and conservation status of British mammals, and an assessment of their likely 

future prospects under changing environmental conditions, is, therefore, long overdue. 

Whilst there have been, of course, focused studies on particular taxa conducted since the 

previous review, these do not deliver the broad overview of the relative status of different 

species necessary for the prioritisation of investment and practical action. This project not 

only summarises the available evidence derived from hundreds of different research 

projects, but it also uses ð as far as possible ð consistent methodologies across species, 

and is transparent about the approaches and assumptions that have been applied. Using 

more than 1.5 million individual biological records, this review presents the best available 

estimates of population size, geographical range, status trends and threats.  

 

Many British mammals are intensively managed. The objective of this management may be 

to reduce damage to agricultural crops, forestry or other wildlife by species considered to be 

pests, such as rodents (Labuschagne et al., 2016) and deer (Trenkel et al., 1998), or to 

prevent the transmission of disease to livestock or humans (Gortázar et al., 2012). 

Conversely, conservation measures may be required to halt or reverse the decline of a 

threatened species. These may include protecting species such as bats and the water vole, 

Arvicola amphibious, from the impacts of built development and agricultural change (Roos et 

al., 2012); preserving the genetic integrity of native species threatened by hybridisation, such 

as the Wildcat Felis silvestris or the red deer Cervus elaphus; or helping to secure the long-

term future of small populations of pine marten Martes martes or red squirrel Sciurus 

vulgaris through translocation. Unfortunately, the evidence base for management is 

frequently poor. This review highlights species of concern, identifies current and likely future 

threats, and also explicitly states where conclusions are limited by the lack of sound 

information. 
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On a global scale, the beaver is the only British mammal is considered at imminent threat of 

extinction (óThreatenedô under IUCN Red List Criteria (IUCN, 2001)), though the otter Lutra 

lutra, Bechsteinôs bat Myotis bechsteinii, and barbastelle bat Barbastella barbastellus, are 

considered Near Threatened. Perhaps surprisingly, Great Britain is also a stronghold for the 

non-native Chinese water deer Hydropotes inermis, which is increasingly threatened in its 

native habitat. Despite this apparent lack of threat to the mammals found in Britain in a 

global context, the state of our wildlife is clearly important ecologically, culturally and morally, 

and responsibilities towards it are enshrined in national and international law. To inform 

future planning and conservation action, we have therefore produced a Regional Red List for 

British mammals using IUCN criteria. This work is presented separately, but the summary 

information is included within this review. Red Lists are designed to highlight imminent risks 

of extinction and short-term changes in conservation status (óshort-termô being defined as 10 

years or 3 generations ï whichever is the greater), but they do not account for historical 

depletion of populations over the longer term. Yet, clearly, long-term change is also of 

concern, even where population sizes and geographical ranges are currently stable. This 

review therefore also assesses change since the last comprehensive assessment of 

geographical range (Arnold, 1993) and population status (Harris et al., 1995) more than 20 

years ago.  

 

Accurate information on the distribution and population density of mammal species, as well 

as insight into the temporal trends, is vital for the development of effective management 

(Gibbs et al., 1999; Collen et al., 2013). These data are also required to enable the UK to 

fulfil its international reporting obligations, for example under Article 17 of the Habitats 

Directive. Even post-Brexit, there will be obligations for monitoring and reporting under 

domestic law and international treaty (such as the Bern Convention). The amount of detail 

required depends on the intended scale at which the data will be used (Dickinson et al., 

2010). Whilst species may show wide variation locally, a robust estimate of the national 

status of a species is important for conservation planning.  

 

National surveys tend to be limited to the identification of a speciesô distribution or, 

sometimes, where effort is standardised, they identify the percentage of occupied habitat 

within a speciesô range. Surveys of this nature have been carried out for several mammalian 

species, including the otter (Strachan, 2007; Crawford, 2010; Strachan, 2015), the polecat 

Mustela putorius (Birks and Kitchener, 1999) and the pine marten (Croose et al., 2013; 

Croose et al., 2014). These surveys give a useful snapshot of the status of a speciesô 

distribution, and they also provide a baseline from which to measure change (Lindenmayer 

and Likens, 2010). When consecutive surveys are conducted, it is possible to measure 
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temporal trends in a speciesô distribution or, where counts are taken, monitor changes in 

relative population size or occurrence. Schemes such as the National Dormouse Monitoring 

Programme (NDMP) have provided monitoring over considerable periods (the NDMP has 

run since 1988), and otters have been the subject of repeated country-wide surveys (e.g. 

Crawford, 2003; Strachan, 2007; Crawford, 2010; Strachan, 2015) that have allowed for the 

identification of temporal changes in distribution. Badgers Meles meles are monitored via 

counts of the number of badger setts (Cresswell et al., 1990; Wilson et al., 1997; Judge et 

al., 2014), and bat species via a combination of acoustic field survey data, hibernation 

surveys and roost counts (National Bat Monitoring Programme). These permit inferences to 

be made about relative changes in population size. However, absolute measures of 

population size would require additional data on the number of badgers per social group, 

and density of bat maternity roosts, respectively. 

 

Absolute measures of population size rely on estimates of population density or total counts 

in a range of habitat types. The obtaining of density information requires a larger investment 

of time and effort than the determining of presence alone, and often necessitates repeated 

surveys. The effort needed to determine density is higher still where species are elusive or 

rare (Zylstra et al., 2010; Hui et al., 2011). These limitations mean that the scarce resources 

available for monitoring have tended to be directed at measuring changes in distribution or 

relative population size, rather than estimating absolute population sizes. However, there are 

purposes for which absolute population sizes rather than indices of relative change are 

extremely important. For example, determining whether wildlife fatalities (such as from 

collision with vehicles or wind turbines, or from culling) are likely to have a material impact 

on local populations depends on having reasonable estimates of population sizes. The 

prioritisation of conservation and management actions also often requires an understanding 

of population sizes: two of the three IUCN Red List Criteria, for instance, are based on 

knowing the number of mature individuals.  

 

Where they occur, assessments of population size or density are often smaller in scale than 

distribution surveys, taking place at a single site or a small number of locations rather than at 

a regional, landscape or national scale. Limitations in the resources available, as well as the 

behaviour of the species under study, often dictate the methods employed. For easily 

observed animals, surveys can be carried out using direct observation. These surveys may 

take the form of direct attempts to count the local population (e.g. for deer species; Putman 

et al., 2011). Alternatively, inferences can be drawn from observing subsets of the 

population: refinements such as distance sampling ð which adjusts for the declining 

probability of detection with increasing distance from the observer ð help to improve the 
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quality of such estimates (Borchers et al., 2015) (e.g. for mountain hare Lepus timidus; 

Knipe et al., 2013). The new Mammal Mapper app. for mobile phones, provided free of 

charge by the Mammal Society, is designed to encourage large-scale citizen science 

participation in distance sampling surveys and to improve the quality of data available on 

habitat-specific mammal densities. 

 

For small mammals, measures of population density tend to involve live-trapping. The total 

number of animals trapped during a single trapping session can provide a proxy for 

population density in the form of the total of individuals trapped, or óminimum number aliveô 

(MNA), when divided by an estimate of the spatial extent of the trappable population (the 

óeffective trapping areaô). This area is, however, difficult to define and leads to density 

estimates which are often considered unreliable (Efford, 2004). Where it is possible to 

conduct multiple trapping sessions, capture-mark-recapture models can be used to estimate 

density from the capture history of individuals within the trapped population, although 

multiple surveys inevitably require more time and effort, and certain assumptions about the 

population and capture process must be met (see Amstrup et al., 2005). Where species are 

rare or elusive, indirect methods of detection may be required (Pereira et al., 2010). Camera 

trapping (e.g. for wildcats; Hetherington and Campbell, 2012; Kilshaw et al., 2015), or counts 

of non-invasively collected samples such as faeces (Jarman and Caparano, 1997; Gormley 

et al., 2011) negate the need to observe or disturb the target animals. Aside from the notable 

exception where animal behaviour conforms to strict model assumptions (Rowcliffe et al., 

2008), individual identification is required for absolute measures of population density. 

Recent advances in molecular techniques have enabled individual identification from non-

invasive sources such as hair, faeces and feathers (Waits and Paetkau, 2005), although the 

costs required to process such samples are still relatively high and processing the samples 

is time-consuming. In summary, despite substantial effort to detect relative trends in 

distribution for some species such as otters (e.g. Crawford, 2003; Strachan, 2007; Crawford, 

2010; Strachan, 2015), the investment of time, effort and funding for large-scale 

assessments of the status and trends for mammalian species means that such assessments 

are few and far between in Britain.  

 

Battersby (2005) reviewed the monitoring schemes in place under the Tracking Mammals 

Partnership, as well as those proposed, and reported the available trends in relative 

abundance and distribution. That review did not, however, provide updated estimates of 

population size. Reliance has therefore been placed on the assessment of population size, 

status and trends undertaken in the mid-1990s by Harris et al. (1995). For that assessment, 

population density estimates for all terrestrial mammals in Britain were taken from peer- 
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reviewed literature and expert opinion. Population sizes were then estimated by combining 

habitat-specific density estimates with the area of available habitat within the speciesô 

distribution. Habitat data were derived from the land classes devised by the Centre for 

Ecology and Hydrology (formerly the Institute of Terrestrial Ecology) (Bunce et al., 1981a; 

Bunce et al., 1981b; Bunce et al., 1996), and distributions were based on data deposited up 

to March 1992 which were reported in the Mammal Atlas (Arnold, 1993). Information on 

population trends for different mammal species were quoted where the information was 

available in the literature, or were derived through expert knowledge; current distribution and 

the legal status of each species were also described. We have followed broadly the same 

approach in the current review. 

 

Recently, Croft et al. (2017) have tested an approach based on habitat suitability modelling 

to produce density estimates for mammals in Great Britain. In a first step, habitat suitability 

models were built using environmental data coupled with occurrence information derived 

from the National Biodiversity Network (NBN). These habitat suitability scores were then 

linked with habitat-specific density estimates to produce an abundance estimate. The current 

report and Croft et al. (2017) shared the requirement for habitat-specific density data, and 

therefore suffer the same constraint that for many species the required information is simply 

not available. This problem is particularly acute for bats, and so, in this review, an alternative 

approach that did not depend on habitat-specific information was deployed. Both studies 

also suffer from a lack of information about the level of occupancy in a given habitat across a 

speciesô range: for very widespread species such as the field vole Microtus agrestis, this 

may not be a major issue; for more patchily distributed species, such as the red deer, it 

could introduce important errors.  

 

However, the approach used by Croft et al. (2017) differs from the present review in several 

important respects:  

 

¶ We had access to data at a very much greater spatial resolution, whereas the data 

used to derive the habitat suitability models in Croft et al. (2017) were available only 

at 1km or 10km resolution.  

¶ We were able to include datasets not available via the NBN.  

¶ Our assessments were based on pre-breeding density data only, to ensure 

comparability with the Harris review.  

¶ The present review used a rigorous process of data cleaning, based on the input of 

many recognised experts to generate a smoothed distribution map of distribution. The 
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habitat suitability models in Croft et al. (2017), in contrast, are based on the data as 

presented in NBN. 

There are strengths and weaknesses to both approaches. The advantage of habitat 

suitability modelling is that it can allow extrapolation to poorly surveyed areas on the basis of 

other environmental variables (temperature, habitat, etc.). However, sensible models can 

only be built where there are sufficient data to parameterise them; and for many British 

mammals the evidence is lacking. Also, the spatial resolution of publicly available data is a 

major constraint, particularly where species are unlikely to be uniformly distributed across a 

grid square because of particular habitat requirements. The figures presented in the two 

reports are not directly comparable. Nevertheless, it is reassuring that for many species the 

population size estimates are within the same order of magnitude.  

 

Population status is a dynamic quantity, and many mammals in Britain are thought to be in 

decline (e.g., the hedgehog Erinaceus europeaus and the red squirrel (Roos et al., 2012; 

Gurnell et al., 2015b)), whereas several others are apparently increasing in population size 

and range (e.g., the pine marten and the polecat (Croose et al., 2014; Croose, 2016)). 

Population assessments from Harris et al. (1995) are, therefore, unlikely to reflect the current 

status of British mammals, but are the most recent reference for most mammals and are still 

quoted in the current literature. In this review, we provide the following:  

 

¶ A current distribution map for each species, using presence data from 1995 to 2016, 

smoothed using an alpha-hull approach.  

¶ An assessment of current conservation status. 

¶ Estimates of habitat-specific population density from the recent literature (1995-2016) 

or from expert opinion. 

¶ Current estimates of population size for England, Scotland, and Wales, and the total 

for Great Britain. 

¶ A critique of these estimates, with a review of data deficiencies.  

¶ A review of the temporal trends in population size since the last review in 1995 

(which was based on data collected up to 1992), and the drivers leading to the 

observed trends. 

¶ A review of the future prospects of each species (see Appendix 7). 

¶ Regional Red List statuses for Great Britain, England, Scotland and Wales that have 

been formally approved by the Inter-Agency IUCN Red Listing Group.  

 



20 

The review presents the most up-to-date assessment of population size and status for the 58 

terrestrial mammal species resident in Britain. Accounts are provided in Appendix 6 for a 

further 9 species. These are either island sub-species (the Skomer vole), feral animals (the 

feral ferret, sheep and goat), vagrant visitors to Britain (the parti-coloured bat and Kuhlôs 

pipistrelle), or are only present as managed populations or occasional individuals (the 

reindeer, wallaby and raccoon). Further, it identifies key areas for further research where the 

data required to assess population size accurately are lacking, and highlights the future 

prospects of each species and urgent requirements for conservation action.  
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2 Methods  

 

 

2.1 Literature search  

 

Literature was sourced using the databases ISI Web of Knowledge and Google Scholar. 

Search terms were the speciesô taxonomic name and/or the speciesô common name, as well 

as at least one of the terms (including wildcards) from two lists, where list one included the 

terms British, UK, England, Scotland and Wales, and list two included the terms ópopulation 

densityô, ópopulation estimateô, óabundanceô, ópopulation sizeô, ósurveyô or ócensusô. As data 

published earlier than 1995 would have been incorporated into the review by Harris et al. 

(1995), the search was primarily limited to publications issued between 1995 and 2015, 

although references outside of these years were not excluded if the content was particularly 

relevant or recommended by an expert in the field. Peer-reviewed papers were screened by 

first reading the title, then the abstract where relevance was uncertain. The references and 

citations of each relevant paper were checked and sourced where applicable. Government 

and Non-Governmental Organisation (NGO) reports were sourced directly from the following 

organisations: Natural England, Natural Resources Wales (NRW), Scottish Natural Heritage 

(SNH), and the Peopleôs Trust for Endangered Species (PTES). Student postgraduate 

theses were used when identified via cross-referencing or recommended by an expert in the 

field, but were not specifically sought because of the difficulty of obtaining copies, particularly 

for older documents, and the inconsistency with which these documents are catalogued.  

 

The following details were recorded from each paper/report: estimate type (i.e., minimum 

number alive, absolute population size/density); survey method; area or length (for linear 

features) of the study site; habitat type; start date; time of year; and duration of study. 

 

  

2.2 Habitat data  

 

To quantify habitat availability, data were taken from the 2007 Countryside Survey (CS2007; 

(Carey et al., 2008). The area of each broad habitat class (hereafter óbroad habitatô) within 

each speciesô distribution in England, Scotland and Wales (see section 2.5) was extracted 

from the Land Cover Map (LCM2007) land-use layer (Morton et al., 2011) using ArcGIS 

(version 10.3).  
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The LCM2007 division of grasslands is difficult to use in the prediction of mammal densities, 

since it is the structure of the habitat, rather than species composition or underlying soil-type, 

that is a primary driver of its suitability as a habitat. Although óImproved Grasslandô is an 

LCM class, there is no LCM class of óSemi-Improvedô (i.e., mainly managed for pasture, 

silage or hay (Jackson, 2000)), and semi-improved grasslands will often be classified as 

óImproved Grasslandô. The divisions of óNeutralô, óCalcareousô and óAcidô grasslands are 

derived by re-assigning cells in the óRough Grasslandô class on the basis of soil type, and 

include a continuum from unimproved to semi-improved grasslands. The grassland that 

retains the original classification of óRough Grasslandô is therefore a mix of managed, low 

productivity grassland, plus some areas of semi-natural grassland, which could not be 

assigned óNeutralô, óCalcareousô or óAcidô grassland with confidence in the LCM2007. For the 

purpose of this report, óRough Grasslandô is considered equivalent to unimproved grassland.  

 

Given the widespread decline in rough grazing (Connors, 2016), and the rarity of 

unimproved neutral grassland in the landscape, it is considered appropriate to conclude that 

most óNeutralô, óCalcareousô and óAcidô grasslands are at least semi-improved. Indeed, these 

same category names are considered óSemi-Improvedô in the Countryside Survey 2007 

(which uses botanical characteristics identified through field study rather than remotely-

sensed data) (Carey et al., 2008). It is recognised that for óAcidô and óCalcareousô 

grasslands, there may be a larger component of unimproved land than for óNeutralô 

grasslands (especially large areas of acid grassland in Scotland). Nevertheless, the 

dominant management strategies with relatively high stocking densities have resulted in 

ósmoothed grasslandô, lacking the structural complexity required to support high density 

mammal populations found in rough grassland. These categories have, therefore, been 

aggregated with óImproved Grasslandô on the basis of functional similarity to mammalian 

fauna.  

 

The total length of hedgerows in each country was taken from the Countryside Survey 2007 

linear features estimates (Bunce et al., 1996; Scott, 2007; Carey et al., 2008). Hedgerows 

are of variable value to mammals; for example, hedgerows under agri-environment scheme 

management (AES) contain higher densities of bank voles Myodes glareolus (Kotzageorgis 

and Mason, 1997) (Shore et al., 2005; Broughton et al., 2014) and field voles (Broughton et 

al., 2014), than those under non-AES management (see Tables 7.3a and 7.4a). The 

proportion of hedgerows under AES management (hereafter AES hedgerows) was therefore 

quantified for each country using data supplied by Natural England, Natural Resources 

Wales and Scottish Natural Heritage. As the length of AES hedgerows was available as a 

total value per country, and not a GIS layer, they were assumed to be evenly distributed 
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throughout each country, and the proportion of AES hedgerows was used to divide the total 

length of hedgerows within each speciesô distribution into lengths for non-AES and AES 

hedgerows. In reality, AES hedgerows are unlikely to be evenly distributed throughout each 

country, so this assumption will probably have resulted in errors for species that do not 

occupy the whole country.  

  

The total length of riparian habitats in each country was taken from Table 4 in Harris et al. 

(1995). The length of riparian habitats within each speciesô distribution was calculated by 

multiplying the total length by the percentage of the country included in the speciesô 

distribution. Waterways are not, however, evenly distributed throughout the country, and so 

this method is likely to have resulted in inaccurate lengths of riparian habitat for species that 

do not occupy the whole of Great Britain. 

 

 

2.3 Habitat comparison  

 

Harris et al. (1995) used two measures of habitat availability. These were: (a) the land 

classes devised by the Institute of Terrestrial Ecology (Bunce et al., 1981aa; Bunce et al., 

1981bb); and (b) habitat types as described in Cresswell et al. (1990). As the Cresswell et al. 

(1990) habitat types are more comparable to the LCM2007 data used in this study than are 

current land classes, we have compared habitat availability using the data provided in table 

3 of Harris et al. (1995) rather than the land class data. The Cresswell et al. (1990) habitat 

data used in Harris et al. (1995) were collected during field surveys of 2455 x 1km squares in 

the period 1985-1988 (Cresswell et al., 1990; see Harris et al. 1995 for further details).  

 

In the current analysis, habitat types from Harris et al. (1995) were matched to each broad 

habitat in the LCM2007 dataset; land areas were summed where more than one habitat type 

fell within a broad habitat. Habitat sub-categories from LCM2007 were also matched to 

habitat types from Harris et al. (1995) for reference (see Appendix 1). The difference in the 

area of each habitat between the two datasets was then assessed as: 

 

Change (km2) = LCM2007(km2)-Harris 1995 (km2) 

and 

% Change = (Change (km2)/Harris 1995 (km2))*100 

 

Unfortunately, a direct comparison between habitat data from the LCM1990, 2000 and 2007 

datasets to clarify the real changes in habitat availability is not advised because there are 
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differences between the datasets as a result of differently-sourced satellite data and updated 

methodology (Clare Rowland, CEH, pers. comm.). Instead, to assess whether changes in 

the area of habitats between Harris et al. (1995) and LCM2007 (i.e., the current analysis) 

reflect real change over that time period, we assessed the changes between the Countryside 

Survey data for 1990 and 2007 (CS1990 and CS2007) (Carey et al., 2008). This dataset 

represents the most credible source of data to assess changes in habitat area across this 

time period, based on consistency of data collection methods between years (Lisa Norton, 

CEH, pers. comm.). It was not possible to use the CS2007 data directly in the estimates of 

population size for this review because the field survey data are derived from a sample of 

representative 1km2 squares and spatial data were not available: therefore, information 

could not be matched to the entire range of any species. For the analysis of temporal trends 

in habitat, CS1990 was selected as the baseline year, being the closest to the field survey 

dates of 1985-1988 from Harris et al. (1995).  

 

The LCM2007 and CS2007 datasets are considered to be approximately 80% accurate, 

although some discrepancies exist between the two. For a full assessment of 

correspondence between habitat classifications in the two datasets, see Morton et al. (2011).  

 

 

2.4 Status  

 

The conservation status of each species is presented within each speciesô account. In 

addition to the global conservation status provided by the IUCN Red List of Threatened 

Species, a Red List status at the British level and for constituent nations is provided for each 

species.  

 

A national Red Data Book for mammals was first produced in 1993 (Morris, 1993). In 

addition to a statement about the conservation status of each species, the Red Data Book 

contained the legal status, distribution, population size, perceived threats and future actions 

for 18 British mammals, which provided a basis for setting conservation priorities. The 

statement on conservation status was based on expert opinion, as an appropriate 

classification system had not yet been developed. Since the publication of the Red Data 

Book, a more quantitative approach to threat assessment has been produced by the IUCN 

(2001), which has been used to help assess the current status of the 58 species in this 

report.  
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The status section of the current review provides the global and regional species listing on 

the IUCN Red List of Threatened Species. In addition, the national conservation status as 

assessed for Article 17 of the EU Habitats Directive, is shown where relevant. (For an 

overview of the assessment process, see http://jncc.defra.gov.uk/page-4096 ). Each species 

is indicated as being native, non-native or naturalised. Species are considered naturalised if 

they were introduced in or before the 12th century. If they have been present in Great Britain 

since before this time and their presence was not dependent on the actions of humans, then 

species are considered native.  

 

Under the IUCN Red List criteria, each species is allocated to one of the following 

categories, relating to imminent risk of extinction: 

 

¶ Critically Endangered (CR). 

¶ Endangered (EN). 

¶ Vulnerable (VU). 

¶ Near Threatened (NT).  

¶ Least Concern (LC). 

¶ Data Deficient (DD). 

 

The categories CR, EN and VU indicate an appreciable risk of extinction in the next decade, 

and are collectively described as óThreatenedô: CR indicates the highest level of extinction 

risk in the wild, and EN and VU indicate progressively lower levels of risk. Near Threatened 

indicates that the species is close to qualifying as threatened, or is likely to qualify as 

threatened in the near future.  

 

The IUCN classification system evaluates the risk of extinction against 5 different criteria. To 

ensure transparency and comparability across species, these criteria were assessed using 

standardised methods (see http://www.nationalredlist.org/home/about/ for further information 

on Regional Red Listing methodology). The 5 criteria are intended to be as independent as 

possible and to act cumulatively: it therefore follows that well-studied species, which can be 

assessed against all 5 criteria, are more likely to qualify as threatened than less well-studied 

ones which may only be assessed against one criterion (often, geographical range, which 

can be slow to show change even when there are significant population declines). This is 

likely to explain why a lower proportion of Britainôs native mammals (20%) are considered 

threatened compared with 39% of birds (Stanbury et al., 2017). A species may not be 

defined as Data Deficient unless there are no reasonable grounds for making an 

http://jncc.defra.gov.uk/page-4096
http://www.nationalredlist.org/home/about/
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assessment against any of the 5 criteria. It should be noted that species cannot be 

considered extinct in the wild until exhaustive surveys have failed to reveal evidence of a 

single individual. Information on generation times (used in assessments under Criteria A and 

C) was based on standardised information for mammals (see 

http://www.iucnredlist.org/technical-documents/red-list-training/red-list-guidance-docs) 

provided to Natural England at an IUCN Red List Assessor Training Workshop in 2017.   

 

The assessments of Regional Red List statuses for Great Britain and each country have 

been formally approved by the Inter-Agency IUCN Red Listing Group. Assessments 

conducted for non-native (naturalised) species also followed the same IUCN Regional Red 

List criteria, but there is no mechanism for these to be formally approved, except in the case 

of Ornkey vole (because it is officially considered a sub-species) and lesser white-toothed 

shrew (where there is uncertainty about whether it is naturalised or native). Country-level 

assessments are presented in square brackets in this report, and the assessments for non-

native (naturalised) species are reported separately by the Mammal Society (see 

www.mammal.org.uk/science-research/population-review-red-list where full details of the 

rationale for each listing are also provided). 

 

Information on legislation relating to each species is readily available elsewhere, and is not, 

therefore, outlined in this report. See the JNCC website for UK legislation 

(http://jncc.defra.gov.uk/page-1376), and for European legislation see 

http://jncc.defra.gov.uk/page-1372. The legal framework for Scotland can be found at 

http://www.snh.gov.uk/protecting-scotlands-nature/protected-species/legal-framework/. For 

further information on species legislation in Wales, see 

https://naturalresources.wales/conservation-biodiversity-and-wildlife/?lang=en, and for 

England, see https://www.gov.uk/topic/planning-development/protected-sites-species.   

 

 

2.5 Speciesô distribution  maps  

 

Presence data collected between 1995 and 2016 at 10km resolution or higher were 

gathered from the NBN gateway, local record centres, national and local monitoring 

schemes and iRecord for each species (see Acknowledgements). In total, 1,678,548 records 

were included. The start date was chosen to provide continuity with Harris et al. (1995). For 

regions where recording effort is low (such as some parts of Scotland), or when the species 

is under-recorded (such as the house mouse Mus musculus), this approach may have 

generated some artefactual gaps in the distribution that could have been filled by including 

https://exchange.sussex.ac.uk/owa/redir.aspx?C=85US4kz7SEXJuPXWKTrEy2LxONviUO3PGDBY2_YnMDiaXDBQA7LVCA..&URL=http%3a%2f%2fwww.iucnredlist.org%2ftechnical-documents%2fred-list-training%2fred-list-guidance-docs
http://www.mammal.org.uk/science-research/population-review-red-list).
http://jncc.defra.gov.uk/page-1376
http://jncc.defra.gov.uk/page-1372
http://www.snh.gov.uk/protecting-scotlands-nature/protected-species/legal-framework/
https://naturalresources.wales/conservation-biodiversity-and-wildlife/?lang=en
https://www.gov.uk/topic/planning-development/protected-sites-species
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older records. However, given the variability in the spatial resolution and quality of some 

historical datasets, the difficulties in obtaining consistent access to older records across 

Great Britain, and the uncertainties in whether there have been true range shifts for many 

species, we have chosen to use a consistent approach across all species and to highlight 

potential difficulties where they arise.  

 

Only data that had been verified by the source organisation were included in the distribution 

maps. The British Trust for Ornithology (BTO) provided a valuable additional source of 

unverified presence data. As mammal identification is not the primary objective of BTO 

surveys, data were included from this source, alongside the verified records, for those 

species which are unlikely to be misidentified, namely moles Talpa europaea, rabbits 

Oryctolagus cuniculus, badgers, foxes Vulpes vulpes and hedgehogs. Despite the reliance 

on verified data, erroneous records remained for some species, particularly those which are 

difficult to identify. Experts on each species were consulted to ensure that the maps 

represented current speciesô distributions as accurately as possible. Experts were presented 

with maps at a 10km resolution, and asked to remove any squares in which they were 

certain that the species had not been recorded since 1995. Deletions were only accepted 

when two or more experts agreed. Where experts had presence data from an unpublished 

field survey or could provide the source of such a record, they were asked to add these data 

to the map.  

 

Smoothed distribution maps were created by fitting alpha hulls to the presence data using 

the Alphahull package in R (Pateiro-L·pez and Rodrēguez-Casal, 2010). The area enclosed 

within the alpha hull (also known as the extent of occurrence, EOO (IUCN, 2001)) for each 

species is shown in Appendix 2, and the smoothed maps are presented within the speciesô 

reports. The alpha hull is an algorithmic method of assigning a boundary around a set of 

discrete points. The alpha hull algorithm contains a parameter (that is, alpha) that 

determines the extent to which the hull extends outwards from the area(s) with the highest 

densities of points. As the value of alpha increases, the hull will extend to encompass 

increasingly isolated points, and unoccupied areas between, until reaching a point where the 

hull encompasses all of the points and approximates the Minimum Convex Polygon (MCP).  

 

When using alpha hulls to determine distributions, there is no correct or ideal value of alpha. 

Rather, the choice of alpha depends on the purpose for which the distribution hull is to be 

used, as well as the quality, quantity and spread of the data itself. In general, there is a 

trade-off between falsely including areas of unoccupied and/or unsuitable habitat and 

incorrectly excluding areas that are actually occupied but were not sufficiently represented in 
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the data (i.e., areas with isolated records). For example, despite there being at least one 

verified polecat record in Cornwall, this area is not represented on the distribution map, as 

the record is too far from the nearest records in Devon (Figure 8.8a). In this study, an alpha 

value of 20km was determined by the authors based on a series of test maps, to represent 

the best balance between the inclusion of unoccupied sites (i.e., where records are sparse, 

but close enough for inclusion) and the exclusion of occupied areas owing to gaps in the 

data (i.e., where records exist, but are too isolated for inclusion). An additional 10km buffer 

was also added to the final hull polygon to provide smoothing to the hull and to ensure that 

the final distribution covered all parts of recording squares from which positive records had 

been received. Given that the coarsest resolution of data included in our analysis was 

hectads (10km x 10km squares), the 10km buffer ensured that the entirety of each positive 

hectad at the periphery of the range was included.  

 

Our method differs slightly from that used to create surface area maps for the Article 17 EU 

Habitats Directive speciesô assessments ((Joint Nature Conservation Committee, 2007), with 

modifications in the most recent report outlined in Joint Nature Conservation Committee 

(2013c)) which employed alpha shapes rather than alpha hulls. Alpha hulls and alpha 

shapes are closely related, as they adopt the same underlying process to select the points 

that form the range edge, differing only in the type of line used to connect these edge points 

(straight lines in an alpha shapes and concave arcs in alpha hulls; see Figure 2.5a). A 

second difference is that the distance between points likely to be recognised as a gap in the 

distribution is approximately 40km in this report (i.e., the distance across a circle of radius 

20km; óapproximatelyô because the precise size depends on the local distribution of points, 

and the impact of the 10km buffer depends on the size of the occupied shapes). However, 

these technical differences are unlikely to make a material difference to the areas calculated 

for most species.  
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Figure 2.5a  Schematic diagram comparing alpha-hull and alpha-shape approaches, with presence 
points shown as dots. With the alpha-shape method, the points determined to mark boundaries are 
joined by straight lines (blue line), whereas for the alpha-hull method the points are joined by a series 
of arcs (red line). It can be seen that the approaches will give a similar shape, with the alpha-shape 
being slightly flatter than the alpha-hull. The grey lines show the Delaunay triangulation which is the 
starting point of the alpha hull/shape algorithm. In general terms, gaps in the distribution using the 
alpha-hull approach will arise if a cluster of points is more than an unfilled circle away from the next 
set of points (c. 40km in this review because alpha (circle radius) is set to 20km; 45km in the JNCC 
reports (Joint Nature Conservation Committee, 2007)).  

 

A more important difference is that the current review uses data at the finest spatial 

resolution available: for most records this was 100m x 100m or 1km x 1km, compared with a 

resolution of 10km x 10km (hectads) used in the Article 17 Reports (Joint Nature 

Conservation Committee, 2007). A key initial step in the algorithm to create alpha hulls/alpha 

shapes is to make a triangular tessellation of the data: adjacent points are connected to form 

ótrianglesô so that there are no gaps or overlaps, in a process known as Delaunay 

triangulation (see Figure 2.5a). Lines in the Delaunay triangulation are then removed 

systematically where the radius of a circle that includes both the start and end points of the 

alpha-shape

alpha-hull

Delaunay

triangulation
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line on its circumference is larger than the given value of the parameter alpha. This means 

that the algorithm removes more of the lines, and becomes more restrictive, as the value of 

alpha decreases. Given the underlying triangular tessellation of the data in the algorithm, at 

least 3 points in proximity (depending on the value of alpha) are required for a hull, or hull 

fragment, to be produced.  

 

It follows that when data are used at hectad-level resolution only, points towards the 

periphery of the range or in isolated areas are likely to be discarded because they will not 

form connections with two other points. In contrast, the use of high-resolution data means 

that if there are 3 or more records from an isolated area ð provided that these are in close 

enough proximity (the distance depending on the value of alpha) ð they will form a smaller 

isolated section of the hull. High-resolution data are also likely to result in a more realistic 

shape, since the alpha hull is generated from the original data points rather than from just 

the centre point of every occupied hectad. (The latter approach would mean that the same 

shape could be generated from datapoints 1km or 20km apart, depending on where the 

observations fall relative to the boundary grid.) The geographical ranges presented in this 

report are therefore slightly more accurate than the surface areas reported under Article 17.  

 

Gaps in a speciesô distribution may occur because of a lack of submitted biological records, 

rather than because there is a true absence. This is particularly apparent in less densely 

populated areas and for species that, being reasonably common, do not generate sufficient 

interest to prompt recording. For example, there are often gaps in distributions in western 

and northern Scotland (see the distribution maps for stoat Mustela erminea, weasel Mustela 

nivalis and common shrew Sorex araneus).  

 

The maps presented in this report should be viewed with the following limitations in mind:  

 

¶ Areas that contain very isolated records may not have been included in the area of 

distribution. 

¶ Gaps may represent low recorder effort rather than true absences.  

¶ The maps do not reflect density: i.e., areas with dense records are not distinguished 

from areas with less dense records.  

¶ All verified records, including those of occasional and transient individuals, are 

included. Therefore some areas may not represent an established, breeding 

population. This is a particular problem for more mobile species as ranges may be 

overestimated. 
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Where appropriate, the distribution maps have been presented alongside those published 

from other sources for comparison.  

 

In each speciesô report, the area of suitable habitat is presented in a table, and the resulting 

population size is shown below it. The concept of suitability is very broadly applied: all 

habitats listed in the previous report (Harris et al., 1995) are included, together with any 

additional habitats highlighted by the literature review or expert opinion. In the case of 

species that use a mosaic of different habitat types, such as the red fox, all areas within the 

range (i.e., the extent of occurrence (EOO) as defined by the alpha hull) are treated as 

suitable. When species are reliant on a particular habitat, some other kinds of potentially 

suitable habitat are excluded in order to avoid double counting. For example, population 

sizes for many deer species are derived from densities in woodland even though the animals 

may temporarily also use surrounding habitats. There are some species where no 

information is available on a habitat that is known to be used, such as agricultural areas for 

the brown rat, so these are excluded from the suitable habitat calculation. In most cases, the 

values for suitable habitat and EOO are very similar, but for a few species there are 

important differences. The pine marten provides an extreme example: its EOO in Britain is 

82,900km2, whereas the area of suitable habitat is only 12,100km2. For those species that 

have been assessed under the Article 17 Reports for the European Union (Joint Nature 

Conservation Committee, 2013b), the ósurface areaô estimations ðbased on an alpha-shape 

method, as described above ð from those reports are shown alongside the EOOs. The 

EOO for each species is provided in Appendix 2 to allow comparison. 

2.6 Population size assessment  

 

To enable a standardised assessment of population density per habitat type, the habitat type 

recorded in each study was matched to the most comparable broad habitat or linear feature. 

When the habitat did not match any broad habitat, the estimates were excluded.  

 

Studies that reported population size were converted to population density by dividing by the 

study area. Where a study area was not provided, the estimate was excluded. When a study 

contained more than one estimate, for example by including replicate sites, all estimates 

were recorded separately. All density estimates were standardised to the number of animals 

per unit area. For reasons of presentation, the denominators for density vary between taxa. 

For smaller taxa (rodents and soricomorphs) these are per hectare and per 100m for linear 
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features; and per square kilometre for more mobile taxa (the bats, lagomorphs, carnivores, 

ungulates, erinaceomorphs) and per 1km for linear features.1  

 

For rodents and soricomorphs, when studies provided a capture rate per trap night (e.g. 

Kotzageorgis and Mason, 1997; Marsh and Harris, 2000; Shore et al., 2005; Moro and 

Gadal, 2007; Broughton et al., 2014), the number of animals per minimum of 80 trap-nights 

was taken as the óminimum number aliveô (MNA) and scaled to density per hectare using 

óEstimate/study area (ha)ô. As these studies do not identify an óeffective trapping areaô (i.e., 

the area containing the home range of all trapped animals), the resulting estimates may be 

inflated. 

 

To calculate the total population size for each broad habitat, the median value of population 

density per habitat type was used. Percentile bootstrapping with 10,000 resamples was 

conducted in order to calculate 95% confidence intervals for the median values using the 

óbootô package (Canty and Ripley, 2012) in R v3.2.2 (R Core Team, 2015). Where only a 

single estimate was available, the confidence intervals from the original publication were 

used when available. Where no data were found in the literature from 1995 to 2015 for a 

particular broad habitat, estimates from the expert opinion assessment were used. If neither 

the literature nor expert opinion provided an estimate for a particular habitat, the estimate 

from Harris et al. (1995) was used (see Appendix 1 for habitat matching). These earlier 

estimates were frequently based on expert opinion, and cannot therefore be assumed to 

have been a good estimate of true density. However, it was considered preferable to use 

these values rather than to score them as missing, which would have meant that the habitats 

were excluded altogether from the population estimates. The median density estimates and 

95% confidence intervals per broad habitat were then multiplied by the area of each 

respective broad habitat within the speciesô distribution, per country, then summed to provide 

a total estimate for each country and for Great Britain as a whole. Population size estimates 

for each species are provided within each speciesô report, as well as a summary table in 

Appendix 3. 

 

For bats, a slightly different approach was required for most species because habitat-specific 

densities are not meaningful for animals that use the landscape on a broad scale. Instead, 

densities (bats km-2) were generally computed by multiplying the typical maternity roost 

density in an average quality landscape by twice the typical number of adult females per 

roost. Lower plausible intervals (PIs) ð which can be thought of as roughly equivalent to 

 
1 1ha = 0.01km2 
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lower 95% confidence intervals, though without the same statistical foundations ð were 

derived by multiplying the plausible maternity roost density for poor habitat by twice the 

lowest plausible estimate of adult females per maternity roost in poor habitat. The upper 

plausible limit was calculated similarly, but this time employing the highest plausible estimate 

of bats per roost, proportion of females, and typical roost density in good habitat. The 

population size and plausible limits were then obtained by multiplying the density estimate by 

the area within the range. For the two horseshoe bat species, direct count data were 

available for maternity colonies. An estimate (with upper and lower plausible limits) was 

made of the number of females, based on plausible sex ratios, and this value was multiplied 

by two to give the total population size. Full details are provided within each speciesô 

account.  

 

Where possible, population sizes were adjusted to account for the percentage of occupied 

habitat within the speciesô range. Occupancy data were only included where studies used 

standardised surveys and reported both presence and absence. Knowledge of the 

percentage of occupied habitat can have a significant impact on estimates of population 

size, yet the evidence is not available for most species under review. In the absence of data 

on percentage occupancy, 100% was assumed. Clearly, this value is not realistic for many 

species, and therefore the use of 100% occupancy will have resulted in an overestimation of 

population sizes. For example, the population of the hazel dormouse Muscardinus 

avellanarius in Britain is estimated to be 930,000 (95%CI = 389,000-2,640,000; see Table 

7.4b). Population sizes are adjusted to reflect the area of occupied woodlands (34%) and 

hedgerows (35.5%). The occupancy value for woodlands was originally calculated from 

surveys of hazel scrub only, rather than all types of woodland, but in the absence of more 

thorough surveys, it was applied to all woodlands within the speciesô range. If population size 

had not been adjusted for occupancy, the population estimate would have been almost 

doubled and the confidence intervals would have been much wider (2.4 million (95%CI = 

829,000-6,500,000)). Although it was potentially possible to estimate occupancy from expert 

opinion for a small number of species-habitat combinations, in most cases experts were 

unable to provide the relevant information. Therefore, rather than arbitrarily imposing 

different values for species with data gaps, the study opted for consistency and transparency 

by applying an assumption of 100% occupancy unless contrary evidence was available.  

Where applicable, this decision is highlighted by the reliability scores and the data deficiency 

section in the speciesô reports.  
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2.7 Expert opinion assessment  

 

For some species, limited data exist in the recent literature on habitat-specific population 

density. To make use of unpublished data and the experience of experts in the field, a 

survey was developed and sent to a list of people considered experts on each species (see 

Appendix 4 for survey questions). Experts were provided with the median habitat-specific 

density estimates from the literature wherever they were available. They were asked to 

provide, with justification, alternative estimates if they disagreed with those supplied, and to 

provide estimates for any habitats with no available data. The likely upper and lower limits of 

density ranges, taking into account variation within habitat types, were also collected. The 

median values were then computed across all expert responses for each of these 

parameters (central estimate, upper limit, and lower limit). 

 

Where density estimates were not available in the literature, those calculated from expert 

opinion were used. Where density estimates were not available from expert opinion either, 

those applied by Harris et al. (1995) were used. The source of the density estimate for each 

habitat is provided in the case of each species.  

 

 

2.8 Reliability assessment and identification of temporal trends  

 

For poorly-studied species, the population size estimate can be strongly influenced by a 

single density estimate if it is particularly extreme, or if the relevant habitat accounts for a 

high percentage of the total speciesô distribution. For example, the population density of 

common shrews in bog is estimated to be 12ha-1 (0-35ha-1; see Table 5.2a). This density is 

based on data from one study and is at least twice the estimated density in other habitats. 

The use of the median density would imply that 32% of the estimated population is derived 

from this habitat type. However, given the very wide confidence intervals around the density 

estimate, there are also wide confidence intervals around the population estimate. It is 

therefore plausible that between 0% and 58% of the population is found in this habitat. To 

identify which data have the strongest influence on population size for each species, we 

carried out two assessments. First, we calculated the percentage of the total population 

found in each habitat, and then we identified which habitat-specific population sizes 

accounted for more than 25% of the total population size. We went on to assess whether 

these habitat types formed a high proportion of the geographical range (>25% total area), 

and whether they supported high population densities (which would mean that the habitat 

was important to the estimate even where it comprised <25% of the geographical range). 
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We performed a sensitivity analysis by re-calculating population size with stepwise deletion 

of individual density estimates from habitats which met the following conditions:  

 

¶ The habitat contains >25% of the estimated population.  

¶ Median population density is supported by fewer than 10 individual density estimates. 

 

These revised population estimates are reported where they fall outside the confidence limits 

of the original estimate. When there is only one density estimate for an influential habitat 

type, this habitat has been flagged as a priority for further data collection.  

 

Where density estimates were found in the literature and also provided by experts, a 

comparison was made between the population size calculated using the standard method 

(i.e., using density estimates from the literature) and a population size re-calculated using 

median expert opinion values in place of those from the literature. This comparison was 

made only under the following conditions: 

 

¶ Confidence limits for median density estimates from the literature do not overlap with 

the upper and lower ranges provided by experts.  

¶ Fewer than 10 separate density estimates were obtained from the literature.  

 

A reliability score has been calculated for each habitat containing more than 25% of the 

speciesô distribution, or accounting for more than 25% of the total population size. These 

scores are based on the number of locations in which individual assessments of population 

density were conducted, on the sample size (number of individual density estimates 

contributing to the median), and on whether data on the percentage of occupied habitat were 

available (see Table 4.1d for an example). A higher score indicates a more reliable estimate. 

The values across each of these criteria were summed to give a score per habitat; and 

where more than one habitat was assessed, the mean of the different scores is presented. 

The choice of values given to each component in the scoring system, and the decision of 

how to combine these values, are to some extent arbitrary: the absolute value of the score 

therefore has no inherent meaning. In addition, no consideration is given to the differing 

scientific quality or precision of the estimates provided in the original studies. Nevertheless, 

the scores can be used as a rough index for ranking reliability across different species, and 

are also helpful in highlighting data deficiencies. Final scores are colour-coded under a 

ótraffic lightô system to indicate reliability as follows: 0 to 1 = red; 2 to 3 = orange; >3 = green, 

where a ógreenô score is the most reliable. Harris et al. (1995) used a reliability scoring 
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system of 1-5, where 1 was considered the most reliable, but the basis for the reliability 

assessment was not explicitly described. It is important to recognise that in the case of some 

species, data were completely lacking for habitats known to be used. For example, 

estimates for brown rats were based on dwellings and farms only because no evidence was 

available on riparian habitats, sewers, farm ditches, etc.; similarly it is known that the highest 

pine marten densities occur in landscapes with 20%-35% forest cover, but no information 

was available for habitats other than woodland. Given that it was impossible to know the 

extent to which these habitats contributed to the population size or distribution, they could 

not be included in the reliability scores. However, if these habitats do contribute substantially 

to the population, as is likely, then this will be an important source of error. 

 

For bats, different methods were used to estimate population sizes, which are outlined in 

each speciesô account. Generally, the estimate of population size is based on the 

multiplication of the following three parameters: i) the median maternity roost size; ii) the 

ratio of males to females within maternity roosts; and iii) the number of maternity roosts per 

unit area of average-quality habitat (note that there was frequently only a single estimate of 

roost density available ð species-specific details are provided within the individual reports). 

Unlike other taxa where habitat-specific density estimates could be used in the derivation of 

population estimates, for bats this approach was not possible except for a few species with 

high woodland dependency (see individual speciesô reports for details). This is partly 

because of a lack of data for most habitat-species combinations, but also because the 

importance of a given habitat (such as built environments) can be highly dependent on the 

composition of the surrounding mosaic of habitats. Therefore, maternity roost density 

estimates were instead made for 10km2 blocks of ótypicalô landscape encompassing multiple 

habitats, with experts providing estimates for different parts of the country and for areas they 

considered to be of óaverageô, ópoorô and ógoodô quality for bats. Reliability scores for bats are 

based on the number of maternity roosts for which a count was available, the number of 

roost density estimates available (including those from consultation with experts), and the 

availability of sex-ratio data. Scores were colour-coded in the same way as outlined for other 

taxa, but differences in the criteria used to score reliability mean that these scores are not 

directly comparable.  

 

The population estimate is shown in brackets where the reliability score was <=1, where the 

upper confidence limit for the British population was more than 5 times larger than the central 

estimate, or where it was not possible to compute confidence intervals (except for the beaver, 

where total counts are assumed to account for most of the population), to highlight the 

uncertainty. 
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To prioritise for future research, data deficiencies were highlighted in the case of each 

species (see summary in Appendix 5) using the following categories:  

 

¶ Density estimates do not represent within-habitat variability. A species was classified 

as data deficient if only one density estimate, from either the literature or expert 

opinion, existed for an occupied habitat and/or no density range or confidence 

intervals were given. Moreover, in cases where speciesô calculations were made 

across multiple habitats and it was not possible to take into account differing 

densities, the species was also classed as data deficient.  

¶ The most recent density estimates for a particular habitat are more than 10 years old. 

¶ Only limited density estimates are available for a key habitat (i.e., fewer than 10). 

¶ Populations are managed and this is not taken into account in the population size 

estimate. 

¶ Populations experience multi-annual cycles which make a single population size 

estimate uninformative. 

¶ No density estimates are available for the specified habitat.  

¶ No occupancy data are available for the specified habitat. 

¶ Population sizes are based on total counts in some locations rather than density 

estimates.  

 

To identify changes in population size over time, our estimates were compared to those from 

Harris et al. (1995), and to any others reported in the literature, where the estimation 

methods were comparable. Trends in range size were identified by changes in the number of 

occupied hectads in the new Mammal Atlas period (1995-2016)2, with those in the last 

Mammal Atlas period (1960-1992; (Arnold, 1993)). No smoothed ranges were available from 

the previous review, and small changes in the numbers of hectads occupied can readily be 

generated by differing survey effort over time. An range change was therefore only noted 

where the number of hectads was >20% higher or lower, respectively, except for i) bats, 

where the radical change in survey methodologies over this time invalidates comparisons 

(an exception was made for the horseshoe bats as the methods used for these did not vary 

temporally; and ii) species where there were very few records in the first Atlas period, which 

would mean that small changes in observer effort could have a substantial increase on the 

percentage change observed. Given that the 1995 Review of British Mammals (Harris et al., 

 
2 Later start dates were used for red squirrel, grey squirrel and water vole because of their rapid 
recent changes in range. 
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1995) relied heavily on mammal distribution data presented in the 1960-92 Mammal Atlas 

(Arnold, 1993)), the period of comparison lies somewhere between 20 and 24 years. For 

simplicity, this document refers hereon to a time-frame of 20 years.  

 

For consistency, trends from BTO Breeding Bird Survey (BBS) are provided for those 

species where presence data from this source were included in the distribution maps (i.e., 

moles, rabbits, badgers, foxes and hedgehogs; see 2.5 Speciesô distribution maps). Data 

from the Game and Wildlife Conservancy Trustôs (GWCT) National Gamebag (NGB) survey 

and the Bat Conservation Trustôs National Bat Monitoring Programme (NBMP) are also 

provided where relevant. Potential issues that must be considered when interpreting these 

surveys are noted within the speciesô reports.  

 

 

2.9 Future prospects  

 

An assessment of the future prospects, in terms of the likely changes in population size, 

range size and habitat quality, was carried out for each species. The assessment is based 

on several factors: 

 

¶ Changes in population size and range over the last 20+ years by comparison of the 

current estimated population size and range to those in Harris et al. (1995 (population 

size)) and Arnold (1993 (range size)). The records used in those reports extended to 

1991-1992, and those in the current review extended to early 2016. Where relevant, 

reference was made to other data on trends found in the recent literature.  

¶ Direct drivers of change (e.g., predation, persecution) in range and population size, 

as identified for each species in the individual speciesô accounts.  

¶ Indirect drivers of change (factors affecting habitat availability, connectivity or quality) 

as identified in each speciesô account, as well as general habitat changes which may 

affect the species in the future. 

¶ Drivers related to climate change. These are most likely to affect the species via 

changes in suitable habitat or climatic conditions.  

 

Assessments of future prospects were based on a combination of empirical evidence and 

expert opinion. A summary table of results is presented in each speciesô account. A more 

detailed assessment can be found in Appendix 7. Populations have been ranked as óstableô 

unless there is evidence of previous population declines or reductions in range or habitat. 
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However, for a high proportion of species, the absence of evidence of a previous population 

decline reflects an absence of evidence on which to make a judgement, rather than positive 

evidence that the population is stable. Great care should therefore be exercised when 

interpreting the future population prospects. 
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3 Habitat comparison results  

 

 

The most abundant habitats in the LCM2007 dataset are improved grassland (74,239km2), 

and arable and horticulture (hereafter óarable landô; 62,985km2; Table 3.1a). Errors in the 

estimated change in extent of these habitats are, therefore, likely to have the biggest 

implications for the assessment of population size changes for many species.  

 

The Countryside Survey, which uses consistent survey methodology over time, suggests an 

increase of 1.6% in improved grassland between 1990 and 2007 when improved, neutral, 

calcareous and acid grassland are combined. In contrast, the present analysis (i.e., 

comparison between Harris et al. (1995) and the LCM2007) suggests a 40% increase. If we 

accept that the Countryside Survey is the most accurate assessment available, then our 

analysis overestimates the extent of change in this habitat by about 38%. The estimates of 

population change over time compared with Harris et al. (1995) may, therefore, also be 

overestimated by up to 38% for improved grassland habitat. The effect on temporal trends 

for these species is described further in the respective speciesô accounts where comparisons 

to Harris et al. (1995) are possible.  

 

The extent of arable land is estimated to have decreased by 8.3% between 1990 and 2007 

according to the Countryside Survey, whereas the current analysis suggests a 3% increase 

(1974km2), implying that our assessments of change in population size over time may have 

underestimated declines in arable habitats by 11%. Nine species under review are found in 

arable land, with >25% of the population estimate being derived from arable land for the 

brown hare Lepus europaeus, Chinese water deer, rabbit, stoat and harvest mouse 

Micromys minutus.  

 

Coniferous and broadleaved woodland are the habitats used by more species than any other 

kinds of habitat (44 and 26 species respectively), and many species make use of both types. 

All 18 species of bat make some use of broadleaved woodland, and 4 are regularly recorded 

in coniferous woodland, especially in association with bat box schemes. The Countryside 

Survey suggests that broadleaved woodland increased by 4.7% between 1990 and 2007, 

whereas the comparison between the current review and Harris et al. (1995) would suggest 

an increase of 15%. For coniferous woodland, the Countryside Survey shows an increase of 

6.4%, whereas the comparison between the current review and Harris et al. (1995) suggests 

a decrease of 4%. Changes in population size between the two review periods may 

therefore be overestimated by about 10% for broadleaved woodland habitats, and 
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underestimated by 10% in coniferous woodland. If populations are evenly distributed 

between the two types of woodland, these differences will largely cancel each other out, but 

further assessment is given where relevant in individual speciesô reports. Note that for most 

species of bat, the population estimates were not derived using habitat-specific data and so 

will not be influenced by the issues outlined above.  

 

The area of urban and garden habitat is estimated by the Countryside Survey to have 

increased by 4.5% between 1990 and 2007, whereas the comparison between the current 

review and Harris et al. (1995) indicates a decrease of 39%. This apparent decline in the 

area of urban environment is likely to be an artefact of overestimation in Harris et al. (1995), 

and contradicts evidence from other sources such as the Ordnance Survey. Changes in 

population size because of urban expansion are therefore likely to be 45% greater than 

suggested by a simple comparison between the current report and that of Harris et al. 

(1995). These effects are assessed in individual speciesô reports. 

 

The habitat estimated to have changed by the highest percentage between Harris et al. 

(1995) and the LCM2007 is supra-littoral sediment (-72%). However, this habitat only covers 

470km2 in Britain and is occupied by just one species in this review: the rabbit. Given that it 

contributes a very small proportion of the total population estimate for this species, it is 

highly unlikely to have had a material impact on the assessment of change over time.  
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 Area of each broad habitat type from the LCM2007 dataset. Linear features (hedgerows) 
are estimated from the Countryside Survey 2007. Areas are given for Britain and per country in km2 
and km (hedgerows). 

 

 

Habitat  Britain  England  Scotland  Wales 

Broadleaved woodland 13,333 9,375 2,700 1,257 

Coniferous woodland 14,592 3,073 10,075 1,444 

Arable and horticulture 62,985 53,761 7,445 1,779 

Improved grassland 74,239 40,761 22,073 11,405 

Unimproved grassland 13,025 5,035 5,785 2,206 

Dwarf shrub heath 20,727 3,681 15,914 1,132 

Fen, marsh and swamp 101 69 26 6 

Bog 10,281 2,040 7,822 419 

Freshwater 2,665 811 1,737 117 

Salt water 1,558 868 550 140 

Montane habitats 4,991 370 4,604 17 

Inland rock 1,227 427 712 89 

Littoral rock 497 114 352 30 

Littoral sediment 2,533 1,607 610 317 

Supra-littoral rock 79 10 60 8 

Supra-littoral sediment 480 185 231 64 

Urban and gardens 14,086 11,744 1,443 899 

Hedgerows 477,000 402,000 21,000 54,000 
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Figure 3.1a  Area of each broad habitat class in the LCM2007 land use layer (Table 3.1a). Acid, 
neutral, and calcareous grassland have been included in the óImproved grasslandô class.  
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 Comparison of the area of each habitat type in the LCM2007 dataset (Countryside Survey 
2007 linear features estimates for hedgerows) and in Harris et al. (1995). Habitat types from Harris et 
al. (1995) were matched to an LCM broad habitat type; land areas were summed where more than 
one habitat type fell within an LCM broad habitat (for details, see Appendix 1). Areas are given in km2 

(km for hedgerows). Differences in area (or length) per habitat between the two datasets are given 
using LCM2007-Harris1995. Percentage differences are: ((LCM2007-Harris1995)/Harris1995) *100.  

Habitat  Harris 1995  

(km 2) 

LCM2007 (km 2) Difference  

(km 2) 

Difference 

(%) 

Broadleaved  woodland 11,581 13,333 1,752 15 

Coniferous woodland 15,175 14,592 -583 -4 

Arable and horticulture 61,011 62,985 1,974 3 

Improved grassland 53,201 74,239 21,038 40 

Unimproved grassland 25,013 13,025 -11,988 -48 

Dwarf shrub heath 17,736 20,727 2,991 17 

Bog 12,360 10,281 -2,079 -17 

Freshwater 3,491 2,665 -826 -24 

Inland rock 1,519 1,227 -292 -19 

Littoral sediment 1,416 2,533 1,117 79 

Supra-littoral sediment 1,702 480 -1,222 -72 

Urban and gardens 23,280 14,086 -9,194 -39 

Hedgerows 527,616 477,000 -50,616 -10 
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Figure 3.1b  Percentage change in the area of each habitat type between Harris et al. (1995) and the 
LCM2007 land use layer (Table 3.1b). Habitat types from Harris et al. (1995) were matched to an 
LCM broad habitat type; land areas were summed where more than one habitat type fell within an 
LCM broad habitat (for details, see Appendix 1). Percentage differences are given as: ((LCM2007-
Harris1995)/Harris1995) *100.  

 

 

 

Figure 3.1c  Percentage change in the area of each habitat type from Countryside Surveys 1990 and 
2007. Habitats are presented only where they appear in both datasets. Data were reported in Table 
2.2 of Carey et al. (2008).  
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4 ERINACEOMORPHA  

 

 

4.1 Hedgehog Erinaceus europaeus 

 

Habitat preferences  

 

The hedgehog is found in most habitats, although it is increasingly associated with urban 

areas, and is often observed in gardens and amenity grasslands. Because it is a mobile, 

generalist species, road fatalities are fairly common, but these have declined over recent 

decades, providing some indication of a declining population (Wembridge et al., 2016b). 

Hedgehogs in rural villages have recently been shown to have small home ranges compared 

with other habitats, presumably because of greater foraging resource and nest site 

availability (Pettett et al., 2017). Density is higher in areas with amenity grassland compared 

with pasture (Micol et al., 1994; Young et al., 2006; Parrott et al., 2014); key prey items, 

including earthworms, ground beetles and tipulid larvae, are important in determining their 

distribution. The presence, and abundance, of badgers ð one of the few natural predators of 

hedgehogs ð is inversely linked with hedgehog distribution patterns (Doncaster, 1994; 

Young et al., 2006; Parrott et al., 2014; Trewby et al., 2014).  

Status  

Native. 

Conservation Status 

¶ IUCN Red List (GB: VU; England: [VU]; Scotland: [VU]; Wales: [VU]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is presented in Figure 4.1a. Gaps in the speciesô distribution in Scotland 

are likely to represent areas lacking survey effort, rather than true absences. Further survey 

effort is recommended in these areas to increase confidence in the current distribution. 
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Figure 4.1a  Current range of the hedgehog in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

 

Hedgehog occurrence has been monitored by a number of nationwide surveys, where 

percentage occupancy is the percentage of unique locations where hedgehogs or field signs 

were observed. Several of these studies have measured hedgehog occurrence in gardens 

and amenity grassland (Micol et al., 1994; Roos et al., 2012; Parrott et al., 2014). The results 

of Living with Mammals (PTES), Garden Birdwatch (BTO), Make Your Nature Count (The 

Royal Society for the Protection of Birds) and HogWatch (PTES) are summarised by Roos et 

al. (2012). The mean percentage occupancy for the most recent year (per country where 

available) from these surveys, and from Micol et al. (1994) and Parrott et al. (2014), was 

used as percentage occupancy for urban and gardens. The HogWatch data came from 

2006, as very few responses were received in subsequent years.  
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Percentage occupancy was also available for some other habitats, including pastoral land, 

grassland, woodland, arable land, roads and along waterways. However, most of the 

surveys incorporate a variety of habitats, rather than providing habitat-specific occupancy 

values. Data from a range of studies conducted since the Harris et al. (1995) review were 

summarised by Roos et al. (2012). Mean percentage occupancy for the most recent year 

(per country where available) from these surveys, and from Hof and Bright (2012) and 

Parrott et al. (2014), was used as percentage occupancy for all other habitats.  

Results  

Ten papers were returned from the literature search in total. One paper contained pre-

breeding population density estimates but was not included because they were only for 

blackland (peatland) and machair habitats that are specific to the north west of Scotland and 

the offshore islands (Jackson, 2007). Three papers contained measures of percentage 

occupancy, two contained post-breeding density estimates, one contained relative 

abundance measures, and two presented habitat suitability measures. Adjustments were 

made the density estimates for Urban and gardens, and for Improved grassland, to account 

for the fact that the reported densities contained a significant proportion of juveniles. The 

median proportion of adults observed by Parrott et al. 2014 in amenity grassland in 4 regions 

was 76.75% (samples were too small to provide independent estimates for pasture in this 

study, and the same was true for the study by Young et al. (2006)).  
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 Median density estimates for hedgehogs with 95% confidence intervals, calculated using 
data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area within 

range ( km 2) 

Density 

(km -2)* 

-95%CI +95%

CI 

Source* * nÀ %OccÀÀ 

Urban and 

gardens 

13,800 41 25 118 Parrott et al. (2014) 

Young et al. (2006) 

4 

1 

49% 

Improved 

grassland 

72,800 3 <0.01 8 Parrott et al. (2014) 

Young et al. (2006) 

4 

1 

37% 

Arable and 

horticulture 

62,600 5 - - Harris et al. (1995) 1 37% 

Broadleaved 

woodland 

13,100 40 - - Harris et al. (1995) 1 37% 

Coniferous 

woodland 

14,400 5 - - Harris et al. (1995) 1 37% 

Unimproved 

grassland 

12,200 40 - - Harris et al. (1995) 1 37% 

* Density reported in literature multiplied by median proportion of adults observed in population at 
same time of year (76.75%) to estimate to estimate pre-breeding densities 
Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates. Values were obtained by multiplying population density estimates in Table 
4.1a with the area of habitat within the speciesô distribution, and adjusting for occupancy. It was not 
possible to calculate confidence intervals, as none were available for density estimates from Harris et 
al. (1995). 

Country  Area of suitable 

habitat (km 2) 

Population size  -95%CI +95%CI 

England 123,000 [597,000] - - 

Scotland 47,100 [196,000] - - 

Wales 18,800 [87,000] - - 

Britain  189,000 [879,000] - - 
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Critique  

 

Very few recent density estimates were found for hedgehogs: data were available only for 

improved grasslands and urban areas (Parrott et al., 2014; Young et al. 2006) and neither 

study assessed pre-breeding densities. These were converted to pre-breeding densities by 

multiplying the observed values by the fraction of adults captured in one study (Parrott et al. 

2014). Nevertheless, the adult population in these habitats may be over-estimated by 27-

37%, given other information on population demographics which suggests only 

approximately 40-50% of animals observed in late summer and autumn are adults (Harris 

and Yalden, 2008). Urban and garden (including amenity grassland) contribute 32% of the 

total population size, but, in addition to the above uncertainties, it should be noted that no 

account could be taken of the likely variations with urban density. Improved grassland and 

arable land are the most abundant habitats across the speciesô distribution (39% and 33% 

respectively; Figure 4.1b), but they contribute only 9% and 13% to the population size. 

Unimproved grassland and broadleaved woodland contribute 20% and 18% respectively to 

the population size, but the density estimates are based on Harris et al. (1995), and were 

largely based on the expert opinion expressed in Burton (1969). The population densities in 

Table 4.1a, and population sizes in Table 4.1b, are therefore likely to be over-estimated.  

 

As the current estimate largely uses density estimates from Harris et al. (1995), the reason 

for a reduction in population size (from 1,555,000 in 1995) is likely to be the use of 

percentage occupancy data, rather than differences in population density, as occupancy 

data were not used in Harris et al. (1995). Percentage occupancy was taken from a large 

number of sources (see Micol et al., 1994; Hof and Bright, 2012; Roos et al., 2012; Parrott et 

al., 2014), although a mean value was used for most habitats. Percentage occupancy 

ranged from 0% to 81% across all studies, in all parts of Great Britain, so stratification by 

area, with habitat-specific occupancy data, would significantly improvement the analysis. 

 

If we assume the estimate provided in Harris et al. (1995) to be the best estimate available 

for that time period, then applying the decline in relative abundance of hedgehogs estimated 

by Roos et al. (2012) from citizen-science surveys (40% every 10 years) would result in a 

total population size of 560,000 in Britain, which is lower than our estimate. This 

extrapolation is, however, subject to uncertainty in the original population size as well as in 

the trend data. The speciesô range has remained relatively stable since 1993 (Arnold, 1993), 

suggesting that declines in population size are owing to reduced density or occupancy. The 

density data are comparable with those from studies in continental Europe, which are 

between 2km-2 and 300km-2, depending on habitat type (Huijser and Bergers, 2000). As well 
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as suggesting that hedgehog density is highly variable, these figures highlight the need for 

more empirical data on the population density and occupancy of hedgehogs to improve 

confidence in the current population density and subsequent size estimates. The reliability of 

the population density estimates is given in Table 4.1c. To reflect the uncertainty arising from 

the use of expert opinion in Harris et al. (1995), the density estimates classified as having 

been derived from a restricted range. 

 

 

Figure 4.1b  Left: The percentage of the total population of hedgehogs derived from each habitat type. 
Error bars are derived by multiplying the lower and upper confidence limit for density by the area 
occupied. Right: The percentage of total area within the speciesô distribution represented by each 
habitat type.  
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

Measure  Score  Details  Habitat  

Broadleaved 

woodland  

Unimproved 

grassland  

Improved 

grassland  

Arable and 

horticulture  

Location of 
study sites  

0 Estimates 
from one 
location 

 
   

1 Estimates 
restricted 

1 1 1 1 

2 Estimates 
widespread 

 
   

Sample size  0 <10 density 
estimates   

0 0 0 0 

1 10-30 density 
estimates 

 
   

2 >30 density 
estimates     

 
   

Occupancy 
data 
available?  

0 No     

1 Yes 1 1 1 1 

  Habitat 
score  

2 2 2 2 

Overall reliability score  2 

Changes through time  

Comparison to Harris et al. (1995) 

Harris et al. (1995) provided an estimate of 1,555,000 hedgehogs in Britain. The current 

estimate is substantially lower (-43%). Nationally, there are changes between the two 

reviews in the estimated availability of key habitats (broadleaved woodland, improved and 

unimproved grassland, and arable land), generated by a combination of true change and 

methodological differences, irrespective of any range change (see Sections 2.3 and Table 

3.1b for further details). Adjusting the results to reflect more probable temporal changes in 

the composition of the British landscape, and the probable over-estimation of the extent of 

urban cover in Harris et al (1995) ð using differences between the 1990 and 2007 

Countryside Surveys (Carey et al., 2008) ð generates a population size of 944,471 which is 

a 39% decrease.  
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It is possible that population size has declined further than estimated here, but all current 

estimates are very uncertain. 

  

Other evidence of changes through time 

 

The relative abundance of hedgehogs has been monitored by several organisations in the 

UK over the last 25 years. These studies, which used different methodologies and were of 

varying duration, were reviewed by Roos et al. (2012). There was considerable inter-annual 

variation within each study, and also variation between them ð annual declines ranged from 

a mean of 1.8% to 10.7% ð but there was consistency in the direction of the effect. The 

authors inferred a decline in relative abundance of 40% in 10 years. However, the scale of 

this decline contrasts with another study which used non-systematic occupancy records from 

Biological Records Centres and adjusted for survey effort (Hof and Bright, 2016). Here, a 

decline of between 5.0% and 7.5% was found for England over a 40- year period, which 

would mean a maximum decline of 1.9% over 10 years, though the reliability of the 

subsampling approach as a method of detecting trends has been questioned (Calcutt et al. 

2018).  

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995), and trends in range size were identified by comparing point 
maps of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease    All countries*    

Data defic ient        

*Roos et al. (2012). 
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Drivers of change  

 Drivers of population change for hedgehogs between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Habitat quality. 

 

Agricultural intensification results 

in a reduction in invertebrate 

biodiversity and loss of hunting 

opportunities. There may also be 

an impact of pesticide use, 

including in gardens, on prey 

abundance. 

Hof and Bright (2010) Negative 

Habitat 

availability. 

Agricultural intensification results 

in the loss of hedgerows and field 

margins, with the effect of reducing 

habitat connectivity and availability 

of refugia. 

Hof and Bright (2010) Negative 

Vehicle 

collisions 

Road casualties are likely to have 

had an important effect on local 

populations. 

Huijser and Bergers 

(2000) 

Wembridge et al. 

(2016b) 

Negative 

Predation/ 

competition. 

Predation and possible competitive 

exclusion by badgers. 

Parrott et al. (2014) 

Trewby et al. (2014) 

Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the hedgehog.  

Data defic iencies Habitat  Details  

Density estimates are 

more than 10 years 

old. 

Arable and horticulture 

Broadleaved and coniferous 

woodland, unimproved 

grassland 

Density estimates were taken 

from Harris et al. (1995). 

Density estimates do 

not represent within-

habitat variability. 

All habitats Densities range from 2km-2 to 

300km-2 in continental Europe 

(Huijser and Bergers, 2000). 

Future prospects  

 An assessment of the future prospects of the hedgehog, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline 

Range Stable 

Habitat Decline* 

*Causes of historic declines are poorly understood. There is no evidence that the trend is likely to 
change. 
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5 SORICOMORPHA  

 

 

5.1 European mole Talpa europaea 

 

Habitat preferences  

 

The mole is a highly adaptable species, found in most habitats where invertebrate prey is 

present and the soil is sufficiently deep to allow tunnel construction. In low-lying areas and 

regions prone to flooding, it can build more permanent ófortressesô which contain a nest 

chamber above the level of the surrounding land. These are often provisioned with stores of 

decapitated worms for consumption when the surrounding area is flooded or frozen. 

Originally an inhabitant of broadleaved woodlands, the mole thrives in pastures and on 

arable land. It lives at low densities in coniferous forests, on moorland and in sand-dune 

systems, probably because of the paucity of suitable prey (Harris and Yalden, 2008). Home 

ranges are small ð around 0.2ha for females and 0.3ha for males ð and adults rarely 

disperse once a territory is established (Stone and Gorman, 1985). Although it is aggressive 

towards intruders, agonistic encounters are very rare (Gorman and Stone, 1990). 

Earthworms are the most important prey item, particularly in winter, whereas in summer up 

to 50% of the diet is formed of insects (adult and larvae) (Funmilayo, 1979). 

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 
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Speciesô distribution  

 

Figure 5.1a  Current range of the mole in Britain. Range is based on presence data collected between 
1995 and 2016. Areas that contain very isolated records may not have been included in the area of 
distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Two density estimates from Harris et al. (1995) fell into the LCM2007 óImproved Grasslandô 

category; these were 1.3ha-1 for lowland improved grassland, and 4ha-1 for semi-improved 

grassland. For the current analysis, a mean value of 2.65ha-1 was used.  

Results  

No papers were identified with population size estimates for moles, nor were any estimates 

obtained from expert opinion. The population density estimates (Table 5.1a) are therefore 

taken from Harris et al. (1995). These were based on expert opinion, where each habitat 
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was deemed ópoorô or ógoodô, and assigned a density of 1.3ha-1 or 4ha-1, respectively. 

Population size estimates are provided in Table 5.1b. 

 Median density estimates for moles, with 95% confidence intervals, calculated using data 
obtained from a review of the literature from 1995 to 2015. 

  Area within 

range ( ha) 

Density 

(ha-1) 

-95%CI +95%CI Source*  n** %OccÀ 

Arable and 

horticulture 

6,250,000 1.30 - - Harris et al. 

(1995) 

1 n/a 

Broadleaved 

woodland 

1,310,000 4.0 - - Harris et al. 

(1995) 

1 n/a 

Coniferous 

woodland 

1,430,000 1.30 - - Harris et al. 

(1995) 

1 n/a 

Dwarf shrub 

heath 

1,820,000 1.30 - - Harris et al. 

(1995) 

1 n/a 

Unimproved 

grassland 

7,250,000 4.0 - - Harris et al. 

(1995) 

1 n/a 

Improved 

grassland 

1,150,000 2.65 - - Harris et al. 

(1995) 

1 n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 5.1a with the area of habitat within the speciesô distribution. It 
was not possible to calculate confidence limits as a measure of variance was not available from Harris 
et al (1995). 

Country  Area of suitable 

habitat ( ha) 

Population size  -95%CI +95%CI 

England  11,500,000 [24,300,000] - - 

Scotland  5,800,000 [12,200,000] - - 

Wales 1,910,000 [4,900,000] - - 

Britain  19,210,000 [41,400,000] - - 
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Critique  

No percentage occupancy data were available; therefore, the population size is 

overestimated for this species. 46% of the estimated population size for moles was derived 

from improved grassland habitat, with a further 19% from arable and horticulture. These 

habitats represent 38% and 33% of the speciesô range, respectively (Figure 5.1b). As the 

density estimates for these habitats were derived from Harris et al. (1995), a sensitivity 

analysis was not possible. To assess reliability, we have considered the population density 

estimates from Harris et al. (1995) to be the expert opinion of the authors and, therefore, to 

represent a restricted area of the speciesô range (Table 5.1c). 

 

 

Figure 5.1b  Left: The percentage of the total population of moles derived from each habitat type. 
It was not possible to compute error bars for this species. Right: The percentage of total area 
within the speciesô distribution represented by each habitat type. 
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

Measure  Score  Details  Habitat  

Improved 

grassland  

Arable and 

horticulture  

Location of 

study sites  

0 Estimates from one location   

1 Estimates restricted 1 1 

2 Estimates widespread   

Sample size  0 <10 density estimates   0 0 

1  10-30 density estimates   

2 >30 density estimates       

Occupancy 

data available?  

0 No 0 0 

1 Yes   

  Habitat score  1 1 

  Overall reliability score  1 

* Populations may be unstable owing to inter-annual cycles, documented fluctuations in population 
size, or as a result of management.  

Changes through time  

Comparison to Harris et al. (1995) 

Total population size was estimated to be 41,400,000 in Britain, with 24,300,000 in England, 

12,200,000 in Scotland and 4,900,000 in Wales. The density estimates used in the current 

analysis are taken from Harris et al. (1995), so any differences are entirely owing to changes 

in the speciesô distribution and land classification. Nationally, there are changes between the 

two reviews in the estimated availability of key habitats (arable land, broadleaved woodland, 

coniferous woodland and improved grassland), generated by a combination of true change 

and methodological differences, irrespective of any range change (see Sections 2.3 and 

32.3 for further details).  Adjusting the results to reflect more probable temporal changes in 

the composition of the British landscape ð using differences between the 1990 and 2007 

Countryside Surveys (Carey et al., 2008) ð generates a population size of 38,400,000, and 

a 23% increase in population size since 1995. However, a lack of confidence intervals 

means that it was not possible to assess whether the difference across time is significant. 
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Other evidence of changes through time 

 

Mole signs have been recorded as part of the BTO Breeding Bird Survey since 1995. The 

number of 1km survey squares with signs of moles was 7% in 1995, 32% in 2003, and 18% 

in 2015. The extent to which differences between survey years reflects variation in recorder 

effort or true biological variation is not known. Nor is it possible to relate presence of signs to 

population estimates. A summary of trends in population size and range is provided in Table 

5.1d. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease         

Data defic ient    All countries     

Drivers of change  

 Drivers of population change for moles between 1995 and the present. Drivers are limited 
to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Habitat 

quality. 

Intensification of agricultural 

practices (ploughing/re-seeding) 

may reduce food (earthworm) 

density. 

Edwards and Lofty 

(1972) 

Negative 

Habitat 

availability. 

The loss of hedgerows, through 

neglect or removal, and reduction 

in unimproved grassland may 

reduce availability of refugia.    

Harris et al. (1995) Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the mole.  

Data defic iencies Habitat  Details  

Density estimates more than 

10 years old.  

All 

habitats 

All population density estimates are taken 

from Harris et al. (1995). 

Density estimates do not 

reflect within-habitat variability.  

All 

habitats 

No ranges or confidence limits were 

available for the density estimates. 

No occupancy data. All 

habitats 

 

Future prospects  

 An assessment of the future prospects of the mole, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change, and potential future drivers of change. For a 
full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable/Decline 

Range Stable 

Habitat Stable/Decline 

5.2 Common shrew Sorex araneus  

Habitat preferences  

The common shrew is found in most terrestrial habitats, providing that some low vegetation 

cover is available. It is most abundant in thick grass, bushy scrub, hedgerows and 

broadleaved woodland. Fallow land, roadside verges and urban habitats are colonised 

rapidly. At high altitudes, it is occasionally found among heather and more frequently in 

stable scree (Harris et al., 1995). Its very high energy requirements, the result of its high 
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surface area:volume ratio, means that it requires habitats with high invertebrate abundance. 

It may therefore be negatively affected by changes to agricultural practice and/or pesticide 

use which reduce its prey availability. There is very little research in the recent literature: 

most records are reported as part of multi-species small mammal studies.  

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales; [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is presented in Figure 5.2a. Gaps in the speciesô distribution throughout 

the mainland are likely to represent areas lacking survey effort, rather than true absences. 

Further survey effort is recommended in these areas to increase confidence in the current 

distribution. 
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Figure 5.2a  Current range of the common shrew in Britain. Range is based on presence data 
collected between 1995 and 2016. Areas that contain very isolated records may not have been 
included in the area of distribution ð see Methods, Section 2.5, for more details. 

Specific methods  

As many small mammals in arable land are known to use field margins as primary habitats, 

with cropped areas incorporated into home ranges only before the harvest (Tattersall et al., 

2001), we assume that the population within fields will be captured in the estimate for 

hedgerows. Arable land is therefore excluded from the analysis. 

Results  

The literature search identified eight relevant papers, four of which contained pre-breeding 

density estimates, three contained post-breeding estimates of density, one contained 

percentage occupancy for hedgerows (Gelling et al., 2007), and one containing estimates 

sourced from papers already included in the current analysis. Population density estimates 

are provided in Table 5.2a, and population size estimates in Table 5.2b. 
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 Median density estimates of common shrews with 95% confidence intervals, calculated 
using data obtained from a review of the literature from 1995 to 2015. Hedgerow length and density 
within hedgerows are presented as km and km-1, respectively. 

Habitat  Area within 

range ( ha) 

Density 

(ha-1) 

-95%CI +95%C

I 

Source*  n** %OccÀ 

Broadleaved 

woodland 

1,260,000 2.0 0.50 7.25 White and Searle 

(2007) 

5 n/a 

Coniferous 

woodland 

1,210,000 1.25 0.25 2.75 White and Searle 

(2007) 

5 n/a 

Dwarf shrub 

heath 

1,480,000 0.50 0.25 3.75 White and Searle 

(2007) 

5 n/a 

Unimproved 

grassland 

1,040,000 4.80 4.0 9.50 Pernetta (1977) 

Churchfield et al. 

(1995) 

White and Searle 

(2007) 

9 

 

8 

 

10 

n/a 

Bog 555,000 12.0 0 35.0 Shore and 

Mackenzie (1993) 

ÀÀ 

1 n/a 

Urban and 

gardens 

1,350,000 1.95 0.4 3.95 expert opinion 2 n/a 

Fen, marsh 

and swamp 

8,000 0.50 0.05 1.0 expert opinion 1 n/a 

Improved 

grassland 

6,660,000 0.10 0 0.50 expert opinion 1 n/a 

Hedgerows 460,000 

(km) 

7.70 2.07 13.9 Kotzageorgis and 

Mason (1997) 

Flowerdew et al. 

(2004) 

9 

 

 

9 

37.8% 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
ÀÀ Median density and confidence limits using data from this paper were provided by the authors. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 5.2a with the area of habitat within the speciesô distribution, and 
adjusting for occupancy where known. 

Country  Area of suitable 

habitat (ha)  * 

Population size  -95%CI +95%CI 

England 7,480,000 [11,000,000] 3,520,000 29,500,000 

Scotland 4,340,000 [7,690,000] 1,980,000 22,900,000 

Wales 1,740,000 [2,330,000] 1,010,000 6,120,000 

Britain  13,600,000 [21,100,000] 6,520,000 58,500,000 

* The lengths of hedgerows are 394,000km in England, 17,100km in Scotland, and 48,600km in 
Wales.  

Critique  

No percentage occupancy data were available for most habitats; therefore, the population 

size estimate for this species is an overestimate. Although most of the land cover within the 

speciesô range is improved grassland (48%; Figure 5.2b), population density in this habitat is 

thought to be small (0.1ha-1, 95%CI = 0-0.5; Table 5.2a). This density estimate is based on 

the opinion of one expert; any uncertainty in this estimate will affect the population size 

estimate. In addition, at least some of the animals included within density estimates for 

improved grassland are likely to be individuals that also live in hedgerows, potentially 

introducing an element of double counting. Deriving robust estimates for improved grassland 

is therefore considered a research priority. Most of the estimated population is derived from 

unimproved grassland habitat (24%), for which the average density estimate is supported by 

18 estimates; and from bog (32%), for which values were based on data from Shore and 

Mackenzie (1993) provided by the authors. The population density for bog habitat reported in 

Harris et al. (1995) was markedly lower, at 0.5ha-1, although this value was based on expert 

opinion rather than empirical data. An increase in population density of this magnitude in the 

last 20 years is unlikely, and so further data are urgently required to increase confidence in 

the density estimate for this habitat. Reliability scores for unimproved grassland and bog are 

provided in Table 5.2c. 

 



67 

 

Figure 5.2b  Left: The percentage of the total population of common shrews derived from each habitat 
type. Error bars are obtained by multiplying the lower and upper confidence limit for density by the 
area occupied. Right: The percentage of total area within the speciesô distribution represented by 
each habitat type. Linear features (hedgerows) have been omitted.  

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Unimproved 

grassland  

Bog  Improved 

grassland  

Location of 

study sites  

0 Estimates from one location 
 

0  

1 Estimates restricted 1  1 

2 Estimates widespread 
 

  

Sample size  0 <10 density estimates   
 

0 0 

1  10-30 density estimates 1   

2 >30 density estimates     
 

  

Occupancy 

data available?  

0 No 0 0 0 

1 Yes 
 

  

  Habitat score  2 0 1 

  Overall reliability score  1 
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Changes through time  

Comparison to Harris et al. (1995) 

Harris et al. (1995) estimated population sizes as 41,700,000 in total, with 26,000,000 in 

England, 11,500,000 in Scotland and 4,200,000 in Wales. These estimates were made using 

sparse data on population density, which can be highly variable within each habitat. Similar 

uncertainties persist in the current estimates, where the confidence limits range from 6 

million to 58 million individuals. This level of uncertainty means that no inference can be 

made about temporal trends.  

Other evidence of changes through time 

No other evidence of temporal trends was found in the literature search.  

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995), and trends in range size were identified by comparing point 
maps of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient    
England 
Wales 

Scotland*  

* Differences in range are likely to be the result of variable recorder effort. 

Drivers of change  

 Drivers of population change for the common shrew between 1995 and the present.  

Driver  Mechanism  Source  Direction of 

effect  

None quantified, though 

there are potential impacts 

of declining invertebrate 

abundance. 

Alterations in farming 

practice and potentially 

also use of pesticides. 

None Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the common shrew. 

Data defic iencies Habitat  Details  

No density estimates for 

the specified habitat. 

Urban and gardens 

Improved grassland  

Fen, marsh and 

swamp 

Density estimates are based on 

expert opinion.  

Density estimates are 

more than 10 years old. 

Hedgerows 

Bog 

Density estimates are from 1997 

and 2003, respectively. 

No occupancy data. All habitats except 

hedgerows  

 

Future prospects  

 An assessment of the future prospects of the common shrew, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7. 

 Trend  Status  

Population Stable/Decline 

Range Stable 

Habitat Decline 

5.3 Pygmy shrew Sorex minutus 

Habitat preferences  

The pygmy shrew is found in all terrestrial habitats and shows a preference for areas with 

dense ground cover, particularly unimproved grasslands (O'Keeffe and Fairley, 1981). It 
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frequently uses surface burrows through thick vegetation or exploit the abandoned burrows 

of other species. Abundance is high in wet habitats, such as moorland and blanket bog 

(Croin-Michielsen, 1966), and also in ditches and on the edges of riparian habitats. Its very 

high energy requirements, the result of its high surface area:volume ratio, means that it 

requires habitats with high invertebrate abundance. It may therefore be negatively affected 

by changes to agricultural practice and/or pesticide use which reduce its prey availability. 

There is very little research in the recent literature: most records are reported as part of 

multi-species small mammal studies.  

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is shown in Figure 5.3a. Gaps in the distribution in England and Wales 

are likely to result from a lack of survey effort, rather than true absences. It is less clear 

whether larger gaps in Scotland represent true gaps in distribution or are influenced by 

survey effort. Further surveys are recommended in these areas to increase confidence in the 

current distribution. 
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Figure 5.3a  Current range of the pygmy shrew in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

As the same animals are likely to use the cropped area and the field margins (hedgerows 

and buffer strips), we have excluded the estimate for arable fields to avoid counting the 

same animals twice.  

Results  

Two papers were identified by the literature search: one reported pre-breeding density 

estimates, and one contained post-breeding density estimates. Population density estimates 

are shown in Table 5.3a, and population size estimates are provided in Table 5.3b. 
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 Median density estimates for pygmy shrews, with 95% confidence intervals, calculated 
using data obtained from a review of the literature from 1995 to 2015. Hedgerow length and density 
within hedgerows are presented as km and km-1, respectively. 

Habitat  Area within 

range ( ha) 

Density ( ha-1) -95%CI +95%CI Source*  n** %OccÀ 

Unimproved 

grassland 

823,000 4.80 1.20 4.80 Pernetta 

(1977) 

9 n/a 

Improved 

grassland 

5,440,000 0 0 1.0 expert 

opinion 

1 n/a 

Bog 333,000 3.0 0 8.50 expert 

opinion 

2 n/a 

Broadleaved 

woodland 

1,100,000 1.0 0 3.0 expert 

opinion 

2 n/a 

Urban and 

gardens 

1,250,000 0.10 0 5.0 expert 

opinion 

1 n/a 

Dwarf shrub 

heath 

870,000 0.10 0 5.0 expert 

opinion 

1 n/a 

Fen, marsh 

and swamp 

7,190 0.02 0 2.0 expert 

opinion 

1 n/a 

Hedgerows 427,000 

(km) 

0.1 0.01 30.0 expert 

opinion 

1 n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying density 
estimates in Table 5.3a with the area of habitat within the speciesô distribution. 

Country  Area of suitable 

habitat (ha)  * 

Population size  -95%CI +95%CI 

England 6,600,000 [3,690,000] 552,000 27,900,000 

Scotland 1,660,000 [1,430,000] 217,000 6,040,000 

Wales 1,550,000 [1,170,000] 231,000 4,970,000 

Britain  9,810,000 [6,300,000] 999,000 38,900,000 

* The lengths of hedgerows are 371,000km in England, 9,700km in Scotland and 46,600km in Wales. 

Critique  

No percentage occupancy data were available; the population size for this species is 

therefore overestimated. All of the population density estimates except those for unimproved 

grassland are based on the opinion of two to four experts, depending on habitat. 63% of the 

population resides in unimproved grasslands, which is supported by nine individual density 

estimates from one paper (Pernetta, 1977). Stepwise deletion and replacement of each of 

these nine density estimates reduced population size by 8% in four of the nine instances, but 

all alternative population sizes fell within the confidence limits of the original. Most of the 

speciesô distribution consists of urban areas and gardens (29%), despite population densities 

being relatively low in this habitat (Table 5.3a). It is likely that at least some of the population 

found in improved grassland lives primarily within hedgerows. The inclusion of both of these 

habitat types may have introduced an element of double counting, although only the upper 

confidence limit would be affected since the median density for improved grassland was 

estimated to be zero. A reliability assessment is provided in Table 5.3c. 
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Figure 5.3b  Left: The percentage of the total population of pygmy shrews accounted for by each 
habitat type. Error bars are derived by multiplying the lower and upper confidence limit for density by 
the area occupied. Right: The percentage of total area within the speciesô distribution represented by 
each habitat type. Linear features (hedgerows) have been omitted. 

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

Measure  Score  Details  Habitat  

Unimproved 

grassland  

Urban and 

gardens  

Location of study 

sites  

0 Estimates from one 

location 

0  

1 Estimates restricted 
 

1 

2 Estimates widespread 
 

 

Sample size  0 <10 density estimates   0 0 

1  10-30 density 

estimates 

 
 

2 >30 density estimates     
 

 

Occupancy data 

available?  

0 No 0 0 

1 Yes 
 

 

  Habitat score  0 1 

  Overall reliability 

score  

0.5 
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Changes through time  

Comparison to Harris et al. (1995) 

Harris et al. (1995) reported a total of 8,600,000 pygmy shrews in Britain, with 4,800,000 in 

England, 2,300,000 in Scotland and 1,500,000 in Wales. These figures are based on the 

ratio of pygmy shrews to common shrews, which itself was derived from very sparse 

population density data. Our estimate is based on expert opinion with empirical data for one 

habitat type only, and so is also highly uncertain. The difference in population size estimates 

is, therefore, likely to be caused by methodological differences, rather than any true change 

in population size.  

Other evidence of changes through time 

No other evidence of temporal trends was found in the literature. A summary of trends in 

population size and range is provided in Table 5.3d. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient    
England 
Wales 

Scotland*  

* Differences in range size are likely to be because of variable recorder effort. 
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Drivers of change  

 Drivers of population change for the pygmy shrew between 1995 and the present.  

Driver  Mechanism  Source  Direction of effect  

None quantified, 

though there are 

potential impacts of 

declining invertebrate 

abundance. 

Alterations in farming 

practice and potentially also 

use of pesticides. 

None  Negative 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the pygmy shrew.  

Data defic iencies Habitat  Details  

No density estimates for the 

specified habitat. 

Bog 

Broadleaved woodland 

Urban and gardens 

Dwarf shrub heath 

Fen, marsh and swamp 

Hedgerows 

Improved grassland 

Density estimates are 

based on expert opinion.  

Limited density estimates for 

the key habitat. 

Unimproved grassland Median density is based 

on 9 density estimates.  

Density estimates are more 

than 10 years old. 

Unimproved grassland Density estimates are 

taken from Pernetta 

(1977). 

No occupancy data. All habitats  
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Future prospects  

 An assessment of the future prospects of the pygmy shrew, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable/Decline 

Range Stable 

Habitat Decline  

5.4 Water shrew Neomys fodiens 

Habitat preferences  

The water shrew is usually associated with aquatic habitats, including rivers, streams, 

marshes, fens, reed beds, watercress beds and, occasionally, garden ponds (Greenwood et 

al., 2002). However, it is also found regularly ð but infrequently ð in non-riparian habitats, 

including hedgerows, especially those associated with ditches, regardless of whether the 

features are currently wet (Fiona Mathews, pers. obs.). Research on the specific habitat 

preferences of the species is limited. Greenwood et al. (2002) found that rivers with steep, 

high banks (45° incline, 1.5m banks) have a higher chance of occupancy, although these 

characteristics are not essential. A complex relationship was identified between occurrence 

and vegetation cover: water shrews are found only at sites with trees, and have a higher 

occurrence where tree cover is sparse. The decrease in occurrence with dense tree cover is 

thought to be because of the correlated decrease in ground vegetation. High water quality is 

thought to be an important determinant of occurrence, through both the direct ingestion of 

pollutants via grooming, and the reduction of prey diversity and abundance. It is currently 

unclear whether water shrews have been negatively affected by organochlorine pesticides in 

water. Further testing is required to confirm all habitat associations, which were identified in 

a single study in the south east of England (Greenwood et al., 2002), and may not represent 

habitat requirement throughout Britain. Loss of connectivity between habitat patches is likely 

to have occurred as a consequence of physical features such as dams, weirs, and 

embankments, as well as human activities such as land draining and the deepening, 

straightening and widening of channels. 
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Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC) 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is presented in Figure 5.4a. Gaps in the speciesô distribution in England 

and Wales are likely to represent areas lacking survey effort, rather than true absences. It is 

unclear whether larger gaps in Scotland are true gaps in the distribution or reflect a lack of 

survey effort.  

 

Figure 5.4a  Current range of the water shrew in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 
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Species-specific methods  

Harris et al. (1995) estimated population size based on the ratio of common shrews to water 

shrews, stating that water shrews are known to use a variety of habitats. In the absence of 

any recent data on population size or density for water shrews, the same method and ratios 

were used here, although population sizes were adjusted to reflect range size. 

 

First, the density of common shrews in their total range was calculated by dividing the total 

population size (see Table 5.2b) by area (total range area, not the area of suitable habitat). 

For the water shrew, density was calculated by dividing the density of common shrews by 

the ratio of common shrews to water shrews. The density of water shrews was then 

multiplied by the total range area to give an estimate of total population size for each 

country.  

Results  

No papers with pre-breeding population density estimates or trends were identified by the 

literature search. The density estimate for unimproved grassland was derived from expert 

opinion (0.5ha-1; 95%CI = 0-1ha-1). One reference to occupancy for waterways was 

identified, derived from a national survey carried out in 2004-2005 (Carter and Churchfield, 

2006). Surveys took place at 2159 sites across Britain, with signs of water shrews found at 

17.4% of sites. As the population size estimate is not habitat-based, occupancy values could 

not be applied. 

 Density of common shrews and water shrews per hectare of their total range. For common 
shrews, density was calculated by dividing total population size (see Table 5.2b) by area. For water 
shrews, density was calculated by dividing the density of common shrews by the ratio of common 
shrews to water shrews.  

 Common shrew   Water shrew  

Country  Area within 

speciesô range  

(ha) 

Estimate 

(ha-1) 

-95CI +95CI Ratio*  Estimate 

(ha-1) 

-95CI +95CI 

England 1,280,000 8.59 2.75 23.1 22.1 : 1 0.39 0.12 1.04 

Scotland 529,000 14.5 3.74 43.3 31.7 : 1 0.46 0.12 1.36 

Wales 194,000 12.0 5.20 31.5 15.3 : 1 0.78 0.34 2.06 

 *Ratio of common shrew to water shrew as derived from Harris et al (1995). 
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 Total population size estimates, with 95% confidence intervals, for England, Scotland, 
Wales, and the whole of Britain. Values were obtained by multiplying the range area with the density 
estimates for water shrews in Table 5.4a. The length of waterways within the speciesô range is 
provided, but was not used in the current analysis. 

Country  Area within speciesô 

range  (ha)  

Population size  -95%CI +95%CI 

England 11,780,000 [458,000] 147,000 1,228,000 

Scotland 2,580,000 [118,000] 30,000 353,000 

Wales 1,750,000 [137,000] 60,000 361,000 

Britain  16,115,000 [714,000] 237,000 1,942,000 

Critique  

The population size estimate for the water shrew is based on the ratio with the common 

shrew. It is therefore subject to the same errors as the common shrew population size 

estimate, in addition to uncertainties in the ratio. The use of a ratio as a method is 

questionable because of the differing habitat preferences of the species.  

 

Fifty-six percent of the population size for common shrews (on which the water shrew 

estimate is based) is derived from unimproved grassland and bog. The average density 

estimate for common shrews in unimproved grassland is supported by 27 replicate density 

estimates, and the estimate for bog is based on data from Shore and Mackenzie (1993), 

which was provided by the authors. Reliability scores of two and zero were applied to the 

population size estimates for these habitats, respectively, and the overall confidence limits 

for common shrews are wide (6 million to 58 million), reflecting the uncertainties associated 

with all stages of the analysis. The ratio of the common shrew to the water shrew was based 

on bird of prey pellet analysis, and bottle and trap samples from England, Scotland and 

Wales (see Tables 5-8 in Harris et al., 1995). Although the sample size for these ratios is 

high (42 papers and one value derived from expert opinion), they do not take into account 

the high variation in population density and patchy distribution of water shrews though to 

occur in the British population (Harris et al., 1995). 

 

Harris et al. (1995) estimated the population size of water shrews to be 1,900,000, with 

1,200,000 in England, 400,000 in Scotland and 300,000 in Wales. These estimates, 

however, are not adjusted to take into account the smaller distribution of the water shrew 
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compared to the common shrew. Instead, in the current review, the population size in Britain 

was computed by dividing the population size of the common shrew by the ratio of the 

common shrews to the water shrew per country. Reassessment of the data from Harris et al. 

(1995) using the method presented here suggests a total population size in Britain of 

1,500,000 ((common shrew population size/current common shrew distribution area/ratio of 

common shrew to water shrew) * area of water shrew distribution), although this method 

assumes that the speciesô range has remained constant since 1995.  

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

All habitats  

Location of 

study sites  

0 Estimates from one location 0 

1 Estimates restricted  

2 Estimates widespread  

Sample size  0 <10 density estimates   0 

1  10-30 density estimates  

2 >30 density estimates      

Occupancy 

data available?  

0 No 0 

1 Yes  

  Habitat score  0 

  Overall reliability score  0 

Changes through time  

Comparison to Harris et al. (1995) 

Population sizes were estimated by Harris et al. (1995) to be 1,900,000 in Great Britain, 

comprising 1,200,000 in England, 400,000 in Scotland and 300,000 in Wales. The current 

review applied the same approach as Harris et al. (1995), using the ratio of the common 

shrew to the water shrew. Both the current and previous estimates for the common shrew 

are uncertain, being based on few density estimates, and share the same sources of error. 

The population size of 1,500,000 estimated by Harris et al. (1995), however, falls within the 

confidence limits of the current estimate. Further surveys are needed to increase confidence 

in the estimated population sizes and allow for an assessment of trends.  
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Other evidence of changes through time 

No other evidence of temporal trends was found in the literature search. A summary of 

trends in population size and range is provided in Table 5.4d. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient  
England 
Wales* 

Scotland     

* Increase in range may be the result of increased survey effort. 

Drivers of change  

 Drivers of population change for the water shrew between 1995 and the present. 

Driver  Mechanism  Source  Direction of effect  

Habitat 

availability.  

Bank clearance and 

modification may destroy 

burrows and alter water 

supplies. Effects of wide-

scale alterations unknown. 

Howie and 

Stokes (2003) 

Negative 

None 

quantified, 

though there 

are potential 

impacts of 

declining 

invertebrate 

abundance. 

Alterations in farming 

practice and potentially 

also use of pesticides. 

None    Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the water shrew.  

Data defic iencies Habitat  Details  

No density estimates for the 

specified habitat. 

All habitats Population size estimates are 

based on ratios with wood 

mice. 

No occupancy data. All habitats  

Future prospects  

 An assessment of the future prospects of the water shrew, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline 

Range Stable 

Habitat Decline 

5.5 Lesser white -toothed shrew Crocidura suaveolens 

Habitat preferences  

The lesser white-toothed shrew is the only shrew species present on the Isles of Scilly, where 

it is found on all of the larger islands. It makes use of all habitat types, as long as adequate 

cover can be found. Common in habitats with tall vegetation such as bracken, hedgerows and 

woodlands (Harris and Yalden, 2008), it is also reported to use foreshores of the Isles of Scilly 

(Temple and Morris, 1997). Males have larger home ranges than females, although both are 

less than 100m in length (Harris and Yalden, 2008).  
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Status  

Non-native (naturalised), but possibly native. 

 

Little information is available. The species is considered most likely to have been introduced 

in the Bronze Age, but it could have been present since before the last Ice Age as the Isles of 

Scilly are adjacent to the western extent of its range. Genotyping to assess phylogeny has not 

been conducted. 

 

Conservation Status 

 

¶ IUCN Red List (GB: NT; England: [NT]; Scotland: n/a; Wales: n/a; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 
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Speciesô distribution  

 

Figure 5.5a  Current range of the lesser white-toothed shrew in Britain. Range is based on presence 
data collected between 1995 and 2016.  

Species-specific methods  

The species is a generalist, and therefore all available natural habitat was considered 

suitable on the islands where the species is recorded.  

Results  

No papers were identified by the literature for population density or occupancy. The 

population density estimates are therefore taken from Harris et al. (1995).  
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 Median density estimates with 95% confidence intervals for lesser white-toothed shrew, 
calculated using data obtained from Harris et al. (1995). 

Habitat  Area within 

range  

Density  -95%CI +95%CI Source*  n** %OccÀ 

Shoreline 70km 100 (km-1) - - Harris et al. 

(1995) 

1 n/a 

Hedgerows 100km 20 (km-1) - - Harris et al. 

(1995) 

1 n/a 

All other 

natural 

habitats 

500 ha 10 (ha) - - Harris et al. 

(1995) 

1 n/a 

* Literature sources. 

** Number of estimates from each literature source. 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying density 
estimates in Table 5.5a with the area of habitat within the speciesô distribution. 

Country  Area of suitable 

habitat (ha)  * 

Population size  -95%CI +95%CI 

England 500 [14,000] n/a n/a 

Britain  500 [14,000] n/a n/a 

* Excluding linear features. 

Critique  

No percentage occupancy data were available; the population size may therefore be 

overestimated. However, footprint tunnel surveys in 2016 recorded animals in all surveyed 

habitats (foreshore, coastal grassland, scrub and heathland) (Steve Adams, pers. comm.). 

The density estimates are very out of date, and may have altered following a reduction in 

predation pressure (namely, recent rat eradication and a decline in the number of domestic 

cats).  
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Figure 5.5a  Left: The percentage of the total population of common shrews accounted for by each 
habitat type. Error bars could not be calculated for this species. Right: The percentage of total area 
within the speciesô distribution represented by each habitat type. Linear features (hedgerows and 
shore-line) have been omitted. 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Shoreline  Hedgerow  All other 

natural 

habitats  

Location of 

study sites  

0 Estimates from one location 0 0 0 

1 Estimates restricted 
 

  

2 Estimates widespread 
 

  

Sample size  0 <10 density estimates   0 0 0 

1  10-30 density estimates    

2 >30 density estimates     
 

  

Occupancy 

data available?  

0 No 0 0 0 

1 Yes 
 

  

  Habitat score  0 0 0 

  Overall reliability score  0 
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Changes through time  

Comparison to Harris et al. (1995) 

Harris et al. (1995) estimated population size as 14,000 using the same information on 

habitat availability and density. It is therefore not possible to infer any trends over time, since 

both reports are subject to the same errors. 

Other evidence of changes through time 

No other evidence of temporal trends was found in the literature search. However, 

monitoring on St Agnes, Gugh and Bryher has been conducted since 2013 following rat 

eradication. This has shown an increase in the proportion of occupied footprint tunnels on St 

Agnes and Gugh. On Bryher, there was a rapid decline in 2014 and only a partial recovery 

since then.  

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995), together with the footprint tunnel monitoring project, and 
trends in range size were identified by comparing point maps of current data (not presented) with 
those from Arnold (1993)..  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable    England    

Decrease        

Data defic ient       

Drivers of change  

 Drivers of population change for the lesser white-toothed shrew between 1995 and the 
present.  

Driver  Mechanism  Source  Direction of 

effect  

Predation. Rat eradication has been 

successful, and the numbers of 

domestic cats are declining. 

RSPB/Steve 

Adams (pers. 

comm.) 

Positive 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the lesser white-toothed shrew.  

Data defic iencies Habitat  Details  

Density estimates are 

more than 10 years old. 

All Density estimates are from Harris et 

al. (1995). 

No occupancy data. All habitats   

Inadequate density 

estimates. 

All except foreshore 

and hedgerows 

A single density estimate was used 

for all habitats. 

Future prospects  

 An assessment of the future prospects of the lesser white-toothed shrew, in terms of 
whether the population size, range and habitat quality are likely to increase, decrease or remain 
stable. This assessment is based on the current trends, current drivers of change, and potential future 
drivers of change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable 

Range Stable 

Habitat Stable 
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6 LAGOMORPHA  

 

 

6.1 European rabbit Oryctolagus cuniculus 

 

Habitat preferences  

 

The rabbit is found in a wide variety of habitats, but prefers those with short grass such as 

improved grasslands or arable areas. Peaks in population size are found in areas with sandy 

soils and chalk, as opposed to clay soils (Cowan, 1991; Harris et al., 1995).  

 

Rabbit density is positively associated with livestock grazing, owing to the higher nitrogen 

content of grazed swards (Iason et al., 2002; Bakker et al., 2005; Lush et al., 2014). More 

specifically, the rabbit prefers shorter grass swards (Smith et al., 2005; Petrovan et al., 

2011a) with low plant diversity (i.e. intensively grazed pasture; Lush et al., 2014), and with 

predator control measures in place. Livestock production in the UK is in decline (UK National 

Ecosystem UK National Ecosystem Assessment, 2011). However, several features of less 

intensively managed landscapes, such as the presence of field margins, hedgerows, and 

woodland, are also beneficial (Trout et al., 2000; Petrovan et al., 2011a). These features 

presumably offer the necessary cover to escape predators (Iason et al., 2002), while still 

providing high quality forage (Bakker et al., 2005). 

Status   

Non-native (naturalised). 

Conservation Status 

 

¶ IUCN Red List (GB: n/a; England: n/a; Scotland: n/a; Wales: n/a; Global: NT.).  

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

 

The status of rabbits as ónear threatenedô on the IUCN Red List is based on the speciesô 

native range, which does not include Britain.  
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Speciesô distribution  

A distribution map is presented in Figure 6.1a. Gaps in the speciesô distribution in Scotland 

are likely to represent a lack of survey effort, rather than true absences. 

 

Figure 6.1a  Current range of the European rabbit in Britain. Range is based on presence data 
collected between 1995 and 2016. Areas that contain very isolated records may not have been 
included in the area of distribution ð see Methods, Section 2.5, for more details. 

Results  

Five papers were identified by the literature search: one contained estimates of pre-breeding 

population density; two provided post-breeding estimates; one provided an index of rabbit 

abundance; and one provided evidence of a temporal trend.  

 

Population density estimates per habitat are provided in Table 6.1a, and total population size 

estimates in Table 6.1b.  
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 Median density estimates with 95% confidence intervals for European rabbits, calculated 
using data obtained from a review of the literature from 1995 to 2015.  

Habitat  Area within 

range ( km 2) 

Density 

(km 2) 

-95%CI +95%CI Source*  n** %OccÀ 

Improved 

grassland 

73,100 48.3 26.3 600 Petrovan et al. 

(2011a) ÀÀ 

7 n/a 

Arable and 

horticulture 

62,600 250 - - Harris et al. 

(1995) 

1 n/a 

Broadleaved 

woodland 

13,100 200 - - Harris et al. 

(1995) 

1 n/a 

Coniferous 

woodland 

14,400 200 - - Harris et al. 

(1995) 

1 n/a 

Dwarf shrub 

heath 

19,700 250 - - Harris et al. 

(1995) 

1 n/a 

Unimproved 

grassland 

12,400 500 - - Harris et al. 

(1995) 

1 n/a 

Supra-littoral 

rock 

32 500 - - Harris et al. 

(1995) 

1 n/a 

Supra-littoral 

sediment 

300 500 - - Harris et al. 

(1995) 

1 n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
ÀÀ Raw data were supplied by the authors.  
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range. Values 
were obtained by multiplying population density estimates with the area of habitat within the speciesô 
distribution. It was not possible to calculate confidence intervals, as none were available for density 
estimates from Harris et al. (1995). 

Critique  

No percentage occupancy data were available, so the population size for this species is 

overestimated. 42% of the population is attributed to arable and horticultural land, for which 

the density estimate is taken from Harris et al. (1995). Most of the land within the speciesô 

range consists of arable and horticulture (32%) and improved grassland (37%).  

 

The density estimates derived from Harris et al. (1995), and hence the overall population 

size estimates, are somewhat at odds with the known preference of rabbits for areas with 

short grass swards and low plant diversity, such as improved grassland (Lush et al., 2014). 

For example, the densities given for unimproved grassland and coniferous woodland are 500 

rabbits km-2 and 200 rabbits km-2 respectively, whereas the recent estimate for improved 

grassland is only 48 rabbits km-2. However, given the extreme variability in rabbit 

abundance, a large sampling effort is required to produce robust evidence on median 

densities with reasonable precision. Therefore, using a single central estimate for each study 

is likely to introduce considerable error. The density estimate for improved grassland is 

based on a relatively small amount of data (one paper with seven replicates; Petrovan et al., 

2011a), resulting in 95% confidence limits of 30km-2 to 60km-2. These densities were 

estimated using spotlight counts, which may only represent ~60% of the total number of 

rabbits within the unit area (Poole et al., 2003; Petrovan et al., 2011a), although this 

percentage may vary greatly depending on the area under study. Further data would provide 

a more robust estimate, but it is likely that a density at the upper confidence limit is more 

representative for this habitat type. The estimate for improved grassland was 250km-2 in 

Harris et al. (1995), which though considerably higher, falls within the confidence limits. 

Country  Area of suitable 

habitat ( km 2) 

Population size  -95%CI +95%CI 

England 115,000 [21,300,000] - - 

Scotland 61,300 [11,800,000] - - 

Wales 19,100 [2,910,000] - - 

Britain  196,000 [36,000,000] - - 
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Estimates from Harris et al. (1995) were based on the authorsô adjustment of over-wintering 

population estimates from high density areas.  

 

Factors such as outbreaks of myxomatosis and rabbit haemorrhagic disease have severe 

local impacts (Petrovan et al., 2011b), but these are rather poorly understood on national 

scales. The long-term impacts of these diseases on populations are also unclear (beyond 

anecdotal evidence of regional recoveries from previous population crashes), making it 

particularly difficult to extrapolate from historical evidence on habitat-specific densities. In 

addition, rabbit populations are inherently highly variable, even in the absence of disease, so 

there is considerable uncertainty in density estimates both within and between habitat types. 

The application of a single median density (current method) or single adjusted density 

(Harris et al., 1995), particularly where data are limited, may not, therefore, result in a 

reliable population size estimate. A stratified survey approach, using different geographical 

regions and habitat types, would improve the current estimates. 

 

Stepwise deletion and replacement of each of the seven replicates for improved grassland 

resulted in two alternative population size estimates, both of which differed from the original 

by 29% (46,000,000), although the lack of confidence limits for the original population size 

estimates means that the significance of this cannot be formally assessed. 

 

Figure 6.1b  Left: The percentage of the total population of European rabbits accounted for by each 
habitat type. Error bars are derived by multiplying the lower and upper confidence limit for density by 
the area occupied. Right: The percentage of total area within the speciesô distribution represented by 
each habitat type. 
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Arable and 

horticulture  

Improved 

grassland  

Location of 

study sites  

0 Estimates from one location   

1 Estimates restricted 1 1 

2 Estimates widespread   

Sample size  0 <10 density estimates   0 0 

1  10-30 density estimates   

2 >30 density estimates       

Occupancy 

data available?  

0 No 0 0 

1 Yes   

  Habitat score  1 1 

  Overall reliability score  1 

Changes through time  

Comparison to Harris et al. (1995) 

Population size estimates in Harris et al. (1995) were 37,500,000; 24,500,000 in England, 

9,500,000 in Scotland and 3,500,000 in Wales. The density estimates for the majority of 

habitats were taken from Harris et al. (1995), so a comparison of population sizes is limited 

to differences in range size and habitat availability. 

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats (arable land, broadleaved woodland, coniferous woodland and improved grassland), 

generated by a combination of true change and methodological differences, irrespective of 

any range change (see Sections 2.3 and 32.3 for further details). Adjusting the results to 

reflect more probable temporal changes in the composition of the British landscape ð using 

differences between the 1990 and 2007 Countryside Surveys (Carey et al., 2008) ð 

generates a 9% reduction in population size. The lack of confidence limits around the current 

estimate means that the significance of this reduction is unclear.  
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Other evidence of changes through time 

The National Gamebag Census reported a decrease of 24% (95%CI 45% decrease to 4% 

increase) in the number of rabbits culled between 1995 and 2014 in the UK. The NGC 

survey, however, does not account for effort, so it may not represent a true decline in 

population size. 

 

The Breeding Bird Survey inferred a population decrease of 48% (95% CI 56%-33%) 

between 1995 and 2012 in the UK (Wright et al., 2014). Two experts also suggested that the 

population may have declined in size, but highlighted that the situation is complex because 

of the wide range of rabbit densities present in different areas, and uncertainties about the 

rate of change.  

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease    All countries*    

Data defic ient        

* Based on BBS trend data and expert opinion.  
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Drivers of change  

 Drivers of population change for the European rabbit between 1995 and the present. 
Drivers are limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Disease/pesticides.  Recovery from myxomatosis 

since the 1950s epidemic. 

Petrovan et al. 

(2011a) 

Positive 

The impact of rabbit 

haemorrhagic disease. 

Petrovan et al. 

(2011a) 

Negative 

Management 

(control). 

Rabbits are culled where damage 

is caused to agriculture. This 

driver is, however, complex, and 

culling effort may have been 

reduced owing to lower demand 

for rabbit meat or fur.  

 Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the European rabbit.  

Data defic iencies Habitat  Details  

Density estimates are 

>10 years old. 

All habitats except 

improved grassland 

Density estimates were taken from 

Harris et al. (1995). 

Limited density 

estimates.  

Improved grassland One paper contained density 

estimates with fewer than 10 

replicates. Sensitivity analysis 

suggests that the population estimate 

is highly dependent on two data points.  

Density estimates do not 

represent within-habitat 

variability. 

All habitats except 

improved grassland 

No range or confidence limits were 

available for the density estimates. 

Density estimates do not 

represent within-habitat 

variability.  

All other habitats It was not possible to calculate 

confidence intervals owing to lack of 

data. Rabbit populations are known to 

be highly variable within and between 

habitats. 

No occupancy data. All habitats  

Future prospects  

 An assessment of the future prospects of the European rabbit, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline* 

Range Stable 

Habitat Decline 

* Note that much of the expected decline is because of disease impacts, and there is uncertainty about 
future epidemiological patterns and population impacts. 
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6.2 Brown hare Lepus europaeus 

Habitat preferences  

The brown hare is found mainly in lowland arable or pastoral land. It is frequently found in 

open areas, where it uses its swift running speed to evade predators, but it also requires 

shelter for resting and breeding. Its abundance is positively associated with habitat and plant 

species diversity, the presence of hedgerows, and unfarmed habitat (Tapper and Barnes, 

1986; Smith et al., 2004; Lush et al., 2014), and negatively associated with grazing intensity. 

The brown hare selects habitat based on structure, rather than the availability of nutrients, 

which is thought to result from the need for cover from predators and for surface resting sites 

(Smith et al., 2004; Lush et al., 2014). Population density may be adversely affected by 

shooting, competition with farm livestock for food, and the intensification of agricultural 

practices (Hewson and Hinge, 1990).  

Status  

Non-native (naturalised). 

Conservation Status 

 

¶ IUCN Red List (GB: n/a; England: n/a; Scotland: n/a; Wales: n/a; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

 



100 

Speciesô distribution   

 

Figure 6.2a  Current range of the brown hare in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Population size estimates were based on density data for arable habitat and improved 

grassland only. Although brown hares may be found elsewhere, arable land and improved 

grassland constitute their core habitat. The use of occurrence data from other habitats was 

judged likely to introduce double counting, because most animals observed here would 

already be accounted for in the arable and grassland data. 
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Results  

Twelve papers and one NGO report were found for the brown hare, where seven contained 

pre-breeding estimates of population size, five contained post-breeding estimates or 

temporal trend data, and one contained occupancy data (Hutchings and Harris, 1996). 

Percentage occupancy was measured as the number of positive 1km survey squares (456 of 

738); habitat-specific occupancy values were not available so this percentage was applied to 

all habitats. Population density estimates are provided in Table 6.2a, and population size 

estimates in Table 6.2b. 

 Median density estimates with 95% confidence intervals for brown hares, calculated using 
data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area within 

range 

(km 2) 

Density 

(km -2) 

-95%CI +95%CI Source*  n** %OccÀ 

Arable and 

horticulture 

62,500 11.0 8.25 29.6 Bradshaw (1993) 

Heydon et al. (2000) 

Hutchings and Harris 

(1996) 

Rothschild and 

Marsh (1956) 

Temple et al. (2000) 

2 

6 

2 

2 

2 

61.8 

Improved 

grassland 

68,800 3.63 2.55 26 Bradshaw (1993) 

Heydon et al. (2000) 

Hutchings and Harris 

(1996) 

Parrott et al. (2012) 

Petrovan et al. 

(2011b) 

Rothschild and 

Marsh (1956) 

Temple et al. (2000) 

2 

1 

2 

5 

2 

2 

2 

61.8 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 6.2a with the area of habitat within the speciesô distribution, and 
adjusting for occupancy. 

Country  Area of suitable 

habitat (km 2) 

Population size  -95%CI +95%CI 

England 93,900 454,000 336,000 1,480,000 

Scotland 24,300 87,700 64,000 342,000 

Wales 13,100 37,300 26,800 171,000 

Britain  131,000 579,000 427,000 1,990,000 

Critique  

The population estimate for brown hares is based on densities in arable and horticultural 

habitats (73%), and in improved grassland (27%; Figure 6.2b).  Twelve and 14 individual 

estimates, respectively, were obtained for these habitat types. Although population size was 

adjusted to reflect occupancy, these data are not habitat-specific; the brown hare population 

is also patchily distributed throughout the country, with 19% of occupied squares found in 

three counties (Hutchings and Harris, 1996). Percentage occupancy data are therefore likely 

to introduce inaccuracies when applied to the whole country. A reliability assessment is 

provided in Table 6.2c. 
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Figure 6.2b  Left: The percentage of the total population of brown hares accounted for by each habitat 
type. Error bars are derived by multiplying the lower and upper confidence limit for density by the area 
occupied. Right: The percentage of total area within the speciesô distribution represented by each 
habitat type. 

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Arable and 
horticulture  

Improved 
grassland  

Location of 

study sites  

0 Estimates from one location   

1 Estimates restricted* 1 1 

2 Estimates widespread   

Sample size  0 <10 density estimates     

1  10-30 density estimates 1 1 

2 >30 density estimates       

Occupancy 

data available?  

0 No   

1 Yes 1 1 

  Habitat  score  3 3 

  Overall reliability score  3 

* Although studies covered a wide geographical range, they did not capture the extremely large 
variability in density and occupancy known to occur between eastern and western counties of 
England. Therefore, a score of 1 has been allocated to this factor. 
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Changes through time  

Comparison to Harris et al. (1995) 

In Harris et al. (1995), population size estimates were 817,000 in total, comprising of 

572,000 in England, 187,250 in Scotland, and 58,000 in Wales. These estimates were 

provided by the first National Brown Hare Survey, which was later published by Hutchings 

and Harris (1996). These figures were derived from extensive surveys and subsequent 

population density estimates, grouped by land class rather than habitat type, and included 

occupancy data by incorporating sampled areas with no detection of hares. By contrast, the 

current estimate is based on the two main habitats for brown hares only (see óSpecies-

specific methodsô).  

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats (arable land and improved grassland), generated by a combination of true change 

and methodological differences, irrespective of any range change (see Sections 2.3 and 

32.3 for further details).  Adjusting the results to reflect more probable temporal changes in 

the composition of the British landscape ð using differences between the 1990 and 2007 

Countryside Surveys (Carey et al., 2008) ð produces a population size only 5% different 

from the original (and within the original confidence limits). These methodological differences 

are therefore unlikely to affect comparisons between the two reviews materially.  

 

Although the population size estimated by Harris et al. (1995) is higher than the current 

estimate, it falls within the confidence limits. This fact, coupled with the differences in 

methodology and habitat associations, means it is difficult to make direct comparisons 

between the current review and that of Harris et al. (1995). 

Other evidence of changes through time  

The National Gamebag Census reports a 38% (95%CI = 3%-76%) increase in brown hares 

shot for game from 1995 to 2009. This trend may not, however, represent a change in the 

absolute population size, as survey effort may have differed between years.  

 

Following the first National Brown Hare Survey, which estimated brown hare population size 

to be 817,000 in 1991-1993 (Harris et al., 1995; Hutchings and Harris, 1996), a second 

survey in 1997-1999 (Temple et al., 2000) estimated the population to be 752,608 (95%CI = 

714,911-790,305). As this decline is relatively small, its significance is difficult to determine, 
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particularly given the lack of confidence limits for the former estimate. Even if relatively tight 

confidence limits are assumed, the difference is unlikely to be significant. A summary of 

trends in population size and range is provided in Table 6.2d. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient    
 All 
countries 

  

Drivers of change  

 Drivers of population change for the brown hare between 1995 and the present. Drivers 
are limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Habitat 

quality. 

 

Changes to agricultural practices, particularly 

the switch towards winter wheat, may reduce 

food and shelter opportunities. 

Competition with livestock for food.  

Hewson and 

Hinge (1990) 

Negative 

Management 

(control). 

Suppression of the population during 

specified times of year. 

Tapper and 

Parsons 

(1984) 

Negative 

Climate 

change. 

Alteration of agricultural practice, particularly 

the switch away from arable crops in eastern 

counties, may be detrimental to hare 

populations, although potentially offset by 

increases in arable production in the north 

and west. 

Fezzi et al. 

(2014) 

Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the brown hare.  

Data defic iencies Habitat  Details  

Density estimates are more 

than 10 years old. 

Arable and horticulture The most recent density 

estimate is from Heydon et al. 

(2000). 

Managed populations. Arable and horticulture Population management is 

not taken into account in the 

population size estimate. 

Occupancy and density 

estimates. 

All It is not currently possible to 

adjust for known variability in 

density and occupancy 

between eastern and western 

counties owing to a lack of 

data. 

Future prospects  

 An assessment of the future prospects of the brown hare, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable 

Range Stable 

Habitat Decline  
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6.3 Mountain hare Lepus timidus 

Habitat preferences  

The mountain hare in Scotland is found primarily on heather moorland at an altitude of 300m 

to 900m (Flux, 1970). In the Peak District, the species was introduced in the late 19th century 

for sport, having been extinct during historical times (Anderson and Yalden, 1981), and is 

found primarily in areas of common heather and cotton-grass (Harris and Yalden, 2008). 

During the day, it uses resting sites at higher altitudes, creating forms in areas with extensive 

cover. At night, it travels to lower ground to use hill pastures, areas of wild grassland or high 

altitude moorland to feed: the preferred food is the current yearôs growth of young heather 

(Hewson and Hinge, 1990). Where available, woodland is often used for shelter (Thirgood 

and Hewson, 1987), protection from predators and additional food sources (Patton et al., 

2010). The home ranges of mountain hares are notably bigger than those of brown hares. 

Day resting sites and night feeding sites are often located a relatively large distance apart, 

owing to the patchy distribution of food and suitable resting places (Hewson and Hinge, 

1990). Population densities are higher on moorland overlying base-rich than acidic rock, and 

in the east of Scotland compared to the west. The highest densities occur on moorland 

managed for grouse (Harris et al., 1995).  

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: NT; England: n/a; Scotland: [NT]; Wales: n/a; Global: LC). 

¶ National Conservation Status (Article 17 overall assessment 2013. UK: Favourable; 

England: Favourable; Scotland: Favourable; Wales: n/a). 
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Speciesô distribution  

 

Figure 6.3a  Current range of the mountain hare in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Population density estimates were available for dwarf shrub heath and montane habitats. 

Density estimates for montane habitats were provided during expert consultation.  

 

In the LCM2007, montane habitats are defined as any area above 600m in all areas north of 

the Midlands in England, regardless of habitat type. Considering the relatively small home 

range of mountain hares and their requirement for heather moorland, montane habitats in 

this context were not considered well enough defined to include in the current analysis. 

Population size is therefore estimated for dwarf shrub heath only.  
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Results  

Eight papers were identified by the literature search: two papers reported pre-breeding 

population estimates; two gave post-breeding estimates only; two contained details of the 

speciesô distribution; and two provided details of relative changes in population density or 

home range size. Newey et al. (2003) estimated density using both distance sampling and 

capture-mark-recapture (CMR) at two of the four sites studies (with distance sampling used 

at the two remaining sites); smaller differences in density estimated using CMR were 

observed between the two sites than density estimated from distance sampling, suggesting 

trap saturation at the site with higher density. Distance sampling estimates were therefore 

deemed more accurate and were used in the current analysis. Population density estimates 

are shown in Table 6.3a, and population size estimates in Table 6.3b. 

 Median density estimates with 95% confidence intervals for mountain hares, calculated 
using data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area within 

range ( km 2) 

Density  

(km -2) 

-95%CI +95%CI Source*  n** %OccÀ 

Dwarf 

shrub heath 

13,500 10 6 39 Newey et al. 

(2003) 

Knipe et al. 

(2013) 

4 

9 

n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 6.2a with the area of habitat within the speciesô distribution. 

*Population size is for dwarf shrub heath only. 

Country  Area of suitable 

habitat (km 2) 

Population size*  -95%CI +95%CI 

England 250 2,500 1,500 9,500 

Scotland 13,200 132,000 79,500 516,000 

Britain  13,500 135,000 81,000 526,000 
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The Article 17 Report on mountain hare population size 2007-2012 is shown in Table 6.3c 

(Joint Nature Conservation Committee, 2013b). The estimate from the current review is very 

much smaller, though the geographical range is similar (Table 6.3d). 

 Article 17 Report on mountain hare population size 2007-2012 (Joint Nature Conservation 
Committee, 2013b). 

Country Minimum Maximum 

England 10,000 10,000 

Scotland  350,000 350,000 

Wales n/a n/a 

Britain  360,000 360,000 

Note: maximum and minimum estimates were the same values in the country-level reports. 

 

 Geographical ranges reported by the current review and the most recent Article 17 Report 
(Joint Nature Conservation Committee, 2013b). 

Country  Extent of occurrence  

(km 2) 

Surface e stimate in 

JNCC Article 17 Report 

2007-2012 (km 2) 

England 2,400 n/a 

Scotland 57,400 n/a 

Wales 0 n/a 

Britain  59,800 62,970 

Critique  

No percentage occupancy data were available; the population size is therefore 

overestimated for this species. The estimate is also derived from just one habitat type (dwarf 

shrub heath). The exclusion of areas classified as montane habitat means that all areas 

above 600m are removed, regardless of habitat type. Areas of heather moorland do, 

however, exist above 600m in the central and eastern Highlands. As mountain hares range 

up to 900m, a cut-off of 600m will certainly have excluded some occupied suitable habitat. In 
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the north west of Scotland, the montane zone can descend to 300-400m, while in the east it 

can ascend above 600m. In the north west of Scotland, therefore, some montane habitats 

will be included in the LCM ódwarf shrub heathô category, while in the east, some non-

montane heaths will be excluded. Sole use of dwarf shrub heath habitat for the estimates 

may also exclude extensive areas of moorland dominated by grasses (mainly in the western 

Highlands), although mountain hares are present at low density in these areas. 

 

The population density of mountain hares is highly variable under differing environmental 

conditions within dwarf shrub heath, with particularly high densities in moorland managed for 

grouse shooting (around 30-69km-2, but exceptionally 200km-2 or more (Harris and Yalden, 

2008)), as well as in the eastern parts of Scotland compared to the west coast. The 

population density estimates used in the current assessment are all taken from one location 

on moorland managed for grouse in the central Highlands. These estimates do not, 

therefore, represent the range of densities likely to be found over the speciesô distribution, 

but are based on areas with favourable habitat. Despite the considerable uncertainty 

surrounding the estimates of population size, surveys in the Peak District National Park 

suggest a population size of 1,500-5,000 in England (Thomas Rhodri, Peak District National 

Park Authority, pers. comm.) which accords with our estimate. Reliability scores are provided 

in Table 6.3e.  

 

  Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Dwarf shrub heath  

Location of 

study sites  

0 Estimates from one location  

1 Estimates restricted 1 

2 Estimates widespread  

Sample size  0 <10 density estimates    

1 10-30 density estimates 1 

2 >30 density estimates      

Occupancy data 

available?  

0 No 0 

1 Yes  

  Habitat score  2 

  Overall reliability score  2 
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Changes through time  

Comparison to Harris et al. (1995)  

Harris et al. (1995) estimated the total population size to be approximately 350,500, 

comprising 350,000 in Scotland and 500 in England. This estimate was based on mean 

densities of 2km-2 on the Scottish Islands and north west of the Great Glen, and 20km-2 

within the rest of their range. These densities were not habitat-specific, but applied to the 

occupied area within the speciesô range, where 50% of the area was assumed to be 

occupied. As the current estimate is based on dwarf shrub heath only, a comparison of 

population sizes between the two time periods is not meaningful because of methodological 

differences.  

 

Some mountain hare populations fluctuate in cycles of approximately 9 years, although this 

time period is subject to variation (Newey et al., 2007). Our assessment does not provide a 

population size at a defined point in this cycle, so an assessment of the population size 

against a single previous estimate would not provide any meaningful information on the 

overall trend of the mountain hare population. 

Other evidence of changes through time 

The GWCT National Gamebag Census found a decrease of 40% (95%CI 68% decrease to 

20% increase) between 1995 and 2009 (Aebischer et al., 2011), although the trend is non-

significant. A summary of trends in population size and range is provided in Table 6.3f. 

 

  Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease       

Data defic ient   Scotland  England   

  



113 

Drivers of change  

 Drivers of population change for the mountain hare between 1995 and the present. 
Drivers are limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Habitat loss. Altered land use and fragmentation 

can result in the loss of foraging 

opportunities and shelter, which may 

be detrimental to survival.  

Patton et al. (2010) Negative 

Management 

(control). 

Hares are hunted for sport, to reduce 

damage to forestry, and in the belief 

that they contribute to the 

transmission of disease to grouse.  

Newey et al. (2008) 

Patton et al. (2010) 

Negative 

Hybridisation 

and 

competitive 

exclusion. 

Hybridisation and competitive 

exclusion may become a threat where 

ranges overlap. 

Thulin et al. (2003) Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the mountain hare.  

Data defic iencies Habitat  Details  

Density estimates do not 

represent within-habitat 

variability. 

All habitats Density is highly variable, and can, 

exceptionally, reach 200km-2 in 

moorland managed for red grouse. 

No density estimates for the 

specified habitat. 

All except 

dwarf shrub 

heath 

A lack of habitat-specific density 

estimates, coupled with difficulty in 

aligning densities to LCM2007 habitat 

categories, reduces the certainty of 

population estimates.  

Multiannual population cycles. All habitats Around 50% of populations exhibit 9-

year population cycles.  

No occupancy data. All habitats  

Future prospects  

 An assessment of the future prospects of the mountain hare, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline* 

Range Stable 

Habitat Decline 

* Decline is assumed because of the likely decline in habitat quality.  
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7 RODENTIA 

 

 

7.1 Red squirrel  Sciurus vulgaris 

 

Habitat preferences  

 

The red squirrel occurs in both conifer and broadleaved woodland, as well as in mixed 

forests and parks and gardens (Harris and Yalden, 2008). It eats a wide range of foods, but 

tree seeds and fruits are particularly important, followed by tree shoots, buds, flowers, 

berries and lichens (Moller, 1983; Gurnell et al., 2015a). Woodlands with mixtures of tree 

seeds provide a more reliable year-to-year food supply. In mixed conifer forests, home range 

selection is based on the availability of seed from different species throughout the year (Lurz 

et al., 2000). Sitka spruce, which is widely planted in managed woodlands, has unreliable 

fruiting cycles, and there is a negative relationship between the proportion of Sitka spruce in 

woodlands and the density of red squirrels (Lurz et al., 1998). 

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: EN; England: [EN]; Scotland: [NT]; Wales: [EN]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is presented in Figure 7.1a. There has been considerable recording effort 

in Scotland since the Saving Scotlandôs Red Squirrels partnership project was launched in 

2012, and particularly since the development in 2015 of an interactive website for recording. 

It is therefore possible to present a detailed distribution map. The gap in the speciesô 

distribution in the Central Belt is likely to extend to the west of Glasgow and east towards 

Edinburgh, with only very sparse records in this region. The intensive survey effort carried 

out by the Saving Scotlandôs Red Squirrels project suggests that this gap is real, and not an 

artefact of the smoothing process used to create the current distribution map. In England, 
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the Red Squirrels Northern England Project has, for over 5 years, helped to stabilise red 

squirrel populations and enable them to spread outside their strongholds. The presence 

records in Surrey are from escaped captive animals and not from an established population.  

 

Figure 7.1a  Current range of the red squirrel in Britain. To reflect the current distribution and permit 
assessment of changes in the speciesô range through time, the maps are based on presence data 
collected between 2010 and 2016, rather than 1995 and 2016 (the period used for most other species 
in this review). This is because the distribution has been undergoing rapid flux in response to the 
spread of grey squirrels. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. Conversely, occasional records 
from the same area, but which are not derived from an established population, can lead to areas of 
presence being indicated on the map (for example, the area in Surrey shown as occupied). The 
distribution of the red squirrel in central Scotland is likely to be less extensive than shown, and may 
not be contiguous from the south of Scotland to the central Lowlands. This is because there is a 
series of adjacent hectads to the west of the current gap, and a further two hectads to the east, that 
each contain only a single record. If these records are erroneous, there will be a break between the 
northern and southern parts of the red squirrelôs range in Scotland. 

Species-specific methods  

As red squirrels are most likely to occur in mature woodlands, all recently planted (<10 

years) and felled woodlands, as defined in the LCM2007, were removed from the analysis.  
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Results  

The literature search returned 19 papers. Of these, 5 contained pre-breeding population 

density estimates; 5 gave post-breeding density estimates; one contained population sizes 

but no study areas; one contained estimates using visual counts only, which was deemed 

unreliable (John Gurnell, pers. obs.); and 7 examined the effects of habitat variables or gave 

data only indicating presence or absence. Population density estimates are provided in 

Table 7.1a, and population size estimates in Table 7.1b. 

 

 Median density estimates for red squirrels with 95% confidence intervals, calculated using 
data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area 

within 

range (ha)  

Density  

(per ha -1) 

-95%CI +95%CI Source*  n** %Occ

À 

Broadleaved 

woodland 

331,000 0.23 0.17 0.64 Kenward et al. (1998) 

Cartmel (2000) 

1 

5 

n/a 

Coniferous 

woodland 

849,000 0.25 0.19 0.4 Lurz et al. (1998) 

Cartmel (2000) 

Wauters et al. (2000) 

Bryce et al. (2005) 

12 

4 

5 

12 

n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Figure 7.1a with the area of habitat in the speciesô distribution. Small 
discrepancies between this calculation and the population sizes shown are owing to rounding errors.  

Country  Area of suitable 

habitat (ha ) 

Population size  -95%CI +95%CI 

England 166,000 38,900 29,500 91,000 

Scotland 976,000 239,000 181,000 444,000 

Wales 38,000 9,190 6,970 18,200 

Britain  1,180,000 287,000 218,000 553,000 

Critique  

No percentage occupancy data were available; the population size for this species is 

therefore overestimated. Most of the population estimate is derived from coniferous 

woodland (73%; Figure 7.1a). The density estimate for this habitat is based on 33 individual 

estimates from four papers. Broadleaved woodland contributes the remaining 27% of the 

population, with the density for this habitat derived from six individual density estimates in 

two papers (see Table 7.1a). Stepwise deletion of each of these density estimates did not 

significantly alter the population size, the biggest difference being an increase in overall 

population size by 8%. 

 

Although young (<10-year-old) coniferous woodland was excluded from the population 

estimation, there may still be considerable overestimation resulting from the inclusion of 

extensive Sitka spruce plantations that support only very low red squirrel densities. This is 

likely to be a particular issue in Scotland and Wales, where Sitka forms 58% and 60% of 

managed conifer woodlands compared with 25% in England (Forestry Commission, 2014). 

Given the limited number of habitats contributing to the overall population of red squirrels, 

additional up-to-date surveys in both broadleaved and different types of coniferous woodland 

(e.g., Scots pine, lodgepole pine, larch, Norway and Sitka spruce) would be beneficial. If a 

crude adjustment were made to the population estimates for Scotland by simply excluding 

Sitka spruce from the calculation of total area of suitable habitat, then the Scottish estimate 

would become 148,000 (95%CI = 112,000-275,000), and the best estimate for Great Britain 

would decline by 91,000 to 196,000 animals. Both the Scottish and British revised figures lie 

outside the confidence limits of the previous estimates. These adjustments are clearly over-
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simplistic since the original calculations accounted to some extent for the presence of Sitka 

spruce: the population density estimates used for coniferous woodland included mixed-

species woodland that incorporated some Sitka spruce. More realistic future adjustments 

could characterise the abundance of monoculture Sitka spruce woodlands and score their 

occupancy as zero, and they could also adjust the density estimates according to the 

proportion of Sitka spruce present in a woodland. In the interim, it should be concluded that 

the true population size may well be toward the lower confidence interval presented here. 

 

There is also likely to be overestimation of the population size estimates for England, Wales 

and the south of Scotland because the range overlap with grey squirrels in these areas is 

likely to depress population densities below the values used in this report. Reliability 

assessments per habitat are provided in Table 7.1c. 

 

 

Figure 7.1a  Left: The percentage of the total population of red squirrels accounted for by each 
habitat type. Error bars are derived by multiplying the lower and upper confidence limit for density 
by the area occupied. Right: The percentage of total area within the speciesô distribution 
represented by each habitat type.  
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Coniferous 

woodland  

Broadleaved 

woodland  

Location of study 

sites  

0 Estimates from one location 
 

 

1 Estimates restricted 1 1 

2 Estimates widespread 
 

 

Sample size  0 <10 density estimates   
 

0 

1  10-30 density estimates 
 

 

2 >30 density estimates     2  

Occupancy data 

available?  

0 No 0 0 

1 Yes 
 

 

  Habitat  score  3 1 

  Overall reliability score  2 

* Populations may be unstable owing to inter-annual cycles, documented fluctuations in population 
size, or management.  

Changes through time  

Comparison to Harris et al. (1995) and Arnold (1993) 

Population size was estimated by Harris et al. (1995) to be 161,000, with 30,000 in England, 

121,000 in Scotland and 10,000 in Wales in 1995. These estimates are based on the 

median population density of 0.55ha-1 in both coniferous and broadleaved woodland, which 

is almost three times higher than the current median density estimate (Table 7.1a). The 

population size in Harris et al. (1995) was adjusted for the proportion of woodland greater 

than 15 years old, and also for occupancy rates. These adjustments were based on expert 

opinion (John Gurnell, pers. obs.) and different values were used per country. The resulting 

total occupied area was 300,000ha, compared with 1,180,000ha in the current review. 

  

The percentage occupancy values employed by Harris et al. (1995) were not reported, and 

so could not be applied in our calculations. Considering that the range size of red squirrels 

has also changed substantially since 1995, the final value for the area occupied could not be 

used, either. The area in the current estimate was, therefore, not adjusted for occupancy, 

and totalled 1,180,000ha of woodland within the speciesô distribution. The lack of occupancy 

data and the consequently larger area used for the population size calculations precludes 
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direct comparisons of population sizes between the two time periods. These differences also 

explain why the current estimates of population size appear larger than those given by Harris 

et al. (1995), despite the evident contraction of the geographical range of the species.  

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats (broadleaved woodland and coniferous woodland), generated by a combination of 

true change and methodological differences, irrespective of any range change (see Sections 

2.3 and 32.3 for further details). The adjusting of results to reflect more probable temporal 

changes in the composition of the British landscape ð using differences between the 1990 

and 2007 Countryside Surveys (Carey et al., 2008) ð produces a population size only 4% 

larger than the original (and within the original confidence limits). These differences are 

unlikely to affect the conclusions materially.  

 

The distributions in England and Wales are considerably more restricted than were reported 

by Arnold (1993; >90% loss in each country), with populations in East Anglia, the Humber 

Estuary, Derbyshire, Pembrokeshire, Carmarthenshire and Denbyshire having been lost, 

and those in Lancashire and Gwynedd significantly reduced. In Scotland, the distribution 

remains approximately as described by Arnold (1993).  

Other evidence of changes through time  

The distribution of red squirrels is reported to have declined since 1995 (Gurnell et al., 

2014). Local grey squirrel control in the north of England and Scotland appears to have 

stabilised numbers in the last few years (John Gurnell, pers. obs.), although there is naturally 

high variability in red squirrel populations so short-term trends should be interpreted 

cautiously. A summary of trends in population size and range is provided in Table 7.1d 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease    Scotland* 
England 
Wales* 

  

Data defic ient         

* Population trends are from Gurnell et al. (2014), rather than by comparison with Harris et al. (1995). 
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Drivers of change  

 Drivers of population change for red squirrels between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Disease 

impact. 

Widespread population suppression caused by 

squirrel pox. 

Chantrey et 

al. (2014) 

Negative 

Recent emergence of adenovirus. Everest et 

al. (2014) 

Negative 

Competition. Competition with grey squirrels for resources, 

leading to reduced recruitment and breeding 

success.  

Gurnell et 

al. (2004b) 

Gurnell et 

al. (2015b) 

Negative 

 

Habitat 

quality. 

Pathogenic tree disease affecting, e.g., larch 

and pine will influence habitat availability and 

key food resources. There has been a 

considerable increase in the proportion of 

Sitka spruce ð which is unfavourable for red 

squirrels ð particularly in Scotland over recent 

decades. Changes in subsidy patterns may 

reduce this, but there are disease and yield 

considerations that limit replanting with Scots 

pine and some other more favourable species.  

Lurz et al. 

(1998) 

Shuttleworth 

et al. (2012) 

Forestry 

Commission 

(2014) 

Negative 

 

Climate warming may lead to the planting of 

new commercial conifer crop species, 

although decisions are likely to be influenced 

by disease mitigation.  

Gurnell et 

al. (2015a) 

Uncertain 

Conservation 

measures. 

Control of grey squirrels has prevented further 

encroachment into red squirrel range in the 

Scottish Borders and Aberdeenshire, 

eradicated them from Anglesey, and has 

reduced competition where ranges overlap.  

John 

Gurnell 

(pers. obs.) 

Positive 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates of red squirrels.  

Data defic iencies Habitat  Details  

Limited density estimates for 

key habitat.  

Broadleaved 

woodland 

There are 5 individual population 

density estimates. 

Density estimates do not 

represent within-habitat 

variability. 

Broadleaved 

and coniferous  

woodland 

Population density is likely to be highly 

variable, depending on woodland 

condition and other factors not 

accounted for in the current 

assessment.  

Density estimates are more 

than 10 years old. 

Broadleaved 

woodland 

The most recent estimate is from 2000. 

No occupancy data. All habitats  

Future prospects  

 An assessment of the future prospects of the red squirrel, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline* 

Range Decline* 

Habitat Stable 

* Rate may slow in response to the control of grey squirrels. 
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7.2 Grey squirrel Sciurus carolinensis 

Habitat preferences  

 

The grey squirrel lives in a wide variety of habitats, including broadleaved forests, mixed and 

coniferous forests, urban and suburban areas, and parks and gardens. It feeds primarily on 

the nuts and seeds of trees and shrubs, but maintains a varied diet and switches to different 

sources of food depending on availability at different times of year (Moller, 1983). Over-

winter survival, and subsequent population density, are related to food availability and the 

severity of winter weather (Gurnell, 1996). In urban areas, population densities increase with 

the level of urbanisation (Baker and Harris, 2007; see also Bonnington et al., 2014), with 

grey squirrels making use of anthropogenic sources of food, such as bird seed in gardens. 

The grey squirrel can survive in highly fragmented, functionally isolated landscapes 

(Stevenson-Holt et al., 2014). Its generalist foraging behaviour and ability to adapt to 

different habitats and food sources have aided its spread throughout Britain. 

Status  

Non-native. 

Conservation Status 

 

¶ IUCN Red List (GB: n/a; England: n/a; Scotland: n/a; Wales: n/a; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is presented in Figure 7.2a. Extensive recording efforts in Scotland by the 

Saving Scotlandôs Red Squirrels partnership project, led by the Scottish Wildlife Trust, allows 

the production of a detailed distribution map for Scotland. The project has confirmed a gap in 

the distribution of grey squirrels between Dundee and an isolated population in Aberdeen. 

This gap has been filled by the smoothing process used to create the current distribution 

maps (see Methods section 2.5), rather than by records in this area. The established 

population of grey squirrels in Aberdeen does not extend to the north coast in 

Aberdeenshire/Banffshire; this area contains very sparse records that are likely to be derived 

from occasional individuals rather than established populations.  
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Figure 7.2a  Current range of the grey squirrel in Britain. To reflect the current distribution and permit 
assessment of changes in the speciesô range through time, the maps are based on presence data 
collected between 2010 and 2016 (rather than 1995 and 2016 as for most other species in this 
review). This is because the distribution has been undergoing rapid expansion over the last 20 years, 
and the time-frame has been matched to that used for red squirrels. Areas that contain very isolated 
records may not have been included in the area of distribution ð see Methods, Section 2.5, for more 
details. 

Species-specific methods  

As mature woodlands provide a more suitable habitat for grey squirrels, all recently planted 

(<10 years) and felled woodlands, as defined in the LCM2007, were removed from the 

analysis (John Gurnell, pers. obs.).  

Results  

The literature search identified 18 relevant papers. Of these, eight contained pre-breeding 

population density estimates, four contained post-breeding estimates, and two were 
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literature reviews that were used to obtain additional references included in the review. The 

remaining four papers contained details of the effect of environmental variables on relative 

density or demography. Population density estimates are provided in Table 7.2a, and 

population sizes in Table 7.2b. 

 Median density estimates for grey squirrels with 95% confidence intervals, calculated 
using data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area within 

range (ha)  

Density 

(ha-1) 

-95%CI +95%CI Source*  N** %OccÀ 

Broadleaved 

woodland 

1,160,000 1.90 0.80 2.45 Gurnell (1983) 

Gurnell (1996) 

Kenward et al. 

(1998) 

Cartmel (2000) 

2 

12 

1 

6 

n/a 

Urban and 

gardens 

1,350,000 0.19 0.18 0.20 Bonnington et 

al. (2014) 

3 n/a 

Coniferous 

woodland 

791,000 0.31 0.21 0.87 Bryce et al. 

(2005) 

Cartmel (2000) 

Gurnell et al. 

(2004a) 

Smith (1999) 

1 

2 

18 

17 

n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 7.2a with the area of habitat within the speciesô distribution. 

Country  Area of suitable 

habitat (ha)  

Population size  -95%CI +95%CI 

England 2,260,000 1,940,000 957,000 2,560,000 

Scotland 709,000 478,000 249,000 808,000 

Wales 333,000 283,000 139,000 423,000 

Britain  3,300,000 2,700,000 1,340,000 3,790,000 

Critique  

No percentage occupancy data were available; the population size is therefore 

overestimated for this species. Broadleaved woodland contributes 81% of the estimated grey 

squirrel population, and forms 35% of the suitable habitats within their distribution (Figure 

7.2b). The population density estimate for broadleaved woodland is based on 21 individual 

density estimates from four papers, although the most recent of these is from 2000 (Cartmel, 

2000). Coniferous woodland forms 27% of suitable habitats within the geographical range 

(Figure 7.2b), and population densities ð based on 38 estimates from four papers ð are 

much lower in this habitat.  

 

There is considerable inter-annual variation in grey squirrel density, depending largely on 

tree seed availability. Further surveys of population density in years with different tree-seed 

abundance are therefore advised for all suitable habitats. Despite the removal of young 

(<10-year-old) coniferous woodland, much of the remaining commercial conifer forest 

included in the estimate is also too young to support grey squirrel populations. Also, 

extensive Sitka spruce plantations, which form 58% of productive coniferous woodland in 

Scotland (Forestry Commission, 2014), are included in the calculations despite having very 

low grey squirrel densities. Whilst these factors may have resulted in some overestimation of 

the population size, their impact will be smaller than for red squirrels because conifer 

woodlands in general support only low densities of grey squirrels. Nevertheless, the 

application of density estimates to finer scale habitat classifications may reduce this error in 

future assessments. A reliability assessment is provided in Table 7.2c. 
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Figure 7.2b  Left: The percentage of the total population of grey squirrels accounted for by each 
habitat type. Error bars are derived by multiplying the lower and upper confidence limit for density by 
the area occupied. Right: The percentage of total area within the speciesô distribution represented by 
each habitat type.  

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Coniferous 

woodland  

Broadleaved 

woodland  

Urban 

and 

gardens  

Location of 

study sites  

0 Estimates from one 

location 

 
 0 

1 Estimates restricted 1 1  

2 Estimates widespread 
 

  

Sample size  0 <10 density estimates   
 

 0 

1  10-30 density estimates 
 

1  

2 >30 density estimates     2   

Occupancy 

data 

available?  

0 No 0 0 0 

1 Yes 
 

  

  Habitat score  3 2 0 

  Overall reliability score  1.7 
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Changes through time  

Comparison to Harris et al. (1995) 

Total population size was reported as 2,520,000 in Harris et al. (1995), with 2,000,000 in 

England, 200,000 in Scotland and 320,000 in Wales. These calculations were based on 

density estimates for woodlands as well as urban areas, although the population density 

used for urban areas was particularly low (0.1ha-1). The methods used to estimate 

population size were similar to those in this review, but the relatively low reliability of our 

estimate, and lack of data on the percentage of occupied habitat, mean that a comparison is 

not advised. Population density as currently reported for broadleaved woodlands is much 

higher than the estimate used by Harris et al. (1995). This is most likely to be the result of 

within-habitat variation in population density (Peter Lurz, pers. comm.), rather than because 

of an actual increase in density. 

Other evidence of changes through time 

No other evidence on temporal trends was found during the literature search. A summary of 

trends in population size and range is provided in Table 7.2d.  

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  
Data 
defic ient  

Population size  

Increase  Scotland 
England 
Wales 

    

Stable        

Decrease        

Data defic ient       
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Drivers of change  

 Drivers of population change for grey squirrels between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Continuing range 

expansion following 

species introduction. 

Colonisation of 

suitable habitat. 

Mayle and Broome 

(2013) 

Positive 

Management (control). Localised 

suppression. 

Mayle and Broome 

(2013) 

Negative 

 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates of grey squirrels.  

Data defic iencies Habitat  Details  

Limited density estimates for 

specified habitat. 

Urban and gardens There are three recent estimates 

(post-1995). 

Density estimates do not 

represent within-habitat 

variability. 

Broadleaved and 

coniferous  

woodland 

Population density is likely to be 

highly variable between years 

(depending on masting) and 

woodlands. 

Density estimates are more 

than 10 years old. 

Broadleaved 

woodland 

The most recent estimate is from 

2000. 

No occupancy data. All habitats  

Managed populations. All habitats Management is not taken into 

account in the current assessment. 
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Future prospects  

 An assessment of the future prospects of the grey squirrel, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Increase* 

Range Increase 

Habitat Stable 

*Rate of increase may slow in response to control. 

7.3 Eurasian beaver Castor fiber 

Habitat preferences  

The beaver primarily occupies riverine and wetland habitats. The species requires year-

round access to fresh water with suitable herbaceous vegetation which provides forage and 

materials for dam-building (Macdonald et al., 1995). A keystone species, the beaver often 

modifies sub-optimal habitats extensively, by building dams, burrows and lodges. Foraging 

predominantly within 20m of the waterôs edge, it eats a wide variety of aquatic and terrestrial 

vegetation, including willow, poplar and alder trees, grasses and forbs (Gurnell et al., 2008; 

Gaywood et al., 2015). 

 

The beaver was nearly extinct in Europe, with only approximately 1,200 animals remaining in 

eight populations, at the start of the 20th century (Halley and Rosell, 2003). Following 

extensive conservation efforts, reintroductions in many areas (e.g., Scotland (Gaywood, 

2018)), and new legal protection, it has made a considerable recovery (Halley et al., 2012).  
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Status  

Native (reintroduced). 

Conservation Status 

 

¶ IUCN Red List (GB: EN; England: n/a; Scotland: n/a; Wales: n/a; Global: EN.) 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

 

Under Article 22 of the Habitats Directive, Britain has a duty to consider the reintroduction of 

extinct native species (Macdonald et al., 1995). Wild beavers were reintroduced into 

Scotland in 2009 and into England in 2015 by means of trial releases. In November 2016, 

the Cabinet Secretary for Environment and Climate Change for the Scottish Government 

announced that beavers could remain in Scotland (Gaywood, 2018), and work began to put 

in place the full legal protection which would be afforded to the species under UK and EU 

legislation. The legal status of protection in England is currently under ministerial 

consideration, as the species has only relatively recently been reintroduced as part of a trial 

release.  
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Speciesô distribution  

 

Figure 7.3a  Current range of the Eurasian beaver in Britain. Range is based on presence data 
collected between 1995 and 2016. Areas that contain very isolated records may not have been 
included in the area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Known populations of beavers are currently limited to three areas of Britain, for which total 

population size estimates are available. These estimates were combined to give an 

estimated population size of free-living beavers in Britain. 
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Results  

 The size of free-living Eurasian beaver populations in Britain. 

Location  Population 

Size 

-95%CI +95%CI References  n 

Tayside* 146 106 187 Campbell et al. (2012) 1 

Knapdale & 

Argyll* 

10 - - Gaywood et al. (2015) 1 

River Otter, 

Devon 

12 - - Devon Wildlife Trust (Mark 

Elliott, pers. comm.) 

1 

Total  168 - -   

* A revised estimate of population size in Scotland is currently in preparation. 

Changes through time  

Comparison to Harris et al. (1995) 

Beavers were not assessed in Harris et al. (1995). A summary of trends in population size 

and range is provided in Table 7.3b. 

Other evidence of changes through time  

Owing to their recent reintroduction, a detailed assessment of temporal trends has not yet 

been made.  

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range 

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase  
Scotland 
England* 

      

Stable        

Decrease        

Data defic ient         

* Increase in range and population size owing to the speciesô reintroduction. 
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Drivers of change  

 Drivers of population change for the Eurasian beaver between 1995 and the present. 
Drivers are limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Speciesô 

introduction. 

There was a trial release in Knapdale 

in 2009, followed by reports of beavers 

in Tayside in 2012, thought to be the 

result of unlicensed releases. There 

was a trial release on the River Otter, 

England, in 2015. 

Campbell et al. 

(2012) 

Gaywood et al. 

(2015) 

Positive 

Management 

(control). 

 

Beavers provide ecosystem services 

such as increased ground water 

storage, flow stabilisation and flood 

prevention, but there are also concerns 

about negative socioeconomic impacts 

resulting from canal construction and 

felling of trees of commercial value. 

These conflicts of interest, along with 

uncertain legal protection for beavers 

in Scotland, have resulted in 

persecution. 

Gaywood et al. 

(2015) 

Tayside Beaver 

Study Group (2015) 

Gaywood (2018) 

Negative 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the Eurasian beaver.   

Data defic iencies Habitat  Details  

Population sizes are based on total 

counts rather than density 

estimates. 

Riparian In small populations, numbers 

can be counted with 

reasonable accuracy. 
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Future prospects  

 An assessment of the future prospects of the Eurasian beaver, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Increase 

Range Increase 

Habitat Stable 

7.4 Hazel dormouse Muscardinus avellanarius  

Habitat preferences  

The hazel dormouse is found primarily in broadleaved woodland. It is traditionally associated 

with early successional stages of woodland, as well as coppice, which is structurally similar  

(Bright et al., 2006; Juskaitis and Büchner, 2013), but recent studies have shown that it 

occurs in a range of wooded habitats including scrub, coniferous plantations and hedges 

(Chanin and Woods, 2003). Rather than being a strict habitat specialist, the hazel dormouse 

is therefore now seen as more adaptable (Juskaitis and Büchner, 2013). Similarly, although 

early studies in species-rich habitats showed that the species exploits a wide range of high 

quality plant foods (flowers, buds, seeds and fruits), it is now known also to occupy habitats 

with low food species diversity. An omnivorous diet, including significant quantities of 

insects, may permit this flexibility (Juskaitis and Büchner, 2013). 

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: VU; England: [VU]; Scotland: n/a; Wales: [VU]; Global: LC). 

¶ National Conservation Status (Article 17 overall assessment 2013. UK: Bad; 

England: Bad; Scotland: n/a; Wales: Bad). 
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Speciesô distribution  

Wales and southern England are the strongholds for this species. There is currently only one 

known population in Cumbria: the area presented in the distribution map (Figure 7.4a) may, 

therefore, be an overestimate. Owing to the levels of interest in dormice, and recording 

schemes such as the Great Nut Hunt (1993, 2001 and 2009-11) and the National Dormouse 

Monitoring Programme (Wembridge et al., 2016a), the gaps shown in the speciesô 

distribution in Wales may represent true gaps.  

 

Figure 7.4a  Current range of the hazel dormouse in Britain. Range is based on presence data 
collected between 1995 and 2016. Areas that contain very isolated records may not have been 
included in the area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Percentage occupancy was available from two papers (Bright et al., 1994; Bright et al., 

1996), and was based on the percentage of sites surveyed that contained signs of dormice 

(i.e., gnawed nuts). In Bright and Morris (1996), participants were asked to search hazel 
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scrub for signs of dormice, but were not given prior knowledge of sites which were likely to 

contain dormice. Survey effort, and the availability of hazel nuts, were not standardised, 

potentially leading to some false-negative results. In Bright et al. (1994), woodlands stratified 

by age, area and isolation were selected at random, but surveys were conducted only where 

hazel scrub was heavily fruiting to maximise the probability of detecting dormice, and reduce 

the risk of false negatives. Survey effort was standardised between sites. The percentage 

occupancy used in this review was therefore derived from Bright et al. (1994), because more 

of the potential biases were addressed. Percentage occupancy for hedgerows was taken 

from Bright and MacPherson (2002), where occupancy was measured from hedgerows in 50 

sites. The population estimates for hedgerows, also derived from Bright and MacPherson 

(2002), were converted into densities (per hectare) using the length and width of hedgerows. 

As the current analysis considers hedgerows as a linear habitat, these areas were converted 

to the number of hazel dormice per km, assuming each kilometre of hedgerow had an 

average width of 3m. 

Results  

Seventeen relevant papers were returned from the literature search, with four containing pre-

breeding population density estimates. The remaining papers contained details of the 

speciesô presence, assessments of survey methods, or relative measures of population 

density. One paper (Bright and Morris, 2005) contained pre-breeding estimates from expert 

opinion that were included in another source (Bright et al., 2006). Population density 

estimates are provided in Table 7.4a, and population size estimates in Table 7.4b.  
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 Median density estimates for hazel dormice with 95% confidence intervals, calculated 
using data obtained from a review of the literature from 1995 to 2015. Hedgerow length and density 
within hedgerows are presented as km and km-1, respectively. 

Habitat  Area within 

range (ha)  

Density 

(ha-1) 

-95%CI +95%CI Source*  n** %OccÀ 

Broadleaved 

woodland 

734,000 3.0 1.0 8.2 Bright et al. 

(2006) ÀÀ 

Chanin and 

Gubert (2011) 

Trout et al. 

(2012) 

5 

2 

2 

34% 

Coniferous 

woodland 

229,000 2.0 1.6 7.3 Expert opinion 3 34% 

Hedgerows 275,000 

(km) 

0.26 0.15 0.36 Bright and 

MacPherson 

(2002) 

Bright et al. 

(2006) 

2 

1 

35.5% 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
ÀÀ Estimates from this reference are based on expert opinion.  

 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 7.4a with the area of habitat within the speciesô distribution, and 
adjusting for occupancy. 

Country  Area of suitable 

habitat (ha)  

Population 

size 

-95%CI +95%CI 

England 764,000 757,000 298,000 2,110,000 

Scotland 0 0 0 0 

Wales 200,000 172,000 90,700 529,000 

Britain  964,000 930,000 389,000 2,640,000 

* The lengths of hedgerows are 238,000km in England and 372,000km in Wales.   
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The Article 17 Report on hazel dormouse population size 2007-2012 is shown in Table 7.4c 

(Joint Nature Conservation Committee, 2013b). The estimated population size in the current 

review is more than an order of magnitude larger, though there are methodological 

differences between the two reports. The geographical ranges reported in the Article 17 

report and the current review are similar (Table 7.4d).  

 Article 17 Report on hazel dormouse population size 2007-2012 (Joint Nature 
Conservation Committee, 2013b). 

Country  Minimum  Maximum  

England  37,500 37,500 

Scotland  0 0 

Wales 7,500 7,500 

Britain  45,000 45,000 

Note: maximum and minimum estimates were the same values in the country-level reports. 

 Geographical ranges reported by the current review and the most recent Article 17 Report 
(Joint Nature Conservation Committee, 2013b). 

Country  Extent of occurrence  

(km 2) 

Surface e stimate in 

JNCC Article 17 Report 

2007-2012 (km 2) 

England 67,600 n/a 

Scotland 0 n/a 

Wales 14,700 n/a 

Britain  82,300 86,890 

Critique  

Most of the population is found in broadleaved woodlands (83%), and this accounts for 76% 

of the speciesô distribution (Figure 7.4b). The population density estimate for broadleaved 

woodland ranged from 1ha-1 to 8.2ha-1, based on nine density estimates reported in three 

papers. Experts in the field provided population density estimates which broadly agree with 

those found in the literature, with best-guess density estimates ranging from 1ha-1 to 10ha-1 

for broadleaved woodland, and 0km-1 to 28km-1 for hedgerows. The reliability score for 

population estimates in broadleaved woodland is shown in Table 7.4e. 
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Percentage occupancy values were estimated from surveys of woodlands containing hazel 

only. The possibility of dormice living in a wider range of habitats (including those where 

hazel was absent) was not considered. As recent research suggests that hazel dormice are 

not specialised to hazel coppice, and are much more adaptable to other habitat types 

(Juskaitis and Büchner, 2013), the percentage occupancy value of 34% may not be 

representative of all habitats, and could be a significant underestimate (Paul Chanin, pers. 

comm.). Conversely, permanent populations are unlikely to be found in woodlands < 20ha, 

even though these form a significant proportion of woodlands in the speciesô range (Tony 

Mitchell-Jones, pers. comm.); therefore, occupancy may be lower than 34% in some regions. 

 

 

Figure 7.4b  Left: The percentage of the total population of hazel dormice accounted for by each 
habitat type. Error bars are derived by multiplying the lower and upper confidence limit for density by 
the area occupied. Right: The percentage of total area within the speciesô distribution represented by 
each habitat type. Linear features (hedgerows) have been omitted. 
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Broadleaved 

woodland  

Location of study 

sites  

0 Estimates from one location 
 

1 Estimates restricted 1 

2 Estimates widespread 
 

Sample size  0 <10 density estimates   0 

1  10-30 density estimates 
 

2 >30 density estimates     
 

Occupancy data 

available?  

0 No  

1 Yes 1 

  Habitat score  2 

  Overall reliability score  2 

Changes through time  

Comparison to Harris et al. (1995)  

Population estimates from Harris et al. (1995) were limited to ancient woodlands, and were 

reported as 500,000 in Britain, 465,000 in England and 35,000 in Wales. The principal 

difference between the current review and Harris et al. (1995) is that the latter used a higher 

estimate of density but a narrower range of habitats. A population density of 5ha-1 was 

applied to ancient woodlands based on expert adjustment of the density of 8-10ha-1 found in 

prime habitat. The current analysis includes all broadleaved woodland, rather than ancient 

woodland only, as well as hedgerows and coniferous woodland. 50% of available habitat 

was assumed by Harris et al. (1995) to be occupied, as opposed to 34% in the current 

analysis.  

 

Population sizes are, therefore, unlikely to be directly comparable between the two time 

periods because of the methodological differences. A summary of trends in population size 

and range is shown in Table 7.4f. 
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Other evidence of changes through time  

The National Dormouse Monitoring Programme (NDMP) has assessed trends in relative 

population size through counts of nest box occupancy in selected sites since 1993. During 

this period, there has been a steady decline in relative occurrence (numbers of adult dormice 

found in boxes), particularly in eastern areas, with a 48% (95%CI = 39%-55%) overall 

decline reported for the 10 years from 2005 to 2015 (Goodwin et al., 2017). Inferences about 

changes to population size depend on the relationship between nest box occupancy and 

true dormouse density; this relationship is currently unknown, and may vary over time if 

alternative nesting opportunities change. A genetic assessment of two British woodlands 

also revealed that a high proportion of the population was not encountered during nest box 

monitoring (Naim et al., 2011). Nevertheless, the trends in the NDMP appear consistent 

between shorter- and longer-term survey periods, and are robust to different levels of survey 

effort, suggesting that the NDMP currently provides the best available evidence on 

dormouse population trends (Goodwin et al., 2017). 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range 

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable       

Decrease   
England 
Wales* 

   

Data defic ient        

* Range and population size trends are taken from Goodwin et al. (2017) rather than from comparison 
with Harris et al. (1995). Trends reflect monitored sites only; wider trends are unknown. A remnant 
population in Northumberland is believed to have become extinct since 2010 (Ian White, pers. 
comm.). 
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Drivers of change  

 Drivers of population change for hazel dormice between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Habitat 

loss. 

 

Fragmentation; poor management can lead to a 

reduction in woodland species diversity and 

over-shading of understory. 

In the past, a decline in coppice management 

may have led to a reduction in range and 

density; revival of the practice in recent years 

has provided more optimal habitat. 

Bright et al. 

(2006) 

Negative 

Habitat 

quality. 

Climate change may cause changes in food 

availability. Increasing deer numbers may affect 

woodland understory. 

Bright et al. 

(2006) 

Gill and Fuller 

(2007) 

Negative 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for hazel dormice.  

Data defic iencies Habitat  Details  

No density estimates for the 

specified habitat. 

Coniferous 

woodland 

Density estimates are based 

on expert opinion. 

No occupancy data for the 

specified habitat. 

Coniferous 

woodland 

Percentage occupancy is 

based on surveys of hazel 

coppice. 

Limited density estimates for key 

habitat. 

Broadleaved 

woodland, 

hedgerows 

Median density is based on 9 

and 3 density estimates, 

respectively. 
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Future prospects  

 An assessment of the future prospects of the hazel dormouse, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline 

Range Stable 

Habitat Decline 

7.5 Edible dormouse Glis glis 

Habitat preferences  

The edible dormouse is found in coniferous, broadleaved and mixed woodlands, as well as 

orchards and gardens (Harris et al., 1995). It shows a dietary preference for oak acorns and 

beech nuts (Pilastro et al., 2003; Ruf et al., 2006). Habitat barriers are thought to have 

limited its spread, although specific habitat requirements in Britain have not been studied in 

detail. Most research has focused on the negative effects of edible dormice on forestry (Platt 

and Rowe, 1964; Jackson, 1994), with some research on demography and population 

dynamics in known habitats (Burgess et al., 2003; Morris and Morris, 2010). The edible 

dormouse exhibits unusual life history traits, being relatively long-lived with a short, often 

unsuccessful, breeding season (Morris and Morris, 2010). The reason for the restricted 

distribution in the south of England is unclear, but it is likely to reflect its slow reproduction 

and lack of dispersal behaviour, as well as habitat barriers (Morris and Hoodless, 1992), 

rather than a lack of suitable habitat in other areas (Morris and Morris, 2010). 
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Status  

Non-native. 

Conservation Status 

 

¶ IUCN Red List (GB: n/a; England: n/a; Scotland: n/a; Wales: n/a; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution   

 

Figure 7.5a  Current range of the edible dormouse in Britain. Range is based on presence data 
collected between 1995 and 2016. Areas that contain very isolated records may not have been 
included in the area of distribution ð see Methods, Section 2.5, for more details. 
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Results  

Four papers were identified by the literature search, one of which contained pre-breeding 

population density estimates. Two of the remaining papers contained density estimates 

(Morris and Temple, 1998; Burgess et al., 2003), but the data were subsequently included in  

the publication by Morris and Morris (2010). The final paper contained information on 

population dynamics. Population density estimates are provided in Table 7.5a, and 

population size estimates in Table 7.5b. 

 Median density estimates for edible dormice with 95% confidence intervals, calculated 
using data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area within 

range (ha)  

Density 

(ha-1) 

-95CI +95CI Author*  n** % OccÀ 

Broadleaved 

woodland 

27,000 0.84 0.36 3.0 Morris and 

Morris (2010) 

13 n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying density 
estimates in Table 4.5a with the area of habitat within the speciesô distribution.  

Country  Area of suitable 

habitat (ha)  

Population size  -95%CI +95%CI 

England 27,000 [23,000] [9,800] [82,000] 

Britain  27,000 [23,000] [9,800] [82,000] 

Critique  

The 1995 population size estimate was based on a single pilot study, with an assumed 

occupancy of 66% of the woodland available within the speciesô range. The current review 

uses yearly estimates taken over a period of 13 years at the same location (Morris and 

Morris, 2010); variation in abundance between these estimates therefore reflects temporal, 

but not spatial, differences. No occupancy data were available, and so the calculated 

population size is an overestimate. The methodological differences make direct comparisons 

between the two reviews difficult.  
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Expert opinion resulted in a suggested population size of 200,000-300,000, based on the 

availability of domestic properties and woodland in the Chiltern area. Dormouse densities of 

7 per domestic property (with a 60% occupancy rate) and 15 per hectare of woodland, were 

assumed, and the population size was halved to provide an estimate for a non-peak year 

(Roger Trout, pers. comm.). The surveys on which these calculations are based are likely to 

have been conducted in high density areas. It is unclear whether they are representative of 

the whole speciesô range. It is also possible that there could be some double counting, as 

dormice using buildings are likely to forage in nearby woodland. 

 

Reported population densities are lower in the northern parts of the speciesô range in 

mainland Europe (e.g., 0.8-2ha-1 and 2ha-1 in Lithuania and Latvia, respectively (PilǕts et al., 

2009; Juskaitis et al., 2015)), than in central and southern Europe (10-50ha-1 (Rossolimo et 

al., 2001; Kryġtufek and Flajġman, 2007; see Juskaitis et al., 2015)). The density estimate 

used for woodland in this review is therefore comparable to densities found in the northern 

periphery of the speciesô range, whereas the expert opinion estimate is closer to that 

reported for central and southern Europe. A reliability score is provided in Table 7.5c. 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Broadleaved 

woodland  

Location of study 

sites  

0 Estimates from one location 0 

1 Estimates restricted  

2 Estimates widespread  

Sample size  0 <10 density estimates    

1  10-30 density estimates 1 

2 >30 density estimates      

Occupancy data 

available?  

0 No 0 

1 Yes  

  Habitat score  1 

  Overall reliability score  1 
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Changes through time  

Comparison to Harris et al (1995) 

Harris et al. (1995) reported a population size of 10,000 for England, although this estimate 

was based on sparse data. The distribution of edible dormice does not appear to have 

expanded significantly in the last 20 years, and their population density is unlikely to have 

changed radically. However, the current population estimate is twice that proposed by Harris 

et al. (1995) (though an order of magnitude smaller than the estimate from expert opinion). 

Nationally, there are changes between the two reviews in the estimated availability of 

several key habitats, generated by a combination of true change and methodological 

differences, regardless of any range change (see Sections 2.3 and 32.3 for further details).  

The adjusting of results to reflect more probable temporal changes in the composition of the 

British landscape ð using differences between the 1990 and 2007 Countryside Surveys 

(Carey et al., 2008) ð still yields a population estimate approximately twice that of Harris et 

al. (1995). The difference between the two reviews is therefore considered to result from the 

different methodologies, and the lack of robust occupancy data for either study, as well as 

from true population increase.   

Other evidence of changes through time 

The speciesô distribution has increased very slowly, most likely because of slow 

reproduction, lack of dispersal behaviour, and habitat barriers (Morris and Hoodless, 1992; 

Morris and Morris, 2010). There has been no systematic attempt to eradicate the species 

from Britain. A summary of trends in population size and range is shown inTable 7.5d.   

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient   England*     

* Very slow increase owing to slow reproduction, lack of dispersal behaviour, and habitat barriers. 



150 

Drivers of change  

 Drivers of population change of edible dormice between 1995 and the present.  

Driver  Mechanism  Source  Direction of 

effect  

Species introduction. Continued expansion into 

suitable habitat. 

 Positive 

Habitat quality. Fruiting cycles (climate 

change). 

Hibernation (climate 

change). 

 Positive 

Positive/Negative 

Management 

(control). 

Localised suppression.  Negative 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for edible dormice.  

Data defic iencies Habitat  Details  

No occupancy data. Broadleaved woodland Across the speciesô 

distribution. 

No density estimates for 

specified habitat. 

Urban and gardens  
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Future prospects  

 An assessment of the future prospects of the edible dormouse, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Increase** 

Range Increase* 

Habitat Increase 

* Very slow increase owing to slow reproduction, lack of dispersal behaviour, and habitat barriers. 
** Increase in population size is inferred from an increase in range.  

7.6 Bank vole Myodes glareolus 

Habitat preferences  

The bank vole is found in a variety of habitats, including hedgerows, conifer plantations and 

road verges, but shows a strong preference for mature broadleaved and mixed woodland 

(Flowerdew et al., 2004). The diet comprises fruits, seeds and leaves from broadleaved 

trees, although other food sources such as flowers, grasses and moss are taken 

opportunistically. Unlike populations in mainland Europe, the bank vole forms a high 

proportion of its winter diet in Britain from dead leaves (Hansson, 1985).  

 

Limited recent research is available on the factors affecting the population density of bank 

voles, although abundance is positively associated with the quality and size of woodlands. 

The species requires dense ground vegetation (Fernando et al., 1994). It is found frequently 

in field margins and hedgerows, which can support large resident populations (Gelling et al., 

2007), but only rarely in arable fields (Harris and Yalden, 2008). Arable habitats were 

therefore excluded from the population estimates. There is no evidence of multi-annual 

cycles for bank voles in Britain (Flowerdew et al., 2004). 

Status  

Native. 
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Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC).  

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is shown in Figure 7.6a. Gaps in the distribution in England and Wales 

are likely to represent areas lacking survey effort, rather than true absences. It is unclear 

whether the larger gaps in Scotland reflect a lack of recorder effort or true absences. Further 

survey effort is recommended in these areas to increase confidence in the current 

distribution.  

 

Figure 7.6a  Current range of the bank vole in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 
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Results  

The literature search (using both Myodes glareolus and Clethrionomys glareolus as species 

names) identified 63 papers. Fourteen provided information on population size or 

distribution; of these, six gave pre-breeding estimates of population density, and one 

contained percentage occupancy for hedgerows (Gelling et al., 2007). The remaining papers 

reported post-breeding estimates, assessed the relative effects of environmental variables 

on population size, or gave distribution data only. Population density estimates by habitat are 

shown in Table 7.6a, and total population size estimates in Table 7.6b.  

 

 Median density estimates for bank voles with 95% confidence intervals, calculated using 
data obtained from a review of the literature from 1995 to 2015. Hedgerows are divided according to 
whether they were managed through an agri-environment scheme (AES and non-AES). Hedgerow 
length and density within hedgerows are shown in km and km-1, respectively. 

Habitat  Area within 

range (ha)  

Density 

(ha-1) 

-95%CI +95%CI Source*  n** %OccÀ 

Broadleaved 

woodland 

1,200,000 9 6 10 Flowerdew et al. 

(2004), Hare (2009) 

147 

2 

n/a 

Urban areas  

and gardens 

1,320,000 4.5 3.0 7 expert opinion 2 n/a 

Coniferous 

woodland 

944,000 5 3.5 12 expert opinion 2 n/a 

Dwarf shrub 

heath 

966,000 1 0.05 3 expert opinion 1 n/a 

Fen, marsh 

and swamp 

6,900 30 0 50 expert opinion 1 n/a 

Improved 

grassland 

6,070,000 0.1 0 1 expert opinion 2 n/a 

Unimproved 

grassland 

900,000 1 0 3 expert opinion 3 n/a 

Hedgerows  

(AES) 

139,000 

(km) 

10.5 0 26 Shore et al. (2005) 

Broughton et al. 

(2014) 

Kotzageorgis and 

Mason (1997) 

24 

12 

9 

96% 

Hedgerows  

(Non-AES) 

311,000 

(km) 

6.3 1.2 8  

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 7.6a with the area of habitat within the speciesô distribution, and 
adjusting for occupancy where known. 

* The lengths of hedgerows are 386,000km in England, 14,000km in Scotland, and 50,400km in 
Wales.  

Critique  

Percentage occupancy data were not available for most habitats; the population size is 

therefore overestimated. Most of the population estimate is derived from broadleaved 

woodland (39%). Yet broadleaved woodland forms a low proportion of the land cover within 

the speciesô range (Table 7.6a), and its importance is therefore largely a consequence of 

high density estimates relative to other habitats. Many of the density estimates for these 

other habitats were derived from expert opinion, highlighting the need for detailed surveys in 

habitats lacking empirical data.  

 

Just over half of the habitat within range is improved grassland (Table 7.6a). It is estimated 

that this large habitat area supports only 1% of total bank vole population because of low 

population density (0.1ha-1). This estimate is again the average of values provided by two 

expert opinions, and validation of the estimated values would improve future calculations of 

population size. Despite the low suitability of improved grassland and arable land for bank 

voles, a significant proportion of the population is found in hedgerows in these areas. It is 

possible that many individuals captured within improved grassland reside in hedgerows, and 

therefore the inclusion of both these habitats could have slightly overestimated the 

population. (Arable land was excluded.) A reliability assessment is provided in Table 7.6c. 

For density estimates based on expert opinion, a conservative score of 1 has been applied 

to the ólocation of study sitesô section.  

  

Country  Area of 

suitable 

habitat (ha)  

Population size  -95%CI +95%CI 

England 7,120,000 19,100,000 10,400,000 35,600,000 

Scotland 2,520,000 5,390,000 3,130,000 11,900,000 

Wales 1,770,000 2,930,000 1,560,000 6,560,000 

Britain  11,400,000 27,400,000 15,100,000 54,100,000 
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Figure 7.6b  Left: The percentage of the total bank vole population accounted for by each habitat type. 
Error bars are derived by multiplying the lower and upper confidence limit for density by the area 
occupied. Right: The percentage of total area within the speciesô distribution represented by each 
habitat type. Linear features (hedgerows) have been omitted. 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Broadleaved 
woodland  

Unimproved 
grassland  

Improved 
grassland  

Location of 

study sites  

0 Estimates from one 

location 

 
  

1 Estimates restricted 
 

1 1 

2 Estimates 

widespread 

1   

Sample size  0 <10 population 

density estimates   

 
0 0 

1  10-30 population 

density estimates 

 
  

2 >30 population 

density estimates     

2   

Occupancy 

data available?  

0 No 0 0 0 

1 Yes 
 

  

  Habitat score  3 1 1 

  Overall reliability score  1.7 
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Changes through time  

Comparison to Harris et al. (1995) 

Harris et al. (1995) reported a total population size of 23,000,000, comprised of 17,750,000 

in England, 3,500,000 in Scotland and 1,750,000 in Wales. Those values fall within the 

confidence limits of our estimates here, except in Scotland for which current estimates are 

somewhat higher. Population sizes were calculated by Harris et al. (1995) from density 

estimates for hedgerows, woodland, scrub and bracken only, where the density per habitat 

type was assigned using a combination of empirical data and expert opinion. The methods to 

estimate current population size are, therefore, similar, although the difference in selected 

habitats and use of expert opinion mean that comparisons should be made with caution.  

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats, generated by a combination of true change and methodological differences, 

irrespective of any range change (see Sections 2.3 and 32.3 for further details). The 

adjusting of results to reflect more probable temporal changes in the composition of the 

British landscape ð using differences between the 1990 and 2007 Countryside Surveys 

(Carey et al., 2008) ð produces a population size only 5% different from the original (and 

within the original confidence limits). These differences in assumed habitat areas therefore 

do not materially affect the comparison of population sizes between the reviews. 

Other evidence of changes through time 

No other evidence of temporal trends was found in the literature. A summary of trends in 

population size and range is shown inTable 7.6d. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  
Data 
defic ient  

Population size  

Increase         

Stable        

Decrease        

Data defic ient    
England 
Wales 

Scotland*   
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Drivers of change  

 Drivers of population change for bank voles between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Unknown.    

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates of bank voles.  

Data defic iencies Habitat  Details  

No density estimates 

for specified habitat. 

Fen, marsh, swamp, heathland, 

grassland, different types of 

conifer forest, urban, suburban. 

Density estimates are 

currently based on expert 

opinion.   

No occupancy data. All habitats except hedgerows.  

Future prospects  

 An assessment of the future prospects of the bank vole, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable 

Range Stable 

Habitat Stable 
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7.7 Field vole Microtus agrestis 

Habitat preferences  

The field vole is most abundant in rough low-productivity grassland under low intensity 

management and untreated by artificial fertilisers. Long tussocky grass allows for the 

formation of  runs and nests (Gelling et al., 2007), and provides protection from aerial 

predators. The speciesô density is negatively associated with grazing pressure, but low 

intensity grazing, particularly by sheep, may be beneficial as it leads to more diverse 

vegetation structure (Schmidt et al., 2005). The field vole may also live in marginal habitats: 

it can occupy open grassy patches within fragmented woodlands, as well as moorlands, at 

low densities (Bellamy et al., 2000; Tattersall et al., 2000), and marginal rough grasslands 

may support high densities. 

 

Linear habitats, such as hedgerows, are becoming an increasingly important because of 

habitat fragmentation and the loss of tussocky grasslands (Tattersall et al., 2002). Not only 

can hedgerows provide useful corridors, but the vegetation in hedgerow bottoms can also 

provide the sole habitat for the species, especially within pastoral landscapes with typical 

grazing intensities (Gelling et al., 2007).  

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is presented in Figure 7.7a. Gaps in the speciesô distribution throughout 

the mainland are likely to represent areas lacking survey effort, rather than true absences. 

Further survey effort is recommended in these areas to increase confidence in the current 

distribution.  



159 

 

Figure 7.7a  Current range of the field vole in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Field voles use long tussocky grass as their primary habitat, so it was assumed that animals 

within both arable and improved grassland would be transient individuals that would be 

largely accounted for by the estimates for hedgerows. Arable and improved grassland 

habitats were therefore not included in the calculation of population size. Annual and multi-

annual cycles (three to four year periodicity) in population size are known in Britain, but non-

cyclic populations are also present in different areas (Lambin, 2008). These differences 

make it difficult to assess the status of the population as a whole, or even the stage of the 

cycle reached at any given time. Therefore, whenever temporal data were available, troughs 

in population size were used as the best estimate of pre-breeding density, even if these were 

not obtained in the spring (Lambin et al., 2000; Loughran, 2006). 
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Results  

Nine papers were identified by the literature search. Of these, four contained pre-breeding 

estimates of population size, four reported post-breeding estimates of population size, and 

one examined the effect of habitat variables on relative population size. Habitat-specific 

population densities and total population size estimates are presented in Table 7.7a and 

Table 7.7b, respectively. 
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 Median density estimates for field voles with 95% confidence intervals, calculated using 
data obtained from a review of the literature from 1995 to 2015. Hedgerows are divided according to 
whether they were managed through an agri-environment scheme (AES and non-AES). Hedgerow 
lengths are in km, and animal density within hedgerows is in km-1. 

Habitat  Area within 

range (ha)  

Density 

(ha-1) 

-95%CI +95%CI Source*  n** %OccÀ 

Unimproved 

grassland 

1,100,000 48 33.33 52.5 (Lambin et al., 

2000) 

Flowerdew et al. 

(2004) 

Loughran 

(2006) 

11 

2 

5 

n/a 

Bog 757,000 1 0 1 expert opinion 2 n/a 

Broadleaved 

woodland 

1,270,000 1 0 2 expert opinion 2 n/a 

Urban and 

gardens 

1,360,000 1.5 0.05 2.5 expert opinion 2 n/a 

Coniferous 

woodland 

1,310,000 1 0 1.5 expert opinion 2 n/a 

Fen, marsh 

and swamp 

8,570 5 0 12 expert opinion 1 n/a 

Hedgerows  

(AES)  

143,000 

(km) 

7.5 2 52 Broughton et al. 

(2014) 

12 n/a 

Hedgerows  

(Non-AES) 

319,000 

(km) 

2 0 20 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 7.7a with the area of habitat within the speciesô distribution. 

* The lengths of hedgerows are 396,000km in England, 18,700km in Scotland, and 47,300km in 
Wales.  

Critique  

No percentage occupancy data were available; the population size is therefore 

overestimated. Most of the estimated population (88%) is derived from unimproved 

grassland (Figure 7.7b). The population density used for this habitat is based on 18 sites 

reported in three papers. Unimproved grassland accounts for 19% of the habitat found within 

the speciesô distribution. Coniferous woodland, broadleaved woodland and urban areas form 

most of the remaining area (67%), although the densities within these habitats are thought to 

be low (Table 7.7a). Improved grassland was excluded from the analysis on the grounds that 

it offers poor habitat for field voles, and individuals using this environment would be 

accounted for by the hedgerow density estimates. 

 

Grassland habitats have spectrally similar profiles in remotely sensed datasets, so areas of 

rough grassland may have been misclassified as improved grassland, and vice versa, in the 

LCM2007 dataset. The area given for rough grassland may therefore be inaccurate. We also 

grouped improved, neutral, acid and calcareous grasslands together for the analysis, 

combining those habitats most likely to be mistaken for each other but which are also 

functionally similar. Some of this óimproved grasslandô grouping may support a low density of 

field voles, particularly if grazing intensity is low (Schmidt et al., 2005), but the habitat has 

been excluded from this analysis. A reliability assessment is provided in Table 7.7c. 

. 

Country  Area of suitable  

habitat ( ha) 

Population size  -95%CI +95%CI 

England 3,090,000 28,600,000 16,900,000 44,000,000 

Scotland 2,150,000 21,500,000 13,600,000 24,500,000 

Wales 561,000 9,760,000 6,430,000 11,800,000 

Britain  5,810,000 59,900,000 37,000,000 80,300,000 
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Figure 7.7b  Left: The percentage of the total population of field voles accounted for by each habitat 
type. Error bars are derived by multiplying the lower and upper confidence limit for density by the area 
occupied. Right: The percentage of total area within the speciesô distribution represented by each 
habitat type. Linear features (hedgerows) have been omitted. 

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Unimproved 

grassland  

Location of study 

sites  

0 Estimates from one location 
 

1 Estimates restricted 1 

2 Estimates widespread 
 

Sample size  0 <10 population density estimates   
 

1  10-30 population density estimates 1 

2 >30 population density estimates     
 

Occupancy data 

available?  

0 No 0 

1 Yes 
 

  Habitat score  2 

  Overall reliability score  2 
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Changes through time  

Comparison to Harris et al. (1995) 

The population size estimate in Harris et al. (1995) was 75,000,000. This estimate was 

based on the ratio of field voles to other small mammals in a range of samples, including live 

traps and owl pellets. Values of 1.9 field voles per wood mouse and 1.8 field voles per 

common shrew were derived across all samples. As this method is not based on the area of 

suitable habitat within the speciesô distribution, a comparison between population size 

estimates from Harris et al. (1995) and the current estimate is not advised.  

Other evidence of changes through time 

No other sources of data on temporal trends were found in the literature. However, a report 

from 1955 indicates a pre-breeding density of 118-530 field voles ha-1 (Lockie, 1955), and 

field vole óplaguesô have been regularly reported historically. Although population cycles 

continue, the pre-breeding densities for rough grassland in recent literature are at least half 

of those given in the 1955 report. This difference may reflect either a long-term change in 

population sizes, or simply that the available studies are not representative of the whole 

population. A summary of trends in population size and range is shown in Table 7.7d. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient     All countries    
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Drivers of change  

 Drivers of population change for field voles between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Habitat quality. Habitat fragmentation, nitrogen 

deposition and lack of 

management. 

 Negative 

 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for field voles.  

Data defic iencies Habitat  Details  

No density estimates for the 

specified habitat. 

Bog 

Broadleaved 

woodland 

Urban and gardens 

Coniferous 

woodland 

Fen, marsh and 

swamp 

Density estimates are based on 

expert opinion.  

Multiannual population 

cycles. 

All habitats Adds uncertainty to the population 

size estimate as the stage of the 

cycle is unknown. 

No occupancy data. All habitats  

Availability of rough pasture 

of appropriate structure. 

Grasslands Field voles are highly dependent 

on tussocky grassland. Availability 

is currently difficult to determine 

from LCM2007. 



166 

Future prospects  

 An assessment of the future prospects of the field vole, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change, and potential future drivers of change. For a 
full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable 

Range Stable 

Habitat Decline 

7.8 Orkney Vole Microtus arvalis  orcadensis  

Habitat preferences  

The Orkney vole is a subspecies of the common vole Microtus arvalis. It has a larger body 

size than common voles, as well as other morphological differences (Berry, 1996). The 

species is present in most natural habitat types, conifer plantations and linear features 

throughout Orkney. However, it has largely disappeared from agricultural fields following the 

switch to high intensity production methods (Gorman and Reynolds, 1993; Gorman and 

Reynolds, 2003), and in these areas, ditches (including old peat-cuttings), fence-lines and 

road verges are important habitats.  

Status  

Non-native (naturalised ð island endemic). 

The species was introduced to the Orkney archipelago approximately 5,000 years ago 

(Martínková et al., 2013). 

Conservation Status 

 

¶ IUCN Red List (GB: VU; England: n/a; Scotland: [VU]; Wales: n/a; Global: LC).  

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 
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Speciesô distribution  

 

Figure 7.8a  Current range of the Orkney vole in Great Britain. Range is based on presence data 
collected between 1995 and 2016. 

Results  

No estimates for pre-breeding population densities were available from the literature review, 

and no data were available from the previous population review (Harris et al., 1995). 

However, overall population estimates were made for the years 1998-1990: post-breeding 

estimates for Orkney were 3,000,000 on Mainland, 500,000 on Rousay, 300,000 on 

Westray, 200,000 on South Ronaldsay and 100,000 on Sanday (Reynolds, 1992). Pre-

breeding populations can therefore be inferred to be 1,000,000-2,000,000. The population 

size is not known to experience cycles (see(Gorman and Reynolds, 2003; Harris and 

Yalden, 2008; Fraser et al., 2015a). 
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Critique  

There was no evidence on which to base a population estimate for this review. 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

All  

Location of study 

sites  

0 Estimates from <=1 location 0 

1 Estimates restricted 
 

2 Estimates widespread 
 

Sample size  0 <10 density estimates   0 

1  10-30 density estimates 
 

2 >30 density estimates     
 

Occupancy data 

available?  

0 No 0 

1 Yes 
 

  Habitat score  0 

  Overall reliability score  0 

Changes through time  

Comparison to Harris et al. (1995) 

It is not possible to make a comparison because no estimate could be made, and the value 

in the previous report also had low reliability, having been based on expert opinion (Harris et 

al., 1995). 

Other evidence of changes through time 

There are significant concerns about declines in the population inferred from the loss of 

natural habitats to agriculture (falling from 81% of land cover in 1936 to 63% in the early 

1990s) and the switch to high intensity methods of agricultural production, creating habitats 

with low suitability for voles (Reynolds, 1992; Gorman and Reynolds, 1993; Gorman and 

Reynolds, 2003). In addition, stoats were introduced to the archipelago in 2010, and are now 

present throughout Mainland, Burray and South Ronaldsay, posing a significant threat to 

vole populations (Fraser et al., 2015a) . Orkney voles are important prey for hen harriers, 
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and reported declines in that species may also be indicative of a continuing decline in 

Orkney vole populations (Amar et al., 2003). 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease    Scotland*    

Data defic ient        

* Inferred from loss of habitat and the introduction of a non-native predator. 

 

Drivers of change  

 Drivers of population change for Orkney voles between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Habitat quality. 

 

Agricultural intensification 

results in a reduction in 

suitable habitat and cover.  

Reynolds (1992) 

Gorman and Reynolds 

(1993) 

Gorman and Reynolds 

(2003) 

Negative 

Habitat 

availability. 

Conversion of natural habitats 

to agriculture. 

Gorman and Reynolds 

(1993) 

Negative 

Predation. Introduction of a non-native 

predator (stoats).  

Fraser et al. (2015a) Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for Orkney voles.  

Data defic iencies Habitat  Details  

No density estimates. All  

No occupancy data. All  

No estimates of within-

habitat variability. 

All  

 

Future prospects  

 An assessment of the future prospects of the Orkney vole, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline 

Range Stable 

Habitat Decline 

7.9 Water vole Arvicola amphibius 

Habitat preferences  

The water vole in Great Britain is primarily riparian, usually occurring within 2m of water. 

Although fossorial ecotypes not associated with water are common in continental Europe 

(Berthier et al., 2014), and populations have been identified in localised areas of Glasgow 

and on some Scottish islands (Telfer et al., 2003; Stewart et al., 2017), these are currently 

considered to be a small proportion of the total population. The riparian water vole prefers 
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slow-flowing rivers, streams and marshes with tall dense vegetation (Strachan and Jefferies, 

1993) that provides cover from avian predators (Lawton and Woodroffe, 1991). Reeds and 

grasses are used for food, cover and nesting material, while steep sandy banks allow it to 

construct extensive burrows above and below the waterline (Barreto et al., 1998b).  

 

Unlike the larger colonies found in the lowlands, the upland water vole forms small scattered 

colonies, occupying dispersed patches of suitable habitat (Aars et al., 2001). These 

fragmented populations are vulnerable to stochastic variation and other threats (Capreolus 

Wildlife Consultancy, 2005). Nevertheless, upland areas and headwater streams are now 

the most important remaining sites for the water vole in some areas, despite low population 

densities (Walsh and Hall, 2005). 

 

Over the last century, intensification of agriculture has had a number of adverse 

consequences for water vole habitat. Factors detrimental to water voles have included 

wetland drainage, the encroachment of cultivated land into riparian and wetland habitats, 

overgrazing, and the degradation of the structural and vegetative suitability of banks for 

water vole burrows because of cattle poaching. River bank reinforcement programmes, and 

increased frequency of spate events because of altered drainage patterns and weather 

changes, have also negatively affected the suitability of riparian habitat. Together with 

predation by the non-native American mink (Neovison vison), these changes have resulted 

in a drastic decline in water vole populations (Jefferies et al., 2003; Gow, 2008; MacPherson 

and Bright, 2011). This decline has led to the establishment of the UK Water Vole Steering 

Group and the development of mink control strategies, such as the Scottish Mink Initiative, 

part-funded by the SNH Species Action Framework. 

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: EN; England: [EN]; Scotland: [NT]; Wales: [CR]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 
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Speciesô distribution   

Accurate maps are difficult to produce for this species; populations can disappear quickly 

where mink are present and may not recolonise, and variation in recording effort makes it 

difficult to determine areas of true absence. The National Water Vole Database and Mapping 

Project has collected presence records for water voles since 2008, and so map coverage is 

likely to be considerably more thorough than for other species of small rodents. The project 

does not, however, include systematic survey coverage for water voles, and so it is unclear 

whether gaps in the speciesô distribution are caused by low recorder effort. In Wales, neither 

a National Key Site for Water Voles (Llanelli), nor several other populations, are shown on 

the smoothed distribution map. The latest evidence collated by the Wales Wildlife Trust is 

therefore presented for comparison (Figure 7.9a). 

 

Figure 7.9a  Left: Current range of the water vole in Britain. To reflect the current distribution against 
changes in the speciesô range through time, the range is based on presence data collected between 
2005 and 2016 (rather than 1995 and 2016 as for most other species in this review). Areas that 
contain very isolated records may not have been included in the area of distribution ð see Methods, 
Section 2.5, for more details. Right: Current distribution records for Wales (Wales Wildlife Trust).  
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Species-specific methods  

The lengths of riparian habitat for Scotland, Wales and each English region, were derived 

from Table 4 of Harris et al. (1995). These lengths were multiplied by the percentage of each 

region/country included in the speciesô distribution (Figure 7.9a), and then by the occupancy 

values per country or region (Table 7.9a). For Scotland, mean occupancy was taken from 

values in Strachan et al. (2000), Capreolus Wildlife Consultancy (2005), and Reynolds and 

Telfer (2000). The regional lengths for England were totalled to give an estimate for the 

whole country. The occupied lengths of riparian habitat were then multiplied by the 

abundance value (voles per 100m) provided in Table 7.9b, and summed to give the 

population size per country.  

Results  

24 papers and 10 government reports were identified by the literature search. Of these, 3 

contained pre-breeding population density estimates, with the remainder containing post-

breeding density estimates, habitat requirements, occupancy values or presence surveys. 

Percentage occupancy data are shown in Table 7.9a, population density estimates in Table 

7.9b, and population size estimates in Table 7.9c. 
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 Percentage occupancy of water voles per region of Britain.  

Region /Country  Occupancy 

(%) 

River length 

occup ied (km)  

Source  

North West 8.2 865 Strachan et al. (2000) 

Yorkshire 7.1 971 Strachan et al. (2000) 

Northumbria 8.7 874 Strachan et al. (2000) 

South West 1.9 197 Strachan et al. (2000) 

Wessex 23.1 1,830 Strachan et al. (2000) 

Anglian 29.8 6,230 Strachan et al. (2000) 

Southern 28.1 2,750 Strachan et al. (2000) 

Thames 24 2,550 Strachan et al. (2000) 

Severn Trent 14.1 3,050 Strachan et al. (2000) 

Wales (overall) 5.7 1,130 Strachan et al. (2000) 

Cairngorms (Bynack) 9 - Capreolus Wildlife Consultancy 

(2005) 

Cairngorms (Geldie) 39 - Capreolus Wildlife Consultancy 

(2005) 

Scotland (overall) 9.6 - Strachan et al. (2000) 

Scotland (Lothians) 2 - Reynolds and Telfer (2000) 

England  See above  19,300  

Scotland (mean)  14.9 12,500  

Wales  5.7 1,130  
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 Median density estimates for water voles with 95% confidence intervals, calculated using 
data obtained from a review of the literature from 1995 to 2015. 

Habitat  Length 

within range 

(km)  

Density  

(per km)  

-95%CI 

(per 

km)  

+95%CI 

(per 

km)  

Source*  n** %OccÀ 

Riparian 219,000 4 3 10 Barreto and 

MacDonald (2000) 

Capreolus Wildlife 

Consultancy (2005) 

Mutch and Scottish 

Natural Heritage 

(2000) 

Oxford (2004) 

5 

 

2 

 

6 

 

 

6 

See 

Table 

7.9a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range.  

 

 Length of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 7.9b with the area of habitat within the speciesô distribution, and 
adjusting for occupancy where known. 

Critique  

Water vole population density depends on a number of factors that were not accounted for in 

our estimate. For example, density will be higher in areas with high vegetative cover and 

fewer mink. Non-linear wetland areas such as reed beds and grazing marsh can also 

support high population densities and potentially offer refuges from mink predation (Strachan 

and Moorhouse, 2006; MacPherson and Bright, 2010): these habitats were not included in 

our assessment because of a lack of i) data on occupancy, and ii) sufficiently fine resolution 

habitat data to permit identification of potentially suitable areas. Wider water channels may 

Country  Length of riparian 

habitat (km)  

Population 

size 

-95%CI +95%CI 

England 115,000 77,200 57,900 193,000 

Scotland 83,900 50,000 37,500 125,000 

Wales 19,800 4,500 3,400 11,300 

Britain  219,000 132,000 99,000 329,000 
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also contain higher densities of water voles than assumed here because separate 

populations can form on each bank (Harris et al., 1995), although recent evidence suggests 

that most surviving populations inhabit upper tributaries rather than main river channels 

owing to the presence there of mink (Telfer et al., 2001). The distribution of water voles can 

also change rapidly over time as local populations are lost to mink predation, or to a lesser 

extent because of habitat change: the occupancy data in this review may therefore be 

outdated despite being relatively recent (Strachan et al., 2000; Capreolus Wildlife 

Consultancy, 2005). Continuous monitoring of this species is therefore vital. 

 

Population densities vary between upland and lowland areas, with headwaters offering 

potential refuges for water voles (Walsh and Hall, 2005). Stratification into lowland and 

upland areas may provide a more robust population estimate, although more measures of 

population density would be required to ensure that variation between these areas is 

represented in the dataset.  

 

A reliability assessment is provided in Table 7.9d. 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Riparian  

Location of study 

sites  

0 Estimates from one location 
 

1 Estimates restricted 1 

2 Estimates widespread 
 

Sample size  0 <10 population density estimates   
 

1  10-30 population density estimates 1 

2 >30 population density estimates     
 

Occupancy data 

available?  

0 No  

1 Yes 1 

  Habitat sc ore  3 

  Overall reliability score  3 
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Changes through time  

Comparison to Harris et al. (1995) and Strachan et al. (2000)  

Harris et al. (1995) reported a total population of 1,169,000 water voles in Britain, comprising 

752,000 in England, 376,000 in Scotland and 41,000 in Wales. The approaches taken by 

Harris et al. (1995) and the current review are comparable, except that the former obtained 

pre-breeding population estimates by adjusting summer population sizes, whereas the 

current review computed the pre-breeding population size directly from spring density 

estimates. Both reviews adjusted for the percentage of habitat occupied based on the 

findings of the Vincent Wildlife Trustôs national water vole surveys. Harris et al. (1995) used 

the 1989-1990 surveys (Strachan and Jefferies, 1993), and the current review used the 

1996-1998 surveys (Strachan et al., 2000), supplemented with additional data (see Table 

7.9a).  

 

Applying the same method as Harris et al. (1995), Strachan et al. (2000) estimated the 

overwintering population in 1996-1998 to be 262,500. These figures suggest a 78% decline 

in water vole population size between 1989-1990 and 1996-1998. The current review 

suggests a further decrease by 50% for the period 1998-2016. The occupancy values used 

in our estimate were measured in 1996-1998 (Britain; Strachan et al., 2000), supplemented 

by data collected in 2005 for upland Scotland (Capreolus Wildlife Consultancy, 2005), and 

the density estimates were derived in 2000-2005 (see Table 7.9b). Although trends in 

density are unclear, occupancy had decreased by 80% in most areas between 1989-1990 

and 1996-1998 and, despite conservation efforts, the pressures of mink predation and 

habitat loss mean that this trend is highly likely to have continued. A notable exception may 

be parts of Scotland where systematic landscape-scale mink control has been conducted 

(Bryce et al., 2011; Gaywood et al., 2016; Robertson et al., 2017). For example, both upland 

and lowland regions of Aberdeenshire and the Cairngorms National Park have seen marked 

recoveries of water voles. Although recolonization is a slow process, particularly where 

starting population densities are low, water voles are now ubiquitous over large areas 

(Xavier Lambin, pers. comm.). A summary of trends in population size and range is provided 

in Table 7.9e. 
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 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease   Scotland* 
England 
Wales** 

   

Data defic ient        

* A small increase in range may be the result of successful mink control as well as increased recorder 
effort. 
** Range shifts do appear to have occurred. Decreases in population size are most likely owing to 
decreased population density and occupancy.  

Drivers of change  

 Drivers of population change for water voles between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Predation. Predation by American mink. Ward (2005)  

Barreto and MacDonald 

(2000) 

Negative 

Habitat 

quality. 

Change in land management: 

wetland drainage, arable 

cultivation and watercourse 

canalisation. Negative effects 

may be offset in some areas by 

improvements to water quality 

driven by the Water Framework 

Directive.  

Gow (2008) 

Barreto et al. (1998a) 

Rushton et al. (2000) 

Negative 

Conservation 

effort. 

Multiple captive breeding and 

reinforcement projects. 

Gow (2008) 

McGuire et al. (2014) 

Positive 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for water voles.  

Data defic iencies   Habitat  Details  

Density estimates are more than 10 

years old. 

Riparian The most recent density estimates are 

from 2005. 

Density estimates do not represent 

within-habitat variability. 

Riparian Density estimates are from limited 

locations only. 

Occupancy data are outdated. Riparian  Occupancy data were from 1996-1998 

(and 2005 in upland Scotland), and 

occupancy is likely to have changed 

substantially since then.  

Density and occupancy data for key 

habitat types are missing. 

Fen, 

marsh, 

swamp, 

and grazing 

marsh 

Systematic data are not available for 

Great Britain. 

Future prospects  

 An assessment of the future prospects of the water vole, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline* 

Range Stable 

Habitat Stable 

* There is no evidence that recent national trends are likely to change, unless mink control has a 
major impact.  
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7.10 Harvest mouse Micromys minutus 

Habitat preferences  

Although predominantly associated with agricultural habitats (Love et al., 2000), the harvest 

mouse is also frequently found in reed beds, and in undisturbed areas of rough grassland 

such as road verges (Harris, 1979b; Dickman, 1986). The species is now more commonly 

found in boundary features such as hedgerows, field margins and ditches, than within the 

cropped areas of fields (Harris et al., 1995; Moore et al., 2003). Summer foraging and 

nesting largely take place in the stem-zone of tall vegetation, whereas boundary features 

and shorter vegetation are used after harvest.  

 

It is probable that the harvest mouse has been adversely affected by changes to agricultural 

practices, such as the switch to shorter-stemmed cereal varieties (Harris, 1979b), and the 

transition to winter cereals that are cut before the breeding season (Harris, 1979a). 

However, it is difficult to quantify the scale of any impacts, not only because of a lack of 

baseline data, but also because there are large seasonal and annual fluctuations in 

population size.   

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: NT; England: [LC]; Scotland: n/a; Wales: [VU]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is shown in Figure 7.10a. Gaps in the speciesô distribution in England are 

likely to represent areas lacking survey effort, rather than true absences. Surveys are 

therefore recommended in these areas.  
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Figure 7.10a  Current range of the harvest mouse in Britain. Range is based on presence data 
collected between 1995 and 2016. Areas that contain very isolated records may not have been 
included in the area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Very few population density estimates exist for the harvest mouse, particularly for the pre-

breeding period. Harris et al. (1995) calculated population size on the basis of a ratio of 26.6 

wood mice to one harvest mouse. Owing to a lack of pre-breeding population density 

estimates for harvest mice, the same approach was used in the current review. Additional 

data are now available that allow this ratio used by Harris et al. (1995) to be updated 

(Bellamy et al., 2000; Love et al., 2000; Moore et al., 2003; Woods et al., 2003; Askew et al., 

2007; see Clapham, 2011).  

 

Wood mouse population sizes per country (and their upper and lower 95% confidence limits) 

were divided by the geographical range size (extent of occupancy) to produce density 

estimates (ha-1) for the entire area over which the harvest mouse could potentially be found. 

These values were converted into harvest mouse densities by dividing by the mean ratio of 
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wood mice:harvest mice. These density estimates were then multiplied by the geographical 

range size (extent of occupancy) to produce the population estimates.  

Results  

Eleven papers and one government report were identified by the literature search. One 

paper contained pre-breeding estimates of population density (Clapham, 2011), and five 

reported post-breeding estimates and distribution data, or examined the relationship 

between habitat characteristics and harvest mouse presence. Five publications contained 

the ratio of wood mice to harvest mice; they are summarised by Clapham (2011) along with 

the ratios included by Harris et al. (1995) (see Table 7.10a for details). Population densities 

of harvest mice in relation to wood mice are shown in Table 7.10b, and population size 

estimates in Table 7.10c.  
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 Ratio of wood mice to harvest mice (Ratio WM:HM) (after Clapham (2011)). The mean 
ratio is shown in the final row. 

Type of study  Habitat  Ratio  

(WM:HM) 

Source  

Trapping ð Minimum 

Number Alive (MNA) (data 

from 2003) 

Arable (new farm woodland, 

set-aside, field margins) 

43:1 Askew et al. (2007) 

Trapping ð MNA (data from 

2004) 

Arable (new farm woodland, 

set-aside, field margins) 

69:1 Askew et al. (2007) 

Trapping ð MNA Road verges 73:1 Bellamy et al. 

(2000) 

Trapping ð MNA New farm woodland 1:1  Moore et al. (2003) 

Trapping ð MNA Farmland 9:1 Moore et al. (2003) 

Trapping ð MNA Hedgerows 61:1 Moore et al. (2003) 

Barn owl pellet analysis Unknown 15: 1 Love et al. (2000) 

Cat predation questionnaires Unknown 11: 1 Woods et al. (2003) 

Meta-analysis of methods 

below: 

Unknown 27:1 Harris et al. (1995) 

Barn owl pellets Unknown 9:1 Harris et al. (1995)  

Short eared owl pellets Unknown 81:1 Harris et al. (1995)  

Bottle samples Unknown 37:1 Harris et al. (1995)  

Trapping samples Unknown 58:1 Harris et al. (1995)  

Mean ratio  
 

34:1 (SE 9)  
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  Area of occurrence (geographical range as defined by alpha shape) for wood mice, and 
density for wood mice and harvest mice. For wood mice, density was calculated by dividing the total 
population size (see Table 7.11b) by area. For harvest mice, density was calculated by dividing the 
density of wood mice (this table) by the ratio of wood mice to harvest mice (Table 7.10a).  

 Wood mouse  Harvest Mouse  

Country  Area (ha)  Density 

(ha-1) 

-95CI +95CI Density 

(ha-1) 

-95CI +95CI 

England 12,759,000 1.45 0.67 2.32 0.04 0.02 0.07 

Wales  2,005,000 1.95 0.84 3.21 0.06 0.02 0.09 

 

 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 7.10b by the area of distribution.  

Critique  

Harvest mouse population estimates are extremely difficult to make with any level of 

certainty. Only one pre-breeding population density estimate has been published since 1995 

(Clapham, 2011), with very few estimates prior to this. Populations are thought to have a 

clumped distribution (Harris, 1979b), with large seasonal fluctuations (Gosling and Baker, 

2008). Evidence of harvest mouse presence (nests) is easily overlooked in surveys, and the 

species is difficult to trap in spring and summer as it is rarely found at ground level at that 

time of year (Harris et al., 1995). Consequently, any direct estimate of population size would 

be subject to considerable error.  

 

Our estimate is based on the mean ratio of wood mice to harvest mice. Yet the primary 

habitats for wood mice do not necessarily correspond with those for harvest mice (the former 

being highly dependent on woodland and the latter on long grass). Our estimation of harvest 

Country  Area of 

distribution (ha)  

Population size  -95%CI +95%CI 

England 10,164,000 [532,000] [272,000] [879,000] 

Wales 504,000 [34,000] [16,600] [55,700] 

Britain  10,668,000 [566,000] [288,000] [934,000] 
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mouse numbers makes the assumption that the ratios shown in Table 7.10a are 

representative across the geographical range. No account is taken of the differing areas of 

each habitat. Therefore, rarer habitats may be over-represented in the mean ratio. Harvest 

mice also occur in some habitats, such as fenland, for which no ratios are available. The 

ratios in many habitats are likely to be unreliable because data are sparse (e.g., for road 

verges); even so, information for all habitats has been weighted equally. A reliability 

assessment is shown in Table 7.10d. 

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

All habitats  

Location of study 

sites  

0 Estimates from one location 0 

1 Estimates restricted  

2 Estimates widespread  

Sample size  0 <10 density estimates   0 

1  10-30 density estimates  

2 >30 density estimates      

Occupancy data 

available?  

0 No 0 

1 Yes  

  Habitat score  0 

  Overall reliability score  0 

Changes through time  

Comparison to Harris et al. (1995) 

Harris et al. (1995) estimated the population size of harvest mice to be 1,425,000, with 

1,415,000 in England and 10,000 in Wales. These estimates, however, were not adjusted to 

take into account the smaller distribution of harvest mice compared to wood mice. Rather, 

the population size in Britain was calculated by dividing the population size of wood mice by 

the ratio of wood mice to harvest mice, and proportions of this value were assigned to 

countries post hoc. This is likely to have overestimated the total population size, as wood 

mice are present in a larger area of Britain than harvest mice. Reassessment of the data 

from Harris et al. (1995) using the method presented here (i.e. (wood mouse population 
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size/current wood mouse distribution area/ratio of wood mice to harvest mice) * area of 

harvest mouse distribution)), suggests a total population size in Britain of 793,000, although 

this method assumes that the speciesô range has remained constant since 1995.  

 

The reassessed population size from 1995 falls within the confidence limits of the current 

estimate. Further surveys are therefore suggested to improve the precision of population 

size estimates and to allow for an assessment of trends.  

Other evidence of changes through time 

Information about harvest mouse density is very sparse, and no other reports of temporal 

trends are currently available. A summary of trends in population size and range is provided 

in Table 7.10e. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient     England 
Wales 
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Drivers of change  

 Drivers of population change for harvest mice between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Environmental 

conditions. 

Increase in wet summers limits 

range expansion. 

Harris et al. (1995) 

Sutton and Dong 

(2012) 

Negative 

Warmer climate may increase 

fecundity. 

Harris (1979a) Positive 

Habitat quality ð 

decline. 

Changes in agricultural practice, 

such increased use of  winter-

sown crops which are harvested 

earlier in the summer, likely to 

result in loss of nests and young. 

Perrow and Jowitt 

(1995) 

Boatman et al. 

(2007) 

Negative 

 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for harvest mice.  

Data defic iencies Habitat  Details  

No density estimates for key 

habitat. 

Hedgerows, woodland edges, 

reed beds, rough grassland 

 

Limited density estimates for key 

habitat. 

Arable land   

No occupancy data. Arable land, hedgerows, 

woodland edges, reed beds, 

rough grassland 
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Future prospects  

 An assessment of the future prospects of the harvest mouse, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline 

Range Stable 

Habitat Decline 

7.11 Wood mouse Apodemus sylvaticus 

Habitat preferences  

The wood mouse is highly adaptable and is found in most habitats, including woodland, 

arable land, rough grassland, heather, blanket bog, sand dunes, urban areas and 

hedgerows (Kotzageorgis and Mason, 1997; Marsh and Harris, 2000; Flowerdew and 

Ellwood, 2001; Tattersall et al., 2001). Population densities in woodland vary with 

successional stage: mid-level regeneration of 5- to 10-year-old vegetation supports a higher 

density of wood mice than either ungrazed fields or 10-year-old regeneration (Marsh and 

Harris, 2000).  

 

Hedgerows, including those distant from woodlands, are an important habitat for the wood 

mouse, and can support resident populations (Gelling et al., 2007). Population densities in 

hedgerows are high after arable crops are harvested, and also when grass swards are short 

because of grazing or cutting (Tew and Macdonald, 1993; Garratt et al., 2012). At these 

times, the wood mouse, like other small mammals, makes preferential use of boundary 

features rather than in-field areas (Tattersall et al., 2001). Similarly, hedgerows provide 

cover and food sources during autumn and winter (Kotzageorgis and Mason, 1997; Liu et al., 

2013).  
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Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is shown in Figure 7.11a. Gaps in the mainland speciesô distribution are 

likely to reflect a local lack of survey effort, rather than true absences. Further surveys are 

therefore recommended in these areas.  

 

Figure 7.11a  Current range of the wood mouse in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 
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Species-specific methods  

Wood mouse populations fluctuate seasonally, with peaks in autumn and early winter and 

troughs in spring and summer (Flowerdew, 1985; Harris et al., 1995). Density estimates 

were therefore derived only from studies which took place between March and June. As 

wood mice in arable land primarily use field margins, with incorporation of crop fields into 

home ranges only before the harvest (Tattersall et al., 2001), we assume that the in-field 

population will be included within the estimate for hedgerows. Arable land is therefore 

excluded from the analysis.  

 

No recent density estimates were available for fen, marsh and swamp habitat. Had the 

estimates from Harris et al. (1995) for this habitat been included in the present review, 

confidence intervals would not have been calculable as none were provided in the original 

paper. In addition, the exclusion of fen, marsh and swamp altered the population estimate by 

<100,000 (<1%). This habitat class was therefore excluded.  

Results  

Eighteen relevant papers were identified by the literature search. Of these, five provided an 

estimate of pre-breeding population density, four provided a relative measure of abundance 

(captures per trap night), and one contained percentage occupancy for hedgerows (Gelling 

et al., 2007). The remainder provided post-breeding density estimates, explored the 

relationship of habitat variables to abundance but gave no effect size, or provided descriptive 

data only. Population density estimates are shown in Table 7.11a, and population size 

estimates in Table 7.11b.  
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 Median density estimates for wood mice, with 95% confidence intervals, calculated using 
data obtained from a review of the literature from 1995 to 2015. Hedgerows are divided into those 
managed or not through an agri-environment scheme (AES and non-AES). Hedgerow length and 
density per hedgerow are presented in km and km-1, respectively. 

Habitat  Area 

within 

range (ha)  

Density  

(ha-1) 

-95%CI +95%CI Source*  n** %OccÀ 

Broadleaved 

woodland 

1,270,000 8.64 7.41 9.9 Attuquayefio et al. 

(1986) 

Flowerdew et al. 

(2004) 

Malo et al. (2012) 

Marsh and Harris 

(2000) 

Montgomery (1989) 

1 

 

162 

 

1 

19 

 

158 

n/a 

Sand dunes 21,800 1.2 0.8 3.5 Attuquayefio et al. 

(1986) 

Gorman and Ahmad 

(1993) 

1 

 

8 

n/a 

Urban and 

gardens 

1,360,000 4 0.05 8 expert opinion 2 n/a 

Coniferous 

woodland 

1,250,000 6.75 5.6 7.95 expert opinion 2 n/a 

Dwarf shrub 

heath 

1,540,000 1.5 0.1 3 expert opinion 1 n/a 

Improved 

grassland 

6,760,000 0.1 0 0.5 expert opinion 2 n/a 

Unimproved 

grassland 

1,060,000 6.5 0 13 expert opinion 2 n/a 

Hedgerows 

(AES) 

142,000 

(km) 

3 0 12 Broughton et al. 

(2014) 

Flowerdew et al. 

(2004) 

11 

 

9 

93.9 

Hedgerows 

(Non-AES) 

320,000 

(km) 

14.62 12.31 24.5 Kotzageorgis and 

Mason (1997) 

Shore et al. (2005) 

6 

 

23 

93.9 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying density 
estimates in Table 7.11a with the area of habitat within the speciesô distribution, and adjusting for 
occupancy where known. 

* The lengths of hedgerows are 393,000km in England, 17,600km in Scotland, and 51,000km in 
Wales.  

Critique  

No percentage occupancy data were available for most habitats; the population size is 

therefore overestimated. The population estimate is largely derived from broadleaved (28%) 

and coniferous (21%) woodland (Figure 7.11b), where population density estimates are 

supported by five (n=311) and four (n=49) references, respectively. Given the abundance of 

evidence relative to most other species in this review, sensitivity analyses were not 

conducted for these habitats.  

 

Improved grassland forms 49% of the habitat within the geographical range of the wood 

mouse (Figure 7.11b), yet because of low population density (0.1ha-1), it contributes just 2% 

of the estimated population. The density used for improved grassland is the median value 

from estimates provided by three expert opinions: given the extent of this habitat, field 

validation of the values would considerably improve the precision of the population estimate. 

A reliability assessment is shown in Table 7.11c. For density estimates based on expert 

opinion, a conservative score of 1 has been applied to the ólocation of study sitesô section.  

 

Country  Area of suitable 

habitat ( ha)* 

Population size  -95%CI +95%CI 

England 7,260,000 22,700,000 11,600,000 37,800,000 

Scotland 4,240,000 12,300,000 6,510,000 18,800,000 

Wales 1,770,000 4,600,000 2,240,000 7,680,000 

Britain  13,300,000 39,600,000 20,400,000 64,300,000 
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Figure 7.11b  Left: The percentage of the total population of wood mice accounted for by each habitat 
type. Error bars are derived by multiplying the lower and upper confidence limit for density by the area 
occupied. Right: The percentage of total area within the speciesô distribution represented by each 
habitat type. Linear features (hedgerows) have been omitted. 

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Broadleaved 

woodland  

Coniferous 

woodland  

Improved 

grassland  

Location of 

study sites  

0 Estimates from one 

location 

   

1 Estimates restricted  1 1 

2 Estimates widespread 2   

Sample size  0 <10 density estimates    0 0 

1  10-30 density 

estimates 

   

2 >30 density estimates     2   

Occupancy data 

available?  

0 No 0 0 0 

1 Yes    

  Habitat score  4 1 1 

  Overall reliability 

score  

2 
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Changes through time  

Comparison to Harris et al. (1995)  

Population estimates from Harris et al. (1995) were derived from densities reported in the 

literature and by experts. The habitat classes were equivalent to those used in the current 

review. Population size was estimated as 38,000,000 in total, with 19,500,000 in England, 

15,000,000 in Scotland and 3,500,000 in Wales. These figures are all within our confidence 

limits, so there is no evidence of a significant change in population size since 1995.  

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats (arable land, broadleaved woodland, coniferous woodland and improved grassland), 

generated by a combination of true change and methodological differences, irrespective of 

any range change (see Sections 2.3 and 32.3 for further details). The adjusting of results to 

reflect more probable temporal changes in the composition of the British landscape ð using 

differences between the 1990 and 2007 Countryside Surveys (Carey et al., 2008) ð 

produces a population size that differs from the original estimate by only 5%, and that falls 

within the confidence limits of the original. It is therefore concluded that methodological 

differences have no material impact on the comparisons between the two time periods.  

Other evidence of changes through time 

No other references to a temporal trend in population size were found in the literature. A 

summary of trends in population size and range is provided in Table 7.11d. 

  Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable    All countries    

Decrease        

Data defic ient         
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Drivers of change  

 Drivers of population change for wood mice between 1995 and the present.  

Driver  Mechanism  Source  Direction of effect  

Unknown    

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for wood mice.  

Data defic iencies Habitat  Details  

No density estimates 

for specified habitat. 

Urban and gardens Estimates are based on expert 

opinion. 
Coniferous woodland 

Dwarf shrub heath 

Improved grassland 

Unimproved grassland 

No occupancy data. All habitats except 

hedgerows 

 

Density estimates are 

more than 10 years 

old. 

Sand dunes 

Hedgerows 

The most recent density 

estimates are from 1993 and 

2005, respectively. 

Limited density 

estimates are available 

for specified habitat. 

Sand dunes Nine individual density 

estimates are available. 
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Future prospects  

 An assessment of the future prospects of the wood mouse, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable 

Range Stable 

Habitat Stable 

7.12 Yellow -necked mouse Apodemus flavicollis 

Habitat preferences  

The yellow-necked mouse is found primarily in mature broadleaved woodlands (Marsh et al. 

2008), particularly ancient coppiced woodlands, where they favour older established 

compartments, rather than recent coppice (Gurnell et al., 1992; Capizzi and Luiselli, 1996). 

Hedgerows also provide an important habitat for the species in Britain, with telemetry studies 

showing that individuals can reside solely within a linear hedgerow habitat (Montgomery, 

1978). The availability and diversity of tree seeds is an important predictor of yellow-necked 

mouse density (Marsh et al., 2001). Britain is at the western edge of the speciesô European 

range, possibly owing to the impact of low summer temperatures on tree seed abundance. 

There is some potential for misidentification of this species with the wood mouse, particularly 

at the edges of its geographical range where abundance may be relatively low. 

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: n/a; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 
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Speciesô distribution   

 

Figure 7.12a  Current range of the yellow-necked mouse in Britain. Range is based on presence data 
collected between 1995 and 2016. Areas that contain very isolated records may not have been 
included in the area of distribution ð see Methods, Section 2.5, for more details.  

Species-specific methods  

The percentage of occupied sites for broadleaved woodland was taken from Marsh et al. 

(2001) where 80 of 146 sites (55%) within the speciesô range were occupied. Only non-zero 

population density estimates were included to avoid accounting for occupancy twice. The 

total area of broadleaved woodland within the speciesô distribution was multiplied by the 

percentage of occupied sites. The occupied area of broadleaved woodland was then used 

for all subsequent calculations of population size. In the absence of occupancy data for 

coniferous woodlands and urban areas, the same value (55%) was applied to these habitats. 

For hedgerows, percentage occupancy was taken from Gelling et al. (2007), where 180 

hedgerows on 12 dairy farms in 4 geographical areas within the speciesô range were 

surveyed. Occupancy (75%) was provided for one of these areas, but in the other areas very 
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few yellow-necked mice were captured. To provide a more representative value for the 

species throughout its range, an average value of percentage occupancy was taken across 

all four areas, where the number of sites surveyed across all areas was assumed to be 

equal, and percentage occupancy at the remaining three sites was assumed to be roughly 

zero. As two of the sites were located towards the edge of the speciesô range where 

densities might be expected to be lower, the resulting value may be a slight underestimate. 

Results  

Six papers contained useful information for yellow-necked mice. Three of these reported pre-

breeding population density (Montgomery, 1980; Kotzageorgis and Mason, 1997; Marsh and 

Harris, 2000), one gave occupancy for hedgerows (Gelling et al., 2007), and one gave 

occupancy for broadleaved woodland (Marsh et al., 2001). The remaining papers reported 

only post-breeding density estimates (Marsh et al., 2001; Moro and Gadal, 2007). Population 

density estimates are shown in Table 7.12a, and population size estimates in Table 7.12b. 
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 Median density estimates for yellow-necked mice with 95% confidence intervals, 
calculated using data obtained from a review of the literature from 1995 to 2015. Median population 
density from Marsh et al. (2001) was taken from positive sites only. Hedgerow length and density per 
hedgerow are presented in km and km-1, respectively.  

Habitat  Area 

within 

range (ha)  

Density  

(per ha -1) 

-95%CI +95%CI Source*  n** %OccÀ 

Broadleaved 

woodland 

592,000 3.12 0.57 11 Montgomery 

(1980) 

Marsh and Harris 

(2000) 

12 

 

13 

55% 

Urban and 

gardens 

720,000 0.38 0.12 0.8 expert opinion 2 55% 

Coniferous 

woodland 

160,000 0.16 0.08 0.52 expert opinion 2 55% 

Hedgerows 200,000 

(km) 

8.5 6 11 Kotzageorgis and 

Mason (1997) 

6 19% 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying density 
estimates in Table 4.1a with the area of habitat within the speciesô distribution, and adjusting for 
occupancy. 

Country  Area of suitable 

habitat (ha)  

Population size  -95%CI +95%CI 

England 1,330,000 1,360,000 426,000 3,940,000 

Wales 146,000 140,000 40,600 423,000 

Britain  1,470,000 1,500,000 467,000 4,360,000 

* The lengths of hedgerows are 185,000km in England and 15,300km in Wales. 

Critique  

68% of the population estimate for the yellow-necked mouse is derived from broadleaved 

woodland, a habitat which forms 40% of the speciesô range (Figure 4.1a). The density values 
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applied for broadleaved woodland are based on 25 separate estimates from two papers, 

although the confidence limits are wide (0.57-11ha-1), reflecting highly variable densities 

across the geographical range. Further surveys, specifically designed to include a 

representative sample, would improve confidence in the estimate.  

 

Hedgerows contribute 21% of the estimated population, and there are 200,000km available 

within the speciesô range (Table 7.12a, Figure 7.12b). The abundance estimate for 

hedgerows is derived from 6 estimates from one paper, with the resulting median density 

estimate being substantially higher than that in broadleaved woodland. Re-calculation of 

population size following stepwise removal and replacement of the individual density 

estimates for hedgerows did not result in a significant change in population size. Reliability 

scores are shown in Table 7.12c. For the purposes of this assessment, we consider the 

population density estimates of experts to be representative of a restricted area of the 

speciesô range.  

 

 

Figure 7.12b  Left: The percentage of the total population of the yellow-necked mouse accounted for 
by each habitat type. Error bars are derived by multiplying the lower and upper confidence limit for 
density by the area occupied. Right: The percentage of total area within the speciesô distribution 
represented by each habitat type. Linear features (hedgerows) have been omitted. 
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Broadleaved 

woodland  

Urban and 

gardens  

Location of 

study sites  

0 Estimates from one location   

1 Estimates restricted 1 1 

2 Estimates widespread   

Sample size  0 <10 density estimates    0 

1  10-30 density estimates 1  

2 >30 density estimates       

Occupancy data 

available?  

0 No   

1 Yes 1 1 

  Habitat score  3 2 

  Overall reliability score  2.5 

Changes through time  

Comparison to Harris et al. (1995) 

Harris et al. (1995) estimated the total population size for Britain as 750,000, with 662,500 in 

England and 87,500 in Wales. The British estimate was based on an estimate of 450,000 for 

ancient woodlands, with the remaining 300,000 added to allow for yellow-necked mice in 

other habitats. The current review uses broadleaved woodland (adjusted for 55% 

occupancy), rather than ancient woodland.  

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats (arable land, broadleaved woodland, coniferous woodland and improved grassland), 

generated by a combination of true change and methodological differences, irrespective of 

any range change (see Sections 2.3 and 32.3 for further details).  The adjusting of results to 

reflect more probable temporal changes in the composition of the British landscape ð using 

differences between the 1990 and 2007 Countryside Surveys (Carey et al., 2008) ð 

produces a population size that differs from the original estimate by only 5%, and that falls 

within the confidence limits of the original. It is therefore concluded that methodological 

differences have no material impact on the comparisons between the two time periods.  
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Other evidence of changes through time 

No other evidence of temporal trends was found in the literature. A summary of trends in 

population size and range is provided in Table 7.12d. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient  
England* 
Wales 

     

* Limited expansion into the Midlands. 
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Drivers of change  

 Drivers of population change for yellow-necked mice between 1995 and the present.  

Driver  Mechanism  Source  Direction of 

effect  

Decline in 

habitat quality. 

Change in the management of 

ancient/coppiced woodlands, 

although evidence for the 

effect on yellow-necked mice is 

sparse. 

Harris et al. 

(1995) 

Negative 

Climate change, 

causing a rise in 

summer 

temperature. 

Range expansion: the 

availability of food (tree seeds) 

is linked to high summer 

temperature.  

Marsh et al. 

(2001) 

Positive 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for yellow-necked mice.  

Data defic iencies Habitat  Details  

No density estimates for the 

specified habitat. 

Urban areas and 

gardens 

Coniferous 

woodland 

Density estimates are based on 

expert opinion only. 

Limited density estimates for key 

habitat.  

Hedgerows Fewer than 10 density 

estimates available.  

Density estimates are more than 

10 years old, highly variable, 

and possibly not representative 

of the speciesô geographical 

range. 

Broadleaved 

woodlands 

Hedgerows 

Estimates are from 2000. 
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Future prospects  

 An assessment of the future prospects of the yellow-necked mouse, in terms of whether 
the population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Potential increase 

Range Potential increase 

Habitat Stable 

7.13 House mouse Mus musculus 

 Habitat preferences  

The house mouse lives commensally with humans: its movement patterns and current 

widespread distribution are attributed to this relationship (Searle et al., 2009). Although listed 

as native to Britain by IUCN, the best available evidence suggests the species arrived in 

western Europe in the Bronze age and is recorded in Britain by the Iron age (Yalden, 1999). 

The species is therefore not subject to many of the environmental factors that regulate the 

population sizes of most other small mammals. It is, however, sensitive to human activities, 

including the alteration of buildings and the deployment of rodenticide (Pocock et al., 2004). 

The decline in urban infestations in the 1970s is likely to be the result of increased 

rodenticide efficacy (Richards, 1989; Harris et al., 1995). Detailed analyses of the habitat 

preferences of the house mouse are, however, lacking.  

Status  

Non-native (naturalised). 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: n/a; Scotland: n/a; Wales: n/a; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 
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Speciesô distribution  

A distribution map is shown in Figure 7.13a. Gaps in the distribution in England and south 

Wales are likely to reflect a lack of survey effort, rather than true absences. It is unclear 

whether larger gaps elsewhere in Wales, northern England and Scotland reflect a lack of 

recording or true absences, so further survey effort is recommended in these regions. There 

is also potential for misidentification, particularly in the winter when wood mice and yellow-

necked mice make greater use of buildings, and this may have produced inaccuracies in the 

mapped range.  

 

Figure 7.13a  Current range of the house mouse in Britain. Range is based on presence data 
collected between 1995 and 2016. Areas that contain very isolated records may not have been 
included in the area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Although house mice are found in habitats such as field margins and woodland, they are 

poor competitors with other rodents, particularly wood mice (Berry and Tricker, 1969; 
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Tattersall et al., 1997). In one study in pastoral farmland in Ireland, although 10% of the 

rodents captured in field margins in summer were house mice, no house mice were captured 

in field margins in the spring (Montgomery and Dowie, 1993). No population density 

estimates were identified in the literature review for habitats other than buildings, so the 

population estimate is based on buildings only.  

 

The number of farm holdings per country was taken from the Agriculture category in the UK 

2015 key statistics dataset (Office for National Statistics). The number of dwellings per 

country was derived from the 2014-2015 dwelling stock reports from the English, Scottish 

and Welsh governments. The numbers of dwellings considered óurbanô and óruralô were 

calculated using percentage of residences that are classed as urban and rural from the 2011 

census analysis (Office for National Statistics, 2013). Rural residences were divided into 

farms (farm holdings per country) and other rural dwellings (hereafter óruralô) by subtracting 

the number of farms from the total rural dwellings. 

 

For the population of house mice in farm buildings, it was assumed that, on average, each 

farm contains the same number of buildings as the study farms in Pocock et al. (2004). The 

total population was calculated as ónumber of occupied dwellings * population size per farmô. 

For urban and rural buildings, data based on surveys by Rennison and Drummond (1984) 

were taken from Harris et al. (1995); the number of mice per infestation (4.5) was multiplied 

by the number of occupied dwellings, where 3.8% of urban and 5.6% of rural buildings were 

reported as occupied.  

 

There is evidence that population size on farms does not vary by season (Pocock et al., 

2004), so results from all seasons were included in the analysis.  

Results  

Two papers were identified by the literature search, both of which contained population sizes 

in farm buildings. One paper (Quy et al., 2009) was excluded as populations were artificially 

maintained and so did not represent natural population sizes. The number of mice estimated 

per holding, and percentage occupancy, are shown in Table 7.13a. The number of dwellings, 

adjusted for occupancy, is given in Table 7.13b, and total population sizes in Table 7.13c.  
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 Median estimates for house mice per holding with 95% confidence intervals, calculated 
using data obtained from a review of the literature from 1995 to 2015.  

Habitat  No. (per 

holding)  

-95%CI +95%CI Source*  n** %OccÀ 

Farm 

buildings  

27 18.5 31.5 Pocock et al. (2004) 25 5.6 

Urban 

buildings 

4.5 - - Harris et al. (1995) - 3.8 

Rural 

buildings 

4.5 - - Harris et al. (1995) - 5.6 

* Literature sources. 
** Number of estimates from each literature source. For Pocock et al. (2004), 25 separate monthly 
capture sessions at 2 adjacent farms were considered as separate estimates. 
À Percentage of this habitat that is occupied within the known range. 

 

 

 Number of occupied dwellings taken from the Agriculture category in the UK 2015 key 
statistics dataset, Department of National Statistics (farm buildings), and the 2014-2015 dwelling 
stock reports from the English, Scottish and Welsh governments (urban and rural buildings). 

Country  Building type  Occup ied dwellings  

England Farm 5,740 

Urban 696,825 

Rural 233,100 

Scotland Farm 1,949 

Urban 78,478 

Rural 26,252 

Wales Farm 2,929 

Urban 43,358 

Rural 14,504 
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 Total population size estimates, with 95% confidence intervals, for house mice. Values 
were obtained by multiplying the number of house mice per holding in Table 7.13a with the number of 
occupied dwellings in Table 7.13b. It was not possible to calculate confidence intervals as none were 
available for density estimates from Harris et al. (1995).  

Country  Total number of 

dwellings * 

Population 

size 

-95%CI +95%CI 

England 22,602,500 4,340,000 - - 

Scotland 2,568,800 523,900 - - 

Wales 1,452,300 339,000 - - 

Britain  26,623,600 5,203,000 - - 

* Total number of urban, rural and farm dwellings. Percentage occupancy is not applied to these 
figures.  

Critique  

House mouse populations exhibit boom-and-bust fluctuations, depending largely on 

resource availability and rodenticide use. It is therefore difficult to make precise population 

estimates (Harris et al., 1995). The assessment was based on house mouse density in 

buildings. The values used for farm buildings were taken from a single paper that studied 

two adjacent farms (Pocock et al., 2004), and the overall value per holding was multiplied by 

the number of farm dwellings. Adjustments for occupancy were made on the assumption that 

the proportion of farm buildings occupied by house mice was the same as for rural houses 

generally (for which some data were available). The figures are therefore likely to provide a 

reasonable estimate of the numbers of animals across farm buildings of all types. However, 

the extent to which these farms are typical of those found nationally is unclear.  

 

The house mouse uses habitats other than buildings, such as field margins and woodland. 

However, no density or occupancy estimates were available for these habitats, so the 

population size is underestimated. A reliability assessment is shown in Table 7.13d. 
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Buildings  

Location of study 

sites  

0 Estimates from one location 0 

1 Estimates restricted 
 

2 Estimates widespread 
 

Sample size  0 <10 density estimates   
 

1  10-30 density estimates 1 

2 >30 density estimates     
 

Occupancy data 

available?  

0 No  

1 Yes 1 

  Habitat  score  2 

  Overall reliability score  2* 

* It is likely that most of the population is found in buildings, and therefore, unlike the brown rat (see 
Table 7.14d), no adjustment was made to the reliability score to reflect the lack of information for 
these habitats. 

Changes through time  

Comparison to Harris et al. (1995) 

Harris et al. (1995) reported a total population size of 5,192,000, comprising 4,535,000 in 

England, 657,000 in Scotland and 206,000 in Wales. Most of the data used for the current 

review were the same as those used by Harris et al. (1995), with the following exceptions: 

Harris et al. (1995) included density estimates for arable and pastoral habitats (based on 

Montgomery and Dowie (1993) and Rowe et al. (1983)), but these were not included in the 

current estimate; conversely, evidence on population density in farm buildings (Pocock et al., 

2004) was available for inclusion in the current review. The house mouse primarily occupies 

urban and rural dwellings, so these differences are unlikely to affect the population size 

estimate significantly. Although the area of urban land in the current analysis differs by 45% 

compared to the area quoted in Harris et al. (1995), the population of house mice was 

calculated from the number of dwellings, rather than the total area, so this difference does 

not affect the conclusions. It was not possible to calculate confidence limits for the current 

population size estimates, but they differ from those in Harris et al. (1995) by less than 1%.  
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Other evidence of changes through time 

No other evidence of temporal trends was found in the literature. A summary of trends in 

population size and range is provided in Table 7.13e. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable    
England 
Wales 

Scotland*   

Decrease        

Data defic ient         

* Decline in range size in Scotland may be the result of changes in recording effort. 

Drivers of change  

 Drivers of population change for house mice between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Management 

(control). 

Pest control measures have 

resulted in a reduction on urban 

infestations. 

Harris et al. 

(1995)  

Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for house mice.  

Data defic iencies Habitat  Details  

Density estimates do not 

represent within-habitat 

variability. 

Urban and rural 

buildings 

No range or confidence intervals were 

available.  

Density estimates are 

more than 10 years old. 

Farm buildings  

Urban and rural 

buildings 

Density estimates are from 2004. 

Density estimates are from Harris et 

al. (1995). 

Unclear whether 

presence data are truly 

reliable. 

All A high probability of confusion with 

other small mammals found in 

buildings. A survey to estimate the 

proportion of all óinfestationô reports 

that are actually house mice would 

resolve this issue. 

Future prospects  

 An assessment of the future prospects of the house mouse, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable 

Range Stable 

Habitat Stable 
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7.14 Brown rat Rattus norvegicus 

Habitat preferences  

The brown or Norway rat is an adaptable and versatile species. It prefers habitats with dense 

cover, readily available water and an abundance of food resources. Prevalent in rural farm 

buildings, brown rat populations also occur in other rural habitats, including hedgerows, 

ditches and riparian environments. Densities here vary before and after harvest. Substantial 

populations also exist in urban areas, where they are typically associated with refuse tips, 

urban waterways, warehouses, older sewers, and other areas where human food waste is 

available, such as the vicinity of markets and fast-food outlets (Channon et al., 2006). In 

urban environments they inhabit buildings, make use of refuges such as sewers, and also 

build burrows (e.g., into banks of rivers and canals). Populations independent of humans 

occur in many coastal habitats, particularly salt marshes, and in grasslands (see Harris and 

Yalden, 2008).  

Status  

Non-native. 

Conservation Status 

 

¶ IUCN Red List (GB: n/a; England: n/a; Scotland: n/a; Wales: n/a; Global: LC.). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution   

A distribution map is shown in Figure 7.14a. Gaps in the speciesô distribution in England and 

Wales are likely to represent areas lacking survey effort, rather than true absences. It is 

unclear whether some of the larger gaps in Scotland reflect a lack of recorder effort or true 

absences, although the range is highly likely to have been underestimated (Tony Mitchell-

Jones, pers. comm.). Further survey effort is recommended in these areas to increase 

confidence in the current distribution. 
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Figure 7.14a  Current range of the brown rat in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. The areas of absence in Scotland 
and elsewhere may also reflect under-recording. 

Species-specific methods  

The total number of farm holdings per country was taken from the Agriculture category in the 

UK 2015 key statistics dataset (Office for National Statistics). The number of dwellings per 

country was taken from the 2014-2015 dwelling stock reports from the English, Scottish and 

Welsh governments. Density and occupancy estimates were available only for two 

categories of building: ófarmô and ónon-farmô.  The availability of non-farm buildings was 

obtained by subtracting the number of farms from the total number of dwellings.  

 

The percentage of occupied non-farm dwellings was taken from the most recent English 

House Condition Surveys (EHCS; Department for Communities and Local Department for 

Communities and Local Government, 2015) as the summed percentage of indoor and 

outdoor dwellings infested by rats, whilst the percentage of occupied farm buildings was 
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taken from Harris et al. (1995). The population estimate was obtained by multiplying the 

mean estimate of rats per holding by the availability of buildings and the relevant percentage 

occupancy.   

Results  

Four papers were identified by the literature search, none of which contained pre-breeding 

population density estimates. Two papers contained percentage occupancy values for urban 

dwellings, including rats present outside as well as inside; one paper contained measures of 

relative abundance; and one outlined the eradication of brown rats from Lundy. Median 

estimates of population density are shown in Table 7.14a. The number of dwellings, adjusted 

for occupancy, is given in Table 7.14b, and total population sizes in Table 7.14c. 

 Median estimate of brown rats per holding with 95% confidence intervals, calculated 
using data obtained from a review of the literature from 1995 to 2015.  

Habitat  Estimate  (per 

holding)  

-95%CI +95%CI Source*  n** %OccÀ 

Farm buildings  60 - - Harris et al. 

(1995) 

- 7.8 

Non-farm 

buildings 

2.2 - - Harris et al. 

(1995) 

- 4.0 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 Median estimate of dwellings occupied by brown rats, calculated using data obtained 
from a review of the literature from 1995 to 2015.  

Country  Building type  Occup ied 

dwellings  

England Farm 46,125 

Non-farm 891,000 

Scotland Farm 13,920 

Non-farm 100,346 

Wales Farm 19,351 

Non-farm 55,440 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates, with 95% confidence intervals. Values were obtained by multiplying 
infestation size estimates in Table 7.14a with the number of occupied dwellings in Table 7.14b. It was 
not possible to calculate confidence intervals, as none were available for density estimates from 
Harris et al. (1995).  

Country  Number of 

dwellings * 

Population size  -95%CI +95%CI 

England 22,603,000 4,730,000 - - 

Scotland 2,569,000 1,060,000 - - 

Wales 1,452,000 1,280,000 - - 

Britain  26,600,000 [7,070,000] - - 

* Total number of urban, rural and farm dwellings. Percentage occupancy is not applied to these 
figures.  

Critique  

Most data, including population density estimates for both urban and farm dwellings and 

percentage occupancy for farm dwellings, were taken from Harris et al. (1995), which, in 

turn, was based on very few studies. Percentage occupancy for urban dwellings was taken 

from the EHCS (Department for Communities and Local Government, 2015). Occupancy is 

likely to vary between dwellings in different areas (e.g., cities and rural), but this could not be 

accounted for with current data.  

 

Owing to the lack of data on the size or density of brown rat populations in habitats other 

than dwellings, the current estimate does not account for populations in other types of man-

made structures, or for human-independent populations. This could be a very significant 

source of underestimation, and one that is not captured by the reliability scores shown below 

(Table 7.14d). The use of data from Harris et al. (1995), and lack of density estimates across 

habitat types, mean that a sensitivity analysis is not possible. 

 

There is likely to be some under-recording of the distribution of brown rat because relatively 

few records are submitted to local biological records centres. The apparent gaps in the 

distribution in Scotland and elsewhere may therefore be artefacts of recording effort. 

 

For the reliability assessment, we have considered the population density estimates from 

Harris et al. (1995) to be the expert opinion of the authors and, therefore, to be 

representative of a restricted area of the speciesô range (Table 7.14d). 
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Dwellings  

Location of 

study sites  

0 Estimates from one location  

1 Estimates restricted 1 

2 Estimates widespread  

Sample size  0 <10 density estimates   0 

1  10-30 density estimates  

2 >30 density estimates      

Occupancy 

data available?  

0 No  

1 Yes 1 

  Total score  2 

  Overall reliability score  1** 

* Populations may be unstable owing to inter-annual cycles or fluctuations in population size, or as a 
result of management. 
** The overall reliability score is reduced to 1 because although data are only available for dwellings 
and their immediate environs, a substantial proportion of the population is likely to occur in other 
habitats, including commercial and farm buildings, riparian habitats and agricultural land. 
 

Changes through time  

Comparison to Harris et al. (1995)  

The British population size for brown rats was estimated as 6,790,000 by Harris et al. (1995), 

comprising 5,240,000 in England, 870,000 in Scotland and 680,000 in Wales. The current 

estimate is largely based on the same data included in Harris et al. (1995), except for 

numbers of, and occupancy rates for, dwellings. Differences in population size are, 

therefore, owing to changes in these values. The comparison of the two reviews suggests 

that the population is approximately stable (7% increase but no confidence limits are 

available). However, the data are poor, and no information is available for habitats other than 

dwelling houses. 

 

Differences in the way that landscape composition was measured between the current 

review and Harris et al. (1995) are not relevant to brown rats because estimates were based 

on the number of occupied dwellings rather than habitat-specific densities.  
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Other evidence of changes through time 

There are very few studies on the brown rat, and no recent documented trends in population 

size. A summary of trends in population size and range is provided in Table 7.14e. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease         

Data defic ient    
England 
Wales 

Scotland    

 

 

Drivers of change  

 Drivers of population change for brown rats between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Management 

(control). 

Localised suppression, the effect on total 

population being uncertain. 

 Negative 

Management 

(control). 

Development of resistance to 

anticoagulant poisons. There has been no 

national survey to determine the level of 

resistance, but it is known that resistance 

compromises control in some local 

populations, and it is reasonable to infer 

wider-scale effects. 

Buckle 

(2013) 

Positive 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for brown rats.  

Data defic iencies Habitat  Details  

No population density 

estimates for specified 

habitat. 

Coastal habitats 

Salt marsh 

All agricultural habitats 

Buildings not used as 

dwellings 

No published density estimates in 

the recent literature. 

Density estimates are 

more than 10 years 

old. 

Urban and gardens Density estimates are taken from 

Harris et al. (1995). 

Density estimates do 

not represent within-

habitat variability. 

Urban and gardens No range or confidence limits were 

available.  

Future prospects  

 An assessment of the future prospects of the brown rat, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable/Increase 

Range Stable 

Habitat Increase 
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7.15 Black rat Rattus rattus 

Habitat preferences  

The black rat is a commensal species with an omnivorous diet, although it is notably more 

vegetarian than the brown rat (Harris and Yalden, 2008). Dietary investigations on the Shiant 

Islands in the Hebrides provide evidence for the consumption of seabirds during the nesting 

season (McDonald et al., 1997; Stapp, 2002), but the extent to which these are scavenged 

rather than actively predated has not been investigated. Also known as the roof rat, the black 

rat is highly dependent on buildings, and in Great Britain it has tended to live in dockside 

warehouses and similar structures. However, in some locations, such as the Shiant Islands 

and Lundy, it has also occupied rocky habitats and cliffs.  

Status  

Non-native (naturalised). 

Conservation Status 

 

¶ IUCN Red List (GB: n/a; England: n/a; Scotland: n/a; Wales: n/a; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

The black rat was present in Britain by Roman times, with well-stratified remains being 

recorded in Roman sites in London, York and Wroxeter dated from the 3rd to 5th centuries AD 

(Rackham, 1979; Armitage et al., 1984). The species was common throughout Great Britain 

until the introduction of the brown rat τ which displaced it τ in the early 18th century. Its 

greater dependency on buildings compared with the brown rat meant that it was more 

susceptible to rodenticide control; in addition, the switch to containerised storage and the use 

of grain silos reduced food availability in ports and warehouses (Symes and Yalden, 2002). 

By 1956, it was restricted to major ports, a few inland towns and some islands (Bentley, 1959); 

it was eradicated from many of these locations by 1961 (Bentley, 1964), and by 1983 

permanent colonies were thought to persist only on the Thames, in Lundy and the Shiant 

Islands, Hebrides. Since then, there are regular though infrequent records, usually from 

seaports, where the species is presumably reintroduced with shipping consignments.  
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The species was eradicated from Lundy, together with the brown rat, in 2006 as part of the 

Seabird Recovery Project (Lock, 2006) In the Shiant Islands, the population was estimated to 

be 230-400 individuals in 1996 (McDonald et al., 1997). These were eradicated in 2016 by the 

Shiant Isles Seabird Recovery Project led by the RSPB, largely in efforts to encourage small-

bodied burrowing seabirds such as Manx shearwaters and storm petrels to begin nesting on 

the islands. 

 

Because of the scarcity of records, and their scattered nature, it is not possible to produce a 

smoothed distribution map. There were 80 positive hectads between 1960 and 1992, 13 

between 2000 and 2009, and one (the Shiants, where the black rat has subsequently been 

eliminated) between 2010 and 2016. 

Results  

No estimate was made of population size because of the lack of records.  

 

According to current international guidelines (IUCN, 2001), a species may only be declared 

extinct in the wild when exhaustive searches fail to find even a single individual. The species 

therefore cannot formally be considered extinct in Great Britain even though this is likely. 

 

Critique  

It is plausible that there are still small populations of this species or occasional individuals 

present: all commensal animals tend to be under-recorded, and there is also high likelihood 

of confusion with the brown rat. There has been no systematic exhaustive survey of areas 

likely to retain the species (such as Tilbury or Cardiff). 

Changes through time  

Comparison to Harris et al. (1995), Arnold (1993)  

The population appears to have been reduced to zero, compared with an estimate of 

approximately 1300 in the previous report (Harris et al., 1995), comprised of 750 in England 

and 550 in Scotland. Similarly, the distribution across 80 hectads shown by Arnold (1993) 

has been reduced to zero. 
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 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range 

   Increase  Stable  Decrease  
Data 

defic ient  

Population size  

Increase         

Stable        

Decrease     All 

countries* 
  

Data defic ient      

* The previous population review by Harris et al. (1995) suggested that the species was absent in 
Wales. However, records are now available showing that the species did persist at that time. 

 

Drivers of Change  

 Drivers of population change for the black rat between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Management 

(control). 

Pest control measures have 

resulted in widespread 

eradication. 

Bentley (1964); 

(Lock, 2006) 

Negative 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for the black rat.  

Data defic iencies Habitat  Details  

Lack of information on 

the location of any 

remaining individuals. 

Built environment Exhaustive surveys are required in 

areas where the species was 

recorded most recently to identify any 

remaining animals.  
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Future prospects  

 An assessment of the future prospects for the black rat, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Unknown 

Range Unknown 

Habitat Unknown 
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8 CARNIVORA 

8.1 Wildcat Felis silvestris 

Habitat preferences  

Within Britain, the wildcat is now only found in Scotland. The species relies on a mosaic of 

habitat types, with broadleaved or mixed forest being core (Stahl and Leger, 1992), but its 

range in Scotland also encompasses a high proportion of coniferous woodland, with young 

plantations, in particular, being used because of lower deer grazing intensity and high prey 

densities (Kilshaw, 2011). Open areas, such as marginal farmland and grasslands, also 

provide hunting opportunities (Easterbee et al., 1991; Silva et al., 2013). They are important 

habitats in parts of the distribution (e.g., the north east of Scotland), but are avoided 

elsewhere (Kilshaw, 2011). At a fine scale, habitat fragmentation may be beneficial for 

wildcats: areas with high percentage cover from coniferous forest are avoided, whereas 

smaller patches of forest next to areas of grassland are used more frequently. Habitat 

requirements are, however, unlikely to be a limiting factor for wildcats: the main, and 

increasing, threat is hybridisation with domestic and feral cats (Littlewood et al., 2014; 

Kilshaw et al., 2016). 

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: CR; England: n/a; Scotland: [CR]; Wales: n/a; Global: LC). 

¶ National Conservation Status (Article 17 overall assessment 2013. UK: Bad; 

England: n/a; Scotland: Bad; Wales: n/a). 

Speciesô distribution  

Although recent developments have improved the identification of wildcats, hybrid wildcats 

and feral cats (see Kitchener et al., 2005; Kilshaw et al., 2010), there is a high probability 
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that some of the presence records used to estimate the speciesô distribution are feral cat or 

wildcat hybrids.  

 

Figure 8.1a  Current range of the wildcat in Britain. Range is based on presence data collected 
between 1995 and 2016. Records verified by local biological recording centres are accepted, together 
with data from focused surveys (e.g., by Scottish Wildcat Action). Therefore, records defined by both 
strict and relaxed criteria for pelage characteristics are included. Areas that contain very isolated 
records may not have been included in the distribution ð see Methods, Section 2.5, for details. 

Species-specific methods  

All of the available density estimates for wildcats were taken over a range of habitats ð 

including heather moorland, coniferous and broadleaved woodland, and rough grazing ð 

that were present within the study areas in differing proportions. Kilshaw et al. (2016) 

detected wildcats using trail cameras during the winter and found that very few were 

detected in heather moorland; dwarf shrub heath was, therefore, excluded from the inhabited 

area. We have assumed equal occupancy of wildcats throughout their known distribution, 

and applied the same density estimate to broadleaved woodland, coniferous woodland and 

unimproved grassland, matching the habitats found in the study areas. The percentage 
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occupancy was derived from the observational study by Kilshaw et al. (2016), and the value 

was applied to all habitats within the study area.  

 

There is considerable difficulty in distinguishing wildcats from domestic cats and hybrids. 

Whilst classification systems based on pelage characteristics are available (Kitchener et al., 

2005), and consistency of application has improved over recent years, extensive 

interbreeding with domestic cats makes precise identification almost impossible: in a recent 

survey only 2 of >100 carcasses that appeared to be wildcat on the basis of morphology and 

pelage were genetically characterised as pure wildcat (Scottish Wildcat Action 2017). It is 

therefore highly likely that the distribution and population estimates reported here are overly 

optimistic. 

Results  

Four papers reporting over-winter estimates of population density were identified by the 

literature search (Table 8.1a). One of these contained replicate population density values 

from other papers. Two papers contained assessments of the factors affecting population 

density, and one ð which provides the best data available on wildcat occurrence ð 

provided information on positive and negative sites, and could therefore be used to estimate 

percentage occupancy (Kilshaw et al., 2016). As all of them considered multiple habitats, the 

occupancy value is not habitat-specific. Population density estimates and population sizes 

are shown in Table 8.1a and Table 8.1b, respectively.  

 Median density estimates with 95% confidence intervals for wildcats, calculated using data 
obtained from a review of the literature from 1995 to 2015.  

Habitat  Area 

within 

range 

(km 2) 

Density 

(km -2) 

-95%CI +95%CI Source*  n** %OccÀ 

Broadleaved 

woodland 

800 0.12 0.02 0.26 Hetherington and 

Campbell (2012) 

Littlewood et al. 

(2014) 

(Kilshaw, 2015) 

2 

 

1 

1 

 

 

26.7% Coniferous 

woodland 

4,000 

Unimproved 

grassland 

1,500 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 8.1b with the area of habitat within the speciesô distribution, and 
adjusting for occupancy. Small discrepancies between values in the two tables are caused by 
rounding errors.  

* This is highly likely to include some feral cats or hybrid wildcats, and therefore to overestimate 
population size. 
 

No population size was presented in the 2012 Article 17 Report on wildcat Table 8.1c (Joint 

Nature Conservation Committee, 2013b). The current review suggests that the geographical 

range is much smaller than previously estimated (Table 8.1d). 

 Article 17 Report on wildcat population size 2007-2012 (Joint Nature Conservation 
Committee, 2013b). 

Country  Minimum  Maximum  

England  n/a n/a 

Scotland  n/a n/a 

Wales n/a n/a 

Britain  n/a n/a 

Note: maximum and minimum estimates were the same values in the country-level reports. 

 

 Geographical ranges reported by the current review and the most recent Article 17 Report 
(Joint Nature Conservation Committee, 2013b). 

Country  Extent of 

occurrence  (km 2) 

Surface e stimate in 

JNCC Article 17 Report 

2007-2012 (km 2) 

England 0 n/a 

Scotland 26,700 n/a 

Wales 0 n/a 

Britain  26,700 44,130 

Country  Area of suitable 

habitat (km 2) 

Population size  -95%CI +95%CI 

Scotland 6,200 200* 30 430 

Britain  6,200 200* 30 430 



227 

Critique  

Kitchener et al. (2005) developed a method to distinguish between pure wildcats, hybrids 

and domestic cats using pelage characteristics. Whilst these characteristics correlate with 

genetic differentiation (Kilshaw et al., 2010), it is still difficult to classify individuals with 

certainty, particularly in populations with extensive introgression between wildcats and 

domestic cats, as is the case throughout the Scottish range (Beaumont et al., 2001; 

Macdonald et al., 2004a). There is a high probability that some of the density estimates and 

presence records included in our analysis are from feral cats and hybrid wildcats, particularly 

since relaxed inclusion criteria tend to be applied to camera-trap records. Population size 

and distribution are therefore highly likely to be overestimated. 

  

The wildcat makes use of a mosaic of habitat types, so the population density estimates 

reported in the literature relate to extensive regions, rather than to specific habitats 

separately. It is therefore not informative to assess the proportion of the population found in 

each habitat type. All of the surveys that provided population density estimates focused on 

areas particularly suitable for wildcats, so these densities are likely to be higher than the 

average for the whole of the speciesô range. Similarly, the study from which the occupancy 

data were derived (Kilshaw et al. (2016)) was conducted in areas thought likely to contain 

wildcats. The density and percentage occupancy values applied in the review are therefore 

likely to be overly optimistic. A reliability assessment is provided in Table 8.1e. 

 

Figure 8.1b  Left: The percentage of population estimate derived from each habitat type. Error bars 
are derived by multiplying the lower and upper confidence limit for density by the area occupied. 
Right: The percentage of total area within the speciesô distribution represented by each habitat type. 
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

All habitats  

Location of 

study sites  

0 Estimates from one location  

1 Estimates restricted 1 

2 Estimates widespread  

Sample size  0 <10 population density estimates   0 

1  10-30 population density estimates  

2 >30 population density estimates      

Occupancy 

data 

available?  

0 No  

1 Yes 1 

  Habitat score  2 

  Overall reliability score  2* 

* Reliability will be somewhat lower than suggested by this score since uncertainty in the speciesô 
identification is high for many of the records.  

Changes through time  

Comparison to Harris et al. (1995) 

Population size was estimated to be 3,500 in Harris et al. (1995). This estimate was 

produced before the development of the pelage scoring system (Kitchener et al., 2005), 

however, and so it includes contains hybrid wildcats. This is likely to be the largest source of 

error in assessing relative trends in wildcat population size. A comparison of methods is, 

nevertheless, provided for completeness. The population estimate in Harris et al. (1995) was 

based on two population density estimates (3km-2 and 0.8km-2) assigned to occupied 

100km2 squares, depending on the frequency of sightings in each square. Both of these 

density estimates are higher than the median used for the current population size estimate.  

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats (broadleaved woodland and coniferous woodland), generated by a combination of 

true change and methodological differences, irrespective of any range change (see Sections 

2.3 and 32.3 for further details). The adjusting of results to reflect more probable temporal 

changes in the composition of the British landscape ð using differences between the 1990 
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and 2007 Countryside Surveys (Carey et al., 2008) ð generates a small increase in 

population size which falls within the confidence limits of the original.  Methodological issues 

relating to changing habitat availability are therefore unlikely to influence the assessment of 

temporal trends. 

 

Comparison of population sizes between the two reviews shows a sharp decline in 

population size: the estimate from Harris et al. (1995) is well above the higher confidence 

interval of the current estimate. This comparison does not, however, take any account of 

feral hybrids.  

 

Other evidence of changes through time 

The population of wildcats in Scotland is widely reported to be under threat of extinction, 

mostly from hybridisation with feral and domestic cats. This threat has been present for 

much longer than the last 20 years (Stahl and Leger, 1992) but poses an increasing threat 

with time (Macdonald et al., 2004a; Kilshaw et al., 2016). A population size of approximately 

400 was estimated in the mid-2000s by extrapolating from samples taken from free-living 

wildcats collected during the 1990s (Macdonald et al., 2004a). A more recent population size 

of 115-314 wildcats was estimated by Kilshaw (2015), which is in line with the current 

estimate and represents a decline since 1995 and the mid-2000s. A summary of trends in 

population size and range is provided in Table 8.1f. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease     Scotland   

Data defic ient         
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Drivers of change  

 Drivers of population change for wildcats between 1995 and the present. 

Driver  Mechanism  Source  Direction 

of effect  

Hybridisation. Loss of genetic integrity owing to 

hybridisation with feral and 

domestic cats. 

Kilshaw et al. (2016) 

Littlewood et al. (2014) 

Negative 

 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for wildcats.  

Data defic iencies Habitat  Details  

Population density estimates do 

not represent within-habitat 

variability. 

All habitats Density estimates were taken in 

priority areas for wildcats. 

Limited density estimates. All habitats Median density is based on four 

density estimates.  

Uncertainty in the degree of 

hybridisation with domestic 

cats. 

All habitats This may vary regionally. In 

addition to being a source of 

cryptic extinction, the issue may 

undermine the use of pelage 

characteristics as a means of 

identifying the species. Work is 

needed to assess whether the 

criteria previously proposed 

(Kitchener et al., 2005) require 

revision in the light of increasing 

hybridisation. 
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Future prospects  

 An assessment of the future prospects for the wildcat, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change, and potential future drivers of change. For a 
full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Decline 

Range Decline 

Habitat Stable  

8.2 Red fox Vulpes vulpes 

Habitat preferences  

The red fox is highly adaptable and versatile. It is most abundant in habitats offering a wide 

variety of cover and food, but also occurs in montane areas, sand dunes and other open 

habitats. In urban areas, the species prefers low-density, residential suburbs (Harris and 

Rayner, 1986), and has territories with greater overlap which drift over time, probably 

because of the unpredictable nature of human-associated food resources (Doncaster and 

Macdonald, 1991). In rural areas, the fox often uses unoccupied badger setts as breeding 

sites (Parrott et al., 2012), and populations can be suppressed by badgers because of 

competitive exclusion (Macdonald et al., 2004b). Despite long-term attempts to control foxes 

by hunting, the uncoordinated nature of these interventions means that they appear to have 

only minor impacts on populations, even where efforts are intensive in the short term 

(Macdonald et al., 2003; Newsome et al., 2014). In both urban and rural areas, earthworms 

form a significant proportion of the diet (Doncaster et al., 1990), with the remainder of the 

diet being comprised of birds, small mammals, rabbits and scavenged items (Macdonald et 

al., 2015).  

 

The first detailed studies of foxes in urban environments were conducted in the 1970s and 

1980s in Oxford and Bristol, and since then the species appears to have colonised 

increasing numbers of British towns and cities, including Newcastle, Manchester, Brighton, 

Birmingham and Leeds (Scott et al., 2014). However, occupancy remains patchy, and more 
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systematic surveys are required to assess the relative importance of urban and rural 

habitats.  

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [NT]; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

 

Figure 8.2a  Current range of the fox in Britain. Range is based on presence data collected between 
1995 and 2016. Areas that contain very isolated records may not have been included in the area of 
distribution ð see Methods, Section 2.5, for more details. 
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Species-specific methods  

The red fox is a generalist species that includes a range of different habitat types within its 

home range. Density estimates in the literature therefore often relate to óurbanô or óruralô 

habitats generally, rather than to specific categories in the LCM2007. To maximise the 

number of estimates contributing information to this review, all density estimates were 

assigned to either óurbanô or óruralô habitats, where rural habitats encompass all terrestrial 

habitats other than urban and gardens.  

Results  

Thirteen papers were identified by the literature search. Five of these contained pre-breeding 

density estimates, and the remainder reported post-breeding estimates, measures of relative 

abundance, details of distribution changes, density estimates already included within other 

studies, or the effects of habitat variables on relative density. Percentage occupancy values 

were found in two papers, but the values were habitat-specific for just improved grasslands 

and dwarf shrub heath, and so could not be used in the current analysis. Population density 

estimates are shown in Table 8.2a, and population size estimates in Table 8.2b. 

 Median density estimates with 95% confidence intervals for foxes, calculated using data 
obtained from a review of the literature from 1995 to 2015. 

Habitat  Area within 

range (km 2) 

Density 

(km -2) 

-95%CI +95%CI Source*  n** % 

OccÀ 

Urban 

and 

gardens 

13,800 13.9 1.5 25.8 Soulsbury et al. 

(2007) 

Scott (in prep.) 

7 

 

2 

n/a 

Rural 210,000 0.79 0.4 1.4 Heydon et al. (2000) 

Webbon et al. (2004) 

Petrovan et al. 

(2011a) 

Parrott et al. (2012) 

6 

7 

7 

 

7 

n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 8.2a with the area of habitat within the speciesô distribution. 

Critique  

No percentage occupancy data were available; the population size is therefore 

overestimated. Rural areas form 94% of the speciesô distribution, but despite this, the high 

density in urban environments means that similar numbers of foxes are found in urban and 

rural habitats (Figure 8.2b). The density estimates are based on 9 estimates in urban 

environments, and 27 in rural environments. Sensitivity analysis was carried out by re-

calculating of population size with stepwise removal and replacement of each density 

estimate for urban areas. The resulting population sizes fell within the confidence limits of 

the original. Further systematic research to establish density and occupancy is needed in 

both urban and rural environments: reports of foxes are most likely in places where densities 

are high, and this may have led to a bias in the literature towards locations with 

unrepresentative populations. 

 

Webbon et al. (2004) estimated the population of rural foxes to be 225,000, based on faecal 

count data from 1999-2000. This compares with the current estimate of 168,000 for foxes in 

rural areas. The current review incorporates the population density estimate from Webbon et 

al. (2004) (1km-2) into the median density estimate. Methodological differences between 

Webbon et al. (2004) and the current review are likely to explain the divergent population 

estimates: Webbon et al. (2004) derived density estimates for each British land class 

(Institute of Terrestrial Ecology), and then extrapolated the findings to all 1km squares within 

the range, whereas the current review distinguishes only rural and urban habitats.   

 

The main factor that limits fox density is the availability of food, with the highest densities 

found in rural lowland and urban areas, and much lower densities in the uplands, where food 

Country  Area of suitable habitat 

(km 2)  

Population 

size 

-95%CI +95%CI 

England 131,000 255,000 65,200 464,000 

Scotland 71,500 74,000 30,100 132,000 

Wales 20,800 27,700 9,260 50,000 

Britain  223,000 357,000 104,000 646,000 
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is more scarce (Chadwick et al., 1997). The population size reported here is therefore likely 

to be an overestimation because of the large areas of upland in Wales and Scotland that are 

unlikely to be represented accurately by a single median population density applied to all 

rural areas. A reliability assessment is provided in Table 8.2c. 

 

 

Figure 8.2b  Left: The percentage of the total population of foxes accounted for by each habitat type. 
Error bars are derived by multiplying the lower and upper confidence limit for density by the area 
occupied. Right: The percentage of total area within the speciesô distribution represented by each 
habitat type. 
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Urban and 

gardens  

Rural  

Location of 

study sites  

0 Estimates from one location 
 

 

1 Estimates restricted 1  

2 Estimates widespread 
 

2 

Sample size  0 <10 density estimates   
 

 

1  10-30 density estimates 1 1 

2 >30 density estimates     
 

 

Occupancy data 

available?  

0 No 0 0* 

1 Yes 
 

 

  Habitat s core  2 3 

  Overall reliability score  2.5 

*Occupancy data are available for improved grassland and marginal uplands, but were not applicable 
to the current analysis (Parrott et al., 2012).  

Change through time  

Comparison to Harris et al. (1995)   

Harris et al. (1995) estimated that there were 240,000 foxes in Britain, comprising 195,000 in 

England, 23,000 in Scotland and 22,000 in Wales. These values were derived from separate 

estimates for óurbanô and óruralô habitats. The urban estimate was based on a model 

predicting the density of social groups and a value of 3.4 adults per social group (derived 

from long-term monitoring of populations in Bristol). Extrapolation was limited to large urban 

areas (50,000+ residents). The rural estimate was based on social group density (0.04 and 1 

social group per km2, depending on the land class) and 3 adults per social group (Kolb & 

Hewson (1980); Lloyd (1980)).  

 

The current estimate is also based on population density estimates for urban and rural 

areas, although density estimates were made directly, rather than via model prediction, and 

rural areas were not divided into land classes.  
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Other evidence of changes through time  

Relative trends in fox numbers are measured by the BTO as part of the Breeding Bird 

Survey (BBS), and by the Game and Wildlife Conservancy Trust through the National 

Gamebag Census (NGB). Between 1995 and 2009, no significant change in relative 

abundance had been detected by the NGB (-8%), whilst a small but significant increase was 

reported in the BBS (1%, 95%CI = 1%-21%) (Risely et al., 2010). However, the most recent 

BBS report indicates a decline of 34% in the numbers of foxes culled (95%CI = 48%-23%) 

between 1996 and 2014 (Harris et al., 2016). Survey effort is not quantified for the NGB 

survey, and it is not known whether the observed differences reflect changes in population 

size. The extent of any decline in the fox population is therefore unclear. A summary of 

trends in population size and range is shown in Table 8.2d. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient  Scotland* 
England 
Wales 

   

* Increase in the range size may be owing to increased recorder effort. 
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Drivers of change  

 Drivers of population change for foxes between 1995 and the present. Drivers are limited 
to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Disease/pesticides. Local population suppression by 

multiple outbreaks of mange.  

Soulsbury et al. 

(2007) 

Negative 

Habitat quality. Potential increase in urban 

populations. The mechanism is 

unknown, although it may be 

owing to food availability. 

(Scott et al., 

2014) 

Positive 

Management 

(control). 

Localised suppression by control 

measures. The efficacy may, 

however, be limited. 

Rushton et al. 

(2006) 

Heydon et al. 

(2000) 

Negative 

 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for foxes.  

Data defic iencies Habitat  Details  

Density estimates do not 

represent within-habitat 

variability. 

All rural 

habitats 

A more detailed analysis would include density 

estimates from separate habitats within the rural 

landscape, or undertaken stratified random 

surveys across large geographical areas, to 

enable future estimates to account for regional 

variations. 

No occupancy data. All 

habitats 
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Future prospects  

 An assessment of the future prospects for the red fox, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change, and potential future drivers of change. For a 
full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable 

Range Stable 

Habitat Stable  

8.3 Badger Meles meles 

Habitat preferences  

The badger is one of the most commonly-studied British mammals because of its role in the 

epidemiology of bovine tuberculosis. It is difficult to infer social group size from the size of 

main and subsidiary setts or from the number of sett entrances. So, with a few exceptions 

such as the long-term studies at Wytham Woods in Oxford and Woodchester Park in 

Gloucestershire, most research has focused on the locations of setts. Badgers in Great 

Britain are highly social and prey primarily on earthworms. Sites conducive to sett 

construction (e.g., with sandy soils and gently rolling topography (Macdonald et al., 2004b) 

where cover is available from broadleaved woodland, scrub or nearby hedgerows (Wilson et 

al., 1997; Newton-Cross et al., 2007), and where earthworms are readily accessible (e.g., 

pasture (Newton-Cross et al., 2007)), are therefore preferred. Conversely, sett densities are 

low in upland and montane regions with heather moorland and acid soils. Nevertheless, 

lowland heath is used, especially if it is adjacent to favourable foraging habitats such as 

improved grassland. A recent analysis of a large-scale survey of 1614 1km grid squares in 

England confirmed that sett densities were highest in pastoral landscapes of south west 

England and south Wales, and in mixed arable agricultural areas of southern England 

(Judge et al., 2014). However, while such land-class-based approaches are useful at a 

national level, at a local scale there is considerable variability in sett density, depending on a 

combination of environmental factors (Macdonald et al., 1996). 
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Badgers have also made increasing use of urban areas over the last 25 years. In 1984, a 

survey of 378 English Local Authorities found that very few reported having urban badgers, 

and those reports were based on small populations largely confined to the urban-rural 

interface (Harris, 1984). By 2009, approximately 20% of Natural England licence applications 

relating to badgers came from urban areas (Delahay et al., 2009). Setts tend to be located in 

gardens rather than amenity grassland (Huck et al., 2008). Many urban badgers are now 

deliberately provisioned with food by householders, and they also exploit food waste and 

forage for natural prey such as earthworms in amenity grassland and gardens. The highest 

sett densities occur at an intermediate level of human population density (Wright et al., 2000; 

Schley et al., 2004), balancing the anthropogenic food availability against the probability of 

disturbance (Huck et al., 2008). 

Status  

Native. 

Conservation status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 
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Speciesô distribution  

 

Figure 8.3a  Current range of the badger in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

A combination of study types was used, including estimates of individual badger density, sett 

density and group size. Estimates of sett density were multiplied by the mean value of group 

size to derive animal densities (although it is recognised that, at the local scales, there is 

high variability in group size between setts). The mean group size across studies was 4.14. 

Several of the major studies on badger abundance reported sett densities by landscape 

character (e.g., ópastoral habitatô in óHunt Countriesô). Conversions were therefore made to 

the nearest broad habitat type. In the case of the paper by Judge et al. (2014), which used 

land classes, ómarginal upland 6ô was taken to equate to óunimproved grasslandô, and all 

ópastoralô categories were taken to represent óimproved grasslandô. 
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Confidence intervals could not be estimated for unimproved grassland. To permit the 

computation of confidence intervals for the whole population (across all habitats), the median 

value for unimproved grassland was substituted for the upper and lower limits.  

 

Because of the way in which predominantly grassland habitats were described in the original 

research papers, encompassing broad areas which potentially included woodlands, it was 

unclear whether broadleaved woodland should be included as a separate category, or 

whether this was already accounted for in the grassland estimates. Therefore, data are 

presented for both scenarios. The only density data for broadleaved woodland were derived 

from a population generally considered to be one of unusually high density (Wytham Woods, 

Oxford (Macdonald and Newman, 2002)). For this habitat only, expert opinion was used in 

addition to the published literature. Population sizes were then calculated using the general 

methods outlined at the start of the report.  

Results   

Thirteen papers were identified during the literature search. Of these, two provided estimates 

of pre-breeding badger density (Heydon et al., 2000; Parrott et al., 2012), six gave sett 

density estimates (Micol et al., 1994; Rogers et al., 1997; Macdonald and Newman, 2002; 

Macdonald et al., 2004b; Huck et al., 2008; Judge et al., 2014), and two estimated group 

size (Macdonald et al., 1996; Huck et al., 2008). One paper contained post-breeding 

estimates of social group size, and three contained relative measures of density or temporal 

trends. Population density estimates are provided in Table 8.3a, and population size 

estimates in Table 8.3b. 
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 Median density estimates with 95% confidence intervals for badgers, calculated using 
data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area 

within 

range 

(km 2) 

Density 

(km -2) 

-95%CI +95%CI Source*  n** %OccÀ 

Arable and 

horticulture 

62,500 1.42 1.05 3.58 Heydon et al. 

(2000) 

Judge et al. (2014) 

2 

3 

n/a 

Urban and 

gardens 

13,700 9.32 4.76 12.91 Huck et al. (2008) 

Rogers et al. (1997) 

4 

1 

1 

n/a 

Improved 

grassland 

71,300 4.68 3.91 6.42    Heydon et al. 

(2000) 

Judge et al. (2014) 

Micol et al. (1994) 

Parrott et al. (2012) 

1 

2 

6 

5 

n/a 

Unimproved 

grassland 

11,237 1.25 n/a n/a Judge et al. (2014) 1 n/a 

Broadleaved 

woodland 

13,052 15.0 8 38 Macdonald and 

Newman (2002) 

expert opinion 

2 n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range.  
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 8.3a with the area of habitat within the speciesô distribution. 

  Including broadleaved woodland  Excluding broadleaved woodland  

Country  Area of 

suitable 

habitat 

(km 2) 

Popn. 

size  

-95%CI* +95%CI* Popn. 

size  

-95%CI* +95%CI* 

England 120,000 519,000 350,000 961,000 384,000 259,000 711,000 

Scotland 34,500 156,000 115,000 267,000 115,000 85,000 198,000 

Wales 17,400 85,000 63,000 140,000 62,900 47,000 104,000 

Britain  172,000 760,000 528,000 1,370,000  562,000 391,000 1,014,000  

* No confidence intervals were available for the density estimate in unimproved grassland. Therefore, 
uncertainty in this habitat estimate is not incorporated in the confidence intervals shown here. The 
contribution of this habitat to the total population estimate is small, so the confidence limits shown 

above are likely to be reasonable.         

Critique  

No percentage occupancy data were available; the population size for this species is 

therefore overestimated. When considering all habitat types (including broadleaved 

woodland), most of the population size estimate for badgers is derived from improved 

grassland (61%; Figure 8.3b), and more than 44% of the speciesô range consists of this 

habitat type. The population density used for improved grassland was based on 14 esimates 

from four studies. Broadleaved woodland contributed 26% of the population estimate, but the 

densities used are extremely uncertain, relying on an unusual population in a single location 

(at two time points) and expert opinion. National surveys of broadleaved woodland would 

therefore substantially improve the estimate.  

 

Judge et al. (2017) recently estimated a population size of 424,000 in England and 61,000 in 

Wales (485,000 total for England and Wales; 95%CI = 391,000-581,000). They used a 

molecular estimation of social group size (mean 6.7, SE 0.63) using data from 120 main 

setts, and combined it with land class-specific estimates of sett density and an average 

social group size of 6.74 (SE 0.63). The current estimate for England and Wales is 

somewhat higher than the estimate of Judge et al. (2017) when broadleaved woodland is 

included, but is very similar when it is excluded. 

 

Judge et al. (2017) did not present data for Scotland, but assuming a social group size of  

4.14 four badgers (as suggested by this review) and multiplying this by the estimated of 

number of main setts (7,300-11,200 (Rainey et al., 2009)) gives a population estimate of 
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30,000-45,000. This is substantially lower than either figure provided in the current review.  It 

is unclear which estimate is more reliable, but it is reasonable to assume that the method 

used in this review overestimated the Scottish population because lower densities of 

badgers than the national median would be expected at high altitudes and on acid soils.  

 

Several of the density estimates used in the current analysis relied on mean social group 

size derived from just two studies (Macdonald et al., 2004b; Huck et al., 2008). Social group 

size is, however, highly variable (Wilson, 2003). In addition, sett density may be a poor 

predictor of population density (Judge et al., 2014), and sett densities can vary widely at 

local scales (Macdonald et al., 1996). The application of single values across large 

landscape areas may therefore be inaccurate. These constraints affect both the current 

review and the recent estimates based on molecular approaches (Judge et al., 2014; Judge 

et al., 2017). A reliability assessment is provided in Table 8.3c. 

 

 

Figure 8.3b  Left: The percentage of the total population of badgers accounted for by each habitat 
type. Error bars are derived by multiplying the lower and upper confidence limit for density by the area 
occupied. Right: The percentage of total area within the speciesô distribution represented by each 
habitat type.  
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Improved 

grassland  

Arable and 

horticulture  

Broadleaved 

woodland  

Location of 

study sites  

0 Estimates from one 

location 

 
 1 

1 Estimates restricted 1 1  

2 Estimates 

widespread 

 
  

Sample size  0 <10 population 

density estimates   

 
0  

1  10-30 population 

density estimates 

1  1 

2 >30 population 

density estimates     

 
  

Occupancy 

data 

available?  

0 No 0 0 0 

1 Yes 
 

  

  Habitat score  2 1 1 

  Overall reliability 

score  

1.3  

  Revised reliability 

score*  

4  

* The reliability score was revised because alternative population estimates based on molecular 
approaches are available. These corroborate the England and Wales estimate, but are somewhat 
lower than those obtained by this review for Scotland. 

Changes through time  

Comparison to Harris et al. (1995) 

Population size estimates in (1995) were based on a mean social group size of 6 and a total 

of 41,894 main setts, giving a population size of 250,000 in Britain. A lower social group size 

was applied in the current analysis, based on the evidence provided by the literature review, 

implying that sett density would have had to increase in order to achieve the inferred 

increased population size. This change in sett density is difficult to verify, however, as the 

current population size was derived from a combination of sett density and social group size 

data that were then extrapolated across the geographical range. Judge et al. (2017) have 
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recently estimated social group size as 6.7, based on a genetic assessment of 120 main 

setts. 

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats (arable land, broadleaved woodland, improved grassland and urban), generated by 

a combination of true change and methodological differences, irrespective of any range 

change (see Sections 2.3 and 32.3 for further details).  Adjusting the results to reflect more 

probable temporal changes in the composition of the British landscape ð using differences 

between the 1990 and 2007 Countryside Surveys (Carey et al., 2008) ð generates a lower 

estimate that falls just outside the current confidence limits (401,000; 95% CI = 324,000-

478,000), implying a smaller, but nevertheless very substantial, population increase (160%). 

 

Population size appears to have increased since 1995, but concerns over the use of social 

group sizes to infer population size, and differences in the methods used, mean that 

population size estimates from both time periods may be inaccurate. Comparisons should 

therefore be drawn with caution.  

Other evidence of changes through time 

Three nationwide badger surveys were conducted between 1994 and 2013. These surveys 

suggest a 77% population increase between 1985 and 1997 (Wilson et al., 1997), and a 

103% increase in sett density from 1985 to 2010 (Wilson et al., 1997; Judge et al., 2013). 

Although they provide the best trend data available for badgers, these figures should be 

regarded with caution, as differences in methodology between surveys may have resulted in 

an increase in survey effort in the latter years (Battersby and Greenwood, 2004). A summary 

of trends in population size and range is provided in Table 8.3d. 
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 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range 

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase    All countries*     

Stable        

Decrease        

Data defic ient        

* Differences in methodology between surveys mean that trends are uncertain.  

Drivers of change  

 Drivers of population change for badgers between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Recovery from 

persecution. 

Implementation of the Protection of 

Badgers Act (1992). 

 Positive 

Management 

(control). 

Legal culls in an attempt to reduce 

TB transmission resulted in 11,000 

badgers killed in 1998-2005, and 

4,000 in 2013-2015, in the south west 

of England. Culls are ongoing, and 

the number of individuals affected is 

unclear. 

 Negative 

Anthropogenic 

impacts.  

An estimated 50,000 badgers are 

killed by vehicle collisions annually. 

Harris et al. 

(1992) 

Clarke et al. 

(1998)  

Negative 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for badgers.  

Data defic iencies Habitat  Details  

No density estimates 

for specified habitat. 

Dwarf shrub heath  Badgers are likely to be found in a variety 

of habitats, not limited to those for which 

current density estimates are available. 

Density estimates do 

not represent within-

habitat variability. 

All habitats Social group size is highly variable, but 

one average value was used for the 

current analysis. 

Managed populations. All habitats Legal and illegal culling causes localised 

population suppression. 

Limited density 

estimates for key 

habitat. 

Broadleaved 

woodland 

Unimproved 

grassland 

Arable land 

Urban and gardens 

Relatively few density estimates are 

available, particularly for broadleaved 

woodland which is an important habitat for 

setts. 

No occupancy data. All habitats  

Future prospects  

 An assessment of the future prospects for the badger, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change, and potential future drivers of change. For a 
full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable* 

Range Stable 

Habitat Stable  

* Except in intensive cull areas. 
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8.4 Otter Lutra lutra 

Habitat preferences  

The otter is found in freshwater habitats from coast to upland, and is capable of long 

overland journeys between watersheds. It also exploits marine environments, particularly 

rocky coasts where there is high food supply, but it is dependent on the availability of fresh 

water for cleaning salt from its fur (Kruuk et al., 1989). Adult females are highly territorial and 

defend large home ranges that are overlapped by one or more males. The size of the home 

range varies from 4km to 50km in length, and depends on the availability of prey and 

denning resources, as well as on the spatial configuration of aquatic habitats. It is 

challenging to estimate population densities accurately because the otter is difficult to 

observe directly, its holts are difficult to find, and spraint abundance (faecal markings) has 

complex relationships with the numbers of individuals, varying according to sex, season and 

other factors (Kruuk and Conroy, 1987; Chanin, 2003). Although some new insights are 

being brought by genetic analysis of non-invasive samples, otter faecal DNA amplifies very 

poorly compared with many other species (Dallas et al., 2003; O'Neill et al., 2013). 

  

Dependence on water, and aquatic prey, makes the otter vulnerable to river management 

and to agricultural pollution. Persistent organic pollutants are likely to have caused the 

historic declines in otter populations. The species has recolonised most of its former range in 

Great Britain following the banning of these compounds (Chanin, 2003; Kean et al., 2013). 

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [VU]; Wales: [VU]; Global: NT.). 

¶ National Conservation Status (Article 17 overall assessment 2013. UK: Favourable; 

England: Favourable; Scotland: Favourable; Wales: Favourable). 
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Speciesô distribution  

A distribution map is presented in Figure 8.4a. The gap in the speciesô distribution in 

Scotland is likely to represent areas lacking survey effort, rather than true absences. Expert 

consultation suggests that gaps in the south east of England are more likely to represent 

true gaps, although the species is beginning to recolonise Kent. Further survey effort is, 

however, recommended.  

 

Figure 8.4a  Current range of the otter in Britain. Range is based on presence data collected between 
1995 and 2016. Areas that contain very isolated records may not have been included in the area of 
distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

The length of total riparian habitat within the geographical range of the otter in each country 

was derived by multiplying the data on riparian lengths given in Table 4 of Harris et al. 

(1995) by the proportion of each country included in the speciesô distribution. The length of 

potentially suitable coastline was derived from the report by Jefferies et al. (2003) (Table 
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10.3 for England and Wales; Table 10.6 for Scotland). These values excluded areas unlikely 

to be included within the home ranges of otters (e.g., long lengths of sheer cliffs), whereas 

all riparian habitat was included. Population size was adjusted using the most recent 

occupancy values for each country. For Scotland, the mean population density values for 

coastlines in mainland Scotland, the Inner Hebrides, Shetland and Orkney were taken from 

Table 10.6 of Jefferies et al. (2003). No population density estimates or occupancy values 

were available for coastlines in England and Wales, so the values for inland populations 

were applied. This method will provide a conservative estimate of the number of coastal 

otters in England and Wales, but was judged preferable to applying Scottish coastal values, 

which are likely to be much higher than those found in England and Wales.  

Results  

Twelve papers were identified by the literature search. Of these, one reported pre-breeding 

population density (Jefferies et al., 2003; originally surveyed by Green and Green (1987)), 

three contained occupancy values (Crawford, 2010; Findlay et al., 2015; Strachan, 2015), 

and the remainder reported small-scale surveys (no density estimates) and distribution 

surveys.  

 

The most recent occupancy values for each country were obtained from surveys in 2009-

2010 for England (Crawford, 2010), 2009-2010 for Wales (Strachan, 2015) and 2011-2012 

for Scotland (Findlay et al., 2015). These percentage occupancy values and population 

density estimates are shown in Table 8.4a, and population size estimates in Table 8.4b. 
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 Median density estimates, per unit length of habitat, with 95% confidence intervals for 
otters, calculated using data obtained from a review of the literature from 1995 to 2015. 

Habitat  Country  Density 

(km -1) 

-95%CI +95%CI Source*  n** %OccÀ 

Riparian 

& 

coastal 

England 0.037 - - Green and Green 

(1987) 

1 56% 

Riparian Scotland 0.042 - - Green and Green 

(1987) 

1  

80% 
Coastal Scotland 0.453 0.258 0.629 Green and Green 

(1987) 

4 

Riparian 

& 

coastal 

Wales 0.037 - - Green and Green 

(1987) 

1 89.9% 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 

 Length of all riparian and potentially suitable coastal habitat (not adjusted for occupancy) 
within the speciesô range, and total population size estimates. Values were obtained by multiplying 
population density from Table 8.4a with the length of habitat within the speciesô distribution, and 
adjusting for occupancy. It was not possible to calculate confidence intervals as they were not 
available for all density estimates in Table 8.4a. 

Country  Length of habitat 

(km) 

Population size  -95%CI +95%CI 

England 141,000 [2,900] - - 

Scotland 151,000 [7,100] - - 

Wales 29,000 [1,000] - - 

Britain  321,000 [11,000] - - 

 

The Article 17 Report on otter population size 2007-2012 is shown in Table 8.4c (Joint 

Nature Conservation Committee, 2013b) and is similar to that computed in the current 

review: both reports are based on largely the same underlying information. The geographical 

ranges are also similar (Table 8.4d). 

  



254 

 Article 17 Report on otter population size 2007-2012 (Joint Nature Conservation 
Committee, 2013b). 

Country  Minimum  Maximum  

England  2,790 2,790 

Scotland  8,000 8,000 

Wales 930 930 

Britain  11,720 11,720 

Note: maximum and minimum estimates were the same values in the country-level reports. 

 

 

 Geographical ranges reported by the current review and the most recent Article 17 Report 
(Joint Nature Conservation Committee, 2013a). 

Country  Extent of 

occurrence  (km 2) 

Surface e stimate in 

JNCC Article 17 Report 

2007-2012 (km 2) 

England 125,700 n/a 

Scotland 76,500 76,430 

Wales 20,600 n/a 

Britain  222,800 229,760 

* To permit comparison with the Article 17 Report, this is the total area encompassed within the alpha 
shape. Lengths (km) of suitable habitat (riparian and coastal) are shown in Table 8.4b.  

 

Critique  

Population size for each country is based on a single country-specific population density 

estimate for riparian habitats (and coastlines in England and Wales), and four population 

density estimates for coastlines in Scotland. These density estimates are applied to all 

occupied riparian habitats and coastlines, so no account is taken of habitat heterogeneity. 

This is a particular problem for coastlines in England and Wales, as the application of 

riparian density estimates to coastal areas is highly likely to be inaccurate.  

 

Percentage occupancy for Scotland was taken from Findlay et al. (2015). Field conditions 

during the survey were poor, with high rainfall, which may have increased the chance of 

obtaining false negatives. Percentage occupancy may, therefore, be higher than estimated 

in Scotland.  
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 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Riparian  Coastal  

Location of 

study sites  

0 Estimates from one location 0  

1 Estimates restricted   

2 Estimates widespread   

Sample size  0 <10 density estimates   0  

1  10-30 density estimates   

2 >30 density estimates       

Occupancy 

data available?  

0 No   

1 Yes 1  

  Habitat score  1  

  Overall reliability score  1  

Changes through time  

Comparison to Harris et al. (1995), Arnold (1993) and JNCC (2013) 

The total pre-breeding population of 7,350 individuals was estimated by Harris et al. (1995) 

for the mid-1980s, comprised of 350 in England, 6600 in Scotland (3,600 on the mainland 

and 3,000 on the islands), and 400 in Wales. The method of calculating total population size 

was based on calculations from D. J. Jefferies, which were later published in Jefferies et al. 

(2003), and were used as the basis for the 2013 Article 17 Report (Joint Nature 

Conservation Committee, 2013a). 

 

The current review employs the same density estimates as Harris et al. (1995). The 49% 

increase in population size is therefore the consequence changes in occupancy and 

geographical range compared with Arnold (1993). The geographical range (surface area) is 

very similar to the values given in the Article 17 Report (Joint Nature Conservation 

Committee, 2013a).  

Other evidence of changes through time  

A series of national surveys have been conducted to detect the rate of change in the otterôs 

area of occurrence. These surveys were not, however, designed to provide information on 

population trends. There has been an increase in the number of occupied 10km squares in 
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all three countries, with an increase from 5.8% in 1977-1979 to 58.8% in 2009-2010 in 

England (Crawford, 2010); from 38% in 1977-1989 to 72% in 2002-2003 in Wales (Strachan, 

2015); and from 57% in 1977-1979 to 80% in 2003-2004 in Scotland (Findlay et al., 2015). A 

summary of trends in population size and range is shown in Table 8.4f. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase  All countries       

Stable        

Decrease        

Data defic ient        

Drivers of change  

 Drivers of population change for otters between 1995 and the present. 

Driver  Mechanism  Source  Direction of 

effect  

Reduction in 

organochlorine 

pesticide 

pollution. 

Substances banned in the 

UK. 

Kean et al. (2013) Positive 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for otters.  

Data defic iencies Habitat  Details  

Limited density estimates for key 

habitat.  

Riparian One estimate for riparian habitats. 

Density estimates do not represent 

within-habitat variability. 

Riparian Limited density estimates make it 

impossible to calculate confidence 

limits.  

Density estimates are more than 

10 years old. 

Riparian Density estimate is from Jefferies et al. 

(2003). 

Future prospects  

 An assessment of the future prospects for the otter, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change, and potential future drivers of change. For a 
full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Increase 

Range Increase 

Habitat Stable  

8.5 Pine marten Martes martes 

Habitat preferences  

The pine marten in western Europe is not dependent on closed-canopy woodland, unlike 

eastern European populations (Pereboom et al., 2008; Mergey et al., 2011), and it occurs in 

areas with as little as 4% forest cover (Balharry, 1993). In Scotland, the pine marten is 

adapted to a landscape with low levels of forest cover; the highest recorded population 

densities occur in areas with intermediate levels of forest fragmentation (Caryl et al., 2012; 

Kubasiewicz, 2014). It is also recorded in areas with very low levels of forest cover in the 
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north west Highlands (Balharry, 1993), and in non-wooded habitats such as upland montane 

areas, semi-natural grassland, and heathland in the Cairngorms (Croose et al., 2013; Moll et 

al., 2016). High pine marten densities are also recorded in the Irish midlands (3.13km-2), 

where woodland is particularly sparse and fragmented (Sheehy, 2013). In such regions, 

home ranges are larger to incorporate the resources required for resting and foraging 

(Balharry, 1993). The species is also adaptable, and may be able to supplement the 

resources provided by woodlands, such as denning sites and foraging opportunities, with 

features found in other habitat types (Caryl et al., 2012).  

 

The dietary composition of the pine marten in Scotland varies seasonally according to the 

availability of different food sources, including small mammals, carrion, berries and insects 

(Caryl, 2008). There is a strong preference for the field vole as a primary prey item ð in 

contrast to the preference for bank voles displayed by eastern European populations (Caryl, 

2008). This preference is reflected in the incorporation of scrub and tussocky grassland into 

the home range (Pereboom et al., 2008; Caryl et al., 2012). Milder winters and higher 

availability of rodents has been linked to higher densities of pine martens in mainland 

Europe (Zalewski and Jedrzejewski, 2006). These factors may affect population density 

more than the availability of woodland habitat. 

 

Pine martens were once prevalent throughout mainland Britain. However, by the late 19th 

century, only a few populations in the north west of Scotland survived (Langley and Yalden, 

1977; Ritchie, 2015). Some recovery of suitable habitat, followed by legal protection (Wildlife 

and Countryside Act (1981); protection for the species was enacted in 1988), has led to a 

partial recolonisation of the Scottish range over the last few decades (Croose et al., 2013; 

Croose et al., 2014).  

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [CR]; Scotland: [LC]; Wales: [CR]; Global: LC). 

¶ National Conservation Status (Article 17 overall assessment 2013. UK: Favourable; 

England: Bad; Scotland: Favourable; Wales: Bad). 
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Speciesô distribution      

All verified records are included in the distribution map (Figure 8.5a, left panel). Some 

highlighted areas, particularly those in England and Wales, represent very occasional 

records rather than established populations. A map produced by the Vincent Wildlife Trust 

(Figure 8.5a, right panel) is provided for comparison, with established populations being 

shown in dark green. This map is largely the result of two recent expansion zone surveys in 

Scotland (Croose et al., 2013; Croose et al., 2014), and monitoring following population 

reinforcement in Wales. 

 

Figure 8.5a  Left: Current range of the pine marten in Britain based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. Right: Map showing established 
populations (dark green) and occasional records (light green) up to 2016 (Vincent Wildlife Trust 
(Croose et al., 2013; Croose et al., 2014, VWT pers. comm.). There are also verified records for Mull. 
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Species-specific methods  

Estimates of pine marten density and home range size are all taken from sites in Scotland 

dominated by coniferous forest, including varying degrees of plantation and semi-natural 

habitat. Sites also contain some broadleaved woodland. All density estimates were applied 

to both coniferous and broadleaved woodlands. The population estimate therefore only 

represents individuals associated with woodland, however expert opinion suggests that in 

Scotland this will be most of the population (Johnny Birks, pers. comm.).  

 

Several papers found during the literature search contained estimates of pine marten home 

range size as opposed to density (Balharry, 1993; Bright and Smithson, 1997; Halliwell, 

1997; Caryl et al., 2012). Home range size has previously been used as a proxy for density, 

with ranges being assumed to be contiguous and without overlap within each sex. This 

approach was also used for the purpose of the current review.  

 

The population size estimate for Wales is based on the number of animals translocated to 

Wales from Scotland during the 2015 and 2016 Pine Marten Recovery Project (Vincent 

Wildlife Trust, pers. comm.). Extensive research by the Vincent Wildlife Trust suggests that 

records in England do not indicate an established population. Therefore, no estimate has 

been made for England.  

Results  

Two papers containing population density estimates were identified by the literature search. 

These reported estimates made between September and November (Kubasiewicz, 2014; 

Croose et al., 2015). A further four papers reported pine marten home range sizes, based on 

studies of at least one year (the specific timings of individual capture and tracking were not 

specified) (Balharry, 1993; Bright and Smithson, 1997; Halliwell, 1997; Caryl et al., 2012). 

Two papers contained information relevant to occupancy by reporting the percentage of 

surveyed hectads found to contain pine marten scats in east and central Scotland (25%; 

Croose et al., 2013) and southern Scotland (4%; (Croose et al., 2014). However, the surveys 

were conducted with relatively low sampling frequency, and an unusually high proportion of 

DNA extracted from scats could not be identified to species (48%; Croose et al., 2013). The 

surveys were also conducted at the edge of the speciesô range. It is therefore concluded that 

these reported occupancy rates are unlikely to be representative. 
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Pine marten kits typically emerge from the natal den in late June and disperse from their 

motherôs territory between September and mid-November (Harris and Yalden, 2008). The 

calculated population sizes therefore represent means for the year, with some bias towards 

the post-breeding population. Habitat-specific density estimates per habitat are shown in 

Table 8.5a, and total population size estimates in Table 8.5b.  

 Median density estimates with 95% confidence intervals for pine martens, calculated using 
data obtained from a review of the literature from 1995 to 2015.  

Habitat  Area 

within 

range 

(km 2) 

Density 

(km -2) 

-95%CI +95%CI Source*  n** %Occ

À 

Coniferous 

woodland 

9,500 0.3 0.2 0.8 Balharry (1993) 

Bright and Smithson 

(1997) 

Halliwell (1997) 

Bright and Smithson 

(2001) 

Caryl et al. (2012) 

Kubasiewicz (2014) 

(Croose et al., 2015) 

2 

 

2 

 

1 

1 

 

1 

3 

1 

n/a 

Broadleaved 

woodland 

2,500 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 8.5b with the area of habitat within the speciesô distribution. 

* This represents the population in woodlands only. For Wales, the population size is the number of 
individuals released and monitored during 2015 and 2016 by the Vincent Wildlife Trust (Jenny 
McPherson, pers. comm.). 

Country  Area of suitable 

habitat (km 2) 

Population size*  -95%CI +95%CI 

Scotland 10,800 3,700 1,600 8,900 

Wales 1,300 39 - - 

Britain  12,100 3,700 1,600 8,900 
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The Article 17 Report on pine marten population size 2007-2012 is shown in Table 8.5c 

(Joint Nature Conservation Committee, 2013b). The values fall within the 95% confidence 

limits of the estimate computed in this review. Geographical ranges sizes, however, are 

similar in the two reports (Table 8.5d). 

 Article 17 Report on pine marten population size 2007-2012 (Joint Nature Conservation 
Committee, 2013b). 

Country  Minimum  Maximum  

England  Unknown Unknown 

Scotland  2,237 4,461 

Wales Unknown Unknown 

Britain  3,500 4,461 

 Geographical ranges reported by the current review and the most recent Article 17 Report 
(Joint Nature Conservation Committee, 2013b). 

Country  Extent of occurrence  

(km 2) 

Surface e stimate in 

JNCC Article 17 Report 

2007-2012 (km 2) 

England 12,400 n/a 

Scotland 61,000 n/a 

Wales 9,500 n/a 

Britain  82,900 70,990 

Critique  

Our analysis is restricted to woodland habitats, and this will have tended to underestimate 

the population size. However, this error is considered unlikely to be serious because most of 

pine martens in Scotland are thought to incorporate woodland into their home range (Johnny 

Birks, pers. comm.). Potentially more serious is the lack of occupancy data, and the 

consequent assumption that pine martens are present in all woodlands within the 

geographical range: the population size is therefore likely to be overestimated.  

 

The density estimates found in the literature (n=11) were applied to all woodlands within the 

speciesô range. Although most woodland within the speciesô distribution is coniferous (75%), 
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deriving separate density estimates for coniferous and broadleaved woodland would be 

unlikely to improve the estimate materially, because pine martens have large home ranges 

and use a matrix of different habitats.  

 

The highest densities of pine martens in Scotland were recorded in areas with 20%-35% 

forest cover (see Kubasiewicz, 2014), but our calculations do not take the importance of 

local habitat composition into account. Population sizes in areas of high forest cover will 

therefore tend to be overestimated, and the converse will be true in areas of intermediate 

cover. Given that average forest cover in Scotland is 17%, these errors are expected to lead 

to an underestimate of population size.  Further surveys to clarify these relationships are 

recommended, as conclusions are currently based on relatively low sample sizes. 

 

Experts consulted for this report suggested that the population size is most likely to be closer 

to the upper confidence limit of 8,900 individuals (Laura Kubasiewicz, pers. obs.). A reliability 

assessment is shown in Table 8.5e.  

 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Woodlan ds  

Location of study 

sites  

0 Estimates from one location 
 

1 Estimates restricted 
 

2 Estimates widespread 2 

Sample size  0 <10 population density estimates   
 

1  10-30 population density estimates 1 

2 >30 population density estimates     
 

Occupancy data 

available?  

0 No 0 

1 Yes 
 

  Habitat  score  3 

  Overall reliability score  2* 

* The overall reliability score is reduced to 2 because data are only available for woodlands, but the 
highest densities are found in landscapes with a high proportion of other habitat types, which 
suggests that these are likely to contribute substantially to the overall population.  
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Changes through time  

Comparison to Harris et al. (1995), Arnold (1993) and JNCC (2013) 

The population size given by Harris et al. (1995) was 3,650, comprised of <100 in England, 

3,500 in Scotland and <50 in Wales. The estimate for Scotland was based on home range 

size as a proxy for density: the total area of woodland within the speciesô distribution was 

divided by the area of woodland (1.26km2) found within an average pine marten territory of 

4-10km2. Outside the core range in the Highlands, percentage occupancy of 50% was 

assumed, although no empirical data were available (Balharry, 1993). The current analysis 

derived similar population estimates to Harris et al. (1995), but it is unclear whether the 

population is stable because a different methodology was used: densities measured in 

woodlands with varying degrees of fragmentation were multiplied by the area of woodland 

within the range (Scotland only). Although these density estimates are likely to be too high 

because non-woodland habitats in the home ranges were excluded, the calculations were 

only applied to woodland. This error is unlikely to be serious provided that woodland forms a 

core part of the home range of most pine martens, and that detectability is good. However, if 

much of the population lives independently of woodland, or pine martens have low 

detectability in woodland, then the estimates will be too low. Further study is needed to 

distinguish between these two possibilities.  

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats (broadleaved woodland and coniferous woodland), generated by a combination of 

true change and methodological differences, irrespective of any range change (see Sections 

2.3 and 32.3 for further details). The adjusting of results to reflect more probable temporal 

changes in the composition of the British landscape ð using differences between the 1990 

and 2007 Countryside Surveys (Carey et al., 2008) ð generates a population size that still 

falls within the confidence limits of the original. Comparisons between the two reviews are 

therefore unlikely to be affected materially by these methodological issues.  

 

The geographical range estimate for Britain is similar to that reported by the last Article 17 

Report (Joint Nature Conservation Committee, 2013a), but is considerably larger than that 

reported by Arnold (1993). The area of occupancy for England does not represent 

established populations. 



265 

Other evidence of changes through time 

Pine martens have continued to increase their range in Scotland in the last 20 years (figure 

8.3a; Croose et al., 2013; Croose et al., 2014), and the median density estimate used for the 

current analysis is larger than both of the estimates provided by Harris et al. (1995). The 

population is, therefore, highly likely to have increased. An overview of trends in population 

size and range is provided in Table 8.5f. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase  
Scotland* 
Wales** 

      

Stable        

Decrease        

Data defic ient         

* Population size increase is currently based on expert opinion and inferred from a significant 
increase in range size. 
** Increase in population and range size is owing to a reinforcement programme. 
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Drivers of change  

 Drivers of population change for pine martens between 1995 and the present.  

Driver  Mechanism  Source  Direction 

of effect  

Recovery from 

persecution. 

Legal protection under the 

Wildlife and Countryside Act 

(1981) has reduced persecution. 

Populations have continued to 

recover over the last 20 years.  

Croose et al. (2013) Positive 

Habitat 

availability. 

There has been an increase in 

forest cover from 12% in 1982 to 

17% in 2007. Increased habitat 

availability has enabled range 

expansion over the last 20 

years. 

Scottish Natural 

Heritage (2010)  

Croose et al. (2013) 

Positive 

Reinforcement. 39 pine martens have been 

released into selected sites in 

Wales as part of a reinforcement 

project led by the Vincent 

Wildlife Trust.  

Vincent Wildlife Trust 

(pers. comm.) 

Positive 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for pine martens.  

Data defic iencies Habitat  Details  

No density estimates for 

specified habitat. 

Non-wooded habitats All density estimates are 

currently woodland-specific. 

No occupancy data.   
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Future prospects   

Following a feasibility study for the reinforcing of small populations of pine martens in 

England and Wales through translocation of individuals from Scotland, habitat suitability was 

assessed, and five regions in Wales and one on the English/Welsh border were identified as 

potential release sites (MacPherson et al., 2014). Thirty-nine pine martens were translocated 

successfully to central Wales during 2015 and 2016. The locations selected for release 

offered large areas of suitable habitat, and had low risks of mortality from road traffic 

incidents (MacPherson et al., 2014).The prospects for achieving an established population in 

Wales are therefore positive.  

 An assessment of the future prospects for the pine marten, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Increase 

Range Increase 

Habitat Stable  

8.6 Stoat Mustela erminea  

Habitat preferences  

The stoat is found in most habitats in Britain, and at any altitude, provided that sufficient 

cover and prey are available. Like other mustelids, there is territory defence against intruders 

of the same sex (Erlinge, 1977), and the smaller home ranges of females tend to be 

overlapped by one or more males (Powell, 1979). The species tends to avoid open spaces 

by travelling along hedgerows, ditches and stone walls. The stoat is a specialised predator of 

small and medium-sized mammals, and rabbits are a key prey item, particularly for males, 

forming more than 50% of their diet throughout the year (McDonald et al., 2000). Foraging is 

therefore concentrated on rabbit warrens, early successional communities favoured by field 

voles, and brush timber piles that might harbour small mammals (see Harris and Yalden, 

2008). Populations appear to fluctuate in response to food supply. They showed marked 
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declines (as measured by the National Gamebag Census) in the 1950s and 1960s, following 

myxomatosis epidemics (Sumption and Flowerdew, 1985). 

Status  

Native. 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [NT]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

 

Figure 8.6a  Current range of the stoat in Britain. Range is based on presence data collected between 
1995 and 2016. Areas that contain very isolated records may not have been included in the area of 
distribution ð see Methods, Section 2.5, for more details. 
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Results  

No papers identified by the literature search for stoats reported pre-breeding population 

density estimates, trends, occupancy, or the effect of environmental variables on relative 

density. The population density estimates (Table 8.6a) are therefore taken from Harris et al. 

(1995), but these were not based on any published data for Britain. Population size 

estimates are shown in Table 8.6b. 

 Median density estimates with 95% confidence intervals for stoats, calculated using data 
obtained from Harris et al. (1995). 

Habitat  Area within 

range ( km 2) 

Density 

(km -2) 

-95%CI +95%CI Source*  n** %OccÀ 

Arable and 

horticulture 

61,200 2 - - Harris et al. 

(1995) 

1 n/a 

Bog 6,700 2 - - Harris et al. 

(1995) 

1 n/a 

Broadleaved 

woodland 

12,300 6 - - Harris et al. 

(1995) 

1 n/a 

Coniferous 

woodland 

11,800 6 - - Harris et al. 

(1995) 

1 n/a 

Dwarf shrub 

heath 

15,100 2 - - Harris et al. 

(1995) 

1 n/a 

Improved 

grassland 

65,200 1 - - Harris et al. 

(1995) 

1 n/a 

Unimproved 

grassland 

10,300 6 - - Harris et al. 

(1995) 

1 n/a 

Sand dunes 200 2 - - Harris et al. 

(1995) 

1 n/a 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 
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 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 8.5a with the area of habitat within the speciesô distribution. It 
was not possible to calculate confidence intervals, as none were available for density estimates from 
Harris et al. (1995). 

Country  Area of suitable 

habitat (km 2) 

Population size  -95%CI +95%CI 

England 116,000 [260,000] - - 

Scotland 51,600 [140,000] - - 

Wales 15,600 [37,600] - - 

Britain  183,000 [438,000] - - 

Critique  

No percentage occupancy data were available; the population size is therefore 

overestimated. The habitat contributing the greatest proportion of the population estimate is 

arable land (28%), with a further 62% split between broadleaved woodland, coniferous 

woodland, improved and unimproved grassland (Figure 8.6b). Two of these habitats ð 

improved grassland and arable land ð contribute a high proportion of the population size 

because of the large areas present within the speciesô distribution (69%). In contrast, the 

high population densities in the other three habitats ð unimproved grassland, coniferous 

and broadleaved woodland ð explain their contribution to the population estimate (Table 

8.6b).  

 

Although stoats are present in arable land, they are more likely to use field boundaries and 

hedgerows. Home ranges in the Swiss Jura mountains tend to be linear and follow boundary 

features (Debrot and Mermod, 1983). Density estimates from Harris et al. (1995) were based 

on the authorsô expert opinion, rather than empirical data, and it is unclear how this 

behaviour was taken into account for the density estimates for arable land. In this review, 

lengths of hedgerows were not included as a separate habitat category in order to avoid 

double counting. 

 

To assess reliability, we have considered the population density estimates from Harris et al. 

(1995) to be the expert opinion of the authors and not representative of the entire speciesô 

range (Table 8.6c).  
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Figure 8.6b  Left: The percentage of the total population of stoats accounted for by each habitat type. 
Error bars are derived by multiplying the lower and upper confidence limit for density by the area 
occupied. Right: The percentage of total area within the speciesô distribution represented by each 
habitat type. 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population. Each habitat received a score based on the number of 
locations in which density was measured, the number of density estimates contributing to the median, 
and the availability of occupancy data. These scores are summed to give a total score per habitat. 

 Measure  Score  Details  Habitat  

Arable and 

horticulture  

Improved 

grassland  

Location of 

study sites  

0 Estimates from one location 
 

 

1 Estimates restricted 1 1 

2 Estimates widespread 
 

 

Sample size  0 <10 population density 

estimates   

0 0 

1  10-30 population density 

estimates 

 
 

2 >30 population density 

estimates     

 
 

Occupancy data 

available?  

0 No 0 0 

1 Yes 
 

 

  Habitat score  1 1 

  Overall reliability score  1 
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Change through time  

Comparison to Harris et al. (1995) and Arnold (1993) 

Total population size as estimated by Harris et al. (1995) was 462,000, comprised of 

245,000 in England, 180,000 in Scotland and 37,000 in Wales. Population density estimates 

for all habitat types are based on the authorsô expert opinion (Harris et al., 1995). The 

density estimates in the current review are taken from Harris et al. (1995), so any differences 

in population size would be the result of divergent measurements of habitat availability.  

 

Nationally, there are changes between the two reviews in the estimated availability of key 

habitats, generated by a combination of true change and methodological differences, 

irrespective of any range change (see Sections 2.3 and 32.3 for further details). The 

adjusting of results to reflect more probable temporal changes in the composition of the 

British landscape ð using differences between the 1990 and 2007 Countryside Surveys 

(Carey et al., 2008) ð produces a new population size estimate of 399,000, which is 9% 

smaller than the estimate shown in Table 8.6b. The significance of this reduction cannot be 

assessed because of the lack of confidence limits for either estimate. The original estimate is 

close to the value presented by Harris et al. (1995), whereas the adjusted estimate is 14% 

lower. 

Other evidence of changes through time 

The National Gamebag Census suggests an increase of 28% (95% CI = 12%-42%) in the 

numbers of stoats culled between 1995 and 2009 (Aebischer et al., 2011), although it is 

unclear whether this increase is owing to an actual population size increase or an increase in 

trapping effort. A summary of trends in population size and range is provided inTable 8.6d. 
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 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase         

Stable        

Decrease        

Data defic ient   All countries*    

*Aebischer et al. (2011). 

Drivers of change  

 Drivers of population change for stoats between 1995 and the present. Drivers are limited 
to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Change in 

prey 

availability. 

A decline in specialist prey 

species, although the 

significance is unknown. 

Harris and Yalden 

(2008) 

Negative 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for stoats.  

Data defic iencies Habitat  Details  

Density estimates are 

more than 10 years old. 

All habitats All density estimates are taken from Harris 

et al. (1995), which were based the 

authorsô opinions. 

Density estimates do not 

represent within-habitat 

variability. 

All habitats No range or confidence limits were 

available from Harris et al. (1995).  

Managed populations. All habitats The population size has not been adjusted 

to reflect the number culled.  

No occupancy data. All habitats  
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Future prospects  

 An assessment of the future prospects for the stoat, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change, and potential future drivers of change. For a 
full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Unknown 

Range Unknown 

Habitat  Stable  

8.7 Weasel Mustela nivalis 

Habitat preferences  

The weasel occupies a wide range of habitats. As with other mustelids, there is territory 

defence against intruders of the same sex, and the smaller home ranges of females tend to 

be overlapped by one or more males (Powell, 1979). Home range size, and hence density, is 

strongly dependent on food availability. The weasel is a specialised predator of voles and 

mice, but will also take young rabbits, birds, and birdsô eggs, particularly in spring when 

rodent populations are low (McDonald et al., 2000). Common in coniferous woodlands with 

dense field vole populations, the species is less abundant where small mammals are scarce, 

such as at high altitudes or in deciduous woodlands with sparse ground cover. On farmland, 

it is strongly associated with hedgerows, stone walls and other linear features, and rarely 

ventures into open habitat (see Harris and Yalden, 2008).  

 

Status  

 

Native. 

 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 
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Speciesô distribution  

 

Figure 8.7a  Current range of the weasel in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Results  

No papers were identified by the literature search that reported pre- or post-breeding 

population density estimates. Experts were also unable to provide any further information. 

Harris et al. (1995) calculated weasel population size based on the ratio of weasels to stoats, 

which was thought to be 1:1 overall despite the weasel population showing more regional 

variability. As no new information was available for this review, the estimates previously 

given by Harris et al. (1995) ð a total British population of 450,000, comprised of 308,000 in 

England, 106,000 in Scotland and 36,000 in Wales ð could not be updated, and therefore 

no reliability assessment was conducted. The original estimate provided by Harris et al. 

(1995) was scored as extremely unreliable.                  
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Changes through time  

The only indicator of trends for weasels is from the GWCT National Gamebag Census. This 

indicated an increase of 51% (95% CI = 23%-80%), between 1995 and 2009, in the numbers 

of weasels culled. This suggests a recovery after declines of 37% (95% CI = 52%-22%) in 

cull rates between 1960 and 2009. The trend, however, may indicate changes in culling 

effort rather than changes in population size. A summary of trends in population size and 

range is provided in Table 8.7a. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease        

Data defic ient  Scotland* 
England 
Wales 

   

* The increase in range size in Scotland may be because of an altered survey effort. 

Drivers of change  

 Drivers of population change for weasels between 1995 and the present. Drivers are 
limited to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

N/A* N/A N/A N/A 

* Lack of data prevented an assessment of change in population size. 
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Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for weasels.  

Data deficiencies Habitat Details 

No population density estimates 

for specified habitat. 

All habitats No estimates are available pre- or 

post-1995. 

No occupancy data. All habitats No occupancy data are available for 

any habitat. 

Future prospects  

 An assessment of the future prospects for the weasel, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change, and potential future drivers of change. For a 
full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Unknown 

Range Unknown 

Habitat Stable  

8.8 Polecat Mustela putorius 

Habitat preferences  

 

The polecat is a generalist species in terms of both habitat selection and diet. It tends to 

prefer woodland edge, farm buildings and field boundaries, and to avoid open fields (Birks 

and Kitchener, 2008; Birks, 2015). High road casualty rates may prevent the establishment 

of populations in urban and suburban areas, although it is occasionally found in these places 

(Birks, 1999). Unlike its counterparts in mainland Europe, the polecat in Britain does not 

show a preference for riparian habitats, possibly to avoid competition with the American 

mink. High rabbit abundance throughout the speciesô range provides an alternative food 

source outside of riparian habitats. A high proportion of activity is associated with rabbit 

warrens, and these sites are also frequently used for denning (Birks, 2015). The polecat is 
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less strongly territorial than other small mustelids: territories can be vacated voluntarily and 

are not necessarily refilled (Blandford, 1986).   

 

Status  

 

Native. 

 

Conservation status 

 

¶ IUCN (GB: LC; England: [LC]; Scotland: [EN]; Wales: [LC]; Global: LC). 

¶ National Conservation Status (Article 17 overall assessment 2013. UK: Favourable; 

England: Favourable; Scotland: Unknown; Wales: Favourable). 

Speciesô distribution  

In Scotland, records of true polecats are very sparse (see the óCritiqueô section below). The 

highlighted areas on the distribution map below are therefore most likely to represent 

occasional individuals, or misidentified ferret-polecat hybrids, rather than an established 

population of true polecats.  
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Figure 8.8a  Current range of the polecat in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Since polecats are generalists and can be found in most habitat types, population density 

estimates in the literature are not habitat-specific. To permit comparison to previous reports 

(and in the absence of any other relevant data), population sizes were therefore calculated 

by multiplying the population density by the total area of the speciesô distribution. Given that 

polecats are unlikely to occupy urban areas (Birks, 2015), areas classed as urban in the 

LCM2007 data were removed from the total distribution area using ArcGIS 10.2.2. 

 

Occupancy data are taken from Birks & Kitchener (1999). In the original reference, 

occupancy is incorporated within the population density estimates: mean density was 

calculated as 0.85km-2 (95%CI = 0.69km-2-1.01km-2), where 52.3% of 1km squares were 

occupied (ranging from 56.1% in the centre of the range to 48.5% on the edge). Table 8.8a 

shows density for occupied squares only (Birks and Kitchener, 1999). 
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All records from Scotland are thought to be occasional records and/or misidentified ferret-

polecat hybrids, so no population size was calculated for this country.  

Results  

Four relevant papers were identified by the literature search. One paper reported pre-

breeding population density estimates and percentage occupancy, one contained estimates 

of total population size, and two gave details of distribution. Population density estimates are 

shown in Table 8.8a, and population sizes in Table 8.8b.  

 Median density estimates with 95% confidence intervals for polecats, calculated using 
data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area within 

range (km 2) 

Density 

(km -2) 

-95%CI +95%CI Source*  n** %OccÀ 

All 

habitats 

98,000 1.63 1.32 1.93 Birks and Kitchener 

(1999) 

136 52.

3 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 Area of suitable habitat (not adjusted for occupancy) within England and Wales, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 8.8a with the area of habitat within the speciesô distribution, and 
adjusting for occupancy.  

Country  Area of 

suitable 

habitat (km 2)* 

Population 

size 

-95%CI +95%CI 

England 78,100 66,400 53,900 79,000 

Wales 19,800 16,800 13,700 20,000 

Britain  98,000 83,300 67,600 98,900 

* The area of suitable habitat is the total range size (see Table 8.5a) minus the area of urban and 
gardens. The area of suitable habitat excludes Scotland. 

 

The Article 17 Report on polecat population size 2007-2012 is shown in Table 8.8c (Joint 

Nature Conservation Committee, 2013b). The population size estimated in the current 

review is almost double that reported in the Article 17 Report, though the geographical range 

sizes are similar (Table 8.8d). 
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 Article 17 Report on polecat population size 2007-2012 (Joint Nature Conservation 
Committee, 2013b). 

Country  Minimum  Maximum  

England  27,990 27,990 

Scotland  350 350 

Wales 18,450 18,450 

Britain  46,780 46,780 

Note: maximum and minimum estimates were the same values in the country-level reports. 

 

 Geographical ranges reported by the current review and the most recent Article 17 Report 
(Joint Nature Conservation Committee, 2013b). The extent of the true polecat range in Scotland is 
very uncertain. 

Country  Extent of 

occurrence  (km 2) 

Surface e stimate in 

JNCC Article 17 Report 

2007-2012 (km 2) 

England 85,400 n/a 

Scotland n/a n/a 

Wales 20,600 n/a 

Britain  105,900* 118,720 

* Totals do not sum because of rounding. 

Critique  

Population size estimates for polecats were based on 136 individual density estimates from 

one study. These density estimates are area- rather than habitat-specific, so it is not 

possible to assess the proportion of the population size or geographical range accounted for 

by each habitat.  

 

Density estimates and percentage occupancy values in Birks and Kitchener (1999) were 

taken from areas throughout the speciesô range in England and Wales. In Scotland, fewer 

than 85% of records received by the Vincent Wildlife Trust during 2014-2015 were classified 

as true polecats, as opposed to polecat-ferret hybrids or ferrets (Croose, 2016), and there 

were fewer than five verified records in the eastern fringe of the distribution. In contrast, most 

of the speciesô range in England contained 85% to 95% true-polecat records, and in Wales 

the value was >95%. It is therefore possible that the current estimate overlooks a small 

population of polecats in Scotland ð Birks and Kitchener (1999) estimated the population in 
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Scotland to be between 345 and 483 ð but this is unlikely to have a major impact on the 

total figures for Great Britain. 

 

Density estimates are based on the number of sightings per survey. Therefore, they provide 

a minimum number, rather than a modelled estimate of density. Surveys were conducted 

between 1997 and 1999, so it would be beneficial to reassess population densities across 

the speciesô range, including recently recolonised regions. An assessment of reliability is 

given in Table 8.8e.  

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population of polecats. Each habitat received a score based on the 
number of locations in which density was measured, the number of density estimates contributing to 
the median, and the availability of occupancy data. These scores are summed to give a total score 
per habitat. 

 Measure  Score  Details  Habitat  

All habitats  

Location of study 

sites  

0 Estimates from one location 
 

1 Estimates restricted 1 

2 Estimates widespread 
 

Sample size  0 <10 population density estimates   
 

1  10-30 population density estimates 
 

2 >30 population density estimates     2 

Occupancy data 

available?  

0 No  

1 Yes 1 

  Habitat score  4 

  Overall reliability score  4 

Changes through time  

Comparison to Harris et al. (1995)  

Population size was estimated to be 15,000 by Harris et al. (1995), comprised of 2,500 

polecats in England and 12,500 in Wales. Population sizes were estimated using more than 

one method, including applying high (1km-2) and low (0.1km-2) densities across the speciesô 

range. These density estimates resulted in population sizes ranging from approximately 

2,000 to 21,000, and are comparable methodologically to the current review. Population 

sizes have increased significantly between the two reviews. This appears to be entirely 

driven by an increase in range, although more recent density data would help to verify this 

conclusion.  
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Other evidence of changes through time 

The current findings concur with the increase in range and population size from 38,000 in 

1997 (Birks and Kitchener, 1999) to 47,000 in 2006 (Birks, 2015). A summary of trends in 

population size and range is shown in Table 8.8f. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase  England   Wales     

Stable        

Decrease        

Data defic ient        
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Drivers of change  

 Drivers of population change between 1995 and the present. Drivers are limited to those 
affecting the population at a national level. 

Driver  Mechanism  Source  Direction 

of effect  

Recovery from 

persecution. 

Alleviation of hunting 

pressure. 

Birks (2015) Positive 

Rodenticides. Increased consumption of rats 

contaminated with 

rodenticides may have lethal 

and sublethal effects. 

Shore et al. (2003) Negative 

Hybridisation.  Ferrets and polecat-ferret 

hybrids are present in a 

considerable proportion of the 

true-polecatsô range.  

Costa et al. (2013) Negative 

Releases. Releases into Cumbria and 

Perthshire/Tayside have 

resulted in the establishment 

of new populations and 

increases in the speciesô 

range.  

Vincent Wildlife 

Trust (pers. comm.) 

Positive 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates.  

Data defic iencies Habitat  Details  

Density estimates are more 

than 10 years old. 

Non-habitat specific Population density estimates result 

from surveys conducted from 1994-

1995 to 1998-1999. 
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Future prospects  

 An assessment of the future prospects of the polecat, in terms of whether the population 
size, range and habitat quality are likely to increase, decrease or remain stable. This assessment is 
based on the current trends, current drivers of change and potential future drivers of change. For a full 
assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Increase 

Range Increase 

Habitat Stable  

8.9 Mink Neovison vison 

 

Habitat preferences  

 

The American mink became established in Britain following escapes or releases from fur 

farms in the early 20th century (Macdonald and Harrington, 2003). It is a generalist predator 

and shows a strong preference for riparian habitats, particularly those with abundant cover, 

where it feeds on a wide range of prey, including waterfowl, fish and water voles. High 

population densities are also found in undisturbed rocky coastal areas. Estuaries, urban 

canals, and habitats away from water may, also, provide sufficient habitat if cover and prey, 

such as rabbits, are available (Dunstone and Macdonald, 2008). In the Upper Thames 

region, mink were found to favour areas with tree and scrub cover and to avoid open areas, 

particularly farmland (Yamaguchi et al., 2003). There is inter-specific competition with the 

otter: declines in mink signs, and a shift towards a more terrestrial diet and diurnal rather 

than nocturnal behaviour, have been noted to correlate with the resurgence of otter 

populations (Bonesi and Macdonald, 2004; Bonesi et al., 2006; McDonald et al., 2007; 

Harrington et al., 2009)  

 

Status  

 

Non-native. 
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Conservation Status 

 

¶ IUCN Red List (GB: n/a; England: n/a; Scotland: n/a; Wales: n/a; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is presented in Figure 8.9a. Gaps in the speciesô distribution in the 

Scottish Borders and Argyll are likely to represent areas lacking survey effort, rather than 

true absences. The species is known to be present in all areas of mainland Scotland except 

for the far north (see Fraser et al., 2015b; Gaywood et al., 2016).  

 

Figure 8.9a  Current range of the mink in Britain. Range is based on presence data collected between 
1995 and 2016. Areas that contain very isolated records may not have been included in the area of 
distribution ð see Methods, Section 2.5, for more details. Mink were previously considered abundant 
in the south west of Scotland, but there are no records from this region since 1995, possibly because 
of a lack of recorder effort. 
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Species-specific methods  

The length of riparian habitat for Scotland, England and Wales was taken from Table 4 in the 

previous Review of British Mammals (Harris et al., 1995) and multiplied by the percentage of 

each country included in the speciesô distribution to give the length of available riparian 

habitat. Percentage occupancy was taken from Bonesi et al. (2006), using the percentage of 

sites (n=3188) within 32 50 x 50km squares surveyed during the National Otter Survey of 

England. The length of suitable coastline was taken from Table 10.3 in Jefferies et al. 

(2003). As there have been no records of mink in the Outer Hebrides since 1995, these 

islands were not included. The coastlines of Arran, Skye and Mull were adjusted using the 

percentage occupancy for Arran (Jefferies et al., 2003). 

Results  

Eight papers were identified by the literature search. One reported a pre-breeding population 

density estimate for rivers, and two gave pre-breeding density estimates for coastal 

populations. One paper contained home range estimates (Males = 1.5 km, females = 1.09 

km; Dunstone and Birks, 1985), and one gave presence and occupancy data. The remaining 

papers contain post-breeding or relative measures of population density. Percentage 

occupancy was estimated to be 74% by Bonesi et al. (2006) for riparian populations, whilst 

occupancy for coastal populations was taken from Jefferies et al. (2003): 5.97% in England; 

15.15% in the Scottish mainland; 37.5% in Arran (applied to all currently occupied Scottish 

islands); and 3.57% in Wales. Overall percentage occupancy for coastal populations is given 

in Table 8.9a. Population density estimates are provided in Table 8.9a and population size 

estimates are provided in Table 8.9b. 
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 Median density estimates with 95% confidence intervals for mink, calculated using data 
obtained from a review of the literature from 1995 to 2015. The literature sources used to estimate 
each value are listed in óSourceô. The number of estimates obtained from each literature source is 
given in ónô.  

Habitat  Length 

within 

range ( km) 

Density 

(km -1) 

-95%CI +95%CI Source*  n** %OccÀ 

Riparian 261,000 0.62 - - Harrington et al. 

(2008) 

1 74 

Coastal 10,600 1.395 1.25 1.54 Jefferies et al. (2003) 

Helyar (2005) 

1 

1 

12.5 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 8.9a with the length of rivers obtained from Table 4 of Harris et 
al. (1995), and adjusted by the percentage of rivers occupied in Table 8.9a. It was not possible to 
calculate confidence intervals, as none were available for the density estimate from Harrington et al. 
(2008). 

Country  Length within 

range (km)  

Population size*  -95%CI +95%CI 

England 139,000 [62,400] - - 

Scotland 104,000 [46,600] - - 

Wales 29,100 [12,900] - - 

Britain  273,000 [122,000] - - 

*Across Great Britain, 1.5% of the population is estimated to be in coastal environments.  

Critique  

Population size in riparian habitats was estimated from a single density estimate. Coastal 

populations, which account for only 2% of the total population size, were based on two 

density estimates. The small contribution of coastal areas to the overall population is, in part, 

owing to the length of available coastline, which is substantially shorter than the length of 

available riparian habitat. However, there is also a large difference in the percentage 

occupancy values for the two habitat types. The most recent values for percentage 

occupancy were used in each case, with the value for coastlines taken from Jefferies et al. 

(2003) and riparian habitats from Bonesi et al. (2006). Occupancy of riparian habitats was 
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also provided in Jefferies et al (2003) and, as for coastlines, was calculated as the 

percentage of 10 x 10km squares positive for mink within Water Authority Regions, or 

longitudinal sections of differing river length and 100km width. In contrast, Bonesi et al. 

(2006) used the percentage of occupied sites within alternate 50km x 50km squares. Both 

Jefferies et al. (2003) and Bonesi et al. (2006) reported the same declining temporal trend in 

occupancy relative to the same measures of occupancy in previous years, but the absolute 

occupancy values are not comparable between studies. For the older survey of riparian 

habitats (Jefferies et al., 2003), the values were 13.42% in England, 10.69% in Scotland and 

3.74% in Wales. If these values are used in place of those from Bonesi et al. (2006), the 

population size estimate is reduced considerably to 20,300 in Britain, comprised of 11,600 in 

England, 8,000 in Scotland and 700 in Wales. A reliability assessment is provided in Table 

8.9c. 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population of mink. Each habitat received a score based on the 
number of locations in which density was measured, the number of density estimates contributing to 
the median, and the availability of occupancy data. These scores are summed to give a total score 
per habitat. 

 Measure  Score  Details  Habitat  

Riparian  

Location of study 

sites  

0 Estimates from one location 0 

1 Estimates restricted 
 

2 Estimates widespread 
 

Sample size  0 <10 population density estimates   0 

1  10-30 population density estimates 
 

2 >30 population density estimates     1 

Occupancy data 

available?  

0 No 0 

1 Yes 
 

  Habitat score  1 

  Overall reliability score  1 

Change through time  

Comparison to Harris et al. (1995) 

The population size estimated by Harris et al. (1995) was at least 110,000 individuals, with 

46,750 in England, 52,250 in mainland Scotland and 9,750 in Wales. The authors stated, 

however, that more information was needed on the coastal and island population to improve 

the reliability of the estimate, and suggested that the percentage of occupied habitat (which 
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was based on data from the English National Otter Survey and expert opinion) was likely to 

be underestimated. The same problems persist in the current review, and so the 

identification of temporal trends has been limited to comparisons within survey types, i.e., 

The Water Vole and Mink Survey of Britain (Jefferies, 2003), or The National Otter Survey 

dataset (see Bonesi et al., 2006).  

Other evidence of changes through time 

Both The Water Vole and Mink Survey of Britain (Jefferies et al., 2003) and The National 

Otter Survey dataset (see Bonesi et al., 2006) suggest declining trends in percentage 

occupancy for mink. A comparison of population size calculated using the percentage 

occupancy for riparian habitats from Jefferies et al. (2003) suggests a 65% decline in 

population size between 1989-1990 and 1996-1998 (from 105,650 to 36,950), and a 45% 

decline between 1996-1998 and 2016 (from 36,950 to 20,500), with the largest decline found 

in Scotland (58%, as opposed to 29% in England and Wales). Conversely, although range 

size has declined in Scotland since 1993 (Arnold, 1993), it has increased in England and 

Wales. This trend may be an artefact of more intense recording in England and Wales in 

more recent years, or it could potentially be the result of animals dispersing more widely in 

response to control measures.  

 

The GWCT National Gamebag Census for mink suggests a decrease of 41% (95%CI = 

49%-33%) in culling rates between 1995 and 2009. However, this trend is not adjusted for 

effort, which may also vary over time. A summary of trends in population size and range is 

provided in Table 8.9d. 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase          

Stable        

Decrease  
England  
Wales* 

 Scotland*   

Data defic ient       

* Population decline is inferred from a fall in site occupancy and density within the speciesô range. 
Apparent increase in range size may be owing to increased recorder effort since 1995; and there is 
evidence of recent decline in parts of Scotland following concerted control efforts. 
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Drivers of change  

 Drivers of population change for mink between 1995 and the present. Drivers are limited 
to those affecting the population at a national level. 

Driver  Mechanism  Source  Direction of 

effect  

Predation/ 

competition.  

Encroachment by 

competitor (otters).* 

Bonesi et al. 

(2006) 

Negative 

Management 

(control). 

Localised population 

suppression. 

GWCT, SNH Negative 

* There is no evidence of this behaviour in Scotland. 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for mink.  

Data defic iencies Habitat  Details  

Limited density estimates for key 

habitat.  

Riparian 

Coastal 

One recent estimate is available for 

riparian habitat. 

Density estimates do not represent 

within-habitat variability. 

Riparian It was not possible to calculate 

confidence limits for the riparian 

density estimate. 

Occupancy information out of date Riparian 

Coastal 

Occupancy data were published in 

2006 (Riparian) and 2003 (Coastal). 

Future prospects  

 An assessment of the future prospects for the American mink, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Stable/Decline* 

Range Stable/Decline* 

Habitat Stable  

*Possible future decline owing to control measures. 
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9 ARTIODACTYLA  

9.1 Wild boar Sus scrofa 

 

Habitat preferences  

 

The wild boar incorporates a variety of habitats into its home range, but is mainly associated 

with woodlands (Spitz and Janeau, 1990; Gerard et al., 1991). The species can cause 

damage to agricultural crops, particularly where agricultural land borders woodland, although 

they also make use of linear features such as hedgerows, stone walls and ditches for shelter 

while moving through the landscape (Thurfjell et al., 2009).  

Status  

Native (extinct in Britain by the 13th century; current populations derived from unknown 

sources). 

 

Conservation Status 

 

¶ IUCN Red List (GB: NT; England: [DD]; Scotland: [DD]; Wales: [DD]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

A distribution map is presented in Figure 9.1a. In addition to the areas presented, two 

established populations are known to exist in Dumfries and Galloway (Campbell and Hartley, 

2010). The distribution map does not show the location of feral pigs.  
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Figure 9.1a  Current range of the wild boar in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Results  

Three papers were returned from the literature search. One paper contained pre-breeding 

density estimates, one contained a number for road kill only, and one contained a total count 

without a defined area. Population density estimates per habitat are provided in Table 9.1a, 

and total population size estimates in Table 9.1b.  
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 Median density estimates with 95% confidence intervals for wild boar, calculated using 
data obtained from a review of the literature from 1995 to 2015. 

Habitat  Area within 

range (km 2) 

Density 

(km -2) 

-95%CI +95%CI Source*  n** %OccÀ 

Broadleaved 

woodland 

900 2 0.1 6 Wilson (2003) 

Gill (2014) 

8 

40 

n/a 

Coniferous 

woodland 

400 

* Literature sources. 
** Number of estimates from each literature source. 
À Percentage of this habitat that is occupied within the known range. 

 Area of suitable habitat (not adjusted for occupancy) within the speciesô range, and total 
population size estimates with 95% confidence intervals. Values were obtained by multiplying 
population density estimates in Table 9.1a with the area of habitat within the speciesô distribution. 

Critique  

The population size calculation is based on median densities in woodland habitats only, 

because data were lacking for other locations. In itself, this is unlikely to have introduced a 

serious error, as woodland is a core habitat for current populations, but 100% occupancy 

was assumed in all woodlands across the range, which will have overestimated population 

size. In addition, the density values, while derived from 48 individual estimates across two 

studies, came from known strongholds in the Forest of Dean (Gill, 2014) and in Dorset 

(Wilson, 2003). It is highly likely that densities elsewhere in southern England and in 

Scotland are lower, again suggesting an overestimate of population size. However, wild boar 

may be present in additional locations that are not recorded, and this error would act in the 

opposite direction. The population size for Scotland, in particular, should therefore be viewed 

with caution, and further surveys to clarify the status of wild boar are advised. 

 

Although wild boar make use of a variety of habitats within their home range, they are 

primarily associated with woodlands. The population size estimate based on woodlands only 

Country  Area of suitable 

habitat (km 2) 

Population size  -95%CI +95%CI 

England 200 500 30 1,500 

Scotland 1,000 2,000 100 6,500 

Wales <100 150 <10 500 

Britain  1,300 2,600 200 8,400 
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is likely to represent the total population. Records of culled animals were included in the data 

used to estimate the current population size (Wilson, 2003), suggesting a source of 

overestimation. A reliability assessment is provided in Table 9.1c. 

 Reliability assessment for each habitat representing >25% of the speciesô distribution, or 
accounting for >25% of the overall population of wild boar. Each habitat received a score based on 
the number of locations in which density was measured, the number of density estimates contributing 
to the median, and availability of occupancy data. These scores are summed to give a total score per 
habitat. 

 Measure  Score  Details  Habitat  

All woodland  

Location of 

study sites  

0 Estimates from one location  

1 Estimates restricted 1 

2 Estimates widespread  

Sample size  0 <10 density estimates    

1  10-30 density estimates 1 

2 >30 density estimates      

Occupancy 

data available?  

0 No 0 

1 Yes  

  Habitat score  2 

  Overall reliability score  2 

Changes through time  

Comparison to Harris et al. (1995) 

Only sporadic records of wild boar, derived from escapes and releases, were present in 

Britain in 1995, so the population was not reviewed by Harris et al. (1995).  

Other evidence of changes through time 

Although the wild boar became extinct in Britain in the 13th century, captive animals have 

been kept in wildlife collections, zoos and farms since the 1980s. Over the last 10 to 15 

years, small populations have become established as a result of escapes and deliberate 

releases. In 1998, there were two populations in Kent and Dorset, consisting of 

approximately 100 and 12-20 animals, respectively (Goulding et al., 1998; Wilson, 1999). By 

2003, the population in Dorset was reported to be well-established and breeding, but culling 

pressure meant that range expansion was slow and population size had remained small 

(Wilson, 2003). In the Forest of Dean, a large population has become established as a result 
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of accidental releases from a wild boar farm in the 1990s and an illegal release of around 60 

farm-reared boar in 2004 (Dutton et al., 2015). The population has increased significantly 

since then, with an estimate of just under 1,000 in 2008 for the whole of the UK (DEFRA, 

2008), to 1562 (95%CI = 1095-2296) in the Forest of Dean alone in 2016 (Gill and Waeber, 

2016). This most recent estimate in the Forest of Dean included non-mature individuals, and 

approximately a quarter of the population were piglets: it is therefore likely that the total 

number of mature individuals is closer to 1,000. This increase does, however, suggest that 

our figure of 500 wild boar in England is a significant underestimate. 

 

Recent sightings in the western Highlands in Scotland, the first of which was reported in 

2007, suggest that a small population (estimated at 60 individuals) may have become 

established in Lochaber (Tony Mitchell-Jones, pers. comm.). In addition, two populations are 

known to have become established in Dumfries and Galloway (Campbell and Hartley, 2010), 

although further details are not known. The population in Scotland is therefore likely to be 

higher than estimated in this review. A summary of trends in population size and range is 

provided in Table 9.1d. 

 

 Trends in population size and geographical range. Population size trends were identified 
by comparison with Harris et al. (1995). Trends in range size were identified by comparing point maps 
of current data (not presented) with those from Arnold (1993), unless otherwise stated.  

  Range  

   Increase  Stable  Decrease  Data defic ient  

Population size  

Increase  
England 
Scotland 

      

Stable        

Decrease        

Data defic ient         

 

  



297 

Drivers of change  

 Drivers of population change for wild boar between 1995 and the present.  

Driver  Mechanism  Source  Direction of 

effect  

Species 

introduction. 

Escapees from wildlife 

collections, zoos and farms have 

resulted in established 

populations. 

Goulding et al. (1998) 

Wilson (1999) 

Positive 

Management 

(control). 

Culling has slowed the increase in 

population size and range. 

Wilson (2003) Negative 

Data defic iencies  

 Areas where further research is required to improve the reliability of population size 
estimates for wild boar.  

Data defic iencies Habitat  Details  

Managed populations. Woodland Culled individuals are 

included in density estimates. 

No occupancy data. Woodland  

Future prospects  

 An assessment of the future prospects for the wild boar, in terms of whether the 
population size, range and habitat quality are likely to increase, decrease or remain stable. This 
assessment is based on the current trends, current drivers of change, and potential future drivers of 
change. For a full assessment of future prospects, see Appendix 7.  

Trend  Status  

Population Increase 

Range Increase 

Habitat Stable  
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9.2 Red deer Cervus elaphus 

 

Habitat preferences  

 

The red deer in Great Britain is most commonly associated with upland open moorland 

habitats, where it lives in sexually segregated herds. However, there is evidence that it 

prefers woodland habitats, particularly in other parts of its global range (Clutton-Brock and 

Albon, 1989): in Britain, there are small herds that live in woodland all year round, apparently 

benefiting from greater foraging resources. In summer, the open habitat populations feed 

primarily on graminoids (Latham et al., 1999), and prefer areas with grass or heather rides 

(Welch et al., 1990). In winter, these populations move to lower ground in search of grazing 

opportunities and shelter, switching to foraging primarily on heather (Latham et al., 1999). 

Although afforestation has resulted in a loss of some traditional overwintering habitat, the red 

deer has become established in plantations. It is managed by culling throughout its range, 

largely for sport and food, although recently in some areas also to reduce the impact of 

grazing on plant ð and associated animal ð biodiversity in woodlands (Trenkel et al., 

1998). On some estates in Scotland, high numbers of red deer are promoted by winter 

feeding and reduced culling in order to increase numbers for sport hunting (Putman and 

Staines, 2004). 

 

Status  

 

Native, although most populations, including all those in Wales, are relatively recent 

reintroductions. 

 

Conservation Status 

 

¶ IUCN Red List (GB: LC; England: [LC]; Scotland: [LC]; Wales: [LC]; Global: LC). 

¶ This species has not been assessed for Article 17 of the EU Habitats Directive. 

Speciesô distribution  

The red deer has a patchy distribution throughout its range, and records in England and 

Wales are particularly scattered. The process used to create the smoothed distribution map 

(Figure 9.2a) means that small distribution gaps are not evident. Therefore, the map 
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presented below may overestimate the range. For a comparison, the British Deer Society 

map can be found at https://www.bds.org.uk/index.php/research/deer-distribution-survey. 

 

Figure 9.2a  Current range of the red deer in Britain. Range is based on presence data collected 
between 1995 and 2016. Areas that contain very isolated records may not have been included in the 
area of distribution ð see Methods, Section 2.5, for more details. 

Species-specific methods  

Although some deer surveys were habitat-specific (e.g., woodlands surveyed by faecal pellet 

counts (Latham et al., 1996; Mayle, 1996)), many were at landscape scale and included 

several habitat types (Trenkel et al., 1998; Daniels, 2006). For the latter, the density 

estimates were included in the assessment for suitable habitats found within the study areas. 

Suitable habitats were considered to be broadleaved and coniferous woodlands, dwarf shrub 

heath and montane. Expert opinion estimates were provided for improved grassland. 

However, it is assumed that any deer counted in improved grassland are transient and will 

be included within the estimates for the other suitable habitats.  

 

https://www.bds.org.uk/index.php/research/deer-distribution-survey



































































































































































































































































































































































































































































































































































































































































































































































