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Abstract
The fragmentation of habitats associated with urbanisation poses a significant threat to already vulnerable and endangered 
mammal species. While the county of Dorset has been identified as one of the UK’s biodiversity hotspots, it is character-
ised by large-scale urbanisation and intensive agriculture. Focusing on the largest urban area of Dorset—the conurbation 
of Bournemouth, Christchurch, and Poole—this study aims to investigate the importance of urban areas in supporting 
vulnerable and endangered mammals by comparing it to four other major land cover categories in the county: arable & 
horticulture, grassland, woodland, and heathland. The study utilises data collected by the county’s environmental records 
department through mainly volunteer-contributed ad-hoc sighting data of 10 872 georeferenced mammal records collected 
between 2000 and 2018. Our findings reveal that, despite having significantly different mammal communities to all other 
land covers, urban land cover was shown to host four out of five of the vulnerable and endangered species recorded in this 
study. These included the European rabbit (vulnerable on the IUCN red list), hazel dormouse (vulnerable on the UK red 
list), West European hedgehog (vulnerable on the UK red list) and European water vole (endangered on the UK red list). Our 
findings highlight the significance of urban areas as important habitats for mammal biodiversity, presenting an opportunity 
for the conservation of specific vulnerable and endangered species. Despite limitations in ad-hoc sighting data, our analysis 
indicates an overrepresentation of certain 'charismatic' species, like foxes and hedgehogs, in urban samples, likely due to 
their high intrinsic value to the population. While the recognition of urban habitats for 'red list' species is growing, it is also 
important to acknowledge the relative importance of charismatic species to urban human communities in conservation and 
management strategies.
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Introduction

Urbanisation is a complex socio-economic process of 
increasing population concentration in towns and cities (De 
Barros Ruas et al. 2022). In 2018, over half of the global 
population resided in urban areas, compared with the 30% 
recorded in 1950 (United Nations 2018). In the European 
Union, urbanisation has shown a constant increase between 
1961 to 2018, with urban areas now home to around two 
thirds of its population (European Commission 2020). Such 
rapid expansion of urban areas is considered as one of the 
major threats to biodiversity worldwide, as growing cities 
consume habitats and disrupt regional ecological processes 
by impacting biogeochemical and energetic flows (Antrop 
2004; Hansen et al. 2005; Grimm et al. 2008; Seto et al. 
2011; Grabowski et al. 2023). This is likely because certain 
landscape features reflect key aspects of urbanisation—e.g. 
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an increased number and density of buildings can alter 
native vegetation, introduce disturbances from humans and 
pets, and increase noise and light pollution. Roads can con-
tribute to pollution from traffic and direct mortality from 
collisions (Van der Ree et al. 2009; Seress et al. 2014). It 
is expected that due to urbanisation, the extent of built-up 
areas in the world will triple between 2000 and 2050 (Liu 
et al. 2016), leading to further degradation or fragmentation 
of critical habitats into patches too small to support complex 
ecological communities (Thompson and Jones 1999; Czech 
et al. 2000).

This loss of natural habitats in rural areas can increases 
the risk of human-wildlife conflict (HWC; Soulsbury 
and White 2015; Basak et al. 2023). While some urban 
species have been shown to thrive in these fragmented 
urban environments due to the loss of predatory species, 
as well as increased food availability (often household 
waste; Baker and Harris 2007), HWC can have negative 
consequences for both humans and wildlife. These may 
include zoonotic disease transmission (Hegglin et  al. 
2015), wildlife-vehicle collisions (Schell et al. 2020), and 
attacks by wildlife on humans, their pets or domesticated 
animals (Marvin 2000; Mayer 2013; Ikeda et al. 2019), 
to name a few.

Conversely, existence of green areas in urban environ-
ments and the associated human-wildlife interactions can 
also yield positive outcomes, known as ecosystem services 
(Mace et al. 2012), which enhance the economic, social, and 
environmental value of these regions (Gómez-Baggethun 
and Barton 2013; Collins et al. 2017). Urban biodiversity 
serves as both an ecosystem process regulator and a valu-
able service in its own right (Mace et al. 2012). Urban green 
spaces like parks, canals, and ponds offer various benefits 
(Kabisch et al. 2015; Botzat et al. 2016; Biernacka et al. 
2020), including improving education by immersing locals 
in nature and fostering environmental learning (Neill 1997), 
increasing property values in the area (Jim and Chen 2006), 
and enhancing residents' mental and physical well-being by 
promoting outdoor social interactions and physical activity 
(Smith et al. 1997; Maas et al. 2006). Because of this, the 
provision of ecosystem services depends upon the protection 
of biodiversity, and the concept of managing it for ecosystem 
services has been well discussed (Palumbi et al. 2009; Mori 
et al. 2017).

Although urban environments are not commonly consid-
ered as biodiversity hotspots, they have been shown to pro-
vide important habitats for certain endangered species (Alvey 
2006). In Australia, 30% of threatened plant and animal spe-
cies occur in cities (Ives et al. 2016). Similar findings have 
been reported in Europe, suggesting that even heavily urban-
ised areas can offer suitable habitats for endangered local flora 
and fauna (Jokimäki et al. 2018, Kowarik and von der Lippe 
2018). For example, urban green areas in Sweden contained 

two thirds of the country’s red-listed species and were of par-
ticular importance to mammal species (Colding 2013).

Urban mammals, often labelled as commensal and synan-
thropic species, thrive in human landscapes, deriving ben-
efits from human food and waste without relying solely on 
human-derived food (Baker and Harris 2007). However, the 
topic of urban mammal biodiversity has received relatively 
little research attention, especially when compared to other 
urban animal groups such as birds (Rega-Brodsky et al. 2022). 
Existing research on urban mammals has demonstrated that 
their populations can thrive in urban areas that have a good 
ecological management plan (Mahan and O’Connell 2005), 
and in some cases, the abundance of certain endangered mam-
mal species have been shown to be higher in urban areas than 
natural habitats (Maclagan et al. 2018).

In Great Britain, 26% of terrestrial mammals are at risk 
of extinction, with urbanisation accounting for a greater 
impact on species than any other habitat conversion (Burns 
et al. 2016). However, studies focused on mammal diver-
sity have shown that mammals in the UK are also able to 
occupy relatively novel environments. Britain’s road verges 
provide habitats to mice and voles (Bellamy et al. 2000), 
and residential gardens are utilised by bats, foxes, squirrels, 
hedgehogs, mice and voles (Baker and Harris 2007). Rivers 
and streams within parks, sports grounds, and urban reserves 
are important habitats for water voles in urban areas in the 
UK (Leivesley et al. 2021). Additionally, research on West 
European hedgehogs has shown that their numbers have 
declined markedly in the UK, but that they are still com-
monly present in areas of human habitation (Williams et al. 
2018; Gazzard et al. 2021). The sustained construction of 
high-density, low-cost housing (Baker and Harris 2007) as 
part of the British Government’s recent affordable housing 
strategy (Rolnik 2019), is expected to continue to alter habi-
tats and affect urban mammals in the UK, highlighting the 
importance of researching urban mammal diversity in the 
country. Therefore, the primary aim of this study is to assess 
the importance of urban areas in supporting endangered and 
vulnerable mammals in South-East Dorset, UK and to then 
identify measures which can be taken to protect any impor-
tant species. By using volunteer-contributed sighting data 
for analysis, differences in mammal communities in urban 
(and suburban) regions compared to other land cover types 
will be identified, including those on the IUCN Red List and 
the UK Red List.

Methods

Study area

This study focuses on South-east Dorset (UK), home 
to Dorset's largest urban area—the unitary authority of 
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Bournemouth, Christchurch, and Poole (BCP, pop. 400,300). 
Dorset is a predominantly rural maritime county (2,653  km2) 
in the south of England, with a population of approximately 
780,000 people (ONS 2021 Census). The county hosts many 
diverse rural landscapes (Jiang et al. 2013), with 139 Sites 
of Special Scientific Interest, as designated by Natural Eng-
land (Dorset Council 2022). It has been identified as one of 
the UK’s biodiversity hotspots (Prendergast et al. 1993) due 
to its internationally important wildlife species (Loth and 
Newton 2018). However, urbanisation and intensive agri-
culture have occurred on a large scale in Dorset (Hooftman 
and Bullock 2012; Jiang et al. 2013), causing a substantial 
decline in overall biodiversity in the area (Loth and Newton 
2018). The unitary authority of Bournemouth, Christchurch 
and Poole has experienced an urbanisation rate of 5.7% 
between 2011 and 2021, comparatively higher than the rest 
of Dorset (4.0%) or e.g. the nearby city of Southampton 
(5.1%; ONS 2021 Census). Despite being highly urbanised, 
the BCP has been shown to provide important habitats to the 

red fox (Vulpes vulpes), where it hosts the highest concentra-
tion of this species for all urban areas in the UK (Scott et al. 
2018). However, few studies have specifically focused on 
mammal biodiversity in urban areas in the county.

Biological data collection

Mammal records from 27 species were obtained by the Dor-
set Environmental Records Centre (DERC) and contained 
11,400 georeferenced records in the study area (Fig. 1). Data 
was collected between 2000 to 2018 by 53 different local 
wildlife recording organisations and conservation organisa-
tions. Out of the 11,400, 528 records (4.6%) were discarded 
as they were not georeferenced. The vast majority of the 
records collected were ad-hoc citizen science records, with 
about 50% of the data coming from Dorset Records portal 
directly. Records from Peoples Trust for Endangered Spe-
cies, Living Record and iRecord represented a further 30% 
of the survey. Some systematic surveys were also included 

Fig. 1  The case study area
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in these records, such as the Cyril Diver project (see Carroll  
et  al. 2023 for an overview), but these records made  
up only ~ 2% of the records and were based on surveys in 
heathlands and grasslands, and not urban areas. About 50% 
of the records were direct sightings of live animals, with 
around 20% being direct sightings of dead animals (mainly 
on the road). The remainder were indirect sightings, includ-
ing bones in bird pellets, mole hills, scats and pellets. While 
the year of the record was provided, no details on time/
month or associated weather conditions, which might influ-
ence observation were provided.

Data collection through citizen science recordings does 
create bias, with more sightings found in urban areas over-
all, and fewer sightings in other areas. Below, we explain 
how we overcome these biases in the data. However, citizen 
science records also have bias in what species participants 
choose to report. In this dataset, there were more records of 
hedgehogs and badgers than of the grey squirrel, and almost 
7 times more recordings of hedgehogs and badgers than the 
black rat. Such biases in the data cannot be overcome but 
are discussed and interpreted in line with the overall aims 
of the study.

Geographical data collection

The collected data points were located within the ST, SU, 
SY and SZ grid references of the British National Grid (Ord-
nance Survey 2023). Subsequently, this area was split into 
smaller, 5 km x 5 km squares and only those squares where 
mammal records occurred were used in further analysis. The 
total size of the study area was 121,211 hectares. The ini-
tial 18 land cover classes were acquired from the 2020 UK 
Land cover map (UK Centre for Ecology and Hydrology 
2021) and subsequently aggregated into five main land cover 
classes based on their similarity—arable and horticulture, 
grasslands (including improved grasslands, neutral grass-
lands, calcareous grasslands and acid grasslands), woodland 
(including broadleaved and coniferous woodland), urban and 
suburban (as a single category), heather (heather and heather 
grassland) and other (including all remaining UK LCM2020 
land cover categories) (Table S1). Urban areas encompass 
densely populated zones, like town and city centres, often 
lacking vegetation, as well as areas like dock sides, car parks, 
and industrial estates. Suburban areas represent a blend of 
urban and vegetation spectral signatures, with suburban and 
urban zones forming a continuum (UKCEH 2021). Conse-
quently, urban and suburban land covers are used as a sin-
gle category in this paper. The UKCEH land cover classes 
are based on the UK Biodiversity Action Plan (BAP) Broad 
Habitats (Jackson 2000). The data on land cover category 
for each mammal record was derived using ArcMap 10.6 
software and its Spatial Join function.

Statistical analysis

The majority of data used in this study was submitted ad-hoc 
by local wildlife recorders and conservation organisations. 
Such data has clear analytical challenges (as described by 
Robinson et al. 2018, and listed below). Data processing 
was used to try to eliminate as many of these data issues 
as possible. (1) Within each habitat the number of records 
varied markedly, and it is necessary to check that appropriate 
records exist to accurately estimate biodiversity within the 
habitat (i.e. sample size can affect estimates of diversity, as 
discussed in Rosenzweig 1995). To determine if sufficient 
records were available, rarefaction curves and sample com-
pleteness were calculated and visualised using the iNEXT 
package (Hsieh et al. 2016). (2) Community analysis such as 
PERMANOVA and Principal Coordinate Analysis (PCoA) 
require replicate samples from different habitats, as well 
as approximately equal sampling effort (i.e. similar num-
bers of records) in each area. This was not the case with the 
data obtained. To address this, we randomly selected 100 
individual records from each habitat type to form a repre-
sentative sample of the habitat, with probability of selection 
based on proportion of each species in the records for that 
habitat. We repeated this process 30 times for each habitat 
to create pseudo-replicates for analysis (following Hui et al. 
2022). This process standardised the sample size between 
habitats, and also provided a proxy measure of the num-
ber of individuals seen (initial recordings were generally 
of presence of a species, not the number seen). Following 
this, multivariate analysis (PERMANOVA and Principal 
Coordinate Analysis—PCoA) was conducted using the 
Vegan package in R (Oksanen et al. 2008) on the replicated 
and standardised effort data. The use of visual ordination 
methods such as PCoA also normally calculate community 
structures based on relative abundance of key species, rather 
than being overly influenced by rare species, hence begin-
ning to overcome the issue of presence only data (if rare 
species were not present, not recorded, or only recorded in 
small numbers, then they would be little difference to the 
overall community structure). However, it was not possible 
to overcome recorder bias for species (i.e. only species the 
observers consider to be of interest are submitted), and the 
implications of this are discussed later in the paper.

Results

A total of 11,400 georeferenced records from 27 species 
were obtained. The number of sightings was 1885 for arable 
and horticulture land, 3229 for grassland, 680 for heather, 
3121 for urban and 1918 for woodland. The number of sight-
ings varied greatly between species and land covers (Fig. 2), 
with urban land cover containing reported observations of 
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west European hedgehogs, European rabbit, hazel dormouse 
and European water vole, which were listed as ‘vulnerable’ 
or ‘endangered’ (Table S3).

As the number of sightings was highly variable between 
land covers, rarefaction curves were plotted to assess sam-
pling completeness between different land covers (Fig. 3). 
Sample completeness per land cover were found to be 100% 
for arable – horticulture, 100% for grassland, 99.7% for 
heather, 99.9% for urban and 99.9% for woodland, which 
indicates that the sampling effort was adequate to capture 
the majority of the species.

Species distribution in Bournemouth and its 
surrounding areas

A similar number of species per each land cover was found 
(Table S2, Fig. 3). However, in terms of community struc-
ture, PERMANOVA showed that there were significant dif-
ferences between land covers  (F5,174 = 78.58, p < 0.001) and 
pairwise comparisons showed that all land covers were sig-
nificantly different from each other in terms of community 
structure (p < 0.001 in all cases). Despite all having different 

communities, some land covers were more closely related 
than others (Fig. 4). There were relatively close similarities 
in communities in the woodland, heather and ‘other’ land 
covers, as indicated by the direct overlap of coordinates. The 
grassland and arable horticulture land covers also showed 
some similarities in terms of mammal communities, as 
highlighted by the closeness (although not direct overlap) 
of coordinates. In contrast, the notable isolation of blue 
coordinates showed that the urban mammal communities 
were relatively different from all other land covers. The west 
European hedgehog and red fox were the differentiating spe-
cies that were the most important in discriminating between 
urban the other land covers.

Vulnerable and endangered species

Five species in the present study were listed as ‘vulner-
able’ or ‘endangered’ on either the Mammal Society UK 
red list or the IUCN red list. The west European hedgehog 
was listed as ‘vulnerable’ by the Mammal Society UK red 
list and was present in all land covers but had the highest 
number of observations in the urban land cover (Figs. 2 

Fig. 2  The number of sightings of each species per land cover with the conservation status of each species. The size of the circles indicates the 
number of sightings
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and 5A). The European rabbit was listed as ‘vulnerable’ 
on the global IUCN red list, but not on the Mammal Soci-
ety UK red list and was present in all land covers, with a 
relatively similar number of observations across all (Figs. 2 
and 5B). The hazel dormouse was listed as ‘vulnerable’ by 
the Mammal Society UK red list and was present in all land 
covers at very low density but had the highest number of 
observations in the woodland land cover (Figs. 2 and 5C). 
The European water vole was listed as ‘endangered’ by the 
Mammal Society UK red list and was present in all land 
covers, displaying no particular preference towards a certain 
land cover (Figs. 2 and 5D). The Eurasian red squirrel was 
listed as ‘endangered’ by the Mammal Society UK red list 
and was non-existent or very low in all land covers except 
woodland, where the number of observations were relatively 
high (Figs. 2. and 5E).

Discussion

Bias

There is inherent bias within most ad-hoc citizen science 
data collection which presents numerous difficulties for 
robust analysis (Robinson et al. 2018). Here, we have tried 

to address many issues, including those of rare species / 
presence only data and sample size (see methods) through 
the analysis techniques used. However, reporting bias (the 
greater reporting of charismatic species, especially in urban 
environments) was apparent in the data, with no available 
mechanism to remove this bias from the data.

In this study, there were clear signs of more recorded 
observations of species which may be viewed as rare, and 
less on others that may be viewed common (as discussed 
by Van Strien et al. (2013) and Lehtiniemi et al. (2020)). 
For example, there was a much larger number of reported 
west European hedgehogs (N = 1097), and very few brown 
rats (N = 71) or house mice (N = 13) in the urban setting. 
This is likely not because there were many more hedgehogs 
in the urban land cover, but instead because citizen scien-
tists likely viewed data on these species as more important, 
hence reporting their sightings more often. Although this 
bias likely leads to an overestimation of total populations 
of urban west European hedgehogs, the results are still in 
agreement with other studies which show that urban envi-
ronments represent a stronghold habitat for the west Euro-
pean  hedgehogs in the UK (Gazzard and Baker 2020). 
Additionally, the fact that certain mammals were reported 
frequently in urban areas (e.g. west European hedgehogs), 
suggested that these mammals were considered as important 

Fig. 3  Rarefaction/extrapolation curves for each land cover diversity 
indexes. Species Richness, Shannon and Simpson were calculated 
using individual-based abundance data. Interpolated (solid line) and 

extrapolated (dotted line) sampling curves with 95% confidence inter-
vals (shaded areas)
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and/or interesting by those reporting them. Therefore, it is 
possible that these mammals were valuable from an ecosys-
tems services perspective (notably cultural and provision-
ing services), where they may add socio-economic value to 
urban areas (Gómez-Baggethun and Barton 2013; Collins 
et al. 2017). This relative importance of charismatic species 
in urban human communities should be recognised in future 
urban conservation and management strategies.

Specialist and generalist mammals

The urban land cover had a particularly large number of 
observations of west European hedgehog and red fox, 
which were shown to be mostly low in other land covers. 
This could be due to the generalist nature of both the west 
European hedgehog and the red fox (Young et al. 2006; 
Dell’Arte et al. 2007). Certain mammal generalists are able 

to utilise unoccupied ecological niches, allowing them to 
colonise fragmented or human-modified habitats that other 
specialists cannot (Schlinkert et al. 2016). In contrast, other 
land covers in this study were shown to support some 
potentially specialist species. In certain cases, some spe-
cies only occupied one or two land covers, or were present 
in the other land covers, but in much lower numbers. Exam-
ples of this included hazel dormouse in the woodland land 
cover, as well as polecat ferret and brown hare in arable 
horticulture and grassland land covers. These findings sug-
gested that the species occupy a niche in the habitats where 
they are present, which is not available in other habitats. 
Zhong et al. (2016) discussed the niche partitioning of spe-
cialist mammal species and highlighted that these species 
are the most at risk of habitat fragmentation, as unlike gen-
eralists, they are unable to colonise (and occupy alternative 
niches in) other, more human-modified land covers.

Fig. 4  Principal Coordinate Analysis (PCoA) plot for mammal communities within land cover, with Pearson’s correlation vectors (r > 0.45; 
p < 0.05) overlaid in black
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General management solutions to enrich mammal 
biodiversity in urban areas

The primary aim of this study was to assess the importance 

of urban areas in supporting endangered and vulnerable 
mammals in South-East Dorset, and to then identify meas-
ures which can be taken to protect any important species. We 
found that despite having relatively different communities 

Fig. 5  Reported individual sightings of the five mammals listed as vulnerable or endangered within the study area. Note: A represents sightings 
of West European hedgehogs, B of European rabbits, C of hazel dormice, D of European water voles and E of European red squirrels
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compared to the other studied land covers, urban areas did 
support populations of several vulnerable or endangered spe-
cies. Existing literature has also highlighted the importance 
of cities and urban areas in terms of distinct assemblages 
of threatened and/or protected mammals (Fernández and 
Simonetti 2013; Ives et al. 2016; Dietz et al. 2020). Four out 
of five of the vulnerable and endangered species recorded 
in this study were present in the urban setting. Despite the 
challenges associated with managing urban and suburban 
ecosystem services and the general decline in its associated 
biodiversity (Faeth et al. 2011; Ibáñez‐Álamo et al. 2017). 
Lambert and Donihue (2020) suggested that these ecosys-
tems are far from being ecological lost causes and their 
management provides a unique opportunity for protecting 
biodiversity (Leivesley et al. 2021).

Multiple conservation management measures and poli-
cies may be considered to conserve urban populations of the 
vulnerable and endangered species identified in our study. 
Urban mammals such as hedgehogs could be better pro-
tected through improving garden connectivity, for example 
by creating ‘hedgehog roads’ (Gazzard and Baker 2020). 
Similarly, given that habitat fragmentation has been identi-
fied as one of the key threats to urban mammals (notably 
the hazel dormouse), the creation of structural connectivity 
through urban hedgerow networks has been shown as an 
important tool for protecting their populations (Mortelliti 
et al. 2011). The establishment of these vital green spaces 
is important for safeguarding populations of urban mam-
mals, especially parks, sports areas (e.g. golf courses) and 
small ponds/reserves (Stewart et al. 2017; Leivesley et al. 
2021). Green spaces which incorporate wide water bodies 
and tall diverse vegetation are especially beneficial and have 
been shown to provide a suitable foraging and burrowing 
habitats for European water voles (Richards et al. 2014), the 
fastest declining mammal in the UK due to habitat degrada-
tion (Barreto 1998; Strachan 2004; Richards et al. 2014). 
Additionally, urban mammal populations may be further 
protected with the introduction of public conservation cam-
paigns (McLauchlan 2019), including those encouraging 
drivers to be vigilant for mammals on roads surrounded by 
a mix of urban and grassland cover, especially in the summer 
months (July – August) when mammals such as hedgehogs 
are most active (Wright et al. 2020).

Conservation of urban biodiversity must implement ‘sys-
tems thinking’, which encourages city planners and policy 
makers not to just focus on the individual discrete elements 
within urban management, but instead consider the many 
complex processes occurring in these ecosystems (Hostetler 
et al. 2011). The provision of many urban ecosystem ser-
vices is reliant on the management of greenspaces (Gaston 
et al. 2013). Management of these urban ecosystem services 
can vary greatly in their objectives and may be conflicting in 
certain cases (Bullock et al. 2011), for example increasing 

urban carbon sequestration (through planting trees) may 
cause increased emissions of biogenic volatile organic 
compounds that are harmful to human health (Leung et al. 
2010). Gaston et al. (2013) argued that managing ecosys-
tem services presents a number of substantial challenges, 
including the structure of green space, its temporal dynamics 
and the spatial constraint on ecosystem service flows. Man-
aging ecosystem services in urban areas can also be com-
plicated due to the high number of land managers present. 
Aside from land owned by government and non-government 
organisations, urban areas are often managed by individual 
homeowners or tenants. Challenges can arise as a result of 
this because each individual may have conflicting goals and 
perceptions of desirable management strategies (Hofmann 
et al. 2012). Consequently, large-scale urban management 
which targets specific environmental issues and/or ecosys-
tem services (for example maximising green space flood 
mitigation or organic carbon storage potential) can be dif-
ficult to achieve (Gaston et al. 2013). Despite this, examples 
of multifunctional urban nature-based solutions providing 
biodiversity, climate adaptation and mitigation benefits 
alongside other cultural ecosystem services are becoming 
more common (Cadotte et al. 2021; Stafford et al. 2021).

Mammal populations can thrive in urban areas which 
have a good ecological management plan (Mahan and 
O’Connell 2005). Urban spaces with ‘manicured habitats’ 
that are surrounded by human-modified landscapes sup-
ported low mammal species richness and diversity however 
well managed urban areas, with parks can support mammal 
biodiversity as high as (and in some cases exceed) mature 
riparian forests (Mahan and O’Connell 2005). The utilisa-
tion of these urban green spaces by mammal species depends 
upon multiple factors, including quality of the urban habi-
tats, the availability of natural and artificial food sources and 
the proximity (and tolerance of this proximity) to humans 
(Baker and Harris 2007). Mammal dynamics vary greatly 
within urban areas, with substantially dissimilar communi-
ties in relatively close proximities (Gallo et al. 2017). This is 
likely because most mammals are limited in terms of mobil-
ity and are frequently exposed to physical barriers (such as 
buildings, drainage systems, railway lines and roads) which 
reduce their ability to move between green spaces (Ordeñana 
et al. 2010).

To further protect urban biodiversity, a transdisciplinary 
framework should be used along with removing policies that 
hinder conservation (Gordon et al. 2009; Gaston et al. 2013; 
Hostetler et al. 2011). For instance, stormwater policies can 
be replaced with low-impact designs like rain gardens and 
bioswales. Incentives for using native plants and sustain-
able construction techniques should be offered. Ecological 
tools like remote sensing, landscape ecology, and ecosystem 
services modelling can also help (Schell et al. 2020; Gaston 
et al. 2013; Crossman et al. 2013; Grafius et al. 2016).
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Conclusion

Our results highlighted that four out of five of the vulner-
able and endangered species recorded were present in the 
urban settings, including the European rabbit (vulnerable 
on the IUCN red list), hazel dormouse (vulnerable on the 
UK red list), west European hedgehog (vulnerable on the 
UK red list) and European water vole (endangered on the 
UK red list). These findings suggest that urban areas can 
be important for supporting mammal biodiversity and 
highlight a unique opportunity to conserve populations 
of certain vulnerable and endangered species. Further 
research should assess particular integrated conservation 
tools and strategies which can be utilised by urban plan-
ners to support populations of vulnerable and endangered 
mammals on a county and nation-wide scale.
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