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Roost location is a key factor affecting the survival and fitness of British bats. It has been suggested that a knowledge and
understanding of the factors which may influence the selection of roost location are fundamental to conservation efforts. Our
study aims to investigate the relationship between Eptesicus serotinus roost location and landscape structure. The study is based in
the Sussex region of South East England. The landscape characteristics of 97 roosts locations were compared against 100 random
control locations. Habitat analysis was carried out at three distance bands and included an analysis of roost density. The results
indicate that E. serotinus is selective in locating roosts. The study demonstrates that there are significant differences between the
landscape composition surrounding roost sites and the wider landscape. In particular, E. serotinus roost sites are found to be located
in areas with a significantly higher cover of arable land and improved grassland. Kernel density analysis was successfully used
as an additional method to the direct comparison of roost neighbourhood composition. Density analysis identified the location
and characteristics of possible centres of E. serotinus activity. It is anticipated that the findings will enable the needs of bats to be
considered in future landscape conservation initiatives and development policies.

1. Introduction
Studies have shown that bat species occurrence and breeding
success can be negatively affected by anthropogenic changes
to landscapes (e.g., [1–4]). All British bat species have experienced some level of population decline in recent years [5],
with the loss of roosting and foraging habitat thought to be
among the most important causes [1, 6]. Landscape changes
can negatively affect biodiversity and individual species distribution patterns [7] and lead to decreased bat populations
[3]. As 𝐾-strategists, bat populations would be expected to
remain fairly constant, and low intrinsic growth rates would
mean that recoveries following a decline could prove lengthy
[8]. Although all British bats and their roosts are protected
by UK legislation and EU law, protection is not extended
to foraging sites. This leaves bats vulnerable to landscape
change [9] and has prompted some authors to comment that
protection of roosts is of limited value without simultaneous
protection of the surrounding habitat and prey base [2,
10]. Knowledge of individual species habitat requirements

is essential for developing appropriate management plans
for protecting foraging habitats and ultimately the successful
conservation of bat species.
The expansion and intensification of agricultural land has
been the predominant driver of habitat loss in the UK, with
urbanization also important [11]. Such patterns of change
are evident in the study region [12]. The intensification of
farming has initiated loss and fragmentation of habitats
[13] and has been associated with losses of biodiversity
on farmland [14–16]. In an attempt to reverse this loss of
farmland biodiversity, agrienvironment schemes (AES) are
tailored to local wildlife and landscape needs and should
endeavor to take the requirements of bats into account.
Roost location is a key factor in determining the survival
and fitness of British bats; thus knowledge of the factors
influencing roost selection is fundamental to bat species
conservation efforts [17]. While Kerth et al. [18] argue that
the underpinning reasons for roost selection by bats are
“somewhat speculative,” Bihari [19] proposes that the two key
factors are the availability of suitable roosts and the presence
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of foraging habitat. The availability of suitable roosts is not
thought to be a limiting factor for synanthropic bats [20],
suggesting that for such species the presence of foraging habitat nearby is paramount in roost selection. Indeed previous
studies in the UK have established relationships between
the presence of roosts and the surrounding habitat. In comparison to randomly selected control buildings, serotine bat
Eptesicus serotinus roosts are closer to woodland (particularly
broadleaved woodland), water, and pasture and have higher
proportions of improved grassland within 1 km [21, 22].
Brown long-eared bat Plecotus auritus roosts are located
closer to woodland and water, with a greater proportion of
woodland within 0.5 km and more connections through linear features, compared to random points [23, 24]. Pipistrelle
bat Pipistrellus pipistrellus roosts are closer to water and
deciduous woodland, have more linear features leading away
from them, and have larger proportions of deciduous and
coniferous woodland within 0.5 km, compared to randomly
selected buildings [25, 26]. While relationships between
bat roosts and deciduous or mixed woodland have been
identified, studies have consistently reported little evidence
of bats foraging in coniferous woodlands [27–29]. Linear
landscape features are known to be important for bats during
transit and foraging flights [30, 31]; however their importance
in roost selection is less clear.
The research presented in this paper is concerned with
E. serotinus roosts, which are almost exclusively located in
buildings [32, 33]. Feeding predominately on Lepidoptera,
Coleoptera, and Diptera, [34–36], E. serotinus’ main foraging
habitats are grazed pasture, meadows, streetlights, and woodland edge, with the use of downland, gardens, hedgerows,
and areas surrounding water also reported [34, 37–39].
Radio tracking studies have shown that foraging is usually
concentrated within 4.5 km of the roost [38], although most
individuals will concentrate their hunting to more localised
areas closer to the roost [34].
The relationship between E. serotinus and linear features
is unclear. Verboom and Huitema [40] found that activity
decreases as distance from a linear feature increases and
increases as the density of linear features increases. It has also
been observed that forage sites are commonly connected by
linear features [34, 36, 41], with Brandt et al. [42] suggesting
that deciduous and mixed woodland edges are perhaps the
most important linear features for the species. In contrast,
Boughey et al. [31] found no relationship between E. serotinus
activity and density of linear features, and Battersby [21]
found no evidence of increased linear features surrounding
roosts compared to control buildings.
Studies analysing flight paths and the diet of E. serotinus
have concluded that by foraging over a diverse range of
habitat types, they exploit whatever habitat is available, and
therefore the presence of specific forage habitat close to
the roost is probably not critical [38]. Where there is no
suitable forage close to the roost, the bat will commute further
distances until a suitable area is found [43].
By investigating differences in the habitat surrounding
roosts compared to control buildings, the present study
seeks to explore the relationships between roost location and
habitat availability at varying distances from the roost.
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Geographic Information Systems (GIS) and spatial statistics were used to analyse the composition of habitats surrounding roosts and the distance to selected habitat features
at varying spatial scales.

2. Materials and Methods
2.1. Study Area. The study focused on the counties of East
and West Sussex in South East England. The study area is
approximately 3800 km2 , encompassing different geological
regions with distinct habitat features associated with Weald
and South Downs. Though fragmented by urban areas and
agricultural land, a patchwork of large woodland areas is
present in the Low Weald. In contrast the High Weald is
comprised of extensive and relatively well-connected, areas
of woodland, with the Downs largely covered by arable land
and pasture.
2.2. Data. Data on the location of E. serotinus roosts was
provided by Sussex Biodiversity Records Centre, with details
of additional maternity roosts provided by the Sussex Bat
Group. Only roosts that were known to have been used
since the year 2000 were included in the study. Although E.
serotinus displays a high level of roost fidelity, recent studies
had shown that a number of sites were not recently occupied
[32]. A total of ninety-seven roosts were included in the study.
Fifteen of ninety-seven roosts were recognised as maternity
roosts, whilst the remaining eighty-two were unspecified
summer roosts. Hibernacula (𝑛 = 1) were excluded from the
analysis, as they serve different purposes to summer roosts
and are therefore unlikely to be selected using the same
criteria.
For habitat analysis the Land Cover Map (LCM) 2000,
developed by the Centre for Ecology and Hydrology (CEH),
was used. In LCM 2000, 25 metre resolution satellite images,
from the Landsat Thematic Mapper and the Indian Remote
Sensing Satellite, have been classified into seventy-two habitat
variant classes [44]. Comparison of the LCM 2000 data with
field studies shows that the LCM 2000 data has 85% accuracy
[44].
In order to compare the habitat surrounding roosts with
the landscape as a whole, 100 randomly selected control
points were generated within the study area using Hawths
tools [45]. In order to eliminate bias and ensure the control
points were not in locations where E. serotinus would not
be selected as a roost, the random points were moved to the
centre of the nearest building using OS 1 : 10000 maps. The
use of a large number of sample points has not been used
in previous studies of E. serotinus, which, with the exception
of Boughey et al. [22] who included 91 samples, have been
limited to sample sizes between 2 and 39 (e.g., [21, 34, 35, 38,
41, 43]).
2.3. Exploratory Spatial Data Analysis. Analysis of roost
clustering was performed with average nearest neighbour
analysis in ESRI ArcMap 9.3, using Euclidean distances.
By only using distance to the closest point, the average
nearest neighbour technique is restricted to consider only
the smallest scales of pattern, overlooking larger scales
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of pattern [46]. Therefore Multi-Distance Spatial Cluster
Analysis, based upon Ripley’s 𝐾-function, was also carried
out to test for clustering at a range of distances up to the
maximum reported forage commute of 12 km [38]. Roost
densities were also calculated. No gold standard technique
has been established for estimating density parameters, and it
is often a fairly subjective process. Several different methods
have been defined (e.g., [46–48]), with Williamson et al. [47]
arguing that many approaches are arbitrary in nature, with
no consideration of the spatial distribution of points. The
𝑘-nearest approach [47] attempts to overcome these issues
by using the expected mean distances between points as the
search radius. Density maps were produced using observed
mean distances and a range of search radii from roosts based
on the species autecology. The 𝑘-nearest neighbour approach
produced the most robust and consistent outputs and is
presented in this paper.
2.4. Habitat Analysis. Habitat analysis was carried out in
three stages, measuring relationships between roosts and
habitat features previously associated with E. serotinus (arable
land, improved grassland, unimproved grassland, urban
areas, deciduous woodland, coniferous woodland, and total
woodland). Firstly distance to the selected features was calculated, followed by analysis of habitat composition using two
spatial scales; habitat composition surrounding individual
roosts; and habitat composition at roost hotspots.
2.5. Distance to Habitat Features. A combination of LCM
2000 data, 1 : 10000 Ordnance Survey Maps, and Google
Map images [49] were used to identify proximity to habitat
features. The distance to the nearest of each feature was
measured as a straightline distance using ESRI ArcMap 9.3,
for both roosts and controls. Mann Whitney 𝑈 tests were run
to search for differences between the two groups.
2.6. Habitat Composition Surrounding Roosts. Multiple-ring
buffer zones, set at 0–0.5 km, 0.5–1.5 km, and 1.5–4.5 km,
around individual points were created in ESRI ArcMap
9.3. These ranges were selected so that habitats important
at a more localised scale were included, as well as those
habitats within the forage range. The maximum distances
were selected to conform to published estimates of distances
travelled from roosts as outlined in the introduction, and
the inclusion of a 0–0.5 km zone was in line with other
previously undertaken similar studies (e.g., [22, 23, 25]). The
number of patches of each habitat was recorded, and habitat
diversities were calculated using the Shannon index. To test
the effect of woodland fragmentation, Euclidean average
nearest neighbour ratios between woodland patches were also
calculated. Mann Whitney 𝑈 tests (or 2 sample 𝑡-tests where
the data were normally distributed) were used to test for
differences between roosts and controls.
2.7. Land Use at Hotspots. In an effort to examine the relationship between roost location and landscape structure, an
analysis of bat roost density was undertaken. Density surfaces
were calculated, using roost locations, via a kernel density
estimation method [47]. A classification of “Hotspots” was

3
Table 1: Exploratory spatial data analysis summary table including
average nearest neighbour analysis (m) and maximum point density
(points per km2 ).
Number of points
Average nearest neighbour analysis
Observed mean distance (m)
Expected mean distance (m)
Nearest neighbour ratio
𝑃 value
Clustering classification
Maximum density (points per km2 )

Roosts
97

Controls
100

2549.2
3098.2
0.82
<0.001
Clustered
0.33

3589.7
3395.6
1.06
0.27
Random

created by dividing roost densities (see Section 2.1) into
quartiles, with those that were in the top quartile (𝑄4) of
densities classified as roost hotspots, and those in the bottom
quartile (𝑄1) labelled low density areas.
Using the density surface estimation, 100 randomly
selected 1 km2 sample areas (quadrats) were selected from the
mapped areas identified as roost hotspots (𝑄4). A further 100
randomly selected sample areas (1 km2 ) were selected from
low density areas (𝑄1). The habitats composition within these
sample areas was then compared using a Mann Whitney 𝑈
test.
All data were tested for normality and found to have a
nonnormal distribution; log transformation was attempted
but in 80% of cases data remained nonnormal. Therefore,
nonparametric tests were applied to the original untransformed data. In all cases, a Bonferroni correction for multiple
comparisons was used to assess the data collected in both the
habitat and density analysis. Bonferroni correction provides
a safeguard against multiple tests of statistical significance on
the same data falsely giving the appearance of significance
[50]. Bonferroni correction was calculated by 𝛼/𝑛.

3. Results
3.1. Exploratory Spatial Data Analysis. Roosts were significantly clustered (Table 1; 𝑃 < 0.001) with expected mean
distances between roosts larger than the observed mean
distance. The random distribution of the control points was
confirmed by lack of a significant difference in the observed
mean distances and expected mean distances between points
(Table 1; 𝑃 = 0.27). Multi-Distance Spatial Cluster Analysis
showed that this relationship was consistent at multiple
distances from roosts, with little variation in the difference
between observed and expected mean distances at different scales (Figure 1). Using the Average Nearest Neighbour
expected mean distance as a search radius, maximum roost
densities of 0.33 roosts per km2 were observed in the centre
of Sussex (Figure 2).
3.2. Habitat Analysis, Distance to Habitat Features. To address the issue of multiple comparisons in the analysis of
distance to habitat features a Bonferroni correction was used.
For nine comparisons between roosts and controls 𝑃 <
0.00111 was required for 𝛼 = 0.01; 𝑃 < 0.005 was required for
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Figure 1: The pattern of average nearest neighbour between points
measured at multiple scales. The difference between the expected
mean distance (dashed line) and observed mean distance (dotted
line) remains fairly constant across the 12 km measured (solid line).
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Figure 2: Kernel density estimation (KDE) of Eptesicus serotinus
roosts in the Sussex region, South East England, using a 𝑘-nearest
search radius approach (𝑘 = 3098 m). 𝑛 = 97. Legend uses a
quartiles classification.

𝛼 = 0.0556. The analysis showed that there were no significant
differences between the recorded distances to multiple habitat
features from either roost locations or control buildings (see
Table 2).
3.3. Habitat Composition Surrounding Roosts. To address the
issue of multiple comparisons in the analysis of habitat composition surrounding roosts a Bonferroni correction was used.
For fifteen comparisons at each distance 𝑃 < 0.000667 was
required for 𝛼 = 0.01; 𝑃 < 0.00333 was required for 𝛼 = 0.05.
The analysis showed that within the 0–0.5 km buffer zone
the selected habitats were not found to differ significantly
between roost locations and controls. Analysis in the 0.5–
1.5 km buffer zone identified two variables that differed

significantly between roost locations and control locations.
The number of arable patches (Table 3; 𝑃 = 0.0018) and total
number of woodland patches (Table 3; 𝑃 = 0.0001) were both
significantly higher surrounding roosts compared to controls
(see Table 3).
Within the 1.5–4.5 km buffer zone a significantly higher
percentage cover of improved grassland (Table 3; 𝑃 = 0.0017)
and arable land (Table 3; 𝑃 = 0.0034) was found in
the landscape surrounding roost locations. Although the
arable land was only found to be significant at 𝛼 = 0.10
(𝑃 < 0.00588 was required if adjusted via the Bonferroni
correction). Interestingly, and in contrast to the 0.5–1.5 km
buffers, where the number of woodland patches was higher
surrounding roosts, the 1.5–4.5 km buffer zone showed that
the number of woodland patches was significantly higher in
areas surrounding controls (Table 3; 𝑃 = 0.0002). This may, in
part, be associated with the increased number of coniferous
patches surrounding controls (𝑛 = 34) compared to roosts
(𝑛 = 23), but this difference was not found to be significant
(Table 3; 𝑃 = 0.0327).
Finally Euclidean average nearest neighbour ratios for
woodland were significantly lower at roosts within the
1.5–4.5 km buffers, indicating a significantly more clustered woodland pattern of distribution surrounding roosts
(Table 3; 𝑃 < 0.0001). Despite the significant differences
between the landscape structure associated with roosts and
control locations at mid and large buffer ranges, the overall landscapes did not differ in terms of habitat diversity
(Table 3).
3.4. Land Use at Hotspots. To address the issue of multiple
comparisons in the analysis of habitat composition within
density hotspots a Bonferroni correction was used. For
sixteen comparisons between 𝑄4 and 𝑄1, 𝑃 < 0.000625 was
required for 𝛼 = 0.01 and 𝑃 < 0.00313 was required for
𝛼 = 0.05.
In areas of low roost density, a significantly higher
percentage of coniferous woodland (Table 4; 𝑃 < 0.0001)
was observed. Equally, the number of patches of coniferous
woodland (Table 4; 𝑃 < 0.0001) and urban land (Table 4;
𝑃 < 0.0001) was higher in areas of low roost density. Euclidean average nearest neighbour ratios for woodland patches
were greater than 1 in both groups indicating a dispersed
distribution, with a higher ratio at roost hotspots (Table 4;
𝑃 = 0.0048). Although this was only significant at 𝛼 = 0.10
(𝑃 < 0.00625 was required if adjusted using the Bonferroni
correction) but may infer a more dispersed woodland distribution in areas of high bat roost density.

4. Discussion
4.1. Roost Distribution. A significantly clustered distribution
was observed amongst roosts, suggesting that E. serotinus
is indeed selective in choosing roost location, rather than
choosing locations randomly throughout the landscape. This
finding is consistent with studies of other bat species, which
have identified that roost selection was nonrandom (e.g., [23–
25]). Roost densities peaked at 0.33 roosts per km2 , with the
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Table 2: Comparison between roost (𝑛 = 97) and control (𝑛 = 100) of distances (metres) to landscape features. Adjusted using Bonferroni
correction for nine comparisons between roosts and controls.
Median
Control
32
65
50
242
177
830
182
1011
283

Roost
22
60
70
349
138
899
160
919
270

Distance to linear feature > 100 m (m)
Distance to arable land (m)
Distance to improved grassland (m)
Distance to unimproved grassland (m)
Distance to deciduous woodland (m)
Distance to coniferous woodland (m)
Distance to woodland (m)
Distance to urban areas (m)
Distance to water (m)

𝑃 value
0.030
0.727
0.333
0.261
0.310
0.588
0.339
0.817
0.681

𝑃 < 0.00111 is required for 𝛼 = 0.01∗∗∗ ; 𝑃 < 0.00556 is required for 𝛼 = 0.05∗∗ .

Table 3: Comparison of habitat composition between roosts (𝑛 = 97) and controls (𝑛 = 100) using ring buffer analysis. Adjusted using
Bonferroni correction for fifteen comparisons at each distance.
Landscape parameters

Roost
% Arable land
23.3%
% Improved grassland
26.6%
% Unimproved grassland
1.7%
% Urban areas
7.2%
% Deciduous woodland
14.4%
% Coniferous woodland
0.0%
% Total woodland
14.4%
Arable land patch number
9
Improved grassland patch number
9
Urban areas patch number
3
Deciduous woodland patch number
6
Coniferous woodland patch number
0
Total woodland patch number
7
Shannon diversity index
0.263
Woodland ANNR
1.805

0–0.5 km buffer
Control 𝑃 value
25.8%
0.7785
27.3%
0.6251
1.8%
0.8922
4.0%
0.1376
10.9%
0.1859
0.0%
0.8685
12.4%
0.2316
8
0.8731
9
0.3118
2
0.1177
5
0.1472
0
0.7997
6
0.4558
0.263
0.983
1.701
0.103

Roost
31.5%†
28.2%†
2.5%
5.5%
15.0%
0.3%
16.2%
67
58
20
36
2
58
0.236†
1.075

0.5–1.5 km buffer
Control
𝑃 value
27.2%†
0.033
24.0%†
0.014
2.5%
0.749
6.9%
0.2703
15.6%
0.9174
0.7%
0.0881
17.9%
0.9731
53
0.0018∗∗
52
0.1112
19
0.3043
34
0.5797
3
0.1072
43
<0.0001∗∗∗
0.232†
0.665
1.063
0.929

Roost
31.9%
27.6%
2.7%
6.1%
15.6%
0.9%
17.1%
503
422
165
274
23
308
0.241
0.862

1.5–4.5 km buffer
Control
𝑃 value
26.6%
0.0034∗
24.3%
0.0017∗∗
2.6%
0.9791
7.9%
0.0223∗
19.4%
0.3253
1.6%
0.0596
21.7%
0.2763
492
0.6417
470
0.0269
194
0.0525
295
0.3001
34
0.0327
416
0.0002∗∗
0.236
0.783
0.933
<0.0001∗∗∗

𝑃 < 0.000667 is required for 𝛼 = 0.01∗∗∗ ; 𝑃 < 0.00333 is required for 𝛼 = 0.05∗∗ ; and 𝑃 < 0.00667 is required for 𝛼 = 0.10∗ .
Key to symbols: † mean used instead of median. Woodland ANNR: woodland Euclidean average nearest neighbour ratio.

Table 4: Composition of habitats composition at roost density hotspots (𝑄4) and areas of low roost density (𝑄1).

Arable land percentage
Improved grassland percentage
Unimproved grassland percentage
Urban areas percentage
Deciduous woodland percentage
Coniferous woodland percentage
Total woodland percentage
Arable land number of patches
Improved grassland number of patches
Unimproved grassland number of patches
Urban areas number of patches
Deciduous woodland number of patches
Coniferous woodland number of patches
Total woodland number of patches
Habitat diversity (Shannon Index)
Woodland Euclidean average nearest neighbour ratio

𝑄4
31.8%
26%
28.3%
4.9%
13.6%
0%
15.209
13.22†
11.13†
2
2
6
0
6
0.2605
1.9176

Median (Mean† )
𝑄1
16.5%
25.4%
26.7%
6.5%
16.8%
0.2%
22.072
11.6†
11.68†
3
12
6
1
9
0.2592
1.5603

Key to symbols: † mean used instead of median. Adjusted using Bonferroni correction for sixteen comparisons between 𝑄4 and 𝑄1.
𝑃 < 0.000556 is required for 𝛼 = 0.01∗∗∗ ; 𝑃 < 0.00278 is required for 𝛼 = 0.05∗∗ .

𝑃 value
0.0100
0.4577
0.9018
0.0200
0.223
<0.0001∗∗∗
0.0069
0.048∗
0.736
0.2311
<0.0001∗∗∗
0.9303
<0.0001∗∗∗
0.0905
0.885
0.0048
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roost location data showing that there are large areas of high
roost density in central Sussex. Previous attempts at measuring density in bats have focused on bat population density,
rather that roost density (e.g., [34, 51, 52]). Bat population
data were not available in the present study, so comparisons
between roost and population estimates were not possible.
There are many difficulties in measuring bat distribution and
density [34], and there is limited knowledge of population
structures in most bat species [53]. Without additional survey
effort it is not possible to determine whether the data used
in this study represent a substantial underestimate of roosts
density and include false negatives, so some caution must be
exercised when interpreting this part of the study.
4.2. Distance to Landscape Features. Compared to controls,
roosts were not found to be significantly different in their
distance to the landscape features examined. While this offers
support to the work of Battersby [21] and Boughey et al. [22],
who also did not find significant differences, other workers
found that E. serotinus activity decreased as distance from
linear features increased (e.g., [40]). The contrasting findings
are possible due to the differing methods used in measuring
the relationship. Verboom and Huitema [40] and Boughey
et al. [22] analysed the relationship between E. serotinus
activity and density of linear features, while Battersby [21]
tested differences between the distance to linear features from
roost compared to control points, similar to the present study.
The prevailing regional landscape, for example, predominant
form of land management, may also affect the likelihood for
finding a positive or negative association between roosts and
linear features. Furthermore this may highlight differences
between the species in the UK and mainland Europe, with
similar finding in the present study and other UK studies
[21, 22], but contrasting findings from the Netherlands [40].
4.3. Habitat Composition Surrounding Roosts. Analysis using
0–0.5 km buffers showed that, at distances of 500 metres
or less from roosts, no significant differences were found
between roosts and control locations. This close range assessment was considered important given recent suggestions that
habitat close to the roost may be more effective in predicting
roost presence than the habitats associated with forage range
[22]. Our study did not support this assertion.
At distances greater than 500 metres from roosts, however, significant differences were detected between roosts
and control locations. For example, within the 0.5–1.5 km
buffer areas the number of patches of arable land was higher
surrounding roosts. Furthermore, in the 1.5–4.5 km buffer
area the percentage cover of arable land was significantly
higher surrounding roosts. These observations support the
finding of previous studies that have found similar associations between E. serotinus and this habitat (e.g., [21, 34, 38]).
At the largest buffer radius (1.5–4.5 km) the percentage
area of improved grassland (grazing land) and arable land
were shown to be significantly higher in areas surrounding
known roost locations. Previous studies have established
the relationship between E. serotinus and grazing land by
analysing the habitats visited by radiotracked bats or by
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linking prey fragments found in faecal pellets to the habitats
in which they occur (e.g., [35, 38, 41, 43, 54]). However,
such studies did not include spatial analysis or consider
the distances between these habitats and roosts, but it was
suggested that E. serotinus does not need specific habitat close
to the roost as it will forage on whatever habitat is available
[38]. The results presented in the current study may challenge
this conclusion and suggest that there may be a preference for
selecting roosting sites with access to habitats that support
prey items. The conclusions of Kervyn and Libois [43] and
Ransome [54] add further weight to this assertion and suggest
that the absence of key-prey within close proximity of roosts
results in bat species commuting greater distances, with a
consequential decrease in fitness. It may be that E. serotinus
bats select roosts close to arable land and grazing land or that
the survival rates and relative fitness of E. serotinus is higher
at these roost locations.
It is interesting to note, however, that despite the identification of significant differences in the larger buffers no
significant differences were observed less than 500 metres
from roosts. When similar studies were undertaken for other
species of British bats this variability in the effects of distance
was not found. In previous studies of other bat species it
appears that habitats found to be significant at short distances
(e.g., <0.5 km) from roosts were also found to be significant
at greater distances (e.g., >1.0 km) [23, 25]. Our findings
may reflect the more generalist foraging behaviour of E.
serotinus. Generalist foraging behaviour suggests a diverse
habitat matrix may be important to ensure an abundant
prey base throughout the feeding season. Moreover, several
studies have reported seasonal variations in the diet of E.
serotinus, with analysis of faecal pellets showing that different
preys are taken at different times of the year, depending
on the abundance of the prey species [34, 35, 38, 43].
Early in the season E. serotinus moves between habitats
that provide Diptera, Coleoptera, and Lepidoptera, before
becoming dependent upon dung beetles Aphodius spp. in
late summer [38]. Aphodius spp. are closely associated with
cattle-dung and grazed land. Similar seasonal variations were
reported in a radio tracking study by Robinson and Stebbings
[34], with woodland being the most important habitat in a
concentrated period during May, June, and July. Later in the
year woodland became less used and was superseded as the
main forage habitat by grazing land in August, September,
and October. By October 100% of E. serotinus activity was
assigned to grazing land.
Our analysis of woodland fragments in the areas surrounding roosts provided less than clear results (Table 3).
No significant results were observed in the 0–0.5 km range,
whilst a highly significant result was found for the number
of woodland patches at 0.5–1.5 km. Analysis showed that
significantly more woodland patches were found in areas
surrounding roosts.
Interestingly in the 1.5–4.5 km buffer zones there was a
contrasting picture, with significantly fewer woodland patches in areas surrounding roosts. Yet, it is important to note
that the woodland that was present was significantly clustered
(Table 3; average nearest neighbour ratio = 0.86). The pattern
observed is perhaps unclear, but higher numbers of or
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densities of woodland patches may indicate the importance
of small woodland patches as either linear features or connecting habitats.
Boughey et al. [31] found that small woodland patches
were important for the soprano pipistrelle Pipistrellus pygmaeus but not for E. serotinus. Also to this effect, Bright [55]
suggests that habitat generalist bat species are less likely to
be influenced by the effects of habitat fragmentation. It may
be that the current study suggests that the effects of habitat
fragmentation may be scale dependent and indicate an area
for further investigation.
Urban land was another land use type that showed
inconsistent results. At the larger 1.5–4.5 km buffer distance,
there was significantly more urban land surrounding controls
compared to roosts. This significant difference was not found
in other distance buffers, possibly offering further support
to the notion that the effects of landscape pattern are scale
dependent and that a diverse habitat matrix is required.
It is however important to recognise that while E. serotinus is known to concentrate foraging within 4.5 km of the
roost [38], it is likely that a smaller proportion of this total
area is actually visited and used. On average only 2-3 forage
sites are visited per night [34, 38], and although a number
of different sites will be used throughout the season [34, 35,
38, 43] the bat is unlikely to forage over the entire forage area.
Therefore within the larger buffer zones there is the likelihood
that although all the area is within the forage range, a large
percentage of the area being analysed is not used by the bat.
Total habitat composition perhaps becomes less important
as long as a number of suitable forage habitats are available,
ideally within a concentrated area. This would suggest that at
larger distances from the roost, the availability of sufficient
patches of quality foraging habitat with abundant prey base,
is more important than the habitat composition as a whole.
4.4. Land Use at Roost Hotspots. It has yet to be established
whether a roost is selected predominantly for its internal
characteristics, with the bat then adapting its diet to the
habitat surrounding the roost. On the contrary suitable forage
areas may be first selected and then a roost nearby located;
or perhaps a combination of both is considered. The results
presented in the previous section do not necessarily answer
these questions, but they do suggest that the surrounding
habitat is an important factor in roost selection. In an
attempt to further address these questions, pertaining to roost
selection and landscape characteristics, density and hotspot
analysis were undertaken. Kernel density analysis presented
the opportunity to examine the landscape properties within
areas identified as representative of centres of bat activity.
Centres of bat activity were determined using kernel
density surfaces and the selection of the upper quartile
zones (𝑄4). Results showed that significantly less percentage
cover of coniferous woodland was found in roost hotspots
(𝑄4) when compared to areas of low roost density (𝑄1).
This pattern was also reflected in the fact that significantly
fewer patches of coniferous woodland were found in density
hotspot areas (see Table 4). This observation relates well to
previous studies that have found little evidence of bat foraging
in coniferous woodlands [27–29]. Furthermore, woodlands
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have consistently been associated with E. serotinus activity
[21, 22, 34], and this may be reflected in the high percentage
of total woodland found in this study (𝑄4 = 22.1% total
woodland cover). However this was not significantly following the application of Bonferroni’s correction for multiple
comparisons (Table 4). The Sussex region, and in particular
the Weald, is widely recognised as an area that supports a
considerable amount and variety of woodland at a national
level and it may be that high levels of woodland are in general
present throughout this particular landscape area [56].
The effects of fragmentation of woodland patches upon
bats in the UK are unclear [22, 57], and the results presented in the current study do little to add clarity. FuentesMontemayor et al. [58] found that P. pipistrellus and P.
pygmaeus activity was greater where distance between woodlands was lower, suggesting that clustered woodland distributions are preferred. While large woodland areas may be
important for woodland roosting bats, patch area may not
be important for E. serotinus, for whom the main function
of woodland is perhaps to use woodland edge as a linear
feature for commuting [40], with little evidence of extensive
foraging within woodland interior (e.g., [21, 22, 34, 38]).
The ambiguous relationship observed between woodland and
individual roost location suggests that further research is
required.
The number of patches of urban land was significantly
higher in areas of low roost density compared to roost
hotspots. Catto et al. [38] report that areas around streetlamps
are the second most visited forage area; the species is most
commonly associated with rural areas. Furthermore the study
by Catto et al. [38] tracked bats from two roosts, both of
which were in urban settings, and therefore the findings may
be an example of the opportunist nature of the bat, rather
than being a reflection of the importance of urban features
for foraging.
Differences between results at hotspots, compared to the
results for the habitat composition surrounding individual
roosts, suggest that interactive factors may also influence
roost selection. Robinson and Stebbings [34] suggest that
when separate colonies are located close to one another,
E. serotinus may be unable to expand its range due to
competition from the other colonies. Therefore in areas of
high roost density E. serotinus may be restricted to smaller
home ranges and adapt to the prey available within a smaller
radius.

5. Conclusion
Roost location is widely recognised to be a key factor in determining the survival and fitness of British bats. The current
study demonstrates that E. serotinus roosts have a clustered
distribution and infers that this species is selective with
respect to roost location. The current study demonstrates
that there are a number of significant differences between
the landscape composition surrounding roost sites and that
differences are evident only at particular scales. E. serotinus
roost sites are located in areas with significantly higher cover
of arable land and improved grassland (grazing land). Yet
the composition of the landscape surrounding bat roost sites
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is not formally recognised in current protective legislation
surrounding bats. Despite a less clear picture, woodland is
also shown to be an important landscape component, with
clustered woodland patches perhaps acting as important
landscape features.
Kernel density analysis successfully provided an alternative method to examine the landscape structure and
composition around roost sites and identified the location
and characteristics of possible centres of bat activity in
Sussex. Density analysis indicated that areas of high bat
density had significantly less coniferous woodland cover and
few patches of coniferous woodland and urban land, than
areas of comparative low bat density. British bats and their
roosts are protected by UK legislation; however, protection
is not extended to foraging sites. This may indeed leave bats
vulnerable to landscape change as roost sites are shown to
relate to particular landscape characteristics.
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