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Abstract

Urbanization damages biodiversity, reducing people’s connection to nature and negatively impacting the survivability of
local species. However, with small adjustments, the damage could be mitigated. In temperate regions, several bat species
inhabit urban areas, and with urbanization set to increase, adapting urban areas to improve their suitability for bats is im-
perative. Therefore, we investigated if wooded streets and streetlight dimming in an urban setting influenced bat activity.
Static bat detectors were used to compare wooded versus non-wooded, and bright versus dim streets in Leicester, UK, on
predominantly residential streets. The collected calls were quantified into bat activity (passes per night). Six species were
identified, but the common pipistrelle (Pipistrellus pipistrellus) was dominant, making up 94.1% of all calls, so it was the sole
species included in the statistical model. Wooded streets had significantly higher bat activity than non-wooded streets, but
bright and dim streets were not significantly different. The results suggest that wooded streets were being used as green
corridors, with common pipistrelles possibly following them to conceal themselves from predators, such as the tawny owl,
and the proliferation of wooded streets in urban areas could allow the formation of better-connected populations.
Streetlight dimming did not affect bat activity, but no light-averse bats were detected, likely because even the most dimmed
streets deterred them despite street lighting increasing food availability by attracting insects. Therefore, an alternate solu-
tion, such as part-night lighting, may be required to increase the suitability of urban areas to light-averse species.

Key words: artificial light at night (ALAN), bat activity, bat conservation, streetlight dimming, green corridors, light-emitting
diode (LED) streetlights

Introduction

Urban areas can be challenging for wildlife to inhabit, with
many factors reducing their suitability (Grimm et al. 2008), in-
cluding roads and traffic (Fahrig et al. 1995; Ben�ıtez-López,
Alkemade, and Verweij 2010; Claireau et al. 2019), fragmented
and species-poor habitats (Krauss et al. 2010), as well as air
quality, noise and light pollution (Kunc and Schmidt 2019;
Murray et al. 2019; Owens et al. 2020). The UK is highly urban-
ized, with 83.9% of its population in urban areas, following an

almost 3% increase over the past decade (O’Neill 2021).
Therefore, enhancing urban spaces for wildlife is vital in aiding
population viability and species survival, and helps connect
people to nature, with associated health benefits (Shwartz et al.
2014; Carrus et al. 2015; Wood et al. 2018). Bats are valuable in
many environments, acting as pollinators, as pest control
agents, and importantly, as indicator species (Jones et al. 2009;
Kunz et al. 2011; Russo et al. 2021). Studies into drivers of bat
population change (Burns et al. 2016) and the habitat selection
of bats in urban and surrounding areas (Gili et al. 2020) indicate
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that urbanization likely has a negative impact on bats, even if
there are gaps in the evidence (Browning et al. 2021). Therefore,
with the global urban land area set to triple between 2000 and
2030 (Seto, Güneralp, and Hutyra 2012), it is imperative to adapt
urban areas to improve their suitability for bats, despite overall
bat populations appearing to be stable or increasing in the UK
(Barlow et al. 2015) and Europe (van der Meij et al. 2015).

The increasing density of urban landscapes is leading to
their green spaces inevitably becoming fragmented (Dallimer
et al. 2011), reducing their ability to support wildlife and bats
(Hale et al. 2012). Wooded streets can act as green corridors con-
necting these fragmented green spaces, with Fernández-Juricic
(2000) finding wooded streets were used by numerous bird spe-
cies, with their use increasing when adjacent to urban parks.
Bats are known to benefit from urban green spaces, having
higher activity in large parks than in residential areas (Avila-
Flores and Fenton 2005), and following linear features when
commuting between habitats (Verboom and Huitema 1997).
Therefore, their use of wooded streets as green corridors is fea-
sible. Oprea et al. (2009) investigated this in Vitória, Brazil, con-
cluding that bats did not use wooded streets as green corridors,
but the species present differ from those in the temperate
regions. Therefore, an investigation of this within the UK is
timely, providing evidence towards bat conservation and
wildlife-benefitting planning reforms. For example, in the UK, a
‘Tree-lined Streets Bill 2019-21’ was recently discussed (parlia-
ment.uk 2020).

Bats could be using wooded streets for a number of reasons,
including as flight corridors, as foraging habitats, with trees
offering habitat for invertebrates, or as roosting habitats,
with mature trees possibly offering roosting opportunities.
Bioacoustics provides a powerful tool to investigate both overall
bat activity and foraging activity. It has seen widespread use in
urban bat research (Parkins and Clark 2015; Rowse et al. 2018),
demonstrating its validity.

Artificial light at night (ALAN) affects many nocturnal spe-
cies (Gaston, Visser, and Hölker 2015; Davies and Smyth 2018;
Sanders et al. 2021) and continues to increase in prevalence
globally (Hölker et al. 2010). Bat responses to ALAN vary, with
some species, such as common pipistrelle (Pipistrellus pipistrel-
lus), being considered ‘light-opportunistic’ (Blake et al. 1994),
and preying upon the many insects attracted to the light (Stone,
Harris, and Jones 2015). This streetlight foraging behaviour is
found to reduce overall foraging time, offering further advan-
tages to light-opportunistic species (Salinas-Ramos et al. 2021).
Other species, such as Myotis spp., are considered ‘light-averse’
and avoid lit areas (Stone, Jones, and Harris 2012), possibly to re-
duce their predation risk (Jones and Rydell 1994; Rydell and
Speakman 1995; Rydell, Entwistle, and Racey 1996). Streetlight
dimming, an approach that allows local governing authorities
to reduce their carbon footprint and energy costs, could result
in bats responding to ALAN differently (Stone, Harris, and Jones
2015). Rowse et al. (2018) investigated this previously, compar-
ing activity at differently dimmed sites containing three adja-
cent dimmed streetlights, and found that high light levels
increase light-opportunistic bat activity, but decrease light-
averse bat activity. However, being able to investigate this on a
whole street-by-street basis may yield different and more rele-
vant results.

Our main aim was to investigate if urban wooded streets,
and streetlight dimming, influence bat activity in a medium-
sized British city. Two hypotheses were tested:

i. Overall bat activity (defined as the number of passes per
night) will increase on wooded streets in comparison to
non-wooded streets.

ii. Overall bat activity (defined as the number of passes per
night) will increase on brightly lit streets in comparison to
dimly lit streets.

Methods
Experimental design

The study was conducted in Leicester, UK (Fig. 1), located at lat:
52.633688, long: -1.1300468, with an area of 73.3 km2. Leicester
has a population of 354,224, and a population density of 4832
per km2 (Office for National Statistics 2021). The city council
operates city-wide streetlight dimming, with eight differing
dimming programmes (Leicester City Council 2021), as well as
having many wooded streets, making it suitable for this study.

Before selecting the streets, the four street types were de-
fined. Wooded streets contained trees at intervals of at most
50 m, at a minimum height of 3 m to avoid undeveloped trees.
Non-wooded streets contained few to no trees, at intervals of at
most 100 m. Streets with rural areas directly adjacent were ex-
cluded. The brightest and dimmest dimming programmes oper-
ated in Leicester were examined. Bright streets had programme
A: 100% brightness at 18:00 (hours), then 75% brightness at
22:00, while dim streets had programme K: 60% brightness at
18:00, then 45% at 19:00, and 30% at 22:00. The lights are all
light-emitting diode (LED) bulbs, replaced during the white light
programme between 2012 and 2015 (Leicester City Council
2021).

Sixteen streets were assessed, across eight paired bat detec-
tor deployments of five nights each, with a total of 80 samples
collected. The street types were paired, allowing wooded and
non-wooded, and bright and dim streets, to always be concur-
rently recorded. To choose the streets, a dataset containing
Leicester’s programme A and K streets (Leicester City Council
2021) was randomly selected using QGIS (QGIS.org 2021), with
satellite images (Google Maps 2021) used to determine their
wooded type. Cul-de-sacs were excluded. Only streets with
speed limits up to 30 mph were selected to increase the similar-
ity of each road’s structure, traffic load and traffic noise. There
was at least 1 km between concurrently recorded streets to at-
tempt to achieve independence, double the minimum used in
Threlfall et al.’s (2011) study.

Two AudioMoth static bat detectors were used to collect bat
calls (Open Acoustic Devices 2020), which were concurrently
recorded on two streets. Data were collected between June and
August 2021. The mean nightly temperature varied between 9�C
and 19�C, and the mean nightly rainfall between 0.0 and
2.8 mm. They recorded between 21:00 and 05:00, maintaining
equal recording times between streets. The sample rate was
192 kHz, the gain set to medium, with a high pass filter at
25 kHz. No amplitude threshold was used. Recording was con-
tinuous, but each audio file was1-minute long. The detectors
were attached to streetlight poles, similar to Rowse et al. (2018).
The pole closest to the midpoint along the length of the street
was preferred. The detectors were attached at a height of 1.5 m,
and at least 1.5 m from any trees or obstacles following the
methods of Alder et al. (2021), to avoid reflected sounds, de-
crease chances of vandalism, and attempt to reduce the back-
ground noise from passing vehicles. Heavy-duty cases and bike
cable locks were used for attachment, to further reduce the risk
of vandalism. In February 2023, an LX1010BS lux meter was
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used to collect illuminance (lux) readings from three streetlights
on each street, allowing an average to be calculated. The lux
meter was positioned directly underneath the lantern, at 2 m
from the ground. Two sets of data were collected due to the
staggered dimming: between 20:00 and 22:00, and after 22:00—
specifically between 22:05 and 23:00.

Data processing

The recordings were analysed using Kaleidoscope Pro version
5.4.2 (Wildlife Acoustics 2021). Its auto-identification feature
was used to identify any calls present in the recordings, using
the Bats of Europe 5.4.0 classifier with the UK species selected,
and the more sensitive feature to attempt to highlight all possi-
ble bat calls. All automatically identified calls were manually
vetted, to avoid incorrect identifications.

Bat activity was defined as the number of passes per night,
with each call-containing sound file considered as one pass. If a
file contained two species’ calls, this was recorded as two
passes. Every call had its species identified.

Distance to green space was calculated using QGIS (QGIS.org
2021), measuring from where the detector was deployed to the

closest area which could support bats, defined as areas contain-
ing clusters of at least 10 mature trees in close proximity. This
avoided green spaces which might not support bats. Nightly
temperature and rainfall (mm) data were obtained from a
Leicester weather station (WorldWeatherOnline 2021), allowing
for the effect of weather to be accounted for in the analyses.

Statistical analyses

R version 3.5.3 (R Core Team 2019) was used for the analyses.
Generalized linear-mixed effects models (GLMMs) with negative
binomial distributions, as Poisson models were found to be
over-dispersed, were fitted using ‘glmmTMB’ from the
glmmTMB package (Brooks et al. 2017) to identify potential
influences on bat activity. Only common pipistrelle (Pipistrellus
pipistrellus) calls were used within the model. The fixed effects
analysed included wooded type, dim type, distance to green
space, mean nightly rainfall and mean nightly temperature,
with the random effects of location (street) and date to control
for variation between sites and over the 3 months of survey.
The mean street illuminance data collected after 22:00 (Fig. 2C),
these data used as it included most of the recording period, had

Figure 1: Map of Leicester and its boundary, with its position within the UK also shown. The 16 streets where data were collected are labelled: black triangle for

wooded/dim streets, white triangle for wooded/bright streets, black cross for non-wooded/dim streets and white cross for non-wooded/bright streets.
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high multicollinearity [using ‘check_collinearity’ from the per-
formance package (Lüdecke et al. 2021) with dim type when
used in the model (VIF¼ 19.24)]. Therefore, we decided to only
include dim type in the model presented in this manuscript.

However, we also developed a model including mean street illu-
minance only, which showed no significant effect (Z¼�0.9290,
df¼ 71, P¼ 0.3529). No other instances of high multicollinearity
or correlations were found. A backward selection method, based

Figure 2: Comparison of common pipistrelle passes per night per location on (A) non-wooded and wooded streets and (B) bright and dim streets. Change in bat passes

per night per location with differing (C) mean street illuminance (lux), (D) detector distance to green space (m), (E) nightly mean temperature (�C) and (F) nightly mean

rainfall (mm).
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on the P values calculated, was used to choose the final models,
to obtain the most accurate model values.

Coefficients of determination (R2) for all models were calcu-
lated using ‘r2_nakagawa’ from the performance package
(Lüdecke et al. 2021), resulting in marginal and conditional R2

classifications. The former considers the proportion of variance
in the response variable explained by the fixed effects, and the
latter considers the proportion of variation in the response vari-
able explained by both the fixed and random effects (Nakagawa
and Schielzeth 2013). This allows an estimation of the amount
of variation captured by the models.

Results

We recorded 38 416 files across the 16 sites, with 4778 bat calls
identified from these. The following six species were detected,
ordered by prevalence: common pipistrelle (Pipistrellus, 94.11%
of calls), common noctule (Nyctalus noctula, 2.70%), lesser noc-
tule (Nyctalus leisleri, 2.14%), soprano pipistrelle (Pipistrellus pyg-
maeus, 0.02%), Nathusius’s pipistrelle (Pipistrellus nathusii,
<0.01%), and brown long-eared (Plecotus auritus, <0.01%). No
other species were detected.

Many automated identifications of brown long-eared were
false, instead being corrected to common pipistrelle social calls.
Many common and lesser noctule calls were corrected as noise,
with vehicle noise causing confusion with the auto-
identification programme.

Across the 16 streets, between 20:00 and 22:00, the mean
street illuminance for bright streets was 49.88 lux (SD 8.80, range
35.67–60.0) and for dim streets 23.25 lux (SD 4.73, range 16.00–
29.00). After 22:00, the mean street illuminance for bright streets
was 46.63 lux (SD 7.56, range 36.33–56.33) and for dim streets
16.46 lux (SD 2.32, range 13.00–19.00).

The marginal R2 was 0.368, suggesting that the fixed effects
explained a small-to-reasonable amount of the variation ob-
served, with the random effects accounting for much of the var-
iation (conditional R2 ¼ 0.878).

Significantly higher common pipistrelle activity was
detected on wooded streets than on non-wooded streets
(P¼ 0.0174, Table 1). Figure 2A shows the increased common
pipistrelle passes per night on wooded streets. No significant
difference was found between common pipistrelle activity on
dim and bright streets (Fig. 2B; P¼ 0.5159, Table 1). Green space
distance was found to have no significant effect on common
pipistrelle activity (P¼ 0.1519, Table 1). However, the removal of
Brazil Street (410 m, Fig. 2D), a potential outlier, led to a signifi-
cant result (P¼ 0.0040). Brazil Street was retained in the final
model.

Temperature (�C) was found to not have a significant effect
(Fig. 2E; P¼ 0.0581, Table 1), while rainfall (mm) was found to

have a negative significant effect on the number of common
pipistrelle passes (Fig. 2F; P¼ 0.0114, Table 1).

Discussion

Common pipistrelle activity was significantly higher on wooded
than on non-wooded streets, while no difference was found in
common pipistrelle activity between dimly and brightly lit
streets. Outside of the main hypotheses, rainfall, temperature
and green space distance are also discussed.

Wooded type

The significantly increased common pipistrelle activity on
wooded streets may be due to their utilization as green corri-
dors, with bats known to follow linear features when commut-
ing (Verboom and Huitema 1997) for three possible purposes:
orientation clues, foraging habitat and shelter from wind and/or
predators. The predator avoidance hypothesis could explain
this behaviour (Lima 1998), with the trees offering cover which
decreases the detection of the bats by predators such as the kes-
trel (Falco tinnunculus) at dusk (Mikula et al. 2016) and the tawny
owl (Strix aluco) during the night (Lima and O’Keefe 2013).
Tawny owls have been recorded as recently as 2022 in Leicester,
with 103 records since 2016 (NBN Atlas 2023). Common UK bat
species, including common pipistrelles, have been found to
modify both their timing of foraging (Rydell, Entwistle, and
Racey 1996), and movement to reduce their predation risk—pre-
ferring to travel along tree lines rather than in the open (Schaub
and Schnitzler 2007; Lima and O’Keefe 2013). Both these find-
ings support the suggestion that common pipistrelles would
prefer travelling along wooded streets to decrease predation
risk. Lesi�nski, Gryz, and Kowalski (2009) found that tawny owls
are more likely to prey on bats in urban areas compared to sub-
urban forests in central Poland. While common pipistrelle were
rare compared to other species in their study area, their conclu-
sions indicate that common pipistrelle may be one of the bats
tawny owls take most frequently (Lesi�nski, Gryz, and Kowalski
2009).

Wooded streets could act as foraging habitats, with insect
abundances likely higher there than on non-wooded streets.
Verboom and Spoelstra (1999) investigated the use of tree lines
in common pipistrelles, testing for associations between bat ac-
tivity, insect abundance and distance from tree lines in rural
settings in the Netherlands and Poland, by measuring bat activ-
ity and insect abundance at fixed distances from tree lines.
They discovered that commuting bats’ activity decreased as dis-
tance away from tree lines increased, not as insect abundance
decreased. Bat activity was only found to decrease with insect
abundance on one site (of the three sampled) where a species-
rich grassland was present, causing insect abundances to be

Table 1: Results from the GLMM testing the influence of multiple variables on common pipistrelle passes per night

Model Estimate (b) SE Z-value P-value Marginal R2 Conditional R2

Bat activity 0.368 0.877
Wooded type 1.231600 0.517800 2.378 0.0174*
Dim type 0.030712 0.479444 2.275 0.5159
Green space distance �0.003195 0.002130 �1.433 0.1519
Mean nightly temperature (�C) 0.101000 0.053300 1.895 0.0581
Mean nightly rainfall (mm) �0.419300 0.165700 �2.531 0.0114*

Significant results are in bold: *P<0.05,
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higher, with bats visiting the area primarily to forage instead of
commuting. In areas of low insect abundance, where bats would
mainly be commuting, their results support predator avoidance
influencing their association with tree lines instead of insect
abundance.

Verboom and Spoelstra’s (1999) study also measured the
effects of wind speed and direction, finding that high wind
speeds and interfering directions influenced bat behaviour,
causing them to change the side of the tree line they commuted
down, allowing them to shelter from the wind. However, when
double parallel rows of trees were present, like on wooded
streets, they mainly flew between the tree lines regardless of
wind speed or direction. Furthermore, as urban streets are often
sheltered by adjacent buildings, it is unlikely that this influ-
enced our results.

Bats could use wooded streets as roosting habitats, with the
trees possibly having roosting features. However, the presence
of streetlighting, human disturbance and little-to-no surround-
ing vegetation means it is unlikely that wooded streets are used
for roosting (Stone 2013).

Our findings contrast with those of Oprea et al. (2009), who
compared bat communities between urban parks, wooded
streets and non-wooded streets in the city of Vitória, Brazil.
Only a subset of species caught in parks was caught in wooded
streets, in small numbers, indicating that wooded streets did
not provide connectivity for urban bats. Differences in method-
ology could explain the contrasting conclusions, with bioacous-
tics and common pipistrelle activity comparisons used here
instead of their mist netting and species richness comparisons.
Their study was furthermore conducted in Brazil with a differ-
ent species assemblage than the UK. Finally, our study was
larger with a total of 4778 bat passes across 80 sampling ses-
sions compared to their 174 observations across 12 sampling
sessions.

Lewanzik et al. (2022) investigated the effect of landscape
canopy cover on bat occurrence in Berlin, Germany, with linear
vegetation features, such as wooded streets, included in their
analysis. Their findings mirror the discovery here, with com-
mon pipistrelle’s occurrence probability reacting positively to
increased canopy cover, and negatively to increased distance to
the nearest linear vegetation structure.

The scope of our study somewhat restricted what data could
be recorded. Firstly, no sampling of urban parks was under-
taken, like in Oprea et al. (2009), so our results may have only in-
cluded a subset of Leicester’s bat population. Secondly, the
wooded and non-wooded street definitions did not consider
other non-tree surrounding vegetation, such as vegetation in
people’s front gardens like hedgerows, which could have led to
increased insect abundance or extra cover from predators on
both wooded and non-wooded streets.

Dim type and mean street illuminance

The lack of significance found between common pipistrelle ac-
tivity on bright and dim streets suggests that streetlight dim-
ming does not affect light-opportunistic bat behaviour, despite
the presumption that brightly lit streets would have increased
activity of light-opportunistic species due to more insect prey.
The absence of highly light-averse bats from our results, such
as Myotis spp. which are known to be present in Leicester (NBN
Atlas 2018), suggests they were deterred by the streetlight
brightness under both dimming levels. Therefore, streetlight
dimming does not appear to mitigate the known negative
effects of artificial lighting on light-averse bats. This result

supports what was previously shown by Stone et al. (2009),
where Rhinolophus hipposideros commuting routes had reduced
bat activity following artificial light installation. Predator avoid-
ance likely influences this behaviour, with light-averse bats
avoiding light to remain hidden from predators (Rydell and
Speakman 1995; Stone et al. 2009).

Rowse et al. (2018) contrastingly found the significantly
higher activity of light-opportunistic species, like the common
pipistrelle, at less dimmed (50% and 100% brightness) street-
lights in comparison to an unlit (0% brightness) treatment, with
the observed increased insect abundances at brighter lights pos-
sibly influencing this. However, their comparisons involved
only three adjacent streetlights, whereas here comparisons in-
volved whole differently dimmed streets. Therefore, while
Rowse et al. (2018) showed that light-opportunistic bats will
prey on insects accumulating around brighter lights, it did not
show whether dimming would affect their overall use of streets,
such as for commuting. The latter could be considered more rel-
evant, with councils likely applying streetlight dimming on a
street-by-street or area basis, similar to Leicester (Leicester City
Council 2021). Furthermore, Rowse et al. (2018) compared bat ac-
tivity between unlit and three lighting levels (25%, 50% and
100%), whereas this study compared two different dimming
programmes, which were at 70% and 30% dimness after 22:00.
Therefore, significant differences could have been more likely
as they were comparing to an unlit treatment.

Lewanzik et al.’s (2022) found sharp declines in the probabil-
ity of encountering bats as light radiance increased across an
area, differing from the lack of significant difference in common
pipistrelle activity between differently dimmed streets discov-
ered in our results. However, this difference may be due to their
method of measuring light on a landscape scale rather than on
single streets, or more likely due to the dominance of common
pipistrelles in our results, which appeared to have a less sharp
decline in occurrence with increasing landscape light radiance
in their results.

Overall, streetlights may have to be dimmed to below 30%
brightness, rendering them unfit for their main purpose, to be-
gin reversing their positive effects on light-opportunistic activ-
ity and negative effects on light-averse activity, with the results
of the comparison between least dimmed (100% at 18:00, 70% af-
ter 22:00) and most dimmed (60% at 18:00, 45% at 19:00, and 30%
after 22:00) dimming presented here revealing no difference.
The staggered dimming, with less dimming applied earlier in
the night, could also have an impact, with bats perhaps decid-
ing on whether to use a street earlier in the night when the
street dimming is reduced. Therefore, part-night lighting may
be a better approach if aiming to improve the suitability of ur-
ban areas for bats, as this may lead to increased use of streets
by light-averse bats and thus allow better-connected popula-
tions. If this was not possible due to safety concerns, extreme
streetlight dimming may be required to reverse the negative
effects of ALAN on light-averse species.

One limitation when considering the results was possible
variations in the illuminance and frequency of the streetlights
on the streets investigated, due to possible minor differences in
bulb type, age, and streetlight height. With the recent city-wide
installation of LED bulbs between 2012 and 2015 (Leicester City
Council 2021), we did not expect this to be a significant factor.
Nonetheless with ALAN intensity and frequency known to af-
fect bat foraging rates (Stone, Harris, and Jones 2015; Voigt et al.
2021), light intensity was later collected as ‘mean street illumi-
nance’. The data were highly varied, especially on brightly lit
streets, showing the potential importance of collecting these
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data. However, similarly to the comparison of dim type, a lack
of significance was found in common pipistrelle activity based
on mean street illuminance, when it was run in a separate
model to dim type due to their high correlation. It is worth not-
ing though that light frequency data could not be collected, so
any variations in this could have affected our results, although
given that the LED bulbs were of similar age and type, the varia-
tion is likely to have been minimal.

Other factors

The effect of green space distance on common pipistrelle activ-
ity was non-significant; however, this lack of significance may
have been due to either a small sample size or an outlier affect-
ing the results. We had a potential outlier in ‘Brazil Street’,
which was the street farthest from a green space (Fig. 2D). The
unusually high activity in this street may be caused by a nearby
bat roost, with roosting opportunities, including the trees pre-
sent on the multiple local wooded streets or within roofs of the
adjacent older terraced housing. The street also has proximity
to the River Soar (approximately 275 m west from the road’s
end), which could act as foraging habitat, or an ecological corri-
dor, running past both a small woodland (approximately 550 m
south-east) and the Aylestone Meadows Local Nature Reserve
(approximately 1100 m south-east).

As expected, rainfall had a significant negative effect on ac-
tivity, aligning with Erickson and West (2002), with raindrops
possibly interfering with the bats’ echolocation and with insects
also avoiding the rain, reducing prey availability. Furthermore,
when bats get wet, the metabolic costs of flight can increase
twofold (Voigt et al. 2011). Temperature did not have a signifi-
cant effect, with May to October overnight temperatures being
thought to usually be warm enough for common pipistrelle ac-
tivity. Results on the effects of temperature between May and
October in temperate regions vary. Russo and Jones (2003) found
only one species, Savi’s pipistrelle Hypsugo savii, was influenced
by temperature during their investigation of foraging habitat
use in a Mediterranean region, whereas both Wolbert, Zellner,
and Whidden (2014) and Rowse et al. (2018) found significant
positive associations between all bats’ activity and temperature,
in a northern region of Norway and Hertfordshire (UK),
respectively.

Future research

From the results and evidence presented here, there is one
pressing research question when considering how to make
urban areas more suitable for bats. A comparison on a street-
by-street basis of how part-night lighting affects bat behaviour,
especially light-averse bats, is vital to understanding how artifi-
cial lighting in urban areas can be best applied to bats. Stone,
Harris, and Jones’s (2015) review on artificial lighting and bats
aligns with this, stating that further research is required to re-
veal how variable night lightings, such as streetlight dimming
and part-night lighting, may mitigate the negative impacts on
some bats. In addition, a study comparing activity on linear and
dead-end streets could further reveal if bats were primarily us-
ing linear streets as corridors.

Implications for urban bat conservation

Wooded streets have been shown to have value to bats in this
study, supporting their installation in urban areas to aid the
connectivity of bat populations. Previous documentation from
the UK Bat Conservation Trust includes street trees under linear

features which can aid bat commuting and landscape connec-
tivity (Gunnell, Grant, and Williams 2012). The results reported
here can now provide evidence for this in temperate regions.

Streetlight dimming has been shown to have no significant
effect on bat activity here, answering questions proposed by
Stone, Harris, and Jones (2015) on its possible impacts. The
results from this and Rowse et al. (2018) can direct future re-
search towards part-night lighting, with this method possibly
being able to mitigate the negative effects of ALAN on light-

averse bat species.

Conclusion

This study aimed to assess adjustments that could increase the
suitability of urban areas for bats. Wooded streets appeared to
be used as green corridors, with common pipistrelles likely fol-
lowing them to conceal themselves from predators, such as the
tawny owl. Therefore, the proliferation of wooded streets in ur-
ban areas could allow better-connected populations to form.
Streetlight dimming did not affect the common pipistrelles
sampled, but with no light-averse bats detected, even the highly
dimmed streets likely deterred them. Therefore, an alternate
solution, such as part-night lighting, may be required to in-
crease the suitability of urban areas for those species.
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