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About this book

The purpose of Conservation Evidence synopses

Conservation Evidence synopses do Conservation Evidence synopses do

not

Bring together scientific evidence
captured by the Conservation Evidence
project (over 5,440 studies so far) on the
effects of interventions to conserve
wildlife

Include evidence on the basic
ecology of species or habitats, or
threats to them

List all realistic interventions for the
species group or habitat in question,
regardless of how much evidence for
their effects is available

Make any attempt to weight or
prioritize interventions according
to their importance or the size of
their effects

Describe each piece of evidence,
including methods, as clearly as possible,
allowing readers to assess the quality of
evidence

Weight or numerically evaluate
the evidence according to its
quality

Work in partnership with conservation
practitioners, policymakers and scientists
to develop the list of interventions and
ensure we have covered the most
important literature

Provide recommendations for
conservation  problems, but
instead provide scientific
information to help  with
decision-making

Who this synopsis is for

If you are reading this, we hope you are someone who has to make decisions about
how best to support or conserve biodiversity. You might be a land manager, a
conservationist in the public or private sector, a farmer, a campaigner, an advisor or
consultant, a policymaker, a researcher or someone taking action to protect your
own local wildlife. Our synopses summarize scientific evidence relevant to your
conservation objectives and the actions you could take to achieve them.

We do not aim to make your decisions for you, but to support your decision-making
by telling you what evidence there is (or isn’t) about the effects that your planned
actions could have. When decisions have to be made with particularly important
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consequences, we recommend carrying out a systematic review, as the latter is likely
to be more comprehensive than the summary of evidence presented here. Guidance
on how to carry out systematic reviews can be found from the Centre for Evidence-
Based Conservation at the University of Bangor (www.cebc.bangor.ac.uk).

The Conservation Evidence project

The Conservation Evidence project has four parts:

1. An online, open access journal Conservation Evidence publishes new pieces of
research on the effects of conservation management interventions. All our
papers are written by, or in conjunction with, those who carried out the
conservation work and include some monitoring of its effects.

2. An ever-expanding database of summaries of previously published scientific
papers, reports, reviews or systematic reviews that document the effects of
interventions.

3. Synopses of the evidence captured in parts one and two on particular species
groups or habitats. Synopses bring together the evidence for each possible
intervention. They are freely available online and in some cases available to
purchase in printed book form.

4. What Works in Conservation is an assessment of the effectiveness of
interventions by expert panels, based on the collated evidence for each
intervention for each species group or habitat covered by our synopses.

These resources currently comprise over 5,440 pieces of evidence, all available in a
searchable database on the website www.conservationevidence.com.

Alongside this project, the Centre for Evidence-Based Conservation
(www.cebc.bangor.ac.uk) and the Collaboration for Environmental Evidence
(www.environmentalevidence.org) carry out and compile systematic reviews of
evidence on the effectiveness of particular conservation interventions. These
systematic reviews are included on the Conservation Evidence database.

Of the 190 bat conservation interventions identified in this synopsis, none are
currently subject to systematic review. One intervention that we feel would benefit
significantly from systematic review is the provision of bat boxes, which is widely
practised.

Scope of the Bat Conservation synopsis

This synopsis covers evidence for the effects of conservation interventions for native,
wild bats.
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It is restricted to evidence captured on the website www.conservationevidence.com.
It includes papers published in the journal Conservation Evidence, evidence
summarized on our database and systematic reviews collated by the Collaboration
for Environmental Evidence.

Evidence from all around the world is included. If there appears to be a bias towards
evidence from northern European or North American temperate environments, this
reflects a current bias in the published research that is available to us.

Role of the advisory board

An advisory board made up of international conservationists and academics with
expertise in bat conservation was formed (listed on page 8). These experts provided
input to the synopsis at two key stages: a) developing a comprehensive list of
conservation interventions for review and b) reviewing the draft of the evidence
synopsis.

How we decided which bat conservation interventions to include

A comprehensive list of interventions was developed by scanning the literature and
in partnership with the advisory board. Although the list of interventions may not be
exhaustive, we have tried to include all actions that have been carried out or advised
to support populations or communities of wild bats, whether or not evidence is
available.

Interventions within the scope of Conservation Evidence include:

e clear management actions: e.g. prescribed burning, mowing, planting
vegetation, controlling invasive species, creating wildlife road crossings,
creating or restoring habitats

e International or national policies

e translocations or captive-breeding and release of bat species

e actions that reduce conflict between humans and bats

e actions that change human behaviour, resulting in an impact on wild bats

e See https://www.conservationevidence.com/data/index for more examples

How we reviewed the literature

The systematic search strategy used by the Conservation Evidence project involves
reading every paper or report title (plus the abstract or full text where more details
are needed) within every volume of each journal, to ensure that all relevant papers
are extracted.
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In addition to evidence already captured by the Conservation Evidence project
(www.conservationevidence), a total of 255 English language and seven Spanish and
Portuguese language journals, as well the reports of seven relevant organisations
were searched for evidence relating to bat conservation. All sources of literature are
listed in Appendix 1. Evidence published up until the end of 2017 was included in this
edition (years searched for each journal are provided in Appendix 1). Additional
studies published in 2017 or before were added if recommended by the advisory
board or identified within the literature during the summarizing process. The
diagram in Appendix 2 shows the number of journals/report series searched, the
total number of papers scanned within those, and the number that were
summarised from each source of literature.

In total, 173 individual studies are summarised in this synopsis.

The criteria for inclusion of studies in the Conservation Evidence database are as
follows:

e The study must test an action that could be put in place for conservation.
This excludes assessing impacts of threats.

e The action must be carried out by people. This excludes impacts from
natural processes or background variation, correlations with habitat types,
and studies of pure ecology.

o The study must have a measured outcome on bats. The outcome can be
negative, neutral or positive, with implications for the health of individuals,
populations, species or communities. It does not have to be statistically
significant but must be quantified.

In some cases, where a body of literature has strong implications for conservation of
a particular species group or habitat, although it does not directly test interventions
for their effects, we refer the reader to this literature in the background sections.

How the evidence is summarized

Conservation interventions are grouped primarily according to the relevant direct
threats, as defined in the International Union for the Conservation of Nature (IUCN)’s
Unified Classification of Direct Threats (www.iucnredlist.org/technical-
documents/classification-schemes). In most cases, it is clear which main threat a
particular intervention is meant to alleviate or counteract.

Not all IUCN threat types are included, only those that threaten bats, and for which
realistic conservation interventions have been suggested.

Some important interventions can be used in response to many different threats,
and it would not make sense to split studies up depending on the specific threat they
were studying. We have separated out four important categories of conservation
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action, as defined by the IUCN, which are relevant to a variety of situations, habitats
and threats. They are: ‘Habitat protection’, ‘Habitat restoration and creation’,
‘Species management’ and ‘Education and awareness raising’.

Normally, no intervention or piece of evidence is listed in more than one place, and
when there is ambiguity about where a particular intervention should fall there is
clear cross-referencing. Some studies describe the effects of multiple interventions.
When this is the case, cross-referencing is again used to direct readers to the other
interventions investigated. Where a study has not separated out the effects of
different interventions, the study is included in the section on each intervention, but
the fact that several interventions were used is highlighted.

In the text of each section, studies are presented in chronological order, so the most
recent evidence is presented at the end. The summary text at the start of each
section groups studies according to their findings.

At the start of each intervention, a series of key messages provides an overview of
the evidence. The key messages state the direction (if any) of the effect of the
intervention, any side effects or harms caused by the intervention, and other basic
information such as the number and location of studies included. The evidence is
split into categories using the following subheadings:

e Community response relates to the response of bat communities or groups
of bat species to the intervention, e.g. changes in species diversity, richness
or composition.

e Population response relates to the response of bat populations or population
associated metrics to the intervention, e.g. changes in abundance,
reproductive success, survival and condition.

o Usage relates to the use of a feature created by the intervention, such as a
new habitat or an artificial roosting structure. This also includes information
relating to uptake and any associated behavioural changes relating to the
intervention.

e Other includes any other metric that is not covered above.

Background information is provided where we feel recent knowledge is required to
interpret the evidence. This is presented separately and relevant references included
in the reference list at the end of each intervention section.

The information in this synopsis is available in three ways:

e As a PDF to download from www.conservationevidence.com.
e As text for individual interventions on the searchable database at
www.conservationevidence.com.
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e The key messages, with additional expert assessments of the evidence, are
available as a chapter in What Works in Conservation: free to download from
www.conservationevidence.com or to purchase from Open Book Publishers.

Terminology used to describe evidence

Unlike systematic reviews of particular conservation questions, we do not
guantitatively assess the evidence, or weight it according to quality. However, to
allow you to interpret evidence, we make the size and design of each trial we report
clear. The table below defines the terms that we have used to do this.

The strongest evidence comes from randomized, replicated, controlled trials with
paired sites and before and after monitoring.

Term

Meaning

Site comparison

A study that considers the effects of interventions by comparing
sites that have historically had different interventions or levels of
intervention.

Replicated

The intervention was repeated on more than one individual or site.
In conservation and ecology, the number of replicates is much
smaller than it would be for medical trials (when thousands of
individuals are often tested). If the replicates are sites, pragmatism
dictates that between five and ten replicates is a reasonable
amount of replication, although more would be preferable. We
provide the number of replicates wherever possible and describe a
replicated trial as ‘small’ if the number of replicates is small
relative to similar studies of its kind.

Controlled

Individuals or sites treated with the intervention are compared
with control individuals or sites not treated with the intervention.

Paired sites

Sites are considered in pairs, within which one was treated with
the intervention and the other was not. Pairs of sites are selected
with similar environmental conditions, such as soil type or
surrounding landscape. This approach aims to reduce
environmental variation and make it easier to detect a true effect
of the intervention.

Randomized

The intervention was allocated randomly to individuals or sites.
This means that the initial condition of those given the
intervention is less likely to bias the outcome.

Before-and-after
trial

Monitoring of effects was carried out before and after the
intervention was imposed.

Review

A conventional review of literature. Generally, these have not used
an agreed search protocol or quantitative assessments of the
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evidence.

Systematic review A systematic review follows an agreed set of methods for
identifying studies and carrying out a formal ‘meta-analysis’. It will
weight or evaluate studies according to the strength of evidence
they offer, based on the size of each study and the rigour of its
design. All environmental systematic reviews are available at:
www.environmentalevidence.org/index.htm.

Study If none of the above apply, for example a study looking at the
number of people that were engaged in an awareness raising
project.

Taxonomy

We do not update taxonomy, but employ species names used in the original paper.
Where possible, common names and Latin names are both given the first time each
species is mentioned within each intervention. When searching the synopsis
database online (www.conservationevidence.com), entering a species name will
return results for that name as well as any historic or more recent species names,
based on the IUCN species lists.

Significant results

Throughout the synopsis we have quoted results from papers. Unless specifically
stated, these results reflect statistical tests performed on the results.

Interpretation of evidence

Care must be taken when interpreting some of the evidence provided. Studies do not
always measure the most appropriate metric or assess at the population level. For
example, a small proportion of bats using a bridge to cross a road is not an effective
intervention if a greater proportion are being killed by traffic on the road below, with
a negative overall impact on local bat populations. The period of time over which
effects have been evaluated must also be considered, given that effects on
populations can be delayed and may require long term monitoring to be detected.

IMPORTANT NOTE - defining the phrase “we found no studies”

‘We found no studies’ means that we have not yet found any studies that have
directly evaluated an action during our systematic journal and report searches.
Therefore we have been unable to assess whether or not the action is effective or
has any harmful impacts. Please get in touch if you know of relevant studies.
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A lack of evidence does not mean that interventions are not effective in bat
conservation, or that such measures should be abandoned, it simply highlights the
need for robust monitoring in these areas to ensure that future conservation efforts
will be appropriate and effective.

How to use the information provided

The information in this synopsis is freely available to all. It is compiled particularly for
those working to support or protect bats, such as land managers, conservationists,
farmers, policymakers, researchers, advisors or consultants. However, we would also
encourage its use for general fact-finding, such as by students, teachers or anyone
wanting to find out more about bat conservation.

This synopsis can be used to guide conservation actions and management
plans. However, it does not tell you what to do.

To use the bat synopsis efficiently, we recommend that you search for information
relevant to your work, and then assess how applicable the interventions are to your
situation. For example, ask yourself:

e Do they deal with the same species or habitats?
e Which studies are the most relevant?

e How dependent are they on local conditions?

e How strong is the evidence one way or another?

Apply the information to your situation and decide on the course of action most
likely to succeed. It may be helpful to refer to the original source to gain a full
understanding of particular studies.

An expert assessment of the effectiveness of interventions based on the summarized
evidence is also available as a chapter in What Works in Conservation.

How you can help to change conservation practice
If you know of evidence relating to bat conservation that is not included in this

synopsis, we invite you to contact us, via the www.conservationevidence.com
website.

Following guidelines provided on the site, you can submit a summary of a previously
published study, or submit a paper describing new evidence to the Conservation
Evidence journal. We particularly welcome summaries written by the authors of
papers published elsewhere, and papers submitted by conservation practitioners.
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1. Threat: Residential and commercial development

Threats from residential and commercial development include the destruction of
habitat, pollution and impacts from transportation and service corridors.
Interventions in response to these threats are described in ‘Habitat protection’,
‘Habitat restoration and creation’, “Threat: Pollution’ and ‘Threat: Transportation
and service corridors’. The interventions that are more specific to development
are discussed in this section, including the use of bat boxes within building
developments.

For general interventions relating to bat boxes, which are often used in response
to a wide range of threats, see the ‘Species management’ chapter.

Residential development can also result in an increase in domestic cats, which
can prey on bats. Interventions that involve reducing bat predation by cats are
described in ‘Threat: Invasive species and disease - Invasive species’.

1.1. Retain existing bat roosts and access points within
developments

e Two studies evaluated the effects of retaining existing bat roosts and access points within
developments on bat populations. One study was in Ireland! and one study was in the
UK2.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)

USAGE (2 STUDIES)

o Use (2 studies): One before-and-after study in Ireland' found similar numbers of brown
long-eared bats roosting within an attic after existing access points were retained during
renovations. One replicated, before-and-after study in the UK2 found that four of nine bat
roosts retained within developments were used as maternity colonies, in two cases by
similar or greater numbers of bats after development had taken place.

Background

Many bat species are known to roost in the crevices and roof voids of buildings.
Existing roosts and their access points may be conserved during residential or
commercial developments, for example by retaining a roof space used as a roost
during renovations.

For interventions that involve creating new bat roosts or relocating access points
within developments, see ‘Create alternative bat roosts within developments’
and ‘Relocate access points to bat roosts within developments’.
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A before-and-after study in 2004-2008 of one building renovation in Ireland
(1) found that retaining four existing bat access points, along with restricting the
timing of roofing work, resulted in similar numbers of brown long-eared bats
Plecotus auritus using a roost within an attic before and after renovations. Fifteen
brown long-eared bats were counted roosting in the attic space of the building
before the renovation work. After the renovation work, sixteen brown long-
eared bats were recorded exiting the roost through the retained access points.
The building was an 18t century Georgian house that had the roofing felt and
roof slates replaced. Original access points to the roost within the attic of the
building were retained by installing four vents in the ridge tiles. The renovations
were completed outside of the maternity season (date not reported). The attic
was surveyed once in 2004 before the renovations, and once with an emergence
survey in September 2008 after the renovations.

A replicated, before-and-after study in 2011-2015 of nine bat maternity
roosts retained within building developments across Scotland, UK (2) found that
four of nine retained roosts were used by maternity colonies after development,
and two of the roosts were used by greater or similar numbers of bats. Average
roost counts before and after development at the four roosts either remained
stable (before: 2 brown long-eared bats Plecotus auritus; after: 2 brown long-
eared bats), increased by 7% (before: 476 soprano pipistrelles Pipistrellus
pygmaeus; after 507 soprano pipistrelles), decreased by 39% (before: 341
soprano pipistrelles; after: 208 soprano pipistrelles), or could not be counted
(use inferred from brown long-eared bat droppings only). The other five roosts
were not used at all (two brown long-eared bat roosts, two common pipistrelle
Pipistrellus pipistrellus roosts) or had signs of use by bats at a later date (one
whiskered bat Myotis mystacinus roost). Original roosts were either retained
(seven sites) or partially retained (two sites), and original access points were
reinstated. The numbers of bats counted before development at each roost were
extracted from reports submitted with licence applications. Bats were counted at
each roost after development during at least one dusk emergence or dawn re-

entry survey between May and September 2015.

(1 Aughney T. (2008) An investigation of the impact of development projects on bat
populations: comparing pre- and post-development bat faunas. Irish Bat Monitoring Programme.
Bat Conservation Ireland.

(2) Mackintosh, M. (2016) Bats and licensing: a report on the success of maternity roost
compensation measures. Scottish Natural Heritage Commissioned Report No. 928.

1.2. Relocate access points to bat roosts within developments

e Two studies evaluated the effects of relocating access points to bat roosts within building
developments on bat populations. One study was in Ireland! and one in the UK2.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
USAGE (2 STUDIES)
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e Use (2 studies): One before-and-after study in Ireland’ found that fewer brown long-eared
bats used a roost after the access points were relocated, and no bats were observed flying
through them. One before-and-after study in the UK? found that few lesser horseshoe bats
used an alternative access point with a ‘bend’ design to re-enter a roost in a building
development, but the number of bats using the roost increased after an access point with
a ‘straight’ design was installed.

Background

This intervention involves relocating the access points to a bat roost within a
building development, when the original access has been removed or altered.
This could involve leaving gaps in brickwork, lead flashing or sofits, or the use of
purpose-made ridge and roof tiles, bat bricks, tubes or chutes. For an
intervention that involves retaining existing access points, see ‘Retain existing
bat roosts and access points within developments’.

A before-and-after study in 2004-2008 of one building renovation in Ireland
(1) found that after relocating the access points to a bat roost within an attic
during renovations, fewer brown long-eared bats Plecotus auritus used the roost
and no bats were observed flying through the new access points. Before the
renovations, 19 and eight brown long-eared bats were recorded exiting the roost
through two original access points. After the renovations, no bats were observed
exiting through two relocated access points and the number of droppings found
inside the attic (<100) indicated that fewer bats were using the roost than before
the renovations (number not reported). The building was a 19th century brick
house. During renovation work, two bat access points consisting of angled slats
(‘louvres’) were installed in the roof in different locations to the original bat
access points. Renovations were completed in early 2007. Emergence counts
were carried out once in June 2004 before the renovations, and once in August
2008 after the renovations. An internal inspection was carried out in October
2008.

A before-and-after study in 1993-2016 of one building development in the
UK (2) found that an alternative access point with a ‘straight’ design resulted in
an increase in lesser horseshoe bats Rhinolophus hipposideros using the
basement of the building as a roost, but an access point with a ‘bend’ resulted in
a decrease in bats re-entering the roost. Up to 35 bats were counted emerging
from the roost prior to the installation of an alternative access point. After
installation of the access point with a ‘bend’ in 2000, a similar number of bats
exited the roost (data not reported), but only two were observed re-entering. In
2001, the access point was modified to a ‘straight’ design and the number of bats
using the roost increased over a 15-year period (2002: 27 bats; 2016: 416 bats).
The ‘bend’ design consisted of a 90° turn at the base of a short vertical shaft and
was in place for 11 months. The ‘straight’ design consisted of a sloped chute
enclosing the original flight route with a clear flight line into the roost. The
building was a large manor house converted into a hotel in 2000-2001. Counts of
emerging bats were carried out at least once/year between May and July in
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1993-2000. Emergence and re-entry counts were carried out three times/year in

2000-2001. Biennial counts were carried out in July in 2002-2016.

(D Aughney T. (2008) An investigation of the impact of development projects on bat
populations: comparing pre- and post-development bat faunas. Irish Bat Monitoring Programme.
Bat Conservation Ireland.

(2) Reason P.F. (2017) Designing a new access point for lesser horseshoe bats,
Gloucestershire, UK. Conservation Evidence, 14, 52-57.

1.3. Install sound-proofing insulation between bat roosts and areas
occupied by humans within developments

e We found no studies that evaluated the effects of installing sound-proofing insulation
between bat roosts and areas occupied by humans within developments on bat
populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Sound-proofing insulation installed between bat roosts and areas occupied by
humans within developments may reduce the risk of bats being disturbed by
noise. For a more general intervention that involves installing sound barriers, see
‘Threat: Pollution - Noise pollution - Install sound barriers in proximity to bat
roosts and habitats’.

1.4. Create alternative bat roosts within developments

e Ten studies evaluated the effects of creating alternative bat roosts within developments

on bat populations. Two studies were in the USA'2, and eight studies were in
Europe34a4b56.78agb,

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)

USAGE (10 STUDIES)

e Use: (10 studies): Two replicated studies in the USA' and UK® found that bats did not
use any of the alternative roosts provided in bat houses! or a purpose-built bat wall® after
exclusion from buildings. One review in the USA2 and two studies (one replicated) in the
UK56 found that bat boxes?® or bat lofts/barns56 were used by bats at 13-74% of
development sites, and bat lofts/barns were used by maternity colonies at one of 19
development sites®. Three of five before-and-after studies in Irelandt, Portugal*a, Spain’
and the UK38a found that bat colonies used purpose-built roosts in higher” or similar
numbers*b8a after the original roosts were destroyed. The other two studies®#a found that
bats used purpose-built roosts in lower numbers than the original roost.
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Background

New alternative bat roosts are often created within developments to replace
original roosts that have been destroyed. This can include purpose-built bat
barns, lofts or houses, bat boxes, or features can be created within existing
buildings such as specially designed crevices and bat bricks.

For an intervention that involves retaining existing bat roosts within
developments, see ‘Retain existing bat roosts and access points within
developments’. For general interventions relating to bat boxes, see the ‘Species
management’ chapter.

A replicated study in 1988-1990 at an urban institute in New York, USA (1)
found that displaced little brown bats Myotis lucifugus did not use any of 43 bat
houses of four different designs and sizes. The four designs tested were 20 very
small bat houses (longest dimension < 0.4 m, volume 0.002 m?, installed 3-4 m
high on trees), eight small bat houses (20 x 15 x 15 cm with partitioned spaces,
installed 2-7 m high on building walls), 11 Bat Conservation International (BCI)
style bat houses (50 x 20 x 15 cm, installed 2-7 m high on building walls) and
four large “Missouri” style bat houses (2.3 x 1 x 1 m with partitioned spaces
below and an attic-like space above, installed on building roofs). Bats were
excluded from five buildings in 1988-1990 due to renovations. Bats were
captured and confined to bat houses overnight on 1-4 occasions/year between
May and August in 1988-1990 with the aim of increasing use of the bat houses.
Thirty-nine of 43 bat houses were regularly checked for bats between May and
August 1988-1990.

A replicated study in 1991-1993 in an urban area of Pennsylvania, USA (2)
found that maternity colonies of big brown bats Eptesicus fuscus and little brown
bats Myotis lucifugus used pairs of bat boxes at five of nine sites after they had
been excluded from buildings. At the four sites where boxes were not used, bats
either re-entered the building, found new roosts nearby or were not seen again.
All occupied bat boxes faced a southeastern or southwestern aspect and received
at least seven hours of direct sunlight. Unoccupied bat boxes received less than
five hours of direct sunlight. Each of nine sites had a maternity colony of >30 bats
that were excluded from buildings in 1991-1992. Homeowners installed pairs of
wooden bat boxes (76 x 30 x 18 cm), one horizontally (30 cm tall) and one
vertically (76 cm tall) side by side on the building close to the original roost.
Emerging bats were counted on two nights in May-June and June-August in
1992 or 1993.

A replicated, before-and-after study in 1991-2001 of nine buildings across
Scotland, UK (3) found that five of nine roosting spaces installed within the roofs
of the buildings were used by soprano pipistrelles Pipistrellus pygmaeus, but the
number of bats declined at four of the five roosts. Of the nine bat boxes, four
were not used by bats, four were used by bats in lower numbers than the original
roost (original roost vs. roosting space: 546 vs. 455 bats; 769 vs. 277 bats; 1,963
vs. 1,174 bats; 3,500 vs. 740 bats), and one was used by bats in greater numbers
than the original roost (original roost: 280 bats; roosting space: 682 bats). Seven
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of the nine roosting spaces were designed for soprano pipistrelles. Two of the
nine roosting spaces were designed for other bat species (common pipistrelles
Pipistrellus pipistrellus and brown long-eared bats Plecotus auritus) and neither
were used by bats. The roosting spaces were built into the roofs of residential
buildings or offices to contain bats roosting within them. They were installed
during renovations or to prevent conflict between roosting bats and human
inhabitants. The size and design of the roosting spaces varied (see original
reference for details). Emergence counts and/or internal inspections were
carried out 1-5 times/year over 1-10 years before construction and over 1-4
years after construction at each site between 1991 and 2001.

A before-and-after study in 2000-2007 of a residential development in
Portugal (4a) found that an alternative roost was used by fewer European free-
tailed bats Tadarida teniotis than the original roost in a nearby 15-storey
building. In 2000, the original roost was used by 100 European free-tailed bats.
Following demolition of the original roost, 22 European free-tailed bats were
counted in the alternative roost in 2006, and 11 in 2007. Small numbers of
serotine bats Eptesicus serotinus (2006: 12 bats; 2007: 11 bats) and soprano
pipistrelles Pipistrellus pygmaeus (2006: 4 bats; 2007: 7 bats) were also found in
the alternative roost (numbers in original roost not reported). Original roosts
were in crevices on a 15-storey building, which was demolished in 2005. In 2003,
an alternative roost (12 m high) was built 150 m from the original roost.
Concrete plates from the original building were used on the alternative roost to
recreate roosting crevices with similar temperatures. Fifty bats were captured
and released at the alternative roost to encourage use of the structure. Bats were
counted in the original roost in 2000 and in the alternative roost in 2006 and
2007.

A before-and-after study in 2003-2007 of a building development in
southwest Ireland (4b) found that an alternative roost in a loft within an
outbuilding was used by a similar number of lesser horseshoe bats Rhinolophus
hipposideros as the original roost in a nearby cottage. In 2003, 150 lesser
horseshoe bats were counted in the original roost. Following renovation work,
120 lesser horseshoe bats were counted in the alternative roost in 2005, and 150
in 2007. The original roost was converted for residential use in 2004, and the
original bat access points were sealed. An alternative roost was created in an
outbuilding (10 x 5 m) located 10 m from the original roost. The outbuilding was
roofed with felt and slate, and a loft was created with an access point in one of
the gables. Bats were counted at the original roost in 2003 and at the alternative
roost in 2005 and 2007.

A review of 389 bat mitigation licences issued in 2003-2005 in England, UK
(5) found that 26 of 35 bat lofts and barns and three of 24 bat boxes were used
by bats after development. Bats were found to be present in 26 of 35 (74%) bat
lofts or barns after development, and in 3 of 24 (13%) bat boxes. The roost
status, bat species and number of bats using the roosts before and after
development are not reported. Most licensees (67%) failed to submit post-
development reports, and post-development monitoring was conducted at only
35 of 374 (9%) bat lofts/barns, and 24 of 1,690 (1%) bat boxes. The licences
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analysed were submitted to Natural England between 2003 and 2005 and were
issued for three types of development (renovation, conversion and demolition).

A replicated, before-and-after study in 2011-2015 of 19 building
developments with alternative bat maternity roosts across Scotland, UK (6)
found that three bat boxes provided at one site were used by a maternity colony,
but bat boxes and lofts at 18 other sites were not used by maternity colonies. At
one site, a group of three bat boxes (Schwegler design 1FFH) was used by a
maternity colony of soprano pipistrelles Pipistrellus pygmaeus after
development, but fewer bats used them than the original roost (average count in
original roost: 62 bats; average count in bat boxes after development: 20 bats).
Alternative roosts at 18 other sites (16 with heated or unheated bat boxes, two
with bat lofts) were not used by maternity colonies, but some (two bat boxes,
one bat loft) were used by 2-5 individual bats. Bat boxes were mounted
internally or externally on developed buildings, or on nearby trees, either singly
or in groups (2-15 bat boxes). Bat lofts were purpose-built structures with
internal flight spaces. The numbers of bats counted before development at each
roost were extracted from reports submitted with licence applications. Bats were
counted at each roost after development during at least one dusk emergence or
dawn re-entry survey between May and September 2015.

A before-and-after study in 2014-2016 in one agricultural site in Navarra,
Spain (7) found that four bat species colonized two artificial roosts and a bat box
after the original roost was destroyed. Numbers of at least three of the four
species were higher two years after the construction of the artificial roosts than
in previous counts in the destroyed roost (417 vs 90-200 Geoffroy's bats Myotis
emarginatus, 93 vs 50 greater horseshoe bats Rhinolophus ferrumequinum, 44 vs
33 lesser horseshoe bats Rhinolophus hipposideros). Additionally, 36 common
pipistrelles Pipistrellus pipistrellus roosted in one bat box placed on one of the
artificial bat roost buildings (an unknown number roosted in the destroyed
roost). In July 2014, two buildings (2.6 x 2.6 x 3.2-4 m), 100 m apart, were
constructed as artificial roosts for bats roosting in a building destroyed in 2013.
A bat box was placed inside one of the artificial roosts. Bats were counted weekly
from mid-April to mid-July 2015 and 2016 using an infrared light.

A before-and-after study in 2010-2017 of one residential building
development in the Cotswold Hills, UK (8a) found that a purpose-built bat house
was used by a brown long eared bat Plecotus auritus maternity colony after the
original roost in a farmhouse loft was demolished. In 2010 (the year before
demolition), the original roost was used by 8-12 bats. In 2013 (two years after
construction), 20-22 bats were recorded in the new bat house, although no
juveniles were counted, and numbers were lower in 2014-2017 (range 1-11
bats). Small numbers of common pipistrelle bats Pipistrellus pipistrellus were
also observed using roost features on the bat house (data not reported). The bat
house was constructed in an ‘L-shape’ 30 m from the original roost and included
features such as bat tiles, ridge beam access points, wall-integrated bat boxes
(Schwegler design 2FR), hanging tiles, and wall mounted climber planting. The
original roost was demolished in late winter 2010 and the bat house was
completed in early spring 2011. Surveys were carried out every year in 2010-
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2017 including daytime inspections and evening emergence counts on 1-3
separate occasions/year.

A Dbefore-and-after study in 2010-2017 of one residential building
development in the Cotswold Hills, UK (8b) found that a purpose-built bat wall
was not used by a common pipistrelle Pipistrellus pipistrellus maternity colony
six years after the original roost in a stone cottage wall was demolished. In 2010
(the year before demolition), the original roost was used by >76 bats. During the
six years after construction, the new bat wall was used by low numbers of
individual bats (0-3 bats/year) and was not used as a maternity roost. The bat
wall was constructed on the east-facing gable wall of an existing hay barn 30 m
from the original roost. It included multiple stone crevices leading to internal
cavities and five wall-integrated bat boxes (Schwegler design 1FR). The original
roost was demolished in late winter 2010 and the bat wall was completed in
early spring 2011. Surveys were carried out every year in 2010-2017 including
daytime inspections and evening emergence counts on 1-3 separate
occasions/year.

(1 Neilson A.L. & Fenton M.B. (1994) Response of little brown Myotis to exclusion and to bat

houses. Wildlife Society Bulletin, 22, 8-14.

(2) Brittingham M.C. & Williams L.M. (2000) Bat boxes as alternative roosts for displaced bat
maternity colonies. Wildlife Society Bulletin, 28, 197-207.

3) Bat Conservation Trust (2006) A review of the success of bat boxes in houses. Scottish
Natural Heritage Commissioned Report No. 160.

4) Marnell, F. & Presetnik, P. (2010) Protection of overground roosts for bats (particularly
roosts in buildings of cultural heritage importance). EUROBATS Publication Series No. 4 (English
version). UNEP / EUROBATS Secretariat, Bonn, Germany.

(5) Stone E.L., Jones G. & Harris S. (2013) Mitigating the effect of development on bats in
England with derogation licensing. Conservation Biology, 27, 1324-1334.

(6) Mackintosh, M. (2016) Bats and licensing: a report on the success of maternity roost
compensation measures. Scottish Natural Heritage Commissioned Report No. 928.

(7 Alcalde, ].T., Martinez, 1., Zaldua, A., & Anton, 1. (2017) Conservation of breeding colonies
of cave-dwelling bats using man-made roosts. Conservacién de colonias reproductoras de
murciélagos cavernicolas mediante refugios artificiales. Journal of Bat Research &
Conservation, 10.

(8) Garland L., Wells M. & Markham S. (2017) Performance of artificial maternity bat roost
structures near Bath, UK. Conservation Evidence, 14, 44-51.

1.5. Change timing of building work

e One study evaluated the effects of changing the timing of building work on bat
populations. The study was in Ireland.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
USAGE (1 STUDY)

e Use (1 study): One before-and-after study in Ireland' found that carrying out roofing work
outside of the bat maternity season, along with retaining bat access points, resulted in a
similar number of brown long-eared bats continuing to use a roost within an attic.
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Background

To reduce disturbance to bats, building work may be avoided at times of year
when they are most vulnerable, such as during hibernation and the maternity
season.

A before-and-after study in 2004-2008 of one building renovation in Ireland
(1) found that carrying out roofing work outside of the maternity season, along
with retaining existing bat access points, resulted in a similar number of brown
long-eared bats Plecotus auritus using a roost within an attic before and after
renovations. Fifteen brown long-eared bats were counted roosting in the attic
space of the building before renovation work. After the renovation work, sixteen
brown long-eared bats were recorded exiting the roost through the retained
access points. The building was an 18t century Georgian house that had the
roofing felt and roof slates replaced. Original access points to the roost within the
attic of the building were retained by installing four vents in the ridge tiles. The
renovations were completed outside of the maternity season (date not reported).
The attic was surveyed once in 2004 before the renovations, and once with an

emergence survey in September 2008 after the renovations.

(1) Aughney T. (2008) An investigation of the impact of development projects on bat
populations: comparing pre- and post-development bat faunas. Irish Bat Monitoring Programme.
Bat Conservation Ireland.

1.6. Exclude bats from roosts during building work

e One study evaluated the effects of excluding bats from roosts during building work on bat
populations. The study was in the UK™.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)

USAGE (1 STUDY)

¢ Behaviour change (1 study): One replicated, before-and-after study in the UK' found that
excluding bats from roosts within buildings did not change roost switching frequency, core
foraging areas or foraging preferences of soprano pipistrelle colonies.

Background

This intervention involves excluding bats from roosts within buildings during
building work. Although this may prevent injury or death as a direct result of the
building work itself, it is important to consider both the short-term and long-
term impacts of exclusion on the survival and productivity of bat populations.

A replicated, before-and-after study in 2012-2013 of five buildings across
England, UK (1) found that excluding bats from roosts within buildings resulted
in no difference in roost switching frequency, core foraging areas or foraging
preferences of soprano pipistrelle Pipistrellus pygmaeus colonies. All five bat
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colonies established in alternative roosts within three days of exclusion in other
buildings within 1.5 km of the original roost. Bats switched roosts at a similar
frequency before (average every 2.1 days) and after exclusion (average 2 days).
Bats also foraged in similar sized core areas (before: average 44 ha; after:
average 47 ha), travelled similar distances to foraging sites (before: average 1.5
km, after: average 1.5 km), and had the same foraging habitat preferences (data
reported as statistical model results) before and after exclusion. Exclusion
experiments were carried out in the spring of 2012 and 2013. Temporary one-
way exclusion measures were installed at roost exits. The five sites had 150-300
bats present before exclusion, and four sites were known maternity roosts. Bats
were radiotracked for up to four hours after sunset for 4-7 days before and after

exclusion.

(1 Stone E., Zeale M.R.K,, Newson S.E., Browne W.]., Harris S. & Jones G. (2015) Managing
conflict between bats and humans: The response of soprano pipistrelles (Pipistrellus pygmaeus)
to exclusion from roosts in houses. PLOS ONE, 10, e0131825.

1.7. Educate homeowners about building and planning laws
relating to bats to reduce disturbance to bat roosts

e We found no studies that evaluated the effects of educating homeowners and planning
authorities about building and planning laws relating to bats to reduce disturbance to bat
roosts.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

This intervention involves making homeowners aware of building and planning
laws and providing them with relevant information so that they may take
appropriate action when bats are found or are present in their homes.
Information resources are available for homeowners in some countries.

1.8. Encourage homeowners to plant gardens with night-scented
flowers

e We found no studies that evaluated the effects of encouraging homeowners to plant
gardens with night-scented flowers on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background
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Planting night-scented flowers may attract night-flying insects providing a
foraging resource for insect-eating bats.

1.9. Encourage homeowners to increase semi-natural habitat
within gardens

e We found no studies that evaluated the effects of encouraging homeowners to increase
the amount of semi-natural habitat within gardens on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Encouraging homeowners to increase the amount of semi-natural habitat, such
as hedges, trees, ponds and wild areas, in their gardens may provide bats with
additional foraging and roosting opportunities within urban areas.

1.10. Protect brownfield or ex-industrial sites

e One study evaluated the effects of protecting brownfield or ex-industrial sites on bat
populations. The study was in the USA".

COMMUNITY RESPONSE (1 STUDY)

¢ Richness/diversity (1 study): One study in the USA' found that five bat species were
recorded within a protected urban wildlife refuge on an abandoned manufacturing site.

POPULATION RESPONSE (0 STUDIES)
USAGE (0 STUDIES)

Background

‘Brownfield sites’ are previous industrial or commercial sites that have been
abandoned and are available for reuse. These sites may be targeted for
redevelopment in urban areas. Some sites can support a high diversity of wildlife
making them important sites for biodiversity and conservation. High insect
numbers can provide important foraging habitat for bats, and derelict buildings
may provide roosting opportunities.

A study in 1997-1998 in an urban wildlife refuge on the grounds of a former
weapons manufacturing facility near Denver, USA (1) found that five bat species
were recorded at the site. Three tree-roosting species and two species known to
roost in buildings were captured or recorded, with big brown bats Eptesicus
fuscus making up 86% of the captures. In total, 176 bats were captured and 955
bat passes were recorded. Big brown bats commuted further from roosts in
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buildings within surrounding urban areas to the refuge (9-19 km) than typically
reported for the species elsewhere (1-2 km). The manufacturing facility was
active until 1985 and was designated as a wildlife refuge in 1992. The refuge
covered 6,900 ha of grassland, woodland and wetlands within an urban area. At
18 locations within the refuge, bats were captured with mist nets on a total of 53
nights between May and August in 1997 and 1998. Twelve big brown bats were
captured and radio-tagged in 1998. At each of eight locations within the refuge,
bat detectors recorded bat activity for 90 minutes on 3-4 nights in June-August

1997.
(1 Everette A.L., O’Shea T.]., Ellison L.E., Stone, L.A. & McCance ]. L. (2001) Bat use of a high
plains urban wildlife refuge. Wildlife Society Bulletin, 29, 967-973.

1.11. Protect greenfield sites or undeveloped land in urban areas

e We found no studies that evaluated the effects of protecting greenfield sites or
undeveloped land in urban areas on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

‘Greenfield sites’ are areas of previously undeveloped land within urban areas,
such as agricultural and amenity land, forests, parks and gardens. Such sites may
provide important habitat for wildlife and act as wildlife corridors. However,
greenfield sites are frequently built upon with the growing pressure for urban
development. See also ‘Create or restore bat foraging habitat in urban areas’.

1.12. Create or restore bat foraging habitat in urban areas

o Three studies evaluated the effects of creating or restoring bat foraging habitat in urban
areas on bat populations. One study in the USA" evaluated restored forest fragments, and
two studies in the UK2 and the USAS® evaluated green roofs.

COMMUNITY RESPONSE (1 STUDY)

¢ Richness/diversity (1 study): One replicated, controlled, site comparison study in the
USA3 found no difference in species richness over green roofs and conventional
unvegetated roofs.

POPULATION RESPONSE (3 STUDIES)

e Abundance (3 studies): One site comparison study in the USA" found higher bat activity
(relative abundance) in two of seven restored forest fragments in urban areas than in two
unrestored forest fragments. One replicated, controlled, site comparison study in the UK2
found significantly greater bat activity over ‘biodiverse’ green roofs than conventional
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unvegetated roofs, but not over ‘sedum’ green roofs. One replicated, controlled, site
comparison study in the USA3 found greater bat activity for three of five bat species over
green roofs than over conventional unvegetated roofs.

USAGE (0 STUDIES)
Background

Providing foraging habitat for bats in urban areas may reduce the impact of
residential and commercial development. Existing foraging sites may be
protected, or be replaced with suitable alternatives such as parks, woodland and
wetlands. Bat activity was found to be higher in large parks in Mexico City than in
natural forest or other urban habitats, although the number of species was
higher in natural forest (Avila-Flores & Fenton 2005). Habitats should also be
appropriately managed for bats, for example a study in Australia found more bat
species in urban green spaces with a higher density of large trees and native
plants (Threlfall et al. 2016). See also ‘Protect greenfield sites or undeveloped

land in urban areas’.

Avila-Flores R. & Fenton M.B. (2005) Use of spatial features by foraging insectivorous bats in a
large urban landscape. Journal of Mammalogy, 86, 1193-1204.

Threlfall C.G., Williams N.S.G., Hahs A.K. & Livesley S.J. (2016) Approaches to urban vegetation
management and the impacts on urban bird and bat assemblages. Landscape and Urban
Planning, 153, 28-39.

A site comparison study in 2004-2005 in nine forest fragments within the
Chicago metropolitan area, USA (1) found that two of seven restored forest
fragments had higher bat activity than two unrestored forest fragments. Bat
activity was higher in two forest fragments that had been restored with multiple
prescribed burns, invasive plant species removal and snag recruitment (average
7-19 bat passes/survey) than in two control sites with no restoration (average
1-4 bat passes/survey). Bat activity was similar between control sites and five
other forest fragments that had been restored with multiple prescribed burns
and various combinations of invasive species removal, snag recruitment and
deer population control (1-6 bat passes/survey). Six bat species were recorded
in total (see original reference for data for individual species). Fire suppression
over the last 100 years had altered the structure of the nine forest fragments
(10-260 ha in size). Seven of the nine forest fragments were being restored to
open up the canopy, reduce tree density and remove invasive plant species. At
each of nine sites, four bat detectors recorded bat activity for four hours from
sunset for five nights/year in June-September 2004 and May-August 2005.

A replicated, controlled, site comparison study in 2010 of 39 green roofs in
Greater London, UK (2) found that ‘biodiverse’ green roofs had higher bat
activity than conventional roofs, but ‘sedum’ green roofs had similar or lower bat
activity than conventional roofs. When a small amount (<33%) of natural
foraging habitat was located within 100 m of roofs, bat activity was significantly
higher over ‘biodiverse’ green roofs (average 7 bat passes/night) than
conventional roofs (average 1.3 bat passes/night), and similar over ‘sedum’
green roofs (average 1 bat pass/night) and conventional roofs. However, when
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higher amounts of natural habitat cover were located within 100 m of roofs (33-
66%), bat activity was similar between ‘biodiverse’ green roofs (average 10 bat
passes/night) and conventional roofs (average 12 bat passes/night), and lower
over ‘sedum’ green roofs (average 4 bat passes/night). All green roofs had
shallow substrate (20-200 mm). ‘Biodiverse’ roofs were planted with a variety of
wild flowers, herbs, sedums, mosses and grasses. ‘Sedum’ roofs were planted
with low-growing succulent plants. Conventional roofs were flat or shallow
pitched with bitumen felt or paving slabs. Bat activity was recorded over each of
13 biodiverse, nine sedum and 17 conventional roofs for seven full nights in
May-September 2010.

A replicated, controlled, paired sites study in 2013 of four paired roofs in
New York City, USA (3) found significantly higher activity over green roofs than
conventional roofs for three of five bat species, but no difference in species
richness. Five bat species were recorded over both green and conventional roofs.
The average number of bat passes/night was higher over green roofs than
conventional roofs for the eastern red bat Lasiurus borealis (green: 253;
conventional: 128), big brown bat Eptesicus fuscus (green: 11; conventional: 0.6),
and tricoloured bat Perimyotis subflavus (green: 12; conventional: 2). The
average number of bat passes/night was similar over green and conventional
roofs for the hoary bat Lasiurus cinereus (green: 56; conventional: 57) and silver-
haired bat Lasionycteris noctivagans (green: 33; conventional: 24). Paired roofs
were six or eight stories high and were located within one block of each other.
One of each pair was a green roof with a waterproof membrane with growing
substrate covered in vegetation. The other of each pair was a conventional roof
with a ‘blacktop’ or concrete roofing material with no vegetation. Bat activity was
recorded between May and September in 2013 with a bat detector deployed in

the centre of each roof.

(D Smith D.A. & Gehrt S.D. (2010) Bat response to woodland restoration within urban forest
fragments. Restoration Ecology 18,914-923.

(2) Pearce H. & Walters C. (2012) Do green roofs provide habitat for bats in urban areas?
Acta Chiropterologica, 14, 469-478.

3) Parkins K.L. & Clark J.A. (2015) Green roofs provide habitat for urban bats. Global
Ecology and Conservation, 4, 349-357.

1.13. Legally protect bats during development

o Three studies evaluated the effects of legally protecting bats by issuing licences during
development on bat populations. The three studies were in the UK'.2a2b,

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
USAGE (0 STUDIES)

OTHER (3 STUDIES)

e Impact on bat roost sites (2 studies): One review in the UK' found that licenced
activities during building developments had a negative impact on bat roosts, with 68% of
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roosts being destroyed. One replicated, before-and-after study in the UK?a found that five
of 28 compensation roosts provided under licence were used, and two by similar or
greater numbers of bats after development.

e Change in human behaviour (2 studies): One review in the UK?" found that the number
of development licences for bats more than doubled over three years in Scotland. One
review in the UK' found that 81% of licensees did not carry out post-development
monitoring to assess whether bats used the roost structures installed.

Background

Bats are protected by national and/or international law in many countries. This
typically includes protection against Kkilling, injuring, capturing, disturbing or
trading bats, or damaging, destroying or obstructing access to their roosts.
Activities such as development that are likely to affect bats in these ways may be
against the law and require licences from a government licensing authority.

The studies discussed here relate specifically to protecting bats during
development. Other studies that discuss legal protection are included in ‘Habitat
protection - Legally protect bat habitats’, and ‘Species management - Legally
protect bat species’.

A review of 389 bat mitigation licences issued in 2003-2005 in England, UK
(1) found that overall the effect of licenced activities on bat roosts was negative
and the majority of roosts for which licenses were issued were destroyed during
development. Overall, bat roosts were significantly more likely to be destroyed
(68%) than damaged (20%) or disturbed (12%). Most licensees (67%) failed to
submit post-development reports, and post-development monitoring was
conducted at only 19% of sites. The licences analysed related to 1,776 roosts of
15 bat species and were issued for three types of development (renovation,
conversion and demolition). A total of 2,536 structures for bats, of 10 types, were
installed under the licences including bat boxes (1,690), bat lofts (362), bat barns
(12), bat houses (10), bat towers (2), cellars/caves (18), building enhancements
for bats, e.g. crevices and cavities in roofs and walls (437), a covered shed (2), a
light sampling canopy (1) and a grille (1).

A replicated, before-and-after study in 2011-2015 of 28 bat maternity
roosts subject to licenced building developments across Scotland, UK (2a) found
that five of 28 compensation roosts provided were used as maternity roosts by
the target bat species after development, and two of the five roosts were used by
a similar or greater number of bats as before the development. Average roost
counts before and after development at the four roosts either remained stable
(before: 2 brown long-eared bats Plecotus auritus; after: 2 brown long-eared
bats), increased by 7% (before: 476 soprano pipistrelles Pipistrellus pygmaeus;
after 507 soprano pipistrelles), decreased by 39% (before: 341 soprano
pipistrelles; after: 208 soprano pipistrelles), or could not be counted (use
inferred from brown long-eared bat droppings only). Four of five sites retained
the original bat roost and access points within the development, and one site had
bat boxes installed (3 x Schwegler design 1FFH) on an external wall near the
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original roost location. Compensation roosts followed the designs in Species
Protection Plans. The numbers of bats counted before development at each roost
were extracted from reports submitted with licence applications. Bats were
counted at each roost after development during at least one dusk emergence or
dawn re-entry survey between May and September 2015.

A review in 2015 of development licences affecting bats across Scotland, UK
(2b) found that the number of licences issued had increased from 2012 to 2014.
Licences issued increased over three years from 80 in 2012 to 180 in 2014. A
total of 437 development licences were issued for bats between July 2011 and
December 2014, 67 of which related to maternity roost sites. All UK bat species
are protected by UK and European law. Licences are therefore issued for certain
activities that involve mitigation and/or compensation for the impacts of
development. Licensing information collected by the governmental licensing
authority, Scottish Natural Heritage, was analysed.

(D Stone E.L., Jones G. & Harris S. (2013) Mitigating the effect of development on bats in
England with derogation licensing. Conservation Biology, 27, 1324-1334.

(2) Mackintosh, M. (2016) Bats and licensing: a report on the success of maternity roost
compensation measures. Scottish Natural Heritage Commissioned Report No. 928.

35



2. Threat: Agriculture

In many parts of the world, much of the conservation effort is directed at
reducing the impacts of agricultural intensification on biodiversity on farmland
and in the wider countryside. A number of the interventions that we have
captured reflect this. However, the two greatest threats from agriculture tend to
be loss of habitat and pollution (e.g. from fertilizer and pesticide use).
Interventions in response to these threats are described in ‘Habitat protection’,
‘Habitat restoration and creation’, and ‘Threat: Pollution’.

For evidence relating to the use of bat boxes on farmland, see ‘Species
management - Provide bat boxes for roosting bats’.

All farming systems

2.1. Use organic farming instead of conventional farming

e Seven studies evaluated the effects of using organic farming instead of conventional
farming on bat populations. Six studies were in Europe'-57, and one in the USAS.

COMMUNITY RESPONSE (4 STUDIES)

¢ Richnessl/diversity (4 studies): Three of four replicated paired sites or site comparison
studies in the UK'2, USAS and France’ found that the number of bat species did not differ
between organic and non-organic farms'6.7. The other study? found more bat species on
organic farms than non-organic farms.

POPULATION RESPONSE (7 STUDIES)

e Abundance (7 studies): Four of five replicated, paired sites or site comparison studies in
Europe2347 and the USAS found that total bat activity (relative abundance)38.” and
common pipistrelle activity* did not differ between organic and non-organic farms. The
other study? found significantly higher total bat activity on organic farms than non-organic
farms. Two replicated, paired sites and site comparison studies in the UK'® found
significantly higher activity of Myotis species over water and rivers on organic farms than
non-organic farms, but no differences were found for other species or habitats.

USAGE (0 STUDIES)
Background

Organic farming is an agricultural system that excludes the use of synthetic
fertilizers and pesticides and relies on techniques such as crop rotation, compost
and biological pest control. Organic standards are strictly regulated in many
countries prohibiting the use of chemicals and providing recommendations for
management to conserve biodiversity. Organic farming may include
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combinations of several separate interventions (as discussed separately in this
chapter). The studies below examine the effects of organic farming overall.

For an intervention that relates specifically to organic pest control, see ‘Threat:
Pollution - Agricultural and forestry effluents - Use organic pest control instead
of synthetic pesticides’. For interventions that involve reducing the use of
synthetic pesticides and fertilisers, see ‘Threat: Pollution - Agricultural and
forestry effluents - Reduce pesticide, herbicide or fertiliser use’.

A replicated, paired sites study in 2000-2002 on 24 pairs of farms in
southern England and Wales, UK (1) found that water habitats on organic farms
had higher activity for two of 11 bat species than on conventional farms, but bat
activity did not differ in pasture, arable or woodland habitats, and a similar
number of bat species was recorded on both farm types. The activity of Brandt’s
bats Myotis brandtii and Bechstein’s bats Myotis bechsteinii was significantly
higher over water habitats on organic farms (Brandt's bat: 66 bat passes;
Bechstein’s bat: 7 bat passes) than on conventional farms (Brandt’s bat: 2 bat
passes; Bechstein’s bat: 0 bat passes). Bat activity did not differ in pasture, arable
or woodland habitats, or for any other bat species, between organic and
conventional farms. A similar number of species was recorded on organic (14
species) and conventional farms (11 species). Certified organic farms
(established 1-2 years) were paired with nearby conventional farms with similar
habitats (pasture, arable, water and woodland), size and type of business. No
details are reported about the type or origin of water habitats; water may have
originated from outside of the farms. Each of 48 farms was surveyed with bat
detectors rotated between three random points for an hour and a half from one
hour after sunset. Two farms within a pair were sampled on consecutive nights
in June-September 2000 or 2002.

A replicated, paired sites study in 2002-2003 on 65 pairs of farms in
England, UK (2) found that organic farms had higher bat activity and a greater
number of bat species than conventional farms. Significantly more bat passes and
more bat species were recorded on organic farms than conventional farms
(abundance index 6-75% higher on organic farms; species density 8-65%
higher). Organic farms with >30 ha of arable land were paired with nearby
conventional farms matched by crop type and cropping season. Habitat data
collected across all 130 farms showed that organic farms had a higher density of
hedgerows, a greater proportion of grassland than crops, smaller fields and
wider, taller hedgerows with fewer gaps than conventional farms. Each of 130
farms was surveyed using bat detectors along a 3 km triangular transect in June-
Augustin 2002 and 2003.

A replicated, paired sites and site comparison study in 2005 in six pairs of
olive Olea europea groves and six native woodlands on Zakynthos island, Greece
(3) found that organic olive groves had similar bat activity and foraging activity
to non-organic olive groves. Overall bat activity and foraging activity did not
differ between organic (average 0.8 bat passes/min, 0.04 feeding buzzes/min)
and non-organic olive groves (1.1. bat passes/min, 0.06 feeding buzzes/min). Bat
activity in organic and non-organic olive groves also did not differ significantly to
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that in three native oak Quercus spp. woodland patches (1.5 bat passes/min) and
three native pine Pinus halipensis woodland patches (2.5 bat passes/min). Eleven
bat species were recorded in total (see original reference for data for individual
species). Six organic olive groves were paired with six non-organic olive groves
similar in size, age, density of trees and altitude. Organic olive groves used
organic pest control (scent and sticky traps) and no chemicals. Non-organic
groves were treated with a yearly insecticide spray. Six native, untreated
woodland patches were also surveyed (three oak, three pine). Each of 18 sites
was surveyed with bat detectors rotated between four random points for an
hour and a half from dusk. Surveys were repeated on three nights/site in June-
August 2006.

A replicated, paired sites study in 2003 on eight paired farms near Bristol,
UK (4) found that organic cereal fields had similar common pipistrelle
Pipistrellus pipistrellus activity to nearby conventionally farmed fields. Common
pipistrelle activity did not differ significantly between organic cereal fields (total
96 bat passes) and nearby conventionally farmed fields (total 152 bat passes).
Pairs of fields were matched to control for habitat variables and were sampled
simultaneously during one night in May-August 2003. At each of 16 sites, bat
detectors recorded bat activity from 45 minutes after sunset for 20 minutes at
each of four points along a transect (two points within fields, two along field
boundaries).

A replicated, site comparison study in 2009-2011 of 5-13 organic and 10-
30 non-organic farms in Wales, UK (5) found that rivers on organic farms had
significantly higher activity of Daubenton’s bats Myotis daubentonii than rivers
on non-organic farms, but the activity of five other bat species in fields and along
hedgerows did not differ between organic and non-organic farms. The average
number of bat passes for Daubenton’s bats was significantly higher over rivers
on organic farms than non-organic farms (data reported as statistical model
results). However, a similar number of bat passes/year were recorded on
organic and non-organic farms for common pipistrelles Pipistrellus pipistrellus,
soprano pipistrelles Pipistrellus pygmaeus, common noctules Nyctalus noctula,
greater horseshoe bats Rhinolophus ferrumequinum and lesser horseshoe bats
Rhinolophus hipposideros (data reported as statistical model results). Organic
farms were part of an organic farming scheme. The number of farms included in
the analysis varied for each bat species from 5-13 for organic and 10-30 for non-
organic farms. Some farms (organic and non-organic) were also part of agri-
environment schemes. No details are reported about the origin of the rivers;
water may have originated from outside of the farms. Transects or static detector
surveys were carried out at each farm once or twice/year between June and
September in 2009, 2010 and 2011.

A replicated, site comparison study in 2009-2010 at four organic and four
conventional apple orchards in Michigan, USA (6) found that organic orchards
had similar bat activity, number of bat captures and species diversity as
conventional orchards. The average number of bat passes recorded did not differ
significantly between organic (37 bat passes/night) and conventional orchards
(51 bat passes/night). The number of bats captured also did not differ
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significantly between organic (1.5 captures/night) and conventional orchards
(2.2 captures/night). The same was true for species diversity (data reported as
the Simpson’s Index). Four bat species were recorded (see original reference for
data for individual species). Four organic and four conventional apple orchards
(small dwarf or semi-dwarf varieties, 6-24 ha in size) were surveyed between
June and August 2009, and May and August 2010. One bat detector/orchard
recorded nightly bat activity, and was moved to random locations within each
orchard each week. Mist netting was carried out 3-5 times/week at one
orchard/night for four hours from sunset.

A replicated, paired sites study in 2015 at 21 pairs of organic and
conventional vineyards in the south of France (7) found that organic farms had
similar bat activity and species richness to conventional farms. Bat activity for
the most abundant group of bat species (mid-range echolocating bats) did not
differ significantly on organic (average 35 bat passes/site) and conventional
farms (47 bat passes/site). Numbers for other groups of bat species were too low
for statistical analysis. Species richness was also similar between organic and
conventional farms (average 5 species/site for both). Ten bat species were
recorded in total (see original reference for data for individual species). Twenty-
one pairs of organic and conventional vineyards were matched according to local
and landscape scale criteria, such as altitude, slope, aspect, presence of linear
habitat features, vineyard area and proportion of semi-natural habitats.
Conventional vineyards were assumed by the authors to have high pesticide use,
although details were not reported. Each of 21 pairs of sites were sampled
simultaneously with two bat detectors for one full night in August-September

2015.

(n Wickramasinghe L.P., Harris S., Jones G. & Vaughan, N. (2003) Bat activity and species
richness on organic and conventional farms: impact of agricultural intensification. Journal of
Applied Ecology, 40, 984-993.

(2) Fuller R.J., Norton L.R,, Feber R.E,, Johnson P.J.,, Chamberlain D.E., Joys A.C., Mathews F.,
Stuart R.C., Townsend M.C., Manley W.]., Wolfe M.S., Macdonald D.W. & Firbank L.G. (2005)
Benefits of organic farming to biodiversity vary among taxa. Biology Letters, 1, 431-434.

3) Davy, C.M., Russo D. & Fenton M.B. (2007) Use of native woodlands and traditional olive
groves by foraging bats on a Mediterranean island: consequences for conservation. Journal
of Zoology, 273, 397-405.

(4) Pocock M.J.0. & Jennings N. (2008) Testing biotic indicator taxa: the sensitivity of
insectivorous mammals and their prey to the intensification of lowland agriculture. Journal of
Applied Ecology, 45, 151-160.

(5) MacDonald M.A., Morris A.J.,, Dodd S., Johnstone 1., Beresford A., Angell R., Haysom K,
Langton S., Tordoff G., Brereton T., Hobson R., Shellswell C., Hutchinson N., Dines T., Wilberforce
E.M., Parry R. & Matthews V. (2012) Welsh Assembly Government Contract 183/2007/08 to
Undertake Agri-environment Monitoring and Services. Lot 2 - Species Monitoring. Final report:
October 2012.

(6) Long B.L. & Kurta A. (2014) Activity and diet of bats in conventional versus organic apple
orchards in southern Michigan. Canadian Field-Naturalist, 128, 158 -164.

(7N Froidevaux ].S.P., Louboutin B. & Jones G. (2017) Does organic farming enhance
biodiversity in Mediterranean vineyards? A case study with bats and arachnids. Agriculture,
Ecosystems & Environment, 249, 112-122.
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2.2. Introduce agri-environment schemes

e Three studies evaluated the effects of agri-environment schemes on bat populations. The
three studies were in the UK'-3,

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (3 STUDIES)

¢ Abundance (3 studies): Two of three replicated, paired sites study in the UK'-3 found
that total bat activity (relative abundance)? and the activity of six bat species? did not differ
significantly between farms managed under agri-environment schemes and those
managed conventionally. The other study! found significantly lower overall bat activity and
activity of pipistrelle species on agri-environment scheme farms than conventional farms.

USAGE (0 STUDIES)
Background

Agri-environment schemes provide farmers with financial incentives to manage
their land in an environmentally friendly way. They promote the conservation of
farmland, biodiversity and agro-ecosystems, and have been used in Europe, the
USA, Canada and Australia.

Agri-environment schemes use many different specific interventions which may
be beneficial to bats such as the protection and maintenance of archaeological
features, traditional farm buildings and stone walls; the restoration and
enhancement of key habitats such as woodland, wetlands and hedgerows; and
improvements to air and water quality. Three studies that evaluated the overall
effects of agri-environment schemes are discussed here. Relevant individual
interventions are also discussed in this chapter. See also ‘Threat: Pollution -
Agricultural and forestry effluents — Reduce pesticide, herbicide and fertiliser
use’.

For more general interventions relating to protecting and conserving important
habitats, see ‘Habitat protection’, ‘Habitat restoration and protection’ and
‘Threat: Pollution’.

A replicated, paired sites study in 2008 on 18 pairs of farms in Scotland, UK
(1) found that agri-environment scheme farms had lower overall bat activity and
foraging activity than non-participating conventional farms. Overall bat activity
and foraging activity were significantly lower on agri-environment scheme farms
(total 790 bat passes, 37 feeding buzzes) than conventional farms (total 1,175
bat passes, 85 feeding buzzes). The same was true for the two most frequently
recorded bat species: common pipistrelle Pipistrellus pipistrellus (agri-
environment scheme farms: 159 bat passes; conventional farms: 312 bat passes)
and soprano pipistrelle Pipistrellus pygmaeus (agri-environment scheme farms:
537 bat passes; conventional farms: 734 bat passes). Eighteen farms
participating in the Scottish Rural Stewardship Scheme since 2004 were paired
with nearby conventionally managed farms of a similar size and with similar
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farming activities. Each of 18 pairs of farms was sampled once on the same night
in June-September 2008. Bat activity was recorded along transects (2.5-3.7 km
long) from 45 minutes after sunset using bat detectors.

A replicated, site comparison study in 2008 of 18 paired pasture fields in
Devon, UK (2) found that fields under agri-environment scheme management
had similar bat activity as fields under conventional management. There was no
significant difference in the overall number of bat passes recorded over agri-
environment scheme fields (average 3 passes/night) and conventionally
managed fields (1 pass/night). Seven bat species were recorded in total (see
original reference for data for individual species). Paired agri-environment
scheme fields and conventionally managed fields were matched where possible
by topography, size and landscape context. Agri-environment scheme fields were
managed with no pesticide or fertiliser inputs. Conventionally managed fields
had no management restrictions. Bat activity was recorded using bat detectors at
each pair of fields for 1-2 full nights in May, July or August 2008.

A replicated, paired sites study in 2009-2011 of 40-60 pairs of farms in
Wales, UK (3) found that there was no significant difference in the activity of six
bat species on agri-environment scheme farms and non-participating
conventional farms. The average number of bat passes/year was similar on agri-
environment scheme farms and conventional farms for common pipistrelles
Pipistrellus pipistrellus (agri-environment scheme: 3-7, conventional: 4-6),
soprano pipistrelles Pipistrellus pygmaeus (agri-environment scheme: 5-9,
conventional: 5-8), common noctules Nyctalus noctula (agri-environment
scheme: 0.2-3, conventional: 0.3-4), Daubenton’s bats Myotis daubentonii (agri-
environment scheme: 16-27, conventional: 17-20), greater horseshoe bats
Rhinolophus ferrumequinum (agri-environment scheme: 3, conventional: 4) and
lesser horseshoe bats Rhinolophus hipposideros (agri-environment scheme: 5,
conventional: 6). Pairs of agri-environment scheme and conventional farms were
2-20 km apart and matched by size, altitude, soil type, and farming system. Field
transects were carried out at 60 pairs of farms, waterway transects at 40 pairs of
farms, and static field surveys at 45 pairs of farms. Surveys were carried out once

or twice/year between June and September in 2009, 2010 and 2011.

(1 Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) Pipistrelle bats and their prey do
not benefit from four widely applied agri-environment management prescriptions. Biological
Conservation, 144, 2233-2246.

(2) MacDonald M.A., Cobbold G., Mathews F. Denny M.].H., Walker LK., Grice P.V. &
Anderson G.Q.A. (2012) Effects of agri-environment management for cirl buntings on other
biodiversity. Biodiversity and Conservation, 21, 1477-1492.

3) MacDonald M.A., Morris A.J., Dodd S., Johnstone 1., Beresford A., Angell R, Haysom K,
Langton S., Tordoff G., Brereton T., Hobson R., Shellswell C., Hutchinson N., Dines T., Wilberforce
E.M. Parry R. & Matthews V. (2012) Welsh Assembly Government Contract 183/2007/08 to
Undertake Agri-environment Monitoring and Services. Lot 2 - Species Monitoring. Final report:
October 2012.
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2.3. Engage farmers and landowners to manage land for bats

e One study evaluated the effects of engaging farmers and landowners to manage land for
bats on bat populations. The study was in the UK.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

o Abundance (1 study): One study in the UK found that during a five-year project to
engage farmers and landowners to manage land for bats, the overall population of greater
horseshoe bats at four maternity roosts in the area increased (but see summary below).

USAGE (0 STUDIES)

OTHER (1 STUDY)

e Change in human behaviour (1 study): One study in the UK" found that a landowner
engagement project resulted in 77 bat-related management agreements covering
approximately 6,536 ha of land.

Background

Only 14.7% of the world’s land surface is currently protected (UNEP-WCMC &
[UCN 2016). Therefore, it is vital to engage effectively with landowners, such as
farmers, so that they manage their land in ways that help to maintain bat
populations. For a similar intervention, see ‘Education and awareness raising -
Educate farmers, land managers and local communities about the benefits of bats

to improve management of bat habitats’.
UNEP-WCMC and IUCN (2016) Protected Planet Report 2016. UNEP-WCMC and IUCN: Cambridge
UK and Gland, Switzerland.

A study in 1995-2003 of the greater horseshoe bat project in England, UK
(1) found that the landowner engagement project resulted in 77 bat-related
management agreements covering approximately 6,536 ha of land in Devon,
Cornwall and Somerset. This included 80 km of new/restored hedgerow and 400
ha of grassland within key areas surrounding greater horseshoe bat Rhinolophus
ferrumequinum maternity roosts. The overall population of greater horseshoe
bats at four maternity roosts in Devon was found to increase by 58% in 1995-
2003, although the authors note that it is difficult to directly attribute this
increase to the project. Advice was provided to 163 landowners and five
organisations during farm visits, training seminars and farm walks. Support was
also provided with grant applications. The project was widely publicised in the

press (24 articles) and TV /radio (five programs).
(D Longley M. (2003) Greater horseshoe bat project (1998-2003). English Nature Research
Report No. 532.
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2.4. Provide or retain set-aside areas in farmland

o \We found no studies that evaluated the effects of providing or retaining set-aside areas in
farmland on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Allocation of some farmland to ‘set-aside’ (fields taken out of production) was
compulsory under European agricultural policy from 1992 until 2008. Originally
intended as a method of reducing production, set-aside has also been promoted
as a way of protecting on-field biodiversity. Set-aside fields that are left to
naturally regenerate may provide important foraging habitat for bats within the
farmed landscape. For studies that may carry out this intervention alongside
other interventions to benefit bats on farmland, see ‘Introduce agri-environment
schemes’.

2.5. Increase the proportion of semi-natural habitat in the farmed
landscape

e We found no studies that evaluated the effects of increasing the proportion of semi-natural
habitat in the farmed landscape on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

This intervention is concerned with general increases in the proportion of
natural or semi-natural habitat in the landscape. Studies describing the effects of
creating specific habitat types and the use of individual restored sites are
discussed in ‘Habitat restoration and creation’. For studies that may carry out
this intervention alongside other interventions to benefit bats on farmland, see
‘Introduce agri-environment schemes’.

2.6. Reduce field size (or maintain small fields)

o We found no studies that evaluated the effects of reducing field size or maintaining small
fields on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
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the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Reducing field size means having a greater number of smaller fields, with
boundaries and field margins between them. This would provide heterogeneity
within the farmed landscape, and may also increase the density of linear habitat
features, such as treelines and hedgerows, which are important for commuting,
foraging and roosting bats.

2.7. Retain unmown field margins

e One study evaluated the effects of retaining unmown field margins on bats populations.
The study was in the UK.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, paired sites study in the UK' found that pipistrelle
activity (relative abundance) did not differ between unmown field margins managed for
wildlife on agri-environment scheme farms and field margins on conventional farms.

USAGE (0 STUDIES)
Background

Field margins can provide foraging habitat for bats. Leaving field margins
unmown and allowing them to regenerate naturally can increase the abundance
and diversity of plants and invertebrate prey. See also ‘Plant field margins with a
diverse mix of plant species’. For studies that may carry out this intervention
alongside other interventions to benefit bats on farmland, see ‘Introduce agri-
environment schemes’.

A replicated, paired sites study in 2008 on 15 pairs of farms in Scotland, UK
(1) found that unmown field margins on agri-environment scheme farms had
similar activity of Pipistrellus species as field margins on conventional farms. The
activity of common pipistrelles Pipistrellus pipistrellus and soprano pipistrelles
Pipistrellus pygmaeus was similar along unmown and conventionally managed
field margins (data reported as statistical model results). On agri-environment
scheme farms, field margins were planted with a mix of grass seeds and had
restrictions on fertiliser, pesticides and grazing. Each of 15 field margins on agri-
environment scheme farms was paired with 15 field margins on conventional
farms with similar farming activities and surrounding habitats. Field margins
(measured on five pairs of farms) were wider and had taller vegetation on agri-
environment scheme farms (average 6 m wide, 2.4 m tall) than conventional
farms (average 2 m wide, 2 m tall). Each of 15 pairs of farms was sampled once

44



on the same night in June-September 2008. Bat activity was recorded along

transects (2.5-3.7 km long) from 45 minutes after sunset using bat detectors.

(D Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) Pipistrelle bats and their prey do
not benefit from four widely applied agri-environment management prescriptions. Biological
Conservation, 144, 2233-2246.

2.8. Plant field margins with a diverse mix of plant species

e We found no studies that evaluated the effects of planting field margins with a diverse mix
of plant species on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Planting field margins with a diverse mix of plants can increase the abundance
and diversity of invertebrate prey for bats. See also ‘Retain unmown field
margins’. For studies that may carry out this intervention alongside other
interventions to benefit bats on farmland, see ‘Introduce agri-environment
schemes’.

2.9. Plant new hedges

e We found no studies that evaluated the effects of planting new hedges on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Hedgerows provide important commuting and foraging habitats for bats within
open agricultural landscapes. Frey-Ehrenbold et al. (2013) found bat activity to
be 1.4-2.8 times higher along linear features such as hedgerows than in open
farmland areas, and one study in the UK found bats to be highly sensitive to the
loss of hedgerows (Pocock & Jennings 2008). Planting new hedges within
farmland may benefit bats. However, it will take a considerable amount of time
for hedgerows to become established and sufficiently mature. Existing hedges
should therefore be retained where possible. See ‘Maintain hedges to benefit
bats’. For studies that may carry out this intervention alongside other
interventions to benefit bats on farmland, see ‘Introduce agri-environment

schemes’.

Frey-Ehrenbold A., Bontadina F., Arlettaz R. & Obrist M.K. (2013) Landscape connectivity, habitat
structure and activity of bat guilds in farmland-dominated matrices. journal of Applied
Ecology, 50, 252-261.
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Pocock M.J.O. & Jennings N. (2008) Testing biotic indicator taxa: the sensitivity of insectivorous
mammals and their prey to the intensification of lowland agriculture. Journal of Applied
Ecology, 45, 151-160.

2.10. Manage hedges to benefit bats

e One study evaluated the effects of managing hedges to benefit bat populations. The
study was in the UK.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, paired sites study in the UK' found that pipistrelle
activity (relative abundance) did not differ between hedges managed for wildlife on agri-
environment scheme farms and hedges on conventional farms.

USAGE (0 STUDIES)
Background

Hedgerows on farms may be subject to various management practices, including
cutting. However, there is evidence that bats prefer taller, wider, structurally
diverse hedgerows and those with emergent trees (e.g. Boughey et al. 2011,
Lacoeuilhe et al. 2016). Reducing the cutting frequency of hedges, planting trees
within hedges, retaining and maintaining existing emergent trees, minimising
pesticide use and filling gaps within hedges are all likely to benefit bats. For
studies that may carry out this intervention alongside other interventions to

benefit bats on farmland, see ‘Introduce agri-environment schemes’.

Boughey K.L., Lake I.R., Haysom K.A. & Dolman P.M. (2011) Improving the biodiversity benefits of
hedgerows: how physical characteristics and the proximity of foraging habitat affect the use
of linear features by bats. Biological Conservation, 144, 1790-1798.

Lacoeuilhe A., Machon N,, Julien ].-F. & Kerbiriou C. (2016) Effects of hedgerows on bats and bush
crickets at different spatial scales. Acta Oecologica, 71, 61-72.

A replicated, paired sites study in 2008 on 13 pairs of farms in Scotland, UK
(1) found that hedges managed for wildlife on agri-environment scheme farms
had similar activity of Pipistrellus species as hedges on conventional farms. The
activity of common pipistrelles Pipistrellus pipistrellus and soprano pipistrelles
Pipistrellus pygmaeus was similar along hedges managed for wildlife and along
conventionally managed hedges (data reported as statistical model results). On
agri-environment scheme farms, hedges had gaps filled, hedge bottoms were left
unmown, and pesticide use and cutting was restricted (cut once every three
years). Each of 13 hedges on agri-environment scheme farms were paired with
13 hedges on conventional farms with similar farming activities and surrounding
habitats. No details are reported about the management of hedges on
conventional farms. Each of 13 paired sites was sampled once on the same night
in June-September 2008. Bat activity was recorded along transects (2.5-3.7 km
long) from 45 minutes after sunset using bat detectors.

46



(D Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) Pipistrelle bats and their prey do
not benefit from four widely applied agri-environment management prescriptions. Biological
Conservation, 144, 2233-2246.

2.11. Manage ditches to benefit bats

e We found no studies that evaluated the effects of managing ditches to benefit bat
populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Ditches, particularly those with still water, may provide foraging habitats for bats
within farmed landscapes. Intensive agriculture can result in loss of ditch
biodiversity through activities such as mowing, grazing and the use of fertilizer
and pesticides. Management practices that maintain and increase the diversity of
invertebrate species within ditches may benefit bats. For studies that may carry
out this intervention alongside other interventions to benefit bats on farmland,
see ‘Introduce agri-environment schemes’.

2.12. Retain existing in-field trees

e Two studies evaluated the effects of retaining existing in-field trees on bat populations.
Both studies were in Australia®-2.

COMMUNITY RESPONSE (1 STUDY)

¢ Richness/diversity (1 study): One replicated, site comparison study in Australia? found
that grazed pasture with scattered trees had more bat species than pasture without trees.

POPULATION RESPONSE (2 STUDIES)

e Abundance (2 studies): Two replicated studies (one site comparison study) in Australia’
found that paddocks/pasture with scattered trees had greater overall bat activity (relative
abundance)? or greater activity for four of 10 bat species! than treeless paddocks/pasture.

USAGE (0 STUDIES)
Background

Single or scattered trees, particularly mature or veteran trees, may provide
important roosting and foraging habitat for bats in open agricultural landscapes.
Existing trees in both arable and grassland fields should be retained and
protected. This may include avoiding use of pesticides, fencing off trees to
prevent damage by livestock, and leaving an uncultivated buffer around each
tree. For studies that may carry out this intervention alongside other
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interventions to benefit bats on farmland, see ‘Introduce agri-environment
schemes’. For studies that relate to retaining remnant forest or woodland, see
‘Retain remnant forest or woodland on agricultural land’.

A replicated study in 2002 of 24 agricultural sites in southeastern Australia
(1) found that paddocks with scattered trees had higher activity for four bat
species than paddocks without trees, but no difference was found for six other
bat species/species groups. Average bat activity was significantly higher in
paddocks with high, moderate and low densities of scattered trees than treeless
paddocks for Gould’s wattled bat Chalinolobus gouldii (scattered trees: 6-7 bat
passes; treeless paddocks: 1 bat pass), chocolate wattled bat Chalinolobus morio
(scattered trees: 2-4 bat passes; treeless paddocks: 0.3 bat passes), and little
forest bat Vespadelus vulturnus (scattered trees: 14-36 bat passes; treeless
paddocks: 2 bat passes). For the western broad-nosed bat Scotorepens balstoni,
the difference was only significant between paddocks with a high density of
scattered trees (average 1 bat pass) and treeless paddocks (average 0.1 bat
passes). There was no significant difference between paddocks with scattered
trees and treeless paddocks for the activity of six other bat species or species
groups (see the original reference for detailed results for each species). Two sites
were sampled in three different study areas for treeless paddocks and for each of
three densities of scattered trees (high: 10-34 trees/ha; moderate: 1-9 trees/ha;
low: <1 tree/ha). Each of 24 sites was sampled with a bat detector for four nights
in January-April 2002.

A replicated, site comparison study in 2007-2008 at 63 agricultural sites in
New South Wales, Australia (2) found that grazed pasture with scattered trees
had higher bat activity and more bat species than grazed pasture without trees.
Overall bat activity was higher at sites with 1-2 trees (average 40 bat
passes/night), 3-5 trees (average 330 bat passes/night) and >6 trees (average
95-380 bat passes/night) than at treeless sites (average 2 bat passes/night).
More bat species were recorded at sites with 1-2 trees (5 species), 3-5 trees (7
species) and >6 trees (6-8 species) than at treeless sites (2 species). All of 63
sites (2 ha) were in grazed pasture with no trees or scattered trees (either 1-2,
3-5 or >6 trees/site). The number of sites for each treatment are not reported.
Each of 63 sites was surveyed with two bat detectors on four nights in

November-December 2007/2008 and in February-March 2008.

(D Lumsden L.F. & Bennett A.F. (2005) Scattered trees in rural landscapes: foraging habitat
for insectivorous bats in south-eastern Australia. Biological Conservation, 122, 205-222.

(2) Fischer J., Stott ]. & Law B.S. (2010) The disproportionate value of scattered trees.
Biological Conservation, 143, 1564-1567.

2.13. Plant in-field trees

e We found no studies that evaluated the effects of planting in-field trees on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.
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Background

Single or scattered trees may be planted within fields to provide roosting and
foraging habitat for bats in open agricultural landscapes. However, it will take a
considerable amount of time for trees to become established and sufficiently
mature. Existing in-field trees should therefore be retained where possible. See
‘Retain existing in-field trees’.

For studies that may carry out this intervention alongside other interventions to
benefit bats on farmland, see ‘Introduce agri-environment schemes’. For other
interventions that involve planting trees on agricultural land, see ‘Create tree
plantations on agricultural land to provide roosting and foraging habitat for bats’
and ‘Retain or plant native trees and shrubs amongst crops (agroforestry)’.

2.14. Create tree plantations on agricultural land to provide roosting
and foraging habitat for bats

e Three studies evaluated the effects of creating tree plantations on agricultural land to
provide roosting and foraging habitat for bats on bat populations. The three studies were
in Australia-3.

COMMUNITY RESPONSE (3 STUDIES)

¢ Richness/diversity (3 studies): Three replicated, site comparison studies in Australia’3
found no difference in the number of bat species in agricultural areas with and without
plantations of native trees.

POPULATION RESPONSE (3 STUDIES)

¢ Abundance (3 studies): Two of three replicated, site comparison studies in Australia’-
found no difference in bat activity (relative abundance) in agricultural areas with and
without plantations of native trees23. The other study' found higher bat activity in
plantations next to remnant native vegetation than in isolated plantations or over grazing
land. In all three studies, bat activity was lower in plantations compared to original forest
and woodland remnants.

USAGE (0 STUDIES)
Background

Creating tree plantations on agricultural land may replace lost roosting and
foraging habitat for bats. For evidence relating to planting single or scattered
trees, see ‘Plant in-field trees’. For an intervention relating to planting trees to
shade crops as part of agroforestry farming systems, see ‘Retain or plant native
trees and shrubs amongst crops (agroforestry)’. For studies that may carry out
this intervention alongside other interventions to benefit bats on farmland, see
‘Introduce agri-environment schemes’.
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A replicated, site comparison study in 1999 of four agricultural sites planted
with native bluegum Eucalyptus globulus in Western Australia (1) found that tree
plantations next to remnant vegetation had higher overall bat activity than
isolated plantations or agricultural grazing land, but the number of bat species
was similar. More bat passes were recorded in plantations next to remnant
vegetation (52 bat passes) than in plantations isolated from remnant vegetation
(4 bat passes) or over agricultural grazing land (14 bat passes), although no
statistical tests were carried out. Bat activity was highest in remnants of original
vegetation (75 bat passes). Similar numbers of bat species (2-4) were recorded
in plantations and grazing land. Eight bat species were recorded in total (see
original reference for data for individual species). All four sites had farm forestry
plantations (4-6 years old), remnants of original native vegetation, and open
grazing land. At each of four sites, one location within each of four habitats
(plantations next to remnants, isolated plantations, grazing land, and remnant
vegetation) was sampled with a bat detector for one full night in October 1999.

A replicated, site comparison study in 2002 of 120 sites in an agricultural
area in New South Wales and Victoria, Australia (2) found that sites planted with
native Eucalypt spp. trees had similar overall bat activity and a similar number of
bat species as treeless grazed paddocks. Bat activity and the number of bat
species did not differ significantly between plantations (average 87 bat
passes/night, 5-7 species) and treeless grazed paddocks (50 bat passes/night, 5
species). Bat activity was significantly lower in plantations than in remnants of
original forest (302 bat passes/night), but the number of bat species was similar
(7 species in remnants). Eleven bat species were recorded in total (see original
reference for data for individual species). Grazing land with small remnants of
forest had been planted with native tree species from the mid-1970s to 1991.
Twelve treatments were sampled including different shapes or sizes (narrow,
small, medium, large, very large) and ages (<10 or >10 years old) of plantations
and remnant forest, and grazed paddocks with and without trees. For each of 12
treatments, 10 points were sampled with bat detectors for one full night in
November-December 2002.

A replicated, site comparison study in 2006-2007 at 14 farms in New South
Wales, Australia (3) found that tree plantations on agricultural land had similar
bat activity and species richness as treeless paddocks, and lower bat activity,
species richness and numbers of roosts than remnant native woodlands. Bat
activity and the number of bat species recorded was similar between plantations
(87 bat passes/night, 6-8 species) and paddocks (40 passes/night, 7 species),
but higher in remnant woodland (650 bat passes/night, 10 species), although no
statistical tests were carried out. Species composition was also similar in
plantations and paddocks but differed in remnant woodland (data reported as
results of statistical models). Twenty-eight bat roosts were identified in remnant
trees, but none in plantations. Twelve bat species were recorded in total (see
original reference for data for individual species). Forty-four sites were surveyed
across 14 farms (11 in remnant woodland, 27 in plantations, six in treeless
paddocks). Plantations (2-40 ha) consisted of 1-4 Eucalyptus spp. and were 4-5
or 10 years old. Each of 44 sites was surveyed for two consecutive nights/site in
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September 2006 and February 2007. Ten bats were caught in harp traps and

radiotracked in late summer and spring 2008 at three farms.

(D Hobbs R., Catling P.C., Wombey ].C., Clayton M., Atkins L. & Reid A. (2003) Faunal use of
bluegum (Eucalyptus globulus) plantations in southwestern Australia. Agroforestry Systems, 58,
195-212.

(2) Law B.S. & Chidel M. (2006) Eucalypt plantings on farms: use by insectivorous bats in
south-eastern Australia. Biological Conservation, 133, 236-249.

3) Law B.S., Chidel M. & Penman T. (2011) Do young eucalypt plantations benefit bats in an
intensive agricultural landscape? Wildlife Research, 38, 173-187.

2.15. Retain remnant forest or woodland on agricultural land

o Six studies evaluated the effects of retaining forest or woodland on agricultural land on
bat populations. Four studies were in Australia’, one in the UK5, and one in Brazil®.

COMMUNITY RESPONSE (4 STUDIES)

e Community composition (2 studies): One of two replicated, site comparison studies in
Australia* and Brazil® found that remnant woodland had a different composition of bat
species to plantations and treeless paddocks*. The othert study found that bat species
composition was similar between remnant forest and plantations.

¢ Richness/diversity (4 studies): Three of four replicated, site comparison studies in
Australia'24 and Brazil® found more bat species in remnant forest and woodland than in
plantations’46 or treeless paddocks or pasture’4. The other study? found a similar number
of bat species in remnant forest, plantations and paddocks.

POPULATION RESPONSE (6 STUDIES)

¢ Abundance (6 studies): Five replicated, site comparison studies in Australia’24, the UK®
and Brazil® found higher bat activity (relative abundance)'-245 or more bats® in remnant
forest or woodland than in plantations'28, treeless paddocks or pasture'245, or on arable
lands. One replicated study in Australia® found higher activity for three of 10 bat species in
remnant woodland than in treeless paddocks.

USAGE (1 STUDY)

o Use (1 study): One replicated, site comparison study in Australia* found bats roosting in
trees within remnant woodland but not in trees within plantations.

Background

There is evidence that remnant forest fragments provide important habitat for
bats in agricultural landscapes (e.g. Struebig et al. 2008, Lentini et al. 2012). For
studies that may carry out this intervention alongside other interventions to
benefit bats on farmland, see ‘Introduce agri-environment schemes’. For a
general intervention that involves retaining remnant habitats, see ‘Habitat

protection - Retain remnant habitat patches’.

Lentini P.E., Gibbons P., Fischer J., Law B., Hanspach ]. & Martin T.G. (2012) Bats in a farming
landscape benefit from linear remnants and unimproved pastures. PLoS ONE, 7, e48201.

Struebig M.]., Kingston T., Zubaid A., Mohd-Adnan A. & Rossiter S.J. (2008) Conservation value of
forest fragments to Palaeotropical bats. Biological Conservation, 141, 2112-2126.
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A replicated, site comparison study in 1999 of four agricultural sites with
remnant forest and plantations in Western Australia (1), found that remnants of
native forest had higher overall bat activity and more bat species than
plantations or agricultural grazing land. More bat passes were recorded in
remnant forest (75 bat passes) than in plantations next to remnant vegetation
(52 bat passes), isolated plantations (4 bat passes) or over agricultural grazing
land (14 bat passes), although no statistical tests were carried out. More bat
species were recorded in remnant forest (8 species) than in plantations and
grazing land (2-4). Eight bat species were recorded in total (see original
reference for data for individual species). All four sites had remnants of original
native forest, farm forestry plantations (4-6 year old native bluegum Eucalyptus
globulus), and open grazing land. At each of four sites, one location within each of
four habitats (remnant forest, plantations next to remnants, isolated plantations
and grazing land) was sampled with a bat detector for one full night in October
1999.

A replicated, site comparison study in 2002 of 120 sites in an agricultural
area in New South Wales and Victoria, Australia (2), found that remnants of
original forest had higher bat activity than plantations or treeless grazed
paddocks, but the number of bat species did not differ. More bat passes were
recorded in remnants of original forest (average 302 bat passes/night) than in
plantations (87 bat passes/night) or treeless grazed paddocks (50 bat
passes/night). However, a similar number of bat species were recorded in
remnants of forest (7 species), plantations (5-7 species) and paddocks (5
species). Eleven bat species were recorded in total (see original reference for
data for individual species). Grazing land with small remnants of forest had been
planted with native tree species from the mid-1970s to 1991. There were twelve
treatments including different shapes or sizes (narrow, small, medium, large,
very large) and ages (<10 or >10 years old) of remnants of original forest,
plantations, and grazed paddocks with and without trees. For each of twelve
treatments, 10 points were sampled with bat detectors for one full night in
November-December 2002.

A replicated study in 2002 of 12 agricultural sites in southeastern Australia
(3) found that remnants of native woodland had higher activity for three bat
species than paddocks without trees, but no difference was found for seven other
bat species or species groups. Average bat activity was significantly higher in
remnants of woodland than treeless paddocks for the chocolate wattled bat
Chalinolobus morio (remnants: 2.3 bat passes; treeless paddocks: 0.3 bat passes),
western broad-nosed bat Scotorepens balstoni (remnants: 0.9 bat passes; treeless
paddocks: 0.1 bat passes) and little forest bat Vespadelus vulturnus (remnants: 36
bat passes; treeless paddocks: 2 bat passes). There was no significant difference
between remnant woodland and treeless paddocks for the white-striped free-
tailed bat Tadarida australis, southern free-tailed bat Mormopterus spp., eastern
free-tailed bat Mormopterus spp., Gould’s wattled bat Chalinolobus gouldii, the
large forest bat Vespadelus darlingtonia, the southern forest bat Vespadelus
regulus or long-eared bats Nyctophilus spp. (see the original reference for
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detailed results for each species). Two remnant woodlands (<10 ha) and two
treeless paddocks were surveyed in each of three study areas. Each of 12 sites
was sampled with a bat detector for four nights in January-April 2002.

A replicated, site comparison study in 2006-2007 at 14 farms in New South
Wales, Australia (4) found that remnant native woodlands had higher bat
activity, more bat species and more bat roosts than plantations and treeless
paddocks, and species composition also differed. Bat activity and the number of
bat species recorded was higher in remnant woodland (650 bat passes/night, 10
species) than in plantations (87 bat passes/night, 6-8 species) and paddocks (40
passes/night, 7 species), although no statistical tests were carried out. Twenty-
eight bat roosts were identified in remnant trees, but none in plantations. Species
composition differed in remnant woodland compared to plantations and
paddocks (data reported as results of statistical models). Twelve bat species
were recorded in total (see original reference for data for individual species).
Forty-four sites were surveyed across 14 farms (11 in remnant woodland, 27 in
plantations, six in treeless paddocks). Plantations (2-40 ha) consisted of 1-4
Eucalyptus spp. and were 4-5 or 10 years old. Each of 44 sites was surveyed for
two consecutive nights/site in September 2006 and February 2007. Ten bats
were caught in harp traps and radiotracked in late summer and spring 2008 at
three farms.

A replicated, site comparison study in 2009-2010 of 34 woodland patches in
an agricultural landscape in central Scotland, UK (5) found that remnant
woodland patches had higher activity for three bat species or species groups
than surrounding pasture or arable land. The average number of bat passes
recorded was significantly higher in the interior of remnant woodland patches
than over pasture or arable land for common pipistrelle Pipistrellus pipistrellus
(woodland: 0.9; pasture/arable: 0.1), soprano pipistrelle Pipistrellus pygmaeus
(woodland: 22; pasture/arable: 2) and Myotis spp. (woodland: 0.1;
pasture/arable: 0.02). All of 34 broadleaved or mixed woodland patches (0.1-30
ha) were >60 years old and surrounded by pasture and/or arable land. At each of
34 woodland patches, bat activity was recorded with bat detectors for 10
minutes at 2-4 sampling points in the woodland interior and two sampling
points over pasture/arable land >20 m from the woodland edge. Each of 34 sites
was surveyed once in June-August 2009 or May-July 2010.

A replicated, site comparison study in 2010-2011 in eight sites of remnant
forest and plantations in an agricultural area of central Brazil (6) found that
remnant forest fragments had more bats and bat species captured within them
than plantations, but species composition did not differ. Significantly more bats
and more bat species were captured in remnant forest fragments (134 bats of 13
species) than in plantations (75 bats of 8 species). However, species composition
did not differ significantly (data reported as statistical model results). Four
fragments (150-378 ha) of each of two habitat types were surveyed: Eucalyptus
spp. plantations and semi-deciduous native remnant forest. Fragments were
surrounded by soybean or sugar cane plantations and cattle pastures. Each of
eight fragments was sampled for one night/month between December 2010 and
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April 2011 with 10 mist nets deployed along linear transects for four hours from

sunset.

(D Hobbs R., Catling P.C., Wombey ].C., Clayton M., Atkins L. & Reid A. (2003) Faunal use of
bluegum (Eucalyptus globulus) plantations in southwestern Australia. Agroforestry Systems, 58,
195-212.

(2) Law B.S. & Chidel M. (2006) Eucalypt plantings on farms: use by insectivorous bats in
south-eastern Australia. Biological Conservation, 133, 236-249.

3) Lumsden L.F. & Bennett A.F. (2005) Scattered trees in rural landscapes: foraging habitat
for insectivorous bats in south-eastern Australia. Biological Conservation, 122, 205-222.

(4) Law B.S., Chidel M. & Penman T. (2011) Do young eucalypt plantations benefit bats in an
intensive agricultural landscape? Wildlife Research, 38, 173-187.

(5) Fuentes-Montemayor E., Goulson D., Cavin L., Wallace ].M. & Park K.J. (2013) Fragmented
woodlands in agricultural landscapes: The influence of woodland character and landscape
context on bats and their insect prey. Agriculture, Ecosystems & Environment, 172, 6-15.

(6) Pina S.M.S., Meyer C. & Zortéa M. (2013) A comparison of habitat use by bats in natural
forest fragments and Eucalyptus plantations in Brazilian Savanna. Chiroptera Neotropical, 19, 14—
30.

2.16. Retain or plant native trees and shrubs amongst crops
(agroforestry)

e Seven studies evaluated the effects of retaining or planting native trees and shrubs
amongst crops on bat populations. Two studies were in South America'3, four were in
Mexico2458, and one was in Tanzania’.

COMMUNITY RESPONSE (7 STUDIES)

e Community composition (1 study): One replicated, site comparison study in Tanzania’
found different compositions of bat species in coffee plantations with different amounts
and types of shade cover.

¢ Richness/diversity (7 studies): Four of six replicated, site comparison studies in
Columbia’, Mexico2456 and Costa Rica? found a similar number of bat species in shaded
and unshaded coffee plantations!, and in coffee plantations with different amounts and
types of shade cover245. The two other studies®® found more bat species3® and higher bat
diversity® in coffee, cacao and banana plantations with varied shade cover, than in
plantations with a single shade species® or no shade3. One replicated, site comparison
study in Tanzania’ found more bat species in shaded coffee plantations than in traditional
mixed agroforestry systems with natural forest vegetation.

POPULATION RESPONSE (5 STUDIES)

e Abundance (5 studies): Two replicated, site comparison studies in Mexico*$ captured
more bats in coffee plantations with varied shade cover than in plantations with a single
shade species. One replicated, site comparison study in Mexico® found higher activity
(relative abundance) of forest bat species in plantations with a varied shade cover than in
plantations with a single shade species, but the opposite was true for open habitat bat
species. One replicated, site comparison study in Costa Rica3 found no difference in the
number of bats captured between cacao and banana shade plantations and unshaded
monocultures. One replicated, site comparison study in Tanzania’ found greater bat
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occurrence in shaded coffee plantations than in traditional mixed agroforestry systems
with natural forest vegetation.

USAGE (0 STUDIES)
Background

This intervention involves growing crops under shade trees that are either
native tree species that are remnants from cleared vegetation, or other crop
trees (often referred to as ‘agroforestry’). This approach provides a more
complex habitat than conventional monoculture farming and can support higher
levels of biodiversity.

A replicated, site comparison study in 1999-2000 of 18 sites in coffee
plantations and forest fragments in the Central Andes, Columbia (1) found that
there was no significant difference in bat species richness in shaded and
unshaded coffee plantations. Bat species richness overall was similar in shaded
coffee (14 species) and unshaded coffee plantations (12 species). In landscapes
dominated by shaded coffee, there was no significant difference in bat species
richness between shaded (9.4 species) or unshaded coffee plantations (9.8
species) and native forest fragments (9.9 species). However, in landscapes
dominated by unshaded coffee plantations, bat species richness was higher in
native forest fragments (14.6 species) than in shaded (9.4 species) or unshaded
coffee plantations (7.9 species). Six sites of each habitat type were surveyed
(shaded coffee, unshaded coffee, and native forest fragments). Shaded coffee
plantations had native shade trees. Unshaded plantations were coffee
monocultures with no trees or containing just isolated trees. Bats were sampled
with 50-80 m of mist nets for three consecutive nights/site between October
1999 and February 2000.

A site comparison study in 2004-2005 in five agroforestry plantations and
one montane rainforest in southeastern Chiapas, Mexico (2) found that coffee
agroforestry plantations with different amounts and types of shade cover had a
similar number of bat species. The number of bat species captured (23-26) did
not differ significantly between five coffee agroforestry plantations with different
amounts and types of shade cover. However, the number of bat species captured
across all sites was found to be positively correlated with the number of
vegetation layers, and the height and cover of trees (data reported as statistical
model results). More bat species were recorded in native rainforest (37 species)
than in any of the five coffee agroforestry plantations. One native rainforest site
was sampled, and five coffee agroforestry plantations with different heights (6-
25 m), layers (2-3 strata), types (native rainforest trees, shimbillo Inga spp. or
banana Musa spp.) and amounts (40-90%) of shade cover. Management
intensity (pruning, weeding, and use of chemicals) also varied between sites. At
each of six sites, bats were captured with six mist nets placed along a 150 m
transect for six hours from sunset on two nights. Surveys were repeated every 50
days from March 2004 to June 2005.
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A replicated, site comparison study in 2002-2003 in 28 agroforestry
plantations and seven tropical lowland forest sites in Talamanca, Costa Rica (3)
found that banana and cacao agroforestry plantations had higher bat diversity
and more bat species than unshaded plantain monocultures, but the total
number of bats captured did not differ. Bat diversity (reported as diversity
indices) and the number of bat species was significantly higher in banana (14 bat
species) and cacao (15 bat species) agroforestry plantations than in unshaded
plantain monocultures (10 bat species). A similar number of bats were captured
in banana (76 bats) and cacao (89 bats) agroforestry plantations and in
unshaded plantain monocultures (83 bats). Banana and cacao agroforestry
plantations had similar or higher bat diversity, number of bat species and bat
captures as native forest (13 bat species, 47 bats captured). Banana and cacao
agroforestry plantations were grown organically with a shade canopy of native
trees or planted fruit and timber trees. Plantain monocultures were grown
without shade and with the use of chemicals such as insecticides. Thirty-five sites
were sampled including seven replicates each of native forest, plantain
monoculture and banana agroforestry, and 14 replicates of cacao agroforestry. At
each of 35 sites, bats were captured with four mist nets for five hours on one
night in May-November 2002/2003 and one night in February-November 2003.

A replicated, site comparison study in 2006-2007 of 44 sites in coffee
agroforestry plantations and native rainforest fragments in Chiapas, Mexico (4)
found that traditional agroforestry plantations had a similar number of leaf-
nosed Phyllostomidae bat species to more intensively managed agroforestry
plantations, but species composition differed and more bats were captured in
traditional plantations. A similar number of bat species but significantly more
bats were captured in traditional agroforestry plantations (24 species, average
2.5 bats/mist net/hour) than in plantations with moderate (22 species, 1.6
bats/mist net/hour) or high intensity management (22 species, 1.4 bats/mist
net/hour). A similar number of bat species were also captured in native forest
(24 bat species). The proportion of bat species in all feeding groups decreased as
management intensity increased, except for large fruit-eating bat species which
increased in proportion (from 30% in native forest and traditional plantations to
48% in high intensity plantations). Bats were sampled in traditional agroforestry
coffee plantations (coffee and other plants grown under original forest trees, 12
sites), moderate intensity coffee plantations (coffee grown under a variety of
fruit and timber trees, 11 sites), high intensity coffee plantations (coffee grown
under shimbillo Inga spp. trees, 10 sites) and native forest fragments (11 sites).
At each of 44 sites, bats were captured with mist nets for 8-10 hours during one
night between November 2006 and August 2007.

A replicated, site comparison study in 2006-2007 of 44 sites in coffee
agroforestry plantations and tropical rainforest in Chiapas, Mexico (5) found that
traditional agroforestry plantations had a similar number of insect-eating bat
species to more intensively managed agroforestry plantations, but species
composition differed. The number of insect-eating bat species did not differ
significantly between traditional agroforestry plantations (18 species) and
plantations with moderate (23 bat species) or high intensity management (21
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bat species). Activity of forest bat species was significantly lower in high
intensity plantations (average 6 bat passes/night) than moderate intensity (14
bat passes/night) or traditional plantations (21 bat passes/night). The opposite
was true for open habitat bat species (high intensity plantations: average 3 bat
passes/night; low intensity and traditional plantations: 1 bat pass/night). Native
forest had a similar number of bat species (19) to all three types of plantations.
Bats were sampled in traditional agroforestry coffee plantations (coffee and
other plants grown under original forest trees, 12 sites), moderate intensity
coffee plantations (coffee grown under a variety of fruit and timber trees, 11
sites), high intensity coffee plantations (coffee grown under shimbillo Inga spp.
trees, 10 sites) and native forest fragments (11 sites). At each of 44 sites,
sampling was carried out with mist nets and bat detectors for 8-10 hours during
one night between November 2006 and August 2007.

A replicated, site comparison study in 2008-2009 of nine farms in Veracruz,
Mexico (6) found that coffee plantations with a mix of shade species had
significantly more bats and bat species captured within them than coffee
plantations with few shade species and little understorey or pastures. More fruit
and nectar-eating bats and bat species were captured in coffee plantations with a
mix of shade species (378 bats, 20 bat species) than in coffee plantations with
few shade species and little understorey (64 bats, 10 bat species) or pastures (26
bats, 8 bat species). Three coffee plantations had a varied shade layer including
fruit trees and native tree species. Three coffee plantations were shaded only by
mainly shimbillo Inga spp. trees with few understorey species. Three pastures
were cattle-grazed with introduced grass species and isolated trees. Nine farms
(three of each type) were surveyed eight times across three different seasons
between April 2008 and September 2009. Bats were captured using 10 mist
nets/site placed end to end at ground level for four hours from sunset.

A replicated, site comparison study in 2010-2011 in 19 plantation, forest
and grassland sites on the southern slopes of Mount Kilimanjaro, Tanzania (7)
found that shaded coffee plantations had greater overall bat occurrence and
species richness than traditional agroforestry systems, grasslands or natural
forests, and species composition also differed. Overall bat occurrence was
significantly greater in shaded coffee plantations (average 49 occurrences) than
traditional agroforestry systems (34 occurrences), grasslands (29 occurrences)
or natural forests (15 occurrences). Species richness was higher in shaded coffee
plantations (10 different types of bat echolocation call) than traditional
agroforestry systems (8 types of bat call), grasslands (7 types of bat call) or
natural forests (6 types of bat call). Species composition also differed between
habitat types (data reported as statistical model results). Surveys were
conducted in 4-5 plots (0.5 ha) within each of four habitat types: shaded coffee
plantations (coffee plants with native or non-native tree species), traditional
agroforestry systems (mixed agricultural plants with natural forest vegetation
and large shade trees), grasslands (frequently cut to feed livestock) and natural
forests. Four points/plot were surveyed from sunset for 4 x 5 minute intervals.
Each plot was surveyed on one night in December-March 2010/2011 and June-
September 2011.

57



(n Numa C., Verdd J.R. & Sanchez-Palomino P. (2005) Phyllostomid bat diversity in a
variegated coffee landscape. Biological Conservation, 122, 151-158.

(2) Estrada C.G., Damon A., Hernandez C.S., Pinto S.L. & Nufiez G.I. (2006) Bat diversity in
montane rainforest and shaded coffee under different management regimes in southeastern
Chiapas, Mexico. Biological Conservation, 132, 351-361.

3) Harvey C.A. & Gonzalez Villalobos J.A. (2007) Agroforestry systems conserve species-rich
but modified assemblages of tropical birds and bats. Biodiversity and Conservation, 16, 2257-
2292.

(4) Williams-Guillén K. & Perfecto 1. (2010) Effects of agricultural intensification on the
assemblage of leaf-nosed bats (Phyllostomidae) in a coffee landscape in Chiapas, Mexico.
Biotropica, 42, 605-613.

(5) Williams-Guillén K. & Perfecto 1. (2011) Ensemble composition and activity levels of
insectivorous bats in response to management intensification in coffee agroforestry systems.
PLoS ONE, 6, e16502.

(6) Castro-Luna A.A. & Galindo-Gonzalez ]. (2012) Enriching agroecosystems with fruit-
producing tree species favors the abundance and richness of frugivorous and nectarivorous bats
in Veracruz, Mexico. Mammalian Biology, 77, 32-40.

(7 Helbig-Bonitz M., Ferger S.W., Bohning-Gaese K., Tschapka M., Howell K. & Kalko E.K.V.
(2015) Bats are not birds - different responses to human land-use on a tropical mountain.
Biotropica, 47,497-508.

Livestock farming

2.17. Avoid the use of antiparasitic drugs for livestock

e We found no studies that evaluated the effects of avoiding the use of antiparasitic drugs
for livestock on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

In some countries, livestock are treated with antiparasitic drugs to control
parasites. These drugs may persist in livestock dung and have a negative impact
on dung-eating invertebrates, which are an important food source for some

insect-eating bat species (e.g. see EUROBATS 2010).
EUROBATS (2010) Report of the Intersessional Working Group on impact on bat populations of the
use of antiparasitic drugs for livestock. Doc. EUROBATS.StC4-AC15.29. Rev1.

2.18. Manage grazing regimes to increase invertebrate prey

e We found no studies that evaluated the effects of managing grazing regimes to increase
invertebrate prey on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
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the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Grazing regimes can be designed to maintain pasture in good condition and
increase the abundance of invertebrate prey for bats. Bats may also forage over
herds of grazing livestock, particularly at moderate stocking densities (e.g.

Ancillotto et al. 2017).

Ancillotto L., Ariano A, Nardone V., Budinski I, Rydell ]. & Russo D. (2017) Effects of free-ranging
cattle and landscape complexity on bat foraging: Implications for bat conservation and
livestock management. Agriculture, Ecosystems & Environment, 241, 54-61.

2.19. Replace culling with non-lethal methods of preventing vampire
bats from spreading rabies to livestock

e We found no studies that evaluated the effects of replacing culling with non-lethal methods
of preventing vampire bats from spreading rabies to livestock on vampire bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Vampire bats have been extensively culled in Latin America to prevent the
spread of rabies to livestock. However, research shows that culling is ineffective
and may increase the spread of rabies (e.g. Streicker et al. 2012). Non-lethal
measures of disease control have been suggested as alternatives, such as
vaccinating livestock against rabies (e.g. Benavides et al. 2017).

For an intervention relating to the spread of rabies to humans, see ‘Threat:
Hunting - Replace culling with non-lethal methods of preventing vampire bats

from spreading rabies to humans’.

Benavides J.A., Rojas Paniagua E., Hampson K., Valderrama W. & Streicker D.G. (2017)
Quantifying the burden of vampire bat rabies in Peruvian livestock. PLOS Neglected Tropical
Diseases, 11, e0006105.

Streicker D.G., Recuenco S., Valderrama W., Gomez Benavides ]., Vargas ., Pacheco V., Condori
Condori R.E., Montgomery ]., Rupprecht C.E.,, Rohani P. & Altizer S. (2012) Ecological and
anthropogenic drivers of rabies exposure in vampire bats: implications for transmission and
control. Proceedings of the Royal Society B: Biological Sciences, 279, 3384-3392.

2.20. Remove livestock modifications from water troughs

e One study evaluated the effects of removing livestock modifications from water troughs
on bat populations. The study was in the USA!.

COMMUNITY RESPONSE (0 STUDIES)
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POPULATION RESPONSE (0 STUDIES)

USAGE (1 STUDY)

e Use (1 study): One replicated, paired sites study in the USA' found that removing
livestock modifications from water troughs resulted in bats drinking from them more
frequently.

e Behaviour change (1 study): One replicated, paired sites study in the USA' found that
when livestock modifications were removed from water troughs, bats approached troughs
fewer times before successfully drinking from them.

Background

Livestock water troughs can provide water sources for bats, particularly in arid
areas. Modifications to water troughs that prevent livestock from damaging or
entering them, such as wires and braces across the water surface, may injure
bats or prevent them from drinking. For interventions that create water sources
on farmland and other habitats, see ‘Habitat restoration and creation - Create
artificial water sources’.

A replicated, paired sites study in 2004 of four pairs of water troughs in
northern Arizona, USA (1) found that removing livestock modifications from
water troughs resulted in bats drinking from them more frequently. More bats
reached the water surface at unmodified troughs than modified troughs during
both single approaches (unmodified: 71% of bats; modified: 25%) and multiple
approaches (unmodified: 97%; modified: 61%). Bats also approached
unmodified troughs fewer times before successfully drinking than at modified
troughs (unmodified: average 0.3 times; modified: 1.8 times). Three experiments
were carried out at a pair of rectangular troughs (surface area 7.5 m?2) and one
experiment at a pair of circular troughs (surface area 4.7 m2). One trough in each
pair had modifications installed with either a 3-strand barbed wire fence across
the centre or boards at 100 cm intervals, the other was left unmodified. Troughs
were filmed simultaneously for 1-5 nights in May-August 2004. Modifications

were then switched to the unmodified trough and filming was repeated.
(n Tuttle S.R.,, Chambers C.L. & Theimer T.C. (2006) Potential effects of livestock water-
trough modifications on bats in northern Arizona. Wildlife Society Bulletin, 34, 602-608.

Perennial, non-timber crops

2.21. Prevent culling of bats around fruit orchards

e We found no studies that evaluated the effects of preventing culling of bats around fruit
orchards on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
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the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Bats are frequently shot, persecuted and even legally culled around fruit
orchards to prevent damage to or loss of fruit crops. This is likely to have a
significant impact on the survival of fruit bat populations. For example, the
Mauritius fruit bat Pteropus niger has undergone an estimated population
decline of 50% since government-implemented culling took place in 2015 and

2016 (Vincenot et al. 2017).
Vincenot C.E., Florens F.B.V. & Kingston T. (2017) Can we protect island flying foxes? Science, 355,
1368-1370.

2.22. Replace netting with non-lethal measures to prevent bats from
accessing fruit in orchards

e We found no studies that evaluated the effects of replacing netting with non-lethal
measures to prevent bats from accessing fruit in orchards on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Bats may be injured or Kkilled by entanglement with inappropriately installed
nets at fruit orchards. Various non-lethal alternatives have been suggested to
prevent bats from accessing fruit in orchards. These include using fixed nets
(that prevent entanglement), netting individual trees, planting decoy crops,
picking fruit before peak ripeness and deterring bats with light, noise or

unpleasant smells and tastes (see Aziz et al. 2016).

Aziz S.A., Olival K.J., Bumrungsri S., Richards G.C. & Racey P.A. (2016) The conflict between
Pteropodid bats and fruit growers: species, legislation and mitigation. Pages 377-426 in:
Voigt C.C. & Kingston T. (eds.) Bats in the Anthropocene: Conservation of Bats in a Changing
World. Springer International Publishing, Cham.

2.23. Introduce certification for bat-friendly crop harvesting regimes
e We found no studies that evaluated the effects of introducing certification for bat-friendly
crop harvesting regimes on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background
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Certification schemes can encourage bat-friendly crop harvesting regimes and
raise awareness of bat conservation. An example is the Tequila Interchange
Project, which awards tequila producers a ‘bat-friendly’ tequila label if they use
farming practices that benefit bats (www.tequilainterchangeproject.org).
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3. Threat: Energy production and mining

Energy production (renewable and non-renewable) and mining can have
significant impacts on bat populations through the destruction and pollution of
habitats. General interventions in response to these threats are discussed in
‘Habitat protection’, ‘Habitat restoration and creation’ and ‘Threat: Pollution’.
Interventions that are more specific to wind turbines and mining are discussed
in this chapter.

Wind turbines

Renewable energy sources, such as wind power, have increased dramatically
over the last few decades. Most wind energy development has been on
commercial wind farms that have multiple large wind turbines with rotor
diameters up to and over 100 m, each generating up to 2.3 Mega Watts. Studies
indicate that large numbers of bats are killed by large-scale wind farms across
the world, raising concerns about the cumulative impacts of wind energy on bat
populations (e.g. Frick et al. 2017).

Smaller ‘micro’ wind turbines (which typically generate up to 50-100 kW) have
also become increasingly popular, usually installed singly by homeowners on
private land. The evidence provided relates to large commercial wind turbines.
We found no studies that evaluated the effects of interventions relating to small

‘micro’ wind turbines.

Frick W.F., Baerwald E.F., Pollock J.F., Barclay R.M.R., Szymanski ]J.A., Weller T.]., Russell A.L., Loeb
S.C., Medellin R.A. & McGuire L.P. (2017) Fatalities at wind turbines may threaten population
viability of a migratory bat. Biological Conservation, 209, 172-177.

3.1. Reduce turbine height

e We found no studies that evaluated the effects of reducing turbine height on bat
populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Studies of patterns of bat fatalities at existing wind farms in Europe and the USA
have shown that greater numbers of bats are killed at taller wind turbines (e.g.
Barclay et al. 2007, Rydell et al. 2010, Georgiakakis et al. 2012).
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Barclay R.M.R., Baerwald E.F. & Gruver J.C. (2007) Variation in bat and bird fatalities at wind
energy facilities: assessing the effects of rotor size and tower height. Canadian journal of
Zoology, 85, 381-387.

Georgiakakis P., Kret E., Carcamo B., Doutau B., Kafkaletou-Diez A., Vasilakis D. & Papadatou E.
(2012) Bat fatalities at wind farms in north-eastern Greece. Acta Chiropterologica, 14, 459-
468.

Rydell J., Bach L. Dubourg-Savage M.-]., Green M., Rodrigues L. & Hedenstrom A. (2010) Bat
mortality at wind turbines in northwestern Europe. Acta Chiropterologica, 12, 261-274.

3.2. Reduce rotor diameter

e We found no studies that evaluated the effects of reducing rotor diameter on bat
populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Studies of patterns of bat fatalities at existing wind farms in Europe and the USA
found that mortality increased with rotor diameter in some studies (Rydell et al.

2010), but not in others (Barclay et al. 2007, Georgiakakis et al. 2012).

Barclay R.M.R,, Baerwald E.F. & Gruver ].C. (2007) Variation in bat and bird fatalities at wind
energy facilities: assessing the effects of rotor size and tower height. Canadian journal of
Zoology, 85, 381-387.

Georgiakakis P., Kret E., Carcamo B., Doutau B., Kafkaletou-Diez A., Vasilakis D. & Papadatou E.
(2012) Bat fatalities at wind farms in north-eastern Greece. Acta Chiropterologica, 14, 459-
468.

Rydell J., Bach L., Dubourg-Savage M.-]., Green M., Rodrigues L. & Hedenstrom A. (2010) Bat
mortality at wind turbines in northwestern Europe. Acta Chiropterologica, 12, 261-274.

3.3. Apply textured coating to turbines

e We found no studies that evaluated the effects of applying textured coating to turbines on
bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

It has been suggested that bats may misidentify the smooth surfaces of wind
turbine towers as water (e.g. McAlexander 2013) and applying a textured coating
could reduce bat collisions and fatalities. Behavioural experiments in flight
rooms found that bats did not make contact with textured surfaces and
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approached them less often than smooth surfaces (Greif & Siemers 2010, Bienz

2015). However, this has not been tested on operational wind turbines.

Bienz C. (2015) Surface texture discrimination by bats: implications for reducing bat mortality at
wind turbines. MSc Thesis. Texas Christian University, USA.

Greif S. & Siemers B.M. (2010) Innate recognition of water bodies in echolocating bats. Nature
Communications, 1, 107.

McAlexander C. (2013) Evidence that bats perceive wind turbine surfaces to be water. MSc Thesis.
Texas Christian University.

3.4. Deter bats from turbines using radar

o We found no studies that evaluated the effects of deterring bats from wind turbines using
radar on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

It has been suggested that bats may avoid the radio frequency radiation
associated with radar installations. During experimental trials in the UK, bats
were significantly less active at wetland and woodland foraging sites when

pulses of radar signals were emitted from antennas (Nicholls & Racey 2009).
Nicholls B. & Racey P.A. (2009) The aversive effect of electromagnetic radiation on foraging bats -
a possible means of discouraging bats from approaching wind turbines. PLoS ONE, 4, e6246.

3.5. Deter bats from turbines using ultrasound

e Two studies evaluated the effects of deterring bats from wind turbines using ultrasound
on bat populations. The two studies were in the USA'2,

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (1 STUDY)

o Survival (1 study): One randomized, replicated, controlled study with a before-and-after
trial in the second year in the USA? found mixed results. In the first year of the study, 21-
51% fewer bats were killed at turbines with an ultrasonic deterrent fitted than at control
turbines, but in the second year, from 2% more to 64% fewer bats were killed at turbines
with ultrasonic deterrents fitted.

USAGE (1 STUDY)

¢ Behaviour change (1 study): One paired sites study in the USA' found significantly fewer
bats flying near one of two wind turbines with an ultrasonic deterrent compared to turbines
without.

Background
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Bats rely on ultrasound to echolocate for foraging and navigation. Broadcasting
ultrasonic sounds at the frequency range which bats use for echolocation may act
as a deterrent by interfering with their ability to perceive echoes. Three studies
in the USA found reduced bat activity at pond sites when ultrasonic deterrents
were used (Szewczak & Arnett 2006, Szewczak & Arnett 2008, Johnson et al
2012). For a similar intervention relating to roads, see ‘Threat: Transportation

and service corridors - Deter bats from roads using ultrasound’.

Johnson ].B., Ford W.M., Rodrigue ].L. & Edwards J.W. (2012) Effects of acoustic deterrents on
foraging bats. Research Note NRS-129. Newtown Square, PA: U.S. Department of Agriculture,
Forest Service, Northern Research Station.

Szewczak .M. & Arnett E. (2006) Preliminary field test results of an acoustic deterrent with the
potential to reduce bat mortality from wind turbines. An investigative report submitted to the
Bats and Wind Energy Cooperative. Bat Conservation International, Austin, Texas, USA.

Szewczak ].M. & Arnett E.B. (2008) Field test results of a potential acoustic deterrent to reduce bat
mortality from wind turbines. An investigative report submitted to the Bats and Wind Energy
Cooperative. Bat Conservation International, Austin, Texas, USA.

A paired sites study in 2007 on a wind farm in an agricultural area of New
York, USA (1) found mixed effects on bat activity when an ultrasonic deterrent
was used. Significantly fewer bats were observed over 10 consecutive nights at a
turbine with an ultrasonic deterrent fitted (average 13 bat passes/night) than at
a matched control turbine without a deterrent (average 24 bat passes/night). No
significant difference was found in bat activity when this was repeated with a
second matched pair (average 10 bat passes/night at both). The deterrent
broadcast random pulses of broadband ultrasound from 20-80 kHz, with a range
of up to 20 m. For both trials, bat activity was observed simultaneously at
treatment and control turbines for 3.6 hours after sunset for 10 consecutive
nights in August 2007 using thermal infrared imaging cameras.

A randomized, replicated, controlled study in 2009-2010, with a before-and-
after trial in the second year, at a wind farm in a forested area of Pennsylvania,
USA (2) found that an ultrasonic deterrent had mixed effects on bat mortality. In
2009, 21-51% fewer bats were killed per deterrent turbine (average 6 bats
killed/turbine) than control turbine (average 9 bats killed/turbine). In the 2010
before-and-after trial, between 2% more and 64% fewer bats were killed at
deterrent turbines than at control turbines when accounting for differences
found between control and deterrent turbines in the ‘before’ trial. The deterrent
emitted continuous ultrasonic broadband noise at 20-100 kHz, with a range of
5-10 m. In 2009 and 2010, 10 randomly selected wind turbines were fitted with
deterrent devices, and 15 randomly selected turbines without the device were
used as controls. In 2009, daily carcass searches were conducted in August-
October. In 2010, the before-and-after trial was conducted with daily carcass
searches in May-July before the deterrent was used, followed by daily searches

in July-October with the deterrent active.

(n Horn J.W., Arnett E.B., Jensen M. & Kunz T.H. (2008) Testing the effectiveness of an
experimental bat deterrent at the Maple Ridge wind farm. A report submitted to The Bats and Wind
Energy Cooperative. Bat Conservation International, Austin, Texas, USA.

(2) Arnett E.B,, Hein C.D., Schirmacher M.R., Huso M.M.P. & Szewczak ].M. (2013) Evaluating
the effectiveness of an ultrasonic acoustic deterrent for reducing bat fatalities at wind turbines.
PLOS ONE, 8, €65794.
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3.6. Deter bats from turbines using low-level ultraviolet light

o We found no studies that evaluated the effects of deterring bats from turbines using low-
level ultraviolet light on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

It has been suggested that bats may approach wind turbines because they
misidentify them as trees (Cryan et al. 2014). [lluminating turbines with
ultraviolet light may help bats to differentiate between wind turbines and trees.
A study in the USA found that the activity of Hawaiian hoary bats was
significantly lower at trees lit with dim flickering ultraviolet lights than at unlit
trees (Gorresen et al. 2015). However, this has yet to be tested at wind turbines.
Cryan P.M., Gorresen P.M., Hein C.D., Schirmacher M.R,, Diehl R.H., Huso M.M., Hayman D.T.S,,
Fricker P.D., Bonaccorso F.J., Johnson D.H., Heist K. & Dalton D.C. (2014) Behavior of bats at
wind turbines. Proceedings of the National Academy of Sciences, 111, 15126-15131.
Gorresen P.M., Cryan P.M., Dalton D.C., Wolf S., Johnson ].A., Todd C.M. & Bonaccorso F.J. (2015)
Dim ultraviolet light as a means of deterring activity by the Hawaiian hoary bat Lasiurus
cinereus semotus. Endangered Species Research, 28, 249-257.

3.7. Remove turbine lighting to reduce bat and insect attraction

e We found no studies that evaluated the effects of removing turbine lighting to reduce bat
and insect attraction on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Lights placed on wind turbines may attract insects and foraging bats, increasing

the risk of collision. However, one study in the USA found fewer bat fatalities at

turbines lit with flashing red aviation lights than at unlit turbines (Bennett &

Hale 2014), and three other studies in the USA found no difference (Johnson et al.

2004, Jain et al. 2010, Baerwald & Barclay 2011).

Baerwald E.F. & Barclay R.M.R. (2011) Patterns of activity and fatality of migratory bats at a wind
energy facility in Alberta, Canada. The Journal of Wildlife Management, 75, 1103-1114.

Bennett V.J. & Hale A.M. (2014) Red aviation lights on wind turbines do not increase bat-turbine
collisions. Animal Conservation, 17, 354-358.

Jain A.A., Koford R.R., Hancock A.-W. & Zenner G.G. (2010) Bat mortality and activity at a northern
Ilowa wind resource area. The American Midland Naturalist, 165, 185-200.

Johnson G.D., Perlik M.K,, Erickson W.P. & Strickland M.D. (2004) Bat activity, composition, and
collision mortality at a large wind plant in Minnesota. Wildlife Society Bulletin, 32, 1278-1288.
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3.8. Paint turbines to reduce insect attraction

e We found no studies that evaluated the effects of painting turbines to reduce insect
attraction on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

There is evidence that bats actively forage on insects around wind turbines (e.g.
Foo et al. 2017). Common turbine colours (white and grey) have been found to
attract significantly more insects than other colours, such as purple (Long et al.
2011). Painting turbines in colours that are less attractive to insects could reduce

bat foraging activity and subsequent fatalities.

Foo C.F., Bennett V], Hale AM.,, Korstian ].M., Schildt AJ. & Williams D.A. (2017) Increasing
evidence that bats actively forage at wind turbines. Peer], 5, e3985.

Long C.V,, Flint J.A. & Lepper P.A. (2011) Insect attraction to wind turbines: does colour play a
role? European Journal of Wildlife Research, 57, 323-331.

3.9. Close off potential access points on turbines to prevent
roosting bats

e We found no studies that evaluated the effects of closing off potential access points on
turbines to prevent roosting bats on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Bats have been observed roosting in the nacelles of wind turbines (Ahlén et al.
2009), as well as in turbine door slats, stairwells and between the gills of the
transformer (Bennett et al. 2017). Closing off potential access points on wind
turbines to prevent bats from roosting may reduce the risk of bat collisions with

turbine blades.

Ahlén I, Baagge H.J. & Bach L. (2009) Behavior of Scandinavian bats during migration and
foraging at sea. Journal of Mammalogy, 90, 1318-1323.

Bennett V.., Hale AM. & Williams D.A. (2017) When the excrement hits the fan: Fecal surveys
reveal species-specific bat activity at wind turbines. Mammalian Biology, 87, 125-129.

3.10. Modify turbine placement to reduce bat fatalities

e We found no studies that evaluated the effects of modifying turbine placement to reduce
bat fatalities.
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‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Positioning wind turbines away from bat roosts, foraging areas and commuting
or migration routes may reduce bat mortality. At wind farms in the USA, bat
fatalities are often dominated by migratory species and are higher during
autumn migration periods (e.g. Arnett et al. 2008, Baerwald & Barclay 2009,
Piorkowski & O’Connell 2010). A review of reports in northwest Europe found
higher fatality rates at wind farms located on forested hills than in flat, open
farmland (Rydell et al. 2010). Spatial patterns of bat fatalities within wind farms
in Europe and the USA have been found in some studies (Arnett et al. 2008,
Baerwald & Barclay 2011, Georgiakakis et al. 2012) but not others (Arnett et al.

2008, Piorkowski & O’Connell 2010).

Arnett E.B., Brown W.K, Erickson W.P,, Fiedler ].K,, Hamilton B.L., Henry T.H,, Jain A., Johnson
G.D., Kerns ]., Koford R.R., Nicholson C.P., O'Connell T.]J., Piorkowski M.D. & Tankersley R.D.
(2008) Patterns of bat fatalities at wind energy facilities in North America. The Journal of
Wildlife Management, 72, 61-78.

Baerwald E.F. & Barclay R.M.R. (2009) Geographic variation in activity and fatality of migratory
bats at wind energy facilities. Journal of Mammalogy, 90, 1341-1349.

Baerwald E.F. & Barclay R.M.R. (2011) Patterns of activity and fatality of migratory bats at a wind
energy facility in Alberta, Canada. The Journal of Wildlife Management, 75, 1103-1114.

Georgiakakis P., Kret E., Carcamo B., Doutau B., Kafkaletou-Diez A., Vasilakis D. & Papadatou E.
(2012) Bat fatalities at wind farms in north-eastern Greece. Acta Chiropterologica, 14, 459-
468.

Piorkowski M.D. & O'Connell T.]. (2010) Spatial pattern of summer bat mortality from collisions
with wind turbines in mixed-grass prairie. The American Midland Naturalist, 164, 260-269.
Rydell ], Bach L., Dubourg-Savage M.-]., Green M., Rodrigues L. & Hedenstrom A. (2010) Bat

mortality at wind turbines in northwestern Europe. Acta Chiropterologica, 12, 261-274.

3.11. Retain a buffer between turbines and habitat features used by
bats

e We found no studies that evaluated the effects of retaining a buffer between turbines and
habitat features used by bats on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

This intervention involves leaving a minimum distance between wind turbines
and bat roosts or habitat features to create a buffer zone. The EUROBAT
guidance on bats and wind turbines recommends a minimum distance of 200 m
between wind turbines and important bat habitats (Rodrigues et al. 2014).

69



Natural England, UK recommends a minimum distance of 50 m from the turbine
blade tip to the nearest bat habitat feature (Mitchell-Jones & Carlin 2012), and
for micro turbines a minimum distance of 20 m has been recommended

(Minderman et al. 2012).

Minderman J., Pendlebury C.J., Pearce-Higgins J.W. & Park K.J. (2012) Experimental evidence for
the effect of small wind turbine proximity and operation on bird and bat activity. PLoS ONE, 7,
e41177.

Mitchell-Jones, T & Carlin C. (2012) Bats and onshore wind turbines interim guidance. Natural
England Technical Information Note TINO51.

Rodrigues, L., Bach, L., Dubourg-Savage, M., Karapandza, B., Kova¢, D., Kervyn, T., Dekker, ]., Kepel,
A, Bach, P,, Collins, ]., Harbusch, C., Park, K., Micevski, B., Minderman, J. (2015) Guidelines for
Consideration of Bats in Wind Farm Projects - Revision 2014. EUROBATS Publication Series No.
6 (English version). UNEP/EUROBATS Secretariat, Bonn, Germany.

3.12. Prevent turbine blades from turning at low wind speeds to
reduce bat fatalities

o Three studies evaluated the effects of preventing turbine blades from turning at low wind
speeds on bat populations. Two studies were in Canada’? and one review was in the
USAS,

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (3 STUDIES)

o Survival (3 studies): Two replicated, controlled before-and-after studies (including one
randomized study) in Canada’-2 and one review in the USAS3 found that bat fatalities were
significantly reduced when turbine blades were prevented from turning at low wind
speeds.

USAGE (0 STUDIES)
Background

Most wind turbines operate by a ‘cut-in’ wind speed at which the turbine begins
to generate electricity and the blades can move at a maximum rotation speed.
However, the blades can still rotate at lower wind speeds when electricity is not
being generated. Shutting down wind turbines when they are not operational
may reduce bat fatalities, which have been found to high at low wind speeds (e.g.
Kerns et al. 2005, Horn et al. 2008, Rydell et al. 2010). Turbine blades may be
locked or the angle of the blades may be changed to be parallel to the wind
(‘feathering’). The ‘cut-in speed’ of wind turbines may also be increased in
combination with this intervention. See ‘Increase the wind speed at which

turbines become operational (‘cut-in speed’) to reduce bat fatalities’.

Horn J.W., Arnett E.B. & Kunz T.H. (2008) Behavioral responses of bats to operating wind
turbines. The Journal of Wildlife Management, 72, 123-132.

Kerns J., Erickson W.P. & Arnett E.B. (2005) Bat and bird fatality at wind energy facilities in
Pennsylvania and West Virginia. Pages 24-95 in: Arnett E. B. (ed.) Relationships between bats
and wind turbines in Pennsylvania and West Virginia: an assessment of bat fatality search
protocols, patterns of fatality, and behavioral interactions with wind turbines. A final report
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submitted to the Bats and Wind Energy Cooperative. Bat Conservation International, Austin,
Texas, USA.

Rydell J., Bach L., Dubourg-Savage M.-]., Green M., Rodrigues L. & Hedenstrom A. (2010) Bat
mortality at wind turbines in northwestern Europe. Acta Chiropterologica, 12, 261-274.

A replicated, controlled before-and-after study in 2005 at a wind farm in an
agricultural area of Alberta, Canada (1) found that preventing turbine blades
from rotating at low wind speeds resulted in fewer bat fatalities than at
conventional control turbines. The total number of bat carcasses recovered by
searchers was significantly lower at experimental turbines shut down at low
wind speeds (64 bats, 40% of total) than at conventional control turbines (95
bats, 60% of total). The number of bat carcasses did not differ significantly
between turbines before the experiment (‘experimental’ turbines: 157 bats, 49%
of total; ‘control’ turbines: 164 bats, 51% of total). In August 2005, all of 39
turbines were operated using conventional methods. In September 2005, odd
numbered turbines (20 of 39) were braked and locked to prevent them from
turning at low wind speeds (<4 m/s). Nineteen control turbines were left
unaltered. Carcass searches were conducted weekly along transects covering a
140 m? area around each turbine in August-September 2005.

A randomized, replicated, controlled before-and-after study in 2006-2007 at
a wind farm in an agricultural area of Alberta, Canada (2) found that preventing
turbine blades from rotating at low wind speeds resulted in fewer bat fatalities
than at conventional turbines. Bat fatality rates were significantly lower at
experimental turbines with altered blade angles (average 8 bats/turbine) than at
conventional control turbines (average 19 bats/turbine). Bat fatality rates did
not differ significantly between turbines before the experiment (‘experimental’
turbines: average 19 bats/turbine; ‘control’ turbines: average 24 bats/turbine).
In 2006, all of 14 turbines were operated using conventional methods. In 2007,
six randomly chosen turbines were altered by changing the pitch angle of the
rotor blades to prevent them from turning at low wind speeds (<4 m/s). Eight
control turbines were left unaltered. Carcass searches were conducted weekly
along spiral transects up to 52 m around each of the 14 turbines in July-
September 2006 and 2007.

A review of six studies in 2006-2011 at wind energy facilities in Canada and
the USA (3) found that preventing turbine blades from turning at low wind
speeds, or preventing turbines blades from turning at low wind speeds along
with increasing the wind speed at which turbines became operational (‘cut-in
speed’) resulted in fewer bat fatalities in all six studies. Average bat fatalities
were reduced by 23-57% when turbine blades were prevented from turning at
low wind speeds, and by 57-89% when cut-in speeds were also increased,
compared to conventionally operated turbines (see original reference for more
detailed results). In all six studies, turbine blades were prevented from turning at
low wind speeds by changing the angle of turbine blades to be parallel to the
wind. In three of the six studies, cut-in speeds were also increased (4-6.5 m/s)
compared to the standard manufacturer’s cut-in speed (3-4 m/s). One study in
this review has been summarised individually (2).
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(n Brown W.K. & Hamilton B.L. (2006) Monitoring of bird and bat collisions with wind
turbines at the Summerview Wind Power Project, Alberta, 2005-2006. Vision Quest Windelectric.
Calgary, Alberta, Canada.

(2) Baerwald E.F., Edworthy ]., Holder M. & Barclay R.M.R. (2009) A large-scale mitigation
experiment to reduce bat fatalities at wind energy facilities. The Journal of Wildlife Management,
73,1077-1081.

3) Arnett E.B, Johnson G.D., Erickson W.P. & Hein C.D. (2013) A synthesis of operational
mitigation studies to reduce bat fatalities at wind energy facilities in North America. A report
submitted to the National Renewable Energy Laboratory. Bat Conservation International. Austin,
Texas, USA.

3.13. Increase the wind speed at which turbines become
operational (‘cut-in speed’) to reduce bat fatalities

e Four studies evaluated the effects of increasing the wind speed at which turbines
become operational (‘cut-in speed’) on bat populations. One study was in Canada' and
three studies were in the USA2-4,

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (4 STUDIES)

e Survival (4 studies): Three randomized, replicated, controlled studies (including one
before-and-after study) in Canada' and the USA24, and one review in the USA3 found that
bat fatalities were significantly reduced when the wind speed at which turbines became
operational (‘cut-in speed’) was increased.

USAGE (0 STUDIES)
Background

Most wind turbines operate by a ‘cut-in’ wind speed at which the turbine begins

to generate electricity and the blades can move at a maximum rotation speed.

Increasing turbine cut-in speeds may reduce bat fatalities, which have been

found to be high at low wind speeds (e.g. Kerns et al. 2005, Horn et al. 2008,

Rydell et al. 2010). Wind turbines may also be prevented from turning below the

cut-in speed. See ‘Prevent turbine blades from turning at low wind speeds to

reduce bat fatalities’.

Horn J.W., Arnett E.B. & Kunz T.H. (2008) Behavioral responses of bats to operating wind
turbines. The Journal of Wildlife Management, 72, 123-132.

Kerns ]., Erickson W.P. & Arnett E.B. (2005) Bat and bird fatality at wind energy facilities in
Pennsylvania and West Virginia. Pages 24-95 in: Arnett E. B. (ed.) Relationships between bats
and wind turbines in Pennsylvania and West Virginia: an assessment of bat fatality search
protocols, patterns of fatality, and behavioral interactions with wind turbines. A final report
submitted to the Bats and Wind Energy Cooperative. Bat Conservation International, Austin,
Texas, USA.

Rydell J., Bach L. Dubourg-Savage M.-]., Green M., Rodrigues L. & Hedenstrom A. (2010) Bat
mortality at wind turbines in northwestern Europe. Acta Chiropterologica, 12, 261-274.

A randomized, replicated, controlled before-and-after study in 2006-2007 at

a wind farm in an agricultural area of Alberta, Canada (1) found that increasing
the wind speed at which turbines become operational (‘cut-in speed’) resulted in
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fewer bat fatalities than at conventional turbines. Bat fatality rates were
significantly lower at experimental turbines with increased cut-in speeds
(average 8 bats/turbine) than at conventional control turbines (average 19
bats/turbine). Bat fatality rates did not differ significantly between turbines
before the experiment (‘experimental’ turbines: average 23 bats/turbine;
‘control’ turbines: average 24 bats/turbine). In 2006, all turbines were operated
using conventional methods. In 2007, 15 randomly chosen turbines were altered
by increasing the cut-in wind speed to 5.5 m/s. Eight control turbines were left
unaltered (cut-in speed 4 m/s). Carcass searches were conducted weekly along
spiral transects up to 52 m around each of the 29 turbines in July-September
2006 and 2007.

A randomized, replicated, controlled study in 2008-2009 at a wind farm in a
forested area of Pennsylvania, USA (2) found that increasing the wind speed at
wind turbines become operational (‘cut-in speed’) resulted in fewer bat fatalities
than at conventional wind turbines. Average bat fatalities were significantly
lower at turbines with increased cut-in speeds (5 m/s: 0.3-0.7 bats/turbine; 6.5
m/s: 0.5-0.6 bats/turbine) than at turbines with conventional cut-in speeds (3.5
m/s: 2 bats/turbine). In July-October 2008 and 2009, two treatments (cut-in
speed increased to 5 m/s or 6m/s) and one control (cut-in speed of 3.5 m/s)
were randomly assigned to three groups of four turbines for 25
nights/treatment. Daily carcass searches were conducted along transects in 120
x 126 m plots centred on each of 12 turbines. If applied to the entire wind farm
(23 turbines), annual power output losses were projected to be 0.3% with cut-in
speeds increased to 5 m/s, and 1% with cut-in speeds increased to 6.5 m/s.

A review of 10 studies in 2006-2012 at wind energy facilities in Canada and
the USA (3) found that increasing the speed at which wind turbines become
operational (‘cut-in speed’), or increasing the cut-in speed along with preventing
rotor blades from turning at low wind speeds, resulted in fewer bat fatalities in
all 10 studies. In eight studies, average bat fatalities were reduced by 47-82%
when cut-in speeds were increased, and by 57-89% when rotor blades were also
prevented from turning at low wind speeds, compared to conventionally
operated turbines (see original reference for more detailed results). Two studies
found that bat fatalities were reduced by 20-38% at wind turbines when cut-in
speeds were increased, but sample sizes were small and differences were either
not statistically signficant or were not tested. In seven of ten studies, cut-in
speeds were increased to 4-6.9 m/s compared to the standard manufacturer’s
cut-in speed (3-4 m/s). In three of ten studies, turbine blades were also
prevented from turning at low wind speeds by changing the angle of the blade
parallel to the wind or turning the turbine out of the wind. Two of 10 studies
reported estimated losses in power generation to be <1% of the total annual
output. Three studies in this review have been summarised individually (1,2,4).

A randomized, replicated, controlled study in 2012-2013 at a wind farm in
Vermont USA (4) found that increasing the wind speed at which turbines become
operational (‘cut-in speed’) at temperatures above 9.5°C resulted in fewer bat
fatalities than at turbines with conventional cut-in speeds. The number of bat
fatalities was 62% lower at wind turbines with increased cut-in speeds (average
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0.5 bats/turbine) than at fully operational turbines (1.4 bats/turbine). At
treatment turbines, cut-in wind speeds were increased to 6 m/s when
temperatures were >9.5°C. Fully operational control turbines had a cut-in wind
speed of 4 m/s. In each year, eight of 16 turbines were randomly assigned the
treatment for 60 nights. Daily fatality searches were carried out in June-
September 2012 and 2013. Rectangular study plots around each turbine were
searched using transects spaced 6 m apart. If applied to all turbines, it was
estimated that the operational changes would result in annual energy losses of
1%.

(1 Baerwald E.F., Edworthy ]., Holder M. & Barclay R.M.R. (2009) A large-scale mitigation
experiment to reduce bat fatalities at wind energy facilities. The Journal of Wildlife Management,
73,1077-1081.

(2) Arnett E.B., Huso M.M.P., Schirmacher M.R. & Hayes ].P. (2010) Altering turbine speed
reduces bat mortality at wind-energy facilities. Frontiers in Ecology and the Environment, 9, 209-
214.

3 Arnett E.B, Johnson G.D., Erickson W.P. & Hein C.D. (2013) A synthesis of operational
mitigation studies to reduce bat fatalities at wind energy facilities in North America. A report
submitted to the National Renewable Energy Laboratory. Bat Conservation International. Austin,
Texas, USA.

(4) Martin C.M., Arnett E.B., Stevens R.D. & Wallace M.C. (2017) Reducing bat fatalities at
wind facilities while improving the economic efficiency of operational mitigation. Journal of
Mammalogy, 98, 378-385.

3.14. Automatically reduce turbine blade rotation when bat activity
is high

e Two studies evaluated the effects of automatically reducing turbine blade rotation when
bat activity is high on bat populations. One study was in Germany?', and one in the USAZ2.

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (2 STUDIES)

e Survival (2 studies): Two replicated studies (one randomized, controlled and one paired
sites study) in Germany' and the USA? found that automatically reducing the rotation
speed of wind turbine blades when bat activity is predicted to be high resulted in
significantly fewer bat fatalities for all bat species combined!.2 and for little brown bats2.

USAGE (0 STUDIES)
Background

This intervention involves the use of automatic bat registration systems to
monitor bat activity and shut down operation of wind turbines when bat activity
reaches a predetermined ‘high’ level.

A replicated, paired sites study in 2012 at eight pairs of wind turbines in
Germany (1) found that using automated ‘bat-friendly’ operating systems that
reduced turbine blade rotation speed resulted in fewer bat fatalities than at
normally operated wind turbines. Total bat fatalities and average collision rates
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were lower at automated turbines (total 2 bat fatalities, 0.01
fatalities/turbine/night) than at normally operated turbines (total 21 bat
fatalities, 0.06 fatalities/turbine/night). At automated turbines, predictive
models identified periods of high fatality risk and low energy yield from bat
activity and wind speed data. During these periods, rotor blades were moved
parallel to the wind to reduce rotation speed according to a target bat fatality
rate (0.01 fatalities/turbine/night). Normally operated turbines rotated freely.
At each of eight sites, automated and normal operating modes were alternated
weekly between two paired turbines over 14 weeks in July-October 2012.
Carcass searches were carried out daily. If applied to all turbines, it was
estimated that automated operation would result in annual energy losses of
2.1%.

A randomized, replicated, controlled study in 2015 at a wind energy facility
in Wisconsin, USA (2) found that using automated ‘Smart Curtailment’ operating
systems that reduced turbine blade rotation speed resulted in significantly fewer
fatalities for all bat species combined and for little brown bats Myotis lucifugus
than at normally operated wind turbines. There was an 83% reduction in
fatalities for all bats and a 90% reduction in fatalities for little brown bats at
automated turbines (all bats: average 3 fatalities/day; little brown bats: 0.3
fatalities/day) compared with normally operated turbines (all bats: 18
fatalities/day; little brown bats: 3 fatalities/day). Twenty turbines were
randomly selected for the study (10 operated by automated systems and 10
normally operated). At automated turbines, fatality risk was calculated by a
predictive model using real-time bat activity and wind speed data every 10
minutes. If fatality risk was high (wind speed 23.5 m/s and >1 bat call detected in
the previous 10 minutes), rotors were slowed (to <2 rpm) for 30 minutes.
Normally operated turbines rotated freely. Carcass searches were carried out
daily at all turbines in June-October 2015. Electricity generation was reduced by

90 MWh/turbine at automated turbines during the study period.

(n Behr O., Brinkmann R., Korner-Nievergelt F., Nagy M., Niermann I., Reich M. & Simon R.
(2016) Reducing the Collision Risk for Bats at Onshore Wind Turbines (RENEBAT II). Reduktion des
Kollisionsrisikos von Fledermdusen an Onshore-Windenergieanlagen (RENEBAT II). Umwelt und
Raum Bd. 7, 368 S,, Institut fiir Umweltplanung, Hannover.

(2) Electric Power Research Institute (2017) Bat Detection and Shutdown System for Utility-
Scale Wind Turbines. Report 3002009038. Palo Alto, California.

Abandoned mines are often used as roosting sites for cave-dwelling bats as they
provide stable microclimates and shelter. However, abandoned mines can be
hazardous to members of the public and are often closed and reclaimed by filling
in, sealing, blasting or gating.
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3.15. Provide artificial subterranean bat roosts to replace roosts in
reclaimed mines

e We found no studies that evaluated the effects of providing artificial subterranean bat
roosts to replace roosts in reclaimed mines on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Artificial subterranean roosts may be provided in proximity to reclaimed mines
to replace lost roosts. Similar interventions are described in ‘Threat: Human
intrusions and disturbance - Caving and tourism - Provide artificial
subterranean roosts to replace roosts in disturbed caves’ and ‘Habitat
restoration and creation - Create artificial caves or hibernacula for bats’.

3.16. Exclude bats from roosts prior to mine reclamation

e We found no studies that evaluated the effects of excluding bats from roosts prior to mine
reclamation on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Excluding bats from roosts within mines prior to reclamation may prevent injury
or death. However, it is important to also consider the short-term and long-term
impacts of exclusion from roosts on the survival and productivity of bat
populations.

3.17. Relocate bats from reclaimed mines to alternative
subterranean roost sites

e We found no studies that evaluated the effects of relocating bats from reclaimed mines to
alternative subterranean roost sites on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background
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It may be possible to relocate bats roosting in reclaimed mines to nearby
alternative subterranean roosts, if conditions are suitable.

3.18. Retain access points for bats following mine closures

o We found no studies that evaluated the effects of retaining access points for bats following
mine closures on bat populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not

the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Access points for bats may be retained following mine closures to prevent
entombment and to allow continued use by roosting bats. For a similar
intervention, see ‘Threat: Human intrusions and disturbance - Caving and
tourism - Retain bat access points to caves’.

3.19. Install and maintain gates at mine entrances to restrict public
access

o Four studies evaluated the effects of installing gates at mine entrances on bat
populations. Three studies were in the USA':34 and one in Australia2.

COMMUNITY RESPONSE (1 STUDY)

¢ Richness/diversity (1 study): One replicated, before-and-after study in the USA#* found
that significantly fewer bat species entered mines after gates were installed.

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, controlled, before-and-after study in Australia
found fewer bats in mines after gates were installed.

USAGE (3 STUDIES)

e Use (1 study): One before-and-after study in the USA3 found that 43 of 47 mines
continued to be used 12 years after gates were installed, however bats abandoned four
mines with ‘ladder’ design gates.

o Behaviour change (2 studies): Two replicated, before-and-after or site comparison
studies in the USA" and Australia? found that bats at mine entrances circled more and
entered mines less after gates were installed.

Background

Gates may be installed at mine entrances to restrict public access and reduce
human disturbance. However, gates can also impede access by bats and early
installation attempts from the 1950s to the 1970s often resulted in roost
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abandonment (Tuttle 1977). For evidence relating to cave gates, see ‘Threat:
Human intrusions and disturbance - Caving and tourism - Install and maintain

cave gates to restrict public access’.

Tuttle M.D. (1977) Gating as a means of protecting cave dwelling bats. Pages 77-82 in: T. Aley &
D. Rhodes (eds.) 1976 National Cave Management Symposium Proceedings, Speleobooks,
Albuquerque, USA.

A replicated, controlled, before-and-after and site comparison study in 2003
at 28 mine and cave sites between Ontario, Canada and Tennessee, USA (1) found
that at mine and cave entrances with gates, bats circled, retreated more and
passed through less often than at ungated entrances. Bats circled and retreated
significantly more and passed through less at entrances with existing mine or
cave gates (37% of bats circled and retreated, 50% passed through) or newly
installed mock gates (60% circled and retreated, 25% passed through) than at
ungated entrances (23% circled and retreated, 68% passed through). Separate
results for mines and caves are not provided. Seven mines or caves had existing
gates (of various designs), twelve mines or caves were ungated and had mock
wooden gates installed (horizontal bars 25 mm diameter with 146 mm spacing).
Ungated entrances were surveyed before and after mock gates were installed. At
each of 28 sites, observations of behaviour were made during 3-4 x 5 minute
periods during 1-2 nights in July-October 2003.

A replicated, controlled, before-and-after study in 2003 at four derelict
mines in a forested area of south-eastern Australia (2) found that installing gates
with 125 mm horizontal spacing resulted in fewer eastern horseshoe bats
Rhinolophus megaphyllus and Schreiber’s bats Miniopterus schreibersii using the
mines and more bats aborted exit and entry flights, whereas gates with
horizontal spacings of 450 mm and 300 mm did not affect bat numbers or
behaviour. Fewer bats used two mines after gates with a 125 mm horizontal
spacing were installed (before: 120 and 540 bats; after: 30 and 290 bats). The
number of bats aborting exit and entry flights also significantly increased (data
reported as standardized results). Gates with horizontal spacings of 450 mm and
300 mm did not significantly affect bat numbers or behaviour. Bat numbers at
two similar control mines either remained constant or increased. Two mines
were fitted with gates (made from 20 mm plastic tubing), and two were left
ungated (controls). In March-April 2003, bat activity at the two experimental
mines was observed in four stages of 11 days each: before gating followed by the
successive addition of horizontal gate bars to reduce the spacing size (to 400,
300 and 125 mm). Bats were logged automatically using infra-red beams, and
night-vision video cameras recorded flight behaviour for 30 minutes at dusk and
dawn.

A before-and-after study in 1991-2004 at 47 gated abandoned mines in
forested areas of Colorado, USA (3) found that 43 of 47 mines with gates of
various designs continued to be used by eight bat species up to 12 years after
installation. None of 43 mines with full gates with or without culverts were
abandoned by bats. Three mines with ladder gates and one mine with a culvert
ladder gate were abandoned by bats. Four types of gate were evaluated, all with
bar spacings of 150 mm. Traditional gates allowed access to bats across the
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whole gate, ladder gates allowed access to bats at the centre only, and both types
of gate were also constructed in metal culverts where mine entrances were too
unstable to anchor the gate itself. Each of 47 mines were surveyed 2-10 times in
1991-2004 using multiple methods (catching, visual counts and infra-red motion
detectors).

A replicated, before-and-after study in 2002-2004 at five pairs of abandoned
mines in northern Idaho, USA (4) found that installing gates resulted in fewer
bats and fewer bat species entering the mines. Significantly fewer bats entered
mines after gates were installed with an overall decrease of 65% across all gated
mines (before: average 29 bat entries; after: 10 bat entries). The number of bats
entering five ungated mines increased by 45% over the same period (‘before’: 20
bat entries; ‘after’ 32 bat entries). Significantly fewer bat species entered the
mines after gates were installed (before: average 2.3 bat species; after: 1 bat
species), but no change was observed at ungated mines (‘before’: 2 bat species;
‘after’: 1.8 bat species). Gates were installed at five of 10 mines in 2002 and 2003.
Gates had vertical supports (10 x 10 x 1 cm iron) and horizontal bars (10 x 10 cm
angle iron) with gaps of <14.6 cm. Each of five pairs of mines was surveyed twice
in July-August in two consecutive years in 2002-2004 (before and after gating).
One mist net survey and one video survey were carried out at the mine entrance

of each site/year.

(D Spanjer G.R. & Fenton M.B. (2005) Behavioral responses of bats to gates at caves and
mines. Wildlife Society Bulletin, 33, 1101-1112.,

(2) Slade C. & Law B. (2008) An experimental test of gating derelict mines to conserve bat
roost habitat in southeastern Australia. Acta Chiropterologica, 10, 367-376.

3) Navo K.W. & Krabacher P. (2005) The use of bat gates at abandoned mines in Colorado.
Bat Research News, 46, 1-8.

4) Derusseau S.N. & Huntly N.J. (2012) Effects of gates on the nighttime use of mines by bats
in northern Idaho. Northwestern Naturalist, 93, 60-66.

3.20. Maintain microclimate in closed/abandoned mines

e  One study evaluated the effects of maintaining the microclimate in an abandoned mine on
bat populations. The study was in the USA?.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One before-and-after study in the USA? found that modifying the
microclimate of an abandoned mine by closing a man-made entrance resulted in a greater
number of bats hibernating within the mine.

USAGE (0 STUDIES)
Background

Closing mines and physically obstructing mine entrances can alter the internal
microclimate and make conditions unsuitable for roosting bats. Adverse impacts
on airflow and water drainage should be avoided. For a similar intervention, see
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‘Threat: Human intrusions and disturbance - Caving and tourism - Restore and
maintain microclimate in modified caves’. See also ‘Threat: Human intrusions
and disturbance - Caving and tourism - Install and maintain cave gates to
restrict public access’ for a study in which a stone wall and gate influenced the
microclimate of a cave with an effect on hibernating bats.

A before-and-after study in 2004-2007 at one mine in Southern Illinois, USA
(1) found that modifying the microclimate within an abandoned mine by closing
a man-made entrance resulted in an increase in the number of hibernating bats,
including Indiana bats Myotis sodalis. Before the entrance was closed, <500 bats
were counted hibernating in the mine and internal temperatures varied widely
during the hibernation period (-2-18°C). After the entrance was closed, internal
temperatures were more stable (11-13°C) and more bats hibernated within the
mine (one year after: 1,500 bats; two years after: 2,500 bats). In summer 2005, a
culvert with a door (1.2 m wide) was built into the horizontal man-made
entrance shaft and the rest of the entrance was filled in. Three other entrances to
the mine were left open. Hibernating bats were counted within the mine in 2004
before the entrance was closed, and in 2006 and 2007 after the entrance was

closed.

(1) Carter T.C. & Steffen B.J. (2010) Converting abandoned mines to suitable hibernacula for
endangered Indiana bats. Pages 205-213 in: Vories K.C, Caswell A.H. & Price T.M. (eds.)
Protecting threatened bats at coal mines: A technical interactive forum. Department of Interior,
Office of Surface Mining, Coal Research Center, Southern Illinois University Carbondale.

3.21. Reopen entrances to closed mines and make suitable for
roosting bats

e We found no studies that evaluated the effects of reopening entrances to closed mines
and making them suitable for roosting bats on bat populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this action
during our systematic journal and report searches. Therefore we have been unable to assess whether or not
the action is effective or has any harmful impacts. Please get in touch if you know of such a study for this
action.

Background

Mines that have previously been closed and sealed may be reopened to provide
roosting sites for bats. Modifications may be required to create access points and
a suitable microclimate for bats.
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4. Threat: Transportation and service corridors

Threats from transportation and service corridors tend to be from the
destruction of habitat and pollution. Interventions in response to these threats
are described in ‘Habitat protection’, ‘Habitat restoration and creation’ and
‘Threat: Pollution’.

For interventions relating to bat boxes, which are often used in response to a
wide range of threats, see the ‘Species management’ chapter.

Roads have been shown to have a negative impact on bats, acting as a barrier to
movement and causing direct mortality due to collisions with vehicles (e.g. see
Altringham & Kerth 2016, Fensome & Mathews 2016). The habitat surrounding
roads may also become unsuitable for bats due to light, noise and chemical
pollution.

There has been little research into the effects of other types of transportation or
service corridors on bats and the following evidence relates to roads only.
However, the interventions described may be applicable to other linear transport
infrastructures, such as railways.

Several interventions involve providing safe passage for bats over or under
roads, with the ultimate aim of increasing road permeability and reducing
mortality so as to maintain bat populations. We found no evidence to show that
crossing structures either increase permeability or maintain bat populations in
proximity to roads. We found evidence that some crossing structures are used by
bats. However, few crossing structures were used by a sufficient proportion of
crossing bats to suggest they would be effective at maintaining bat populations,
e.g. Berthinussen & Altringham (2015) suggest >90% of bats must cross safely

for structures to be effective at maintaining bat populations.

Altringham ]. & Kerth G. (2016) Bats and roads. Pages 35-62 in: Voigt C. C. & Kingston T. (eds.)
Bats in the Anthropocene: Conservation of Bats in a Changing World. Springer International
Publishing, Cham.

Berthinussen A. & Altringham ].D. (2015) WC1060: Development of a cost-effective method for
monitoring the effectiveness of mitigation for bats crossing linear transport infrastructure.
Report for Department for Environment, Food and Rural Affairs (Defra), UK.

Fensome A.G. & Mathews F. (2016) Roads and bats: a meta-analysis and review of the evidence
on vehicle collisions and barrier effects. Mammal Review, 46, 311-323.

4.1. Install underpasses or culverts as road crossing structures for
bats

o Six studies evaluated the effects of installing underpasses or culverts as road crossing
structures for bats. Five studies were in Europe'-5 and one in Australia®.

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (0 STUDIES)
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USAGE (6 STUDIES)

e Use (6 studies): Six studies (including four replicated studies) in Germany, Ireland23, the
UK#5 and Australiaé found that bats used underpasses below roads, and crossed over the
roads above them, in varying proportions. One replicated, site comparison study in
Australia® found that bat species adapted to cluttered habitats used small culverts and
underpasses more than bat species adapted to open or edge habitatsS.

Background

Underpasses may guide bats safely under roads. They have the potential to
reduce the number of bats killed by traffic and increase the permeability of roads
for bats to mai