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1. About this book

1.1
The

1.

1.2

The Conservatiokvidence project

Conservation Evidence project has fiaain parts:

Thesynopsesof the evidence captured for the conservation of particidpecies
groups or habitats, such asistsynopsis. Synopses bring together the evidence
for each possible intervention. They are freely available onlingiarsbme cases
available to purchase in printed book form.

.1y S @S Nit Sdiabalse/ d® suyhiarieof previously published scientific

papers, reports, reviews or systematic reviews that document the effects of
interventions. This resource comprises 08&89pieces of evidence, all available
in a searchable database on the website&w.conservatioevidence.com

. What Works in Conservatignwhich is an assessment of the effectiveness of

interventions by expd panels, based on the collated evidence for each
intervention for each species group or habitat covered by our synofdes.is
available as part of the searchable database and is published as an updated book
edition each yearvfww.conservationevidence.com/content/page/Y.9

. An online,open access journaConservation Evidenqaublishes new pieces of

research on the effects of conservation management interventidiisur papers
are written by, or in conjunction with, those who carried out the conservation
work and include some monitoring of its effects
(www.conservationevidence.com/collection/vigw

The purpose of Conservation Evidence synopses

Conservation Evidence synopses Conservation Evidence synopsts

d

0] not

M

Bring together scientific evidence 1 Include evidence on the basic
captured by the Conservation Evidence  ecology of species or habitats, ¢
project (over6,989studies so far) on the  threats to them

effects of interventions to conserve

biodiversity

List al realistic interventions for the 1 Make any attempt to weight or
species group or habitat in question, prioritize interventions according
regardless of how much evidence for to their importance or the size of
their effects is available their effects
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1 Describe each piece of evidence, 1 Weight or numerically evaluate
including methods, as clearly as possib  the evidence according to its
allowing readers to assess the quality ¢ quality
evidence

1 Work in partnership with conservation § Provide recommendations for
practitioners, pakymakers and scientist ~ conservation problems, but

to develop the list of interventions and instead provide scientific
ensure we have covered the most information to help with
important literature decisionmaking

1.3 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 famna 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 aehibem.

FT2N e

2SS R2 y20 FAY (2 YIF 1S @&2dzNJ a
Aad 02NJ

o8 GStftAy3da e2dz ¢gKIGd SOARSYO
actions could have.

RSO y
S @

AdA2
K S NB

When decisions have to be made with particularly impott@onsequences, 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

OF NNE 2dzi a2adSYFiAO NBOGASga OFly o06S F2dzyR
Caservation at the University of Bangavw.cebc.bangor.ac.gk

1.4 Background

Bats represent approximately one fifth of all mammal species with over 1,400 bat
species currently known to science (Simmons & CirrarZ0l9). They are also the
most widely distributed order of terrestrial mammals occupying all areas of the world
except the Arctic and Antarctica, although the greatest bat diversity is found in the
tropics. Bats provide vital ecosystem services with egiold and economic benefits,
such as pest suppression, pollination and seed dispersal (e.g. Bogle2011, Kunz

et al. 2011). However, the life history of bats (typically low fecundity) makes them
particularly vulnerable to extinction, and widespread population declines have been
documented over the last few decades (e.g. Fetckl. 2019). Many bat species are
threatened, particularly by anthropogenic impacts such as logging and deforestation,
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agriculture, urban and industrial development, pollution, hunting and persecution
(e.g. see Voigt & Kingston 2016, Fretkal. 2019). Climate change and extreme
weather events, sth as heat waves and tropical storms, are also a threat to bats (e.qg.
Sherwinet al.2013).

Five bat species are listed as extinct by the International Union of Conservation for
Nature (IUCN) and almost offiéth of bat species (18%) assessed by the a&N
considered threatened (Friokt al. 2019). However, the actual number may be far
greater given that insufficient data are available to assess the conservation status for
a further 15% of bat species listed by the 1U@Mny newly discovered speciesar

not yet classified or included on the IUCN red, lastd there may benany further
cryptic species which are yet to be describe@onservation efforts have been
successful in reversing population declines for some species, and even preventing
species exhctions. For example, the lesser lengsed bat was recently removed
from endangered species lists in both the USA and Mexico after populations recovered
following batfriendly farming initiatives, education progranes and roost protection

(US Fish & Wilde Service 2016).

Evidencebased knowledge is key for planning successful conservation strategies and
for the costeffective allocation of scarce conservation resources. Targeted reviews
may be carried out to collate evidence on the effects of a paldicconservation
intervention, but this approach is laboimtensive, expensive and-dlited for areas
where the data are scarce and patchy. There is a paucity of evidence within the
literature for the effectiveness of conservation interventions aimelas. As a result,

very few targeted reviews exist, and those that do exist are inconclusive or limited in
scope.

In 2014, we published the Bat Conservation Synopsis to collate evidence for bat
conservation on a global scale (Berthinusstral. 2014). We used aubjectwide
evidence synthesis approach (Sutherlatdl. 2019, Sutherland & Wordley 20380
simultaneously summarize the evidence for the wide range of interventions dedicated
to the conservation of bats. By simultaneously targeting all potential interventions for
bats, we were able to review the evidence for each intervention-effstctivdy and
efficiently. The synopsis is freely availablewatw.conservationevidence.corand,
alongside theConservation Evidenoaline database, provides a valuable asset to the
toolkit of practitioners andpolicy makers seeking sound information to support bat
conservation. We aim to periodically update the synopsis to incorporate new research
andto ensure that the most recent evidence is made available to decisiakers
Updateswere published in2019 (Berthinusseagt al.2019)and 2020 (Berthinussest
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al. 2020) andsothisis thethird update The methods used to update the existing Bat
Conservation Synopsise outlined below

1.5 Scope of the review

1.5.1Review subject

This synthesis focuses on updating the evidence for the effectiveness of global
interventions for the conservation of bats. New evideneasadded to theprevious

Bat Conservation Synopsis (Berthinusseral. 2020), which was produced using a
subjectwide evidence synthesis approach. This is defined as a systematic method of
evidence synthesis that covers entire subjects at once, including all closed review
topics within that subject at a fine scale and analysesyits through study summary

and expert assessment, or through metnalysis; the term can also refer to any
product arising from this process (Sutherlagtcal. 2019)

This synthesis covers evidence for the effects of conservation interventions for wild
bats (i.e. not in captivity). Weave not includel evidence from the literature on
husbandry ofcaptive bats, such as thodeept in zoos. However, where these
interventions are relevant to the conservation of wild declining or threatened species,
they were included, e.g. captive breeding for the purpose of reintroductions. For this
synthesis, conservation interventions include management measures that aim to
conserve wild bat populations and ameliorate the deleterious effects of threats. The
output of the project is an authoritative, freely accessible evideAgase that will
support bat conservation objectives with the latest evidence and help to achieve
conservation outcomes.

1.52 Advisory board

An advisory board made up of international conservationatsl academics with
expertise in bat conservation has been formed. These experts teghumto the
synopsis update dtvo key stages: a) updating the comprehensive list of conservation
interventions for review, and) reviewing the updated draft evidence synthesis. The
advisory board is listed abovend online (www.conservationevidence.com
[content/page/119#batconservation.

1.53 Creating the list of interventions

Forprevious editions of th8at Conservation Synopsiefthinusseret al. 2014,2019,
2020, a comprehensive list of interventions was developed by searching the literature
and in partnership with the advisory board. The list was also checked by Conservation
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Evidence to ensure that it followed the standard structure. Thisnegreviewedby

the advisory boardor the synopsis update, and edited or additional interventions
added if relevant. The ainvasto include all interventions that have been carried out
or advised to support populations or communities of wild bats, whether evidence for
the effectiveness of an intervention is available or not. During the update process
further interventionswere discoveredandintegrated into the synopsis structure.

The list of interventions is organized into categories based on the IUCN classifications
of direct threats www.iucnredlist.org/resources/threatlassificatiorschemg and
conservation actions  (www.iucnredlist.org/resources/conservatieactions
classificatiorschems.

In total, we found 200 conservation and/or management interventions that coeld b
carried out to conserve bat populations. We found evidence for the effects on bat
populations for 81 of these interventions. The evidence was reported &% 2
summaries from 232 relevant publications found during our searches (see Methods
below).

1.6 Methods

Any new evidence found during the synopsis updatssummarised and added to
the previous edition of theBat Conservation Synopsis (Berthinusst¢ral. 2020).
Methods for this update followd those usedoreviously asdescribed below.

1.6.1Literature searches

Literature was obtained from the Conservation Evidence disciplivide literature

database, and from searches of additional subfgmcific literature sourcegsee
Appendiceslc¢4). The Conservation Evidence disciphmée literature database is

compiled using systemiat searches of journals (all titles and abstracts) and report
ASNASaAa OWaNBe fAGSNY GdzZNBQOUT NBfSGFy(d Lzt .
interventions for all species groups and habitatsre saved from each andvere

added to the databaserinal lists of evidence sources searched for this synopses

published in this synopsis documeseg Appendies1c3), and the full list of journals

and report series is published onlin@vww.conservationevidence.cofpurnal
searcherfynopsis.

a) Global evidence

Evidence from all around the wondasincluded.

18


http://www.iucnredlist.org/resources/threat-classification-scheme
http://www.iucnredlist.org/resources/conservation-actions-classification​​-​scheme
http://www.iucnredlist.org/resources/conservation-actions-classification​​-​scheme
http://www.conservationevidence.com/journal​searcher/​synopsis
http://www.conservationevidence.com/journal​searcher/​synopsis

b) Languages included

The following norEnglish journals published in Spanish and Portuguese were
searched for theprevious edition of theBat Conservation Synopsis (Berthinussén

al. 2020) and relevant papers extracted. Due to project constraints, update searches
of these journalswere not carried out. However, we will aim to update them
periodically in the future.

1 Therya Vol. 1, Issue 1 (201Q)Vol. 8, Issue 3 (2@)
1 Gamelys Vol.1 (2011) Vol. 7 (2017)
1 Boletim da Sociedade

Brasileira deMastozoologia Vol. 66 (2013 Vol. 78 (2017)

1 Mastozoologia Neotropical Vol. 1, Issue 1 (1994)Vol. 24, Issue 1 (2017)
71 Chiroptera Neotropical Vol. 1, Issue 1 (1998)Vol. 21, Issu@ (2015)
1 Mammalogy Notes Vol. 1, Issue 1 (2014)Vol. 4, Issue 1 (2017)
1 Revista Mexicana de

Mastozoologia Vol. 1 (1995 Vol. 7, Issue 2 (2017)

Since the last update]l50 additional non-Englishjournals published in Spanish,
Portuguese, German, Russian, Japanese and Péesrarbeersearchedand relevant
papers added to the Conservation Evidence disciphite literature databasdsee
below).All other journals searched are published in Eihglis

c)Journals searched

All journals (and years) listed in AppendixEhglish journals) and Appendix 2 (ron
English journalsyvere searchedprior to or during the completion of this synopsis
update by authors of other synopsemjd relevant papers added to the Conservation
Evidence disciplinevide literature database. An asterisk indicates the journals most
relevant to this synopsis. Othersedless likely to have included papers relevant to this
synopsis, but if they didhose papers wersummarised.

The most relevant journals (marked with an asterisk in Appendix 1) were searched up
to the end of 208 for the previous edition of the Bat Cservation Synopsis
(Berthinusseret al. 2020), and upto the end of 209 for this update No new journal
searcheswere undertaken as the specialist journals most likely to yield studies
relevant to bat conservation are already included.
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d) Reportsfrom specialist websites searched
i) From Conservation Evidence disciphwale literature database

All report series (and yearkigted in Appendix Bave beersystematicallysearched for

the Conservation Evidence projeeind relevant studiesdded to the Conservation
Evidence disciplinwide literature databaseAn asterisk indicates the report series
most relevant to this synopsis. Others are less likely to have included reports relevant
to this synopsis, but if they did they have been summarised.

i) Yecific searches for the Bat Conservation Synopsis

The following specialist reports/websites relevant to bat conservatiod &leeady
been searchedip tothe end of 208 for the previous edition of théBat Conservation
Synopsis (Berthinussest al. 2020). Searches were carried out either by searching
every report title and abstract or summary within each report series or relevant
category, or using key words, and any relevant reports were added to riljeqd
database. For this update, all specialist reports/websites listed balere searched

up to the end of 209.

1 Bat Conservation Internationalfvw.batcon.org resources searched)

71 Bat Conservation Trust, UKww.bats.org.uk resources searched)

1 Rufford Foundation, UKv{vw.rufford.org, report titles searched for category
W. I 1aQo

1 The Vincent Wildlife Trust, Ukwyw.vwt.org.uk report titles searched for
OFGS3I2NE W. I GaQ0

1 Scottish Natural Heritage, Ukww.nature.scot/informationlibrary-data-and-
research/informationlibrary, database of report titles searched using key
G2NR Wol iF Qo

1 Natural England, Ukhttp://publications.naturalengland.org.ukdatabase of
reporttites searK SR F2 NJ Ol GcManamdlbc. W BWOOA S a

1 Department for Food, Environment and Rural Affairs (Defra) Science and
Research projects, UKt{p://sciencesearch.defra.gov. ldatabase of report
GAGE Sa aSIHNOKSR dzaAy3 1S& ¢2NR Wol 1aQo

e) Other literature searches

The online databasewfvw.conservationevidence.cojrwas searched for relevant
publications that have already been summariséfdsuch summaries existed, they
were extracted and added to this synopsis update.
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Where a systematic reviewasfound for an intervention, if the intervention ltha
small literature (20 papers), all publications including the systematic rewesve
summarised.If the intervention ha a large literature 20 papers), then only the
systematic review and any publications published since the rewierg summarised.
Where a norsystematic eview (or editorial, synthesis, preface, introduction eteas
found for an intervention, all relevant publications referenced withivétre included,
but the review itselfwas not summarised. However, if the review also prowde
new/collective data, tha the review itselfvasalso included/summarised (indicating
which other summarized publications it inclutjeRelevant publications cited in other
publications summarised for the synopgisre not included (due to time restrictions).

f) Supplementanyiterature identified by advisory board or relevant stakeholders

Additional journal or specialist website searches, and relevant papers or reports
suggested by the advisory board or relevant stakeholdeese also included,if
relevant

g) Search record atabase

A databasevascreated of all relevant publications found during searches. Reasons
for exclusionwere recorded for allstudies included during screenindput not
summarised for the synopsis.

1.6.2 Publication screening and inclusion criteria

A summary of the total number of evidence sources and papers/reports scrasned
presented inthe diagram in Appendi4.

a) Screening

To ensure consistency/accuracy when screening publications for inclusion in the

literature database, an initial test usintge Conservation Evidence inclusion criteria

(provided below) and a consistent set of references was carried out by authors,
compared with the decisions of the experienced core Conservation Evidence team.
wSadzZ Ga 6SNB Iyl feaSR helzil969)3A sécand Rapgadest Y | LILJII
wasusedto assess the consistency/accuracy of article screening for the first two years

of the first journal searched by each authhere results@ly 2 i a K2 g Wadz adl y
(K=0.66ndy 0 2NJ WI f Y2aild =108MIP)Sadthofs receddi®tisey Sy & oY
training before carrying out further searches.

Authors of other synopses who have searched journals and added relevant
publications to the Conservation Evidence literature database since 2018, and all other
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searchersince 2017 have undertaken the initial paper inclusion test described above;

searchers prior to that have not. Kappa tests of the first two years searched have been
carried out for all new searchers who have contributed to the Conservation Evidence
literature database since July 2018.

We acknowledge that the literature search and screening method used by
Conservation Evidence, as with any method, resuitgaps in the evidence. The
Conservation Evidence literature database currently includes relevant papers from
over300English language journals as well as over 150Emgiish journals. Additional
journals are frequently added to those searched, andryesearched are often
updated. It is possible that searchers will have missed relevant papers from those
journals searched. Publication bias will not be taken into account, and it is likely that
additional biases will result from the evidence that is alz#, for example there are
often geographic biases in study locations.

b) Inclusion criteria

The following Conservation Evidence inclusion critereae used.

Criteria A: Conservation Evidence includes studies that measure the effect of an
intervention that might be done to conserve biodiversity

1. Does this study measure the effect of an intervention that is or was under the
control of humans, on wild taxa (including captives), habitats, or invasive/problem
taxa? If yes, go to 3. If no, 2.

2. Does this study measure the effect of an intervention that is or was under the
control of humans, on human behaviour that is relevant to conserving biodiversity?
If yes, go to Criteria B. If no, the study will be excluded.

3. Could the intervention beut in place by a conservationist/decision maker to
protect, manage, restore or reduce impacts of threats to wild taxa or habitats, or
control or mitigate the impact of the invasive/problem taxon on wild taxa or
habitats? If yes, the study will be inclutldf no, the study will be excluded.

Explanation:

1.a. Study must have a measured outcome on wild taxa, habitats or invasive species:
excludes studies on domestic/agricultural species, theoretical modelling or opinion
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pieces. See Criteria B for intervearis that have a measured outcome on human
behaviour only.

1.b. Intervention must be carried out by people: excludes impacts from natural
processes (e.g. tree falls, natural fires), impacts from background variation (e.g. soil
type, vegetation, climate chmge), correlations with habitat types, where there is no
test of a specific intervention by humans, or pure ecology (e.g. movement, distribution
of species).

2. Study must test an intervention that could be put in place for conservation. This

excludes asssing impacts of threats (interventions which remove threats would be

included) unless the threat acts as an appropriate control for an intervention. For

example, woodland that has been cut down/degraded could be compared with

woodland that has beeractivelyretainedi 2 GSad GKS Ay dSNIBSyGaA2,
g 2 2 R {(profiBe@ that the study states when the intervention was carried GLite

test may involve comparisons between sites/factors not originally put in place or

modified for conservation buivhich could be (e.g. mown vs unmown field margins,

fenced vs unfenced cave entranogsvhere the mowing/fencing is as you would do

for conservation, even if that was not the original intention in the study).

If the title and/or abstract are suggestive fflfilling our criteria, but there is not
sufficient information to judge whether the intervention was under human control,
the intervention could be applied by a conservationist/decision maker or whether
there are data quantifying the outcome, then theudy will be includedor closer
inspection by the synopsis authorf the article has no abstract, but the title is
suggestive, then a study will be included.

We sort articles into folders by which taxon/habitat they have an outcome on. If the
title/abstract does not specify which species/taxa/habitats are impacted, then the full
article will be searched and then assigned to folders accordingly.

The outcome for wild taxa/habitats can be negative, neutral or positive, does not have
to be statistically significant but must be quantified (if hard to judge from abstract,
then it will be included for closer inspection by the synopsis authors). It could be any
outcome that has implications for the health of individuals, populations, species,
communities or habitats, including, but not limited to the following:

1 Individual health, condition or behaviour, including in captivity: e.g. growth, size,
weight, stress, disease levels or immune function, movement, use of
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natural/artificial habitat/structue, range, predatory or nuisance behaviour that
could lead to retaliatory action by humans

1 Breeding: egg/sperm production, sperm motility/viability after freezing, artificial
FSNIAEAT FGA2Y adz00S&aaz YIlIiAy3d adzhdSaax
NBE ONHzA G YSy i Q

1 Genetics: genetic diversity, genetic suitability (e.g. adaptation to local conditions,
use of flyways for migratory species etc.)

1 Life history: age/size at maturity, survival, mortality

1 Population measures: number, abundance, density, presfabsence, biomass,
movement, cover, agstructure, species distributions (only in response to a
human action), disease prevalence, sex ratio

1 Community/habitat measures: species richness, diversity measures (including
trait/functional diversity), commurty composition, community structure (e.g.
trophic structure), area covered (e.g. by different habitat types), physical habitat
structure (e.g. rugosity, height, basal area)

Interventionswithin the scope of Conservation Evidence include:

1 Clear managementinterventions, e.g. closing a cave to tourism, prescribed
burning, mowing, controlling invasive species, creating or restoring habitats
International or national policies

Reintroductions or management of wild species in captivity

Interventions that reduce humawildlife conflict

Interventions that change human behaviour, resulting in an impact on wild taxa
or habitats

= =4 4 2

Seewww.conservationevidence.com/data/indéar more examples of interventions.

Note on study types:

Literature reviews, systematic reviews, metaalyses or short notes that review
studies that fulil these criteria will be included heoretical modelling studies will be
excluded, as no intervention has been taken. However, studies that use models to
analyse realorld data, or compare models to realorld situations will be included

(if they otherwse fulfil these criteria).
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Criteria B: Conservation Evidence includes studies that measure the effect of an
intervention that might be done to change human behaviour for the benefit of
biodiversity

1. Does this study measure the effect of mtervention that is or was under human
control on human behaviour (actual or intentional) which is likely to protect,
manage, restore or reduce threats to wild taxa or habitats? If yes, go to 2. If no, the
study will be excluded.

2. Could the intervention & put in place by a conservationist, manager or decision
maker to change human behaviour? If yes, the study will be included. If no, the
study will be excluded.

Explanation:

1.a. Study must have a measured outcomeagtual or intentional human behaviour
including seHlreported behaviours: excludes outcomes on human psychology
(tolerance, knowledge, awareness, attitude, perceptions or beliefs)

1.b. Change in human behaviour must be linked to outcomes for wild taxa and
habitats, excludes changeshbehaviour linked to outcomes for human benefit, even

if these occurred under a conservation program(e.g. we would exclude a study
demonstrating increased school attendance in villages under a community based
conservation programme)

1.c. Intervention mst be under human control: excludes impacts from climatic or
other natural events.

2. Study must test an intervention that could be put in place for conservation: excludes
studies with no intervention, e.g. correlating human personality traits witHiliked
of conservatiorrelated behaviours.

The human behaviour outcome of the study can be negative, neutral or positive, does
not have to be statistically significant but must be quantified (if hard to judge from
abstract, then it will be includefibr closer inspection by the synopsis authpns could

be any behaviour that is likely to have an outcome on wild taxa and habitats (including
mitigating the impact of invasive/problem taxon on wild taxa or habitats).
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Interventions include, but are not liked to the following:

1 Change in adverse behaviours (which directly threaten biodiversity), e.g.
unsustainable hunting, burning, grazing, urban encroachment, creating noise,
entering sensitive areas, polluting or dumping waste, clearing or habitat
destructon, introducing invasive species.

1 Change in positive behaviours, e.g. uptake of alternative/sustainable
livelihoods, number of households adopting sustainable practices, donations.

1 Change in policy or conservation methods, e.g. placement of protectes are
protection of key habitats/species.

1 Change in consumer or market behaviour, e.g. purchasing, consuming, buying,
willingness to pay, selling, illegal trading, advertising, consumer fraud.

1 Behavioural intentions to do any of the above.

Interventions which are particularly likely to have a behaviour change outcome
include, but are not limited to the following:

1 Enforcement: hunting restrictions, market inspections, increase number of
rangers, patrols or frequency of patrols in, around or within protdcieeas,
improve fencing/physical barriers, improve signage.

1 Behaviour change: promote alternative/sustainable livelihoods, payment for
ecosystem services, ecotourism, poverty reduction, increase appreciation or
knowledge, debunkingnisinformation, altering or renforcing local taboos,
financial incentives.

1 Governance: protect or reward whistldowers, increase government
transparency, ensure independence of judiciary, provide legal aid.

1 Market regulation: trade bans, taxation, sugghain transparency laws.

1 Consumer demand reduction: increase awareness or knowledge, fear appeals
(negative association with undesirable product), benefit appeal (positive
association with desirable behaviour), worldview framing, moral framing,
employng decision defaults, providing decision support tools, simplifying
advice to consumers, promoting desirable social norms, legislative prohibition.

1 Sustainable alternatives: certification schemes, artificial alternatives,
sustainable alternatives.

1 New polcies for conservation/protection.

We allocate studies to folders by their outcome. All studies under Criteria B go in the
W, SKI GA2dzNJ OKFy3ISQ F2f RSN ¢KS@& INB | RRAGA:
if there is a specific intended final outconw the behaviour change (if none
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mentioned, they will be filed only iehaviour chang®

c) Relevant subject

Studies relevant to the synopsis subjeatre those focused on the conservation of
wild, native bats.

d) Relevant types of intervention

An intervention has to be one that could be put in place by a manager, conservationist,
policy maker, advisor or consultant to protect, manage, restore or reducenpacts

of threats to wild, native bats. Alternatively, interventions may aim to change human

behaviour (actual or intentional), which is likely to protect, manage, restore or reduce

threats to bat populations. See inclusion criteria above for furthent®t

If the following two criteriavere met, a combined interventiowascreated within the
synopsis, rather than repeating evidence under all the separate interventions: a) there
are five or more publications that use the same wvwddfined combination b
interventions, with very clear description of what they were, without separating the
effects of each individual intervention, and b) the combined set of interventions is a
commonly used conservation strategy.

e) Relevant types of comparator

To determinethe effectiveness of interventions, studies must include a comparison,
I.e. monitoring change over time (typically before and after the intervention was
implemented), or for example at treatment and control sites. Alternatively, a study
could compare onspecific intervention (or implementation method) against another.
For example, this could be comparing the abundance of a bat species before and after
woodland is restored, or the reduction in bat mortality at wind turbines with different
rotor designsExceptions, which may not have a control bwere still included, are

for example the effectiveness of captive breeding or rehabilitation programmes.

f) Relevant types of outcome

Below we provide a list ohcludedmetrics

- Community response
- Community composition
- Richness/diversity
- Population response
- Abundance: bat activit{relative abundancehumber,presence/absence
- Reproductive successiating success, birth rate, pgurvival
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- Survivalsurvival, mortality

- Condition:body mass, weight, size, forearm length, disease symptoms
- Behaviour

- Uptake

- Use

- Behaviour changenovement, range, timing (e.g. emergence, foraging

period)

- Change in human behaviour
- Other

- Impact on roost sites

- Collisions with cave gates

- Batbox design

- Bat box position

- Humanwildlife conflict

g) Relevant types of study design

The table below lists the study designs included. The strongest evidence comes from
replicated randomized controlled trials with pairegites and beforeand-after
monitoring.

Table 1. Study designs

Term Meaning

Replicated The intervention was repeated on more than one individual or site
conservation and ecology, the number of replicates is much smaller than it v
be for medical trials (whemhousands of individuals are often tested). If t
replicates are sites, pragmatism dictates that between five and ten replica
a reasonable amount of replication, although more would be preferable.
provide the number of replicates wherever possibReplicates should refle
the number of times an intervention has been independently carried out, f
the perspective of the study subject. For example, 10 plots within a mown
might be independent replicates from the perspective of plants withitéd
dispersal, but not independent replicates for larger motile animals such as
In the case of translocations/release of captive bred animals, replicates s
be sites, not individuals.

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

Paired sites Sites are considered in pairs, within which one was treated withrtteavuention

and the other was not. Pairs, or blocks, of sites are selected with si
environmental conditions, such as soil type or surrounding landscape.
approach aims to reduce environmental variation and make it easier to det
true effect ofthe intervention.

Controlled* Individuals or sites treated with the intervention are compared with con
individuals or sites not treated with the intervention. (The treatment is usuy

28




allocated by the investigators (randomly or not), such that theatment or
control groups/sites could have received the treatment).

Beforeand-after | Monitoring of effects was carried out before and after the intervention \
imposed.

Site comparison* | A study that considers the effects of interventions @ymparing sites tha
historically had different interventions (e.g. intervention vs no intervention
levels of intervention. Unlike controlled studies, it is not clear how

interventions were allocated to sites (i.e. the investigators did not allo¢he
treatment to some of the sites).

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

Systematic review| A systematic review follows structured, predefineethods to comprehensivel
collate and synthesise existing evidence. It must weight or evaluate studi
some way, according to the strength of evidence they offer (e.g. sample siz
rigour of design). Environmental systematic reviews are availalte
www.environmentaévidenceorg/index.htm

Study If none of the above apply, for example a study measuring change over ti
only one siteor only after an interventionOr a study measuring use of ne
boxes at one site.

*b2(S GKIG 402y (iNRtfSRé A& Ydzidzt tt& SEOf dzar@gs
controlled and a site comparison. However, one study might contain lathtrolled and site
comparison aspect®.g. study of fertilized grassland, compared to unfertilized plots (controlled) and
natural, target grassland (site comparison).

1.6.3 Study quality assessment & critical appraisal

We did not quantitatively assess the evidence from each publication or weight it
according to quality. However, to allow interpretation of the evidence maslethe
size and design of each study we remaltlear.

We critically appraisg&each potentially relevant study and exclutihose that dd not
provide data for a comparison to the treatmenidahot statistically analyse the results
(or ifincluded thisvasstated in the summary paragraph) leadobvious errors in their
design or aalysis. A record of the reason for excluding any of the publications
included during screeningaskept within the synopsis database.

1.64 Data extraction

Data on the effectiveness of the relevant intervention (e.g. mean species abundance
inside or outside a protected area; reduction in mortality after operational changes to
wind turbines)were extracted from, and summarised for, publications that incldde
the relevant subject, types of intervention, comparator and outcomes outlined above.
A summary of the total number of evidence sources and papers/reports searched and
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the total number of publications included following data extractisrpresentedin
Appendx 4.

At the start of each month, authors swagdthree summaries with another author to
ensure that the correct type of data Habeen extracted and that the summary
followed the Conservation Evidence standard format.

1.65 Evidence synthesis

a) Summary protocol

Each publication usually Bgust one paragraph for each intervention it test
describing the study in (usually) no more than 150 words using plain English. Each
summaryis inthe following format:

A [TYPE OF STUDNN [YEARS X in [HOW MANY SITESn/of [ HABITAT] in
[REGIONand COUNTRY[REFERENCHound that [INTERVENTION[SUMMARY

OF ALL KEY RESUL]Jr [ SPECIES/HABITAT TYREDETAILS OF KEY RESULTS,
INCLUDING DATA In addition, [EXTRA RESULTS, IMPLEMENTATION OPTIONS,
CONFLICTING RESULTS The [DETAILS OF EXPERIMENTAL DESIGN,
INTERVENTION METHODSnd KEY DETAILS OF SITEONTEXT. Data was
collected in [DETAILS OF SAMPLING METHQDS

Type of study seeterms and order in Table 1.

Resultg;only key results relevant to ttedfects of the intervention are included héfean overallresult

for a taxonis given(e.g. total bat activity), the number of species that contributed to the resalss
stated (if reported in theoriginal sourc§. Readers are referred to the original source if there are
additionalor more detailedesults for individual speci¢isat are not includedvithin the summary

Site context for the sake of brevity, only nuances essential to the interpretation of the results are
included. The reader is always encouraged to read the original source to get a full understanding of the
study site(e.g. history of management, physical conditidasidscape contextc.).

For example:

Areplicated studyin 199972004 in a wetland on an islandn Catalonia, Spain
(1) found that all 69 bat boxes of two different designswere used by soprano
pipistrelles Pipistrellus pygmaeusvith an average occupancy rate of 71%®uring
at least one of the four breeding seasons recorded, 96% of boxes were occupied
and occupation rates by females with pups increased from 15% in 2000 to 53% in
2003. Bat boxpreferences were detected in the breeding season only, with higher
abundance in easffacing bat boxes (average 22 bats/box) compared twest-
facing boxes (12 bats/box), boxes with double compartments (average 25
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bats/box) compared to single compartments (2 bats/box) and boxes placed on
posts (average 18 bats/box) and houses (average 12 bats/box). Abundance was
low in bat boxes on trees (average 2 bats/boxA total of 69 wooden bat boxes (10
cm deep x 19 cm wide x 20 cm high) of two types (44 single and 2uble
compartment) were placed on three supports (10 trees, 29 buildings and 30
electricity posts) facing east and westrom July 2000 to February 2004, the boxes
were checked on 16 occasions. Bats were counted in boxes or upon emergence
when numbers weae too numerous to count within the box.

(1) Flaquer C., Torre I. & Ruidarillo R. (2006) The value of baboxes in the conservation
of Pipistrellus pygmaesin wetland rice paddies.Biological Conservation128, 22%230.

A replicated, randomized, controlled, beforeand-after study in 199371999 of
five harvested hardwood forestsin Virginia, USA(2) found that harvesting trees
in groups did not result in higher salamander abundances than clearcutting
Abundance was similar between treatments (group cut: 3; clearcut: 1/30 A).
Abundance was significantly lower compared to unharvested plots (6/30 A).
Species composition differed before and three years aftbarvest. There were five
sites with 2 ha plots with each treatment: group harvesting (23 small area group
harvests with selective harvesting between), clearcutting and an unharvested
control. Salamanders were monitored on 915 transects (2 x 15m)/plot at night
in AprilzOctober. One or two years of prdiarvest and k4 years of postharvest

data were collected

(2) Knapp S.M., Haas C.A., Harpole D.N. & Kirkpatrick R.L. (2003) Initial effects of clearcutting
and alternative silvicultural practices on terrestrial salamander abundanceConservation Biology
17, 752762.

b) Terminology used to describe the evidence

Unless specifically stated otherwise, results reflect statistical tests performed on the
data, i.e. we only state that there wadiference if it was a significant difference or
state that there was no difference if it was not significant. Table 1 above defines the
terms used to describe the study designs.

c) Dealing with multiple interventions within a publication

When separate rsults are provided for the effects of each of the different
interventions tested, separate summaribave beernwritten under each intervention

heading. However, when several interventions were carried out at the same time and

only the combined effect repted, the resuls were described with a similar

paragraph under all relevant interventions. The first sentence rmikdéear that there

gla | O2YO0AYylFGA2y 2F AYOGSNBSYyGA2ya O NNA
intervention], along with [y] and [z inteBry G A2y a6 NBadzZ §SR Ay ®©ORS
Within the results section we also aeldl &Sy 4§ Sy O0S &adzOK Fay WLG A
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these effects were a direct result of [x], [y] or [z] interventions’, or 'The study does not
distinguish between the effects @f], and other interventions carried out at the same
time: [y] and [z].'

d) Dealing with multiple publications reporting the same results

If two publications descrilgbresults from the same intervention implemented in the
same space and at the same time, we only inctutlee most stringently peer
reviewed publication (i.e. journal of the highest impact factor). If one indudgial
results (e.g. after year one) of ater (e.g. after &3 years), we only includethe
publication covering the longest time span. If two publications desdrieleast
partially different results, we includiboth but made it clear theywerefrom the same
LINE 2S00 Ay UKS cortiblidd sfidid-. (@Ealagh&tdaH 1999 Wdame
experimental seup as OasistalH T A MO PDPPQ O

e) Taxonomy

Taxonomywasnot updated but folloved that used in the original publication. Where
possible, common names and Latin namese both given the first time each species
wasmentioned within each summary.

f) Key messages

Each intervention for which evidence is fouhds a set of concise, bullete key
messages at the topyhich waswritten once all the literature hdtbeen summarised.
These include information such as the number, design and location of studies
included.

The first bullet point descritsthe total number of studies that tested thetervention

and the locations of the studies, followed by key information on the relevant metrics
presented under the headings and shbadings shown below (with number of
relevant studies in parentheses for each).

1 X studieexamined the effects of [INTERVENTION] on [TARGET POPULATION].
in [LOCATION-34nd Z studies were in [LOCATI@N 2]
Locations will usually be countries, ordered based on chronological order of studies rathe
alphabetically, i#SA, Australfanot AustrafidJSA However, when more tHaiseparate countri
they may be grouped into regions to make it clearer e.g. Europe, North America. The disi
amongst habitat types may also be added here.if relevant
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COMMUNITRESPONSE STUDIES)

1 Community composition (x studies):

1 Richness/diversity (x studies):

POPULATIORESPONSE STUDIES)
1 Abundance (x studies):
1 Reproductive success (x studies):
1 Survival (x studies):
1 Condition (x studies):

BEHAVIOUR STUDIES)
1 Uptake (x studies):
1 Use (x studies):
1 Behaviour change (x studies):

OTHERX STUDIES®ncluded only for interventions/chapters where relevant)
1 [Subheading(s) for the metric(s) reported will be created] (x studies):

If no evidencavasfound for an intervention, the following textasadded in place of

the key messages above:

6 We found no studies that evaluated the effects of [INTERVENTION] on [TARGET

POPULATION].

6We found no st udi efeudd amestdies that hagetdireatly evaluamtedethisn o t
intervention during our systematic journal and report searches. Therefore we have no evidence to
indicate whether or not the intervention has any desirable or harmful effects.

g) Background information

Background information foman interventionis providedto describe the intervention

and where we feel recent knowledge is required to interpret the evidence. This is
presented before the key messages and relevant references included in the reference
list at the end othe intervention section. In some cases, where a body of literature
has stong implications fobat conservationput does not directly test interventions

for their effects, wemay alsorefer the reader to this literature in the background

sections.

1.6.6 Dissemination/communication of evidence synthesis

Theinformation from this synopsis update will be available in three ways:
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1 Thisupdated synopsis pdf, downloadable fromww.conservationevidence.com
which contains the study summaries, key messages and background information
on each intervention.

9 The searchable database atvw.conservationevidence.comvhich contairs all
the summarized information from the synopsupdate, along withupdated
expert assessment scores.

1 A chapter inWhat Works in Conservatipavailable as a pdf to download and a
book from www.conservationevidence.com/content/page/79which contairs
the key messages from the synopsis as wellpatedexpert assessment scores
on the effectiveness and certainty of the synopsigth links to the online
database.

1.7 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 faotding, such as by students, teachers or anyone
wanting to find out more about bat conservation.

This synopsis can be used to guide consemwatactions 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. Forexample, ask yourself:

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

How dependent are they on local conditions?
How strong is the evidence one way or another?

= =4 -4 -2

Apply the information to your situation ardecide 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.
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An expert assessment of the effectiveness of interventions based on the summarized
evidence is ats available as a chapter iWhat Works in Conservation
(www.conservationevidence.com/content/page/y.9

IMPORTANT NOTFHnterpreting the evidence

Care must be taken when interpreting somiethe 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 beirlglled 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 naooimg to be detected.

Also, 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 thatire conservation efforts

will be appropriate and effective.

1.8 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 our webgiten.conservationevidence.com

If you have new, unpublished evidence, you can submit a paper t€tmservation
Evidencejournal. We particularly welcome papers submitted by conservation
practitioners.
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2. Threat: Residential and commercial development

Threats fromresidential and commercialdevelopmentcaninclude the destruction

of habitat, pollution and impacts from transportation and service corridors.

)y T OAOOGAT OETI T O ET OAODPI 1T OA @dbitatOpeotkaiidhd OE OAA OC
®labitat restoration and creatiord 4 E OAAOqd and G4 EADEA GG 4 OAT ODPT OC
and service corridoré l&terventions that are more specific to development are

discussed in this chapter, including the use of bat boxes within building

developments. For general intervention s relating to bat boxes, which are often

OOCAA ET OAODPI T OA OF A speded maddgbnedt A ZEADEDHABA O

Residential development can alseesult in an increase in domestic cats, whicban
prey on bats. Interventions that involve reducing bat predation by cats are
described in@hreat: Invasivespecies andlisease Invasive specids 8

2.1. Retain existing bat roosts and access points within
developments

1 Threestudesevaluatethe effects oftainingxisting bat rooatsd access poimtghin
developments bat populatioiisvo studies were in the3dKd me wasnIreland

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONS@STUIES

BEHAVIOURSTUIEY

1 Use 8 studes): One beforandafter study imelanéfound similar nungef brown
longeared bateoostingvithin an attic after existing access points were retained during
renovation©nereplicatedyeforeandafter study in the d8und thaburof nine bat
roosts retained within developments weias usz@rnity colonjga two casdsy
similar ogreatenumbersf batsafter development had taken @aeereview in the
UK found that bats usedHtiwials of retained and modified batafiestdevelopment
and retained roosts waoee likely to be used than newly created roosts

Background

Many bat species are known to roost in the crevices and roof voids of buildings.
Existing roosts and their access pointsmay 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@reate altenative bat roosts within developments Al A
®Relocate access points to bat roosts within developménss

A before-and-after study in 2004z2008 of one building renovation in Ireland
(1) found that retaining four existing bat access points, along with restricting the
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timing of roofing work, resulted in similar numbers of brown long-eared bats
Plecotus auritususing a roost within an attic before and after renovations Fifteen
brown long-eared bats were counted roosing in the attic space of the building
before the renovationwork . After the renovation work, sixteenbrown long-eared
bats were recorded exiting the roost through the retained access points. The
building was an 18" century Georgian house that had the mfing 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 att was
surveyed once in 20@ before the renovations, and once with an emergence
survey in September 2008 after the renovations.

A replicated, beforeand-after study in 2011z2015 of nine bat maternity
roosts retained within building developmentsacross Scotland, UK2) found that
four of nine retained roosts were used by maternity colonies after development,
and two of the roosts were used bygreater or similar numbers of bats Average
roost counts before and after developmentat the four roosts either remained
stable (before:2 brown long-eared batsPlecotus auritusafter: 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 batdroppings only). The other five roosts were not used
at all (two brown long-eared bat roosts, two common pipistrellePipistrellus
pipistrellus roosts) or had signs of use by bats at a later dat®rie whiskered bat
Myotis mystacinusroost). Original roosts were either retained Eeven sites) or
partially retained (two sites), and original access points were reinstatedlhe
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 emrgence or dawn reentry survey
between May and September 2015.

A review in 2018 of 283 studies of building developments in the UK3] found
that two-thirds of retained and modified bat roosts were used by bats after
development, and retained roosts were rare likely to be used than new bat lofts
or bat boxes installed to replace destroyed roosts. Bats used 67% of roosts that
were retained and modified during reroofing work, whereas 52% of newly created
bat lofts and 31% of bat boxes were used (the number bats using roosts and bat
lofts/bat boxes before and after developmentvere not reported). Bats were four
times more likely to be present in retained roosts than in new bat lofts and bat
boxes installed to replace destroyed roosts (data reported as statisal model
results). Retained roosts with enhancementsuch agimber crevices and squeeze
boxes, were six times more likely to be used by pipistrelleBipistrellusspp. than
those without enhancements. Retained roosts were also used by brown long
eared bats Plecotus auritusand Myotis spp. (see original report for data for
individual species). The 283 studies (52 for retained and modified roosts, 112 for
bat lofts, 119 for bat boxes; dates not reported) were collected from multiple
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sources, including pratitioner reports and licence applications from across the
UK, and reviewed in 2018.

(1) Aughney T. (2008) An investigation of the impact of development projects on bat
populations: comparing preand postdevelopment bat faunas. Irish Badlonitoring Programme Bat
Conservation Ireland.

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

3) Lintott P. & Mathews F. (2018)Reviewing the evidence on mitigation strategies for bats in
buildings: informing bestpractice for policy makers and practitionersReport for the Chartered
Institute of Ecology and Environmental Management (CIEEM), UK.

2.2. Relocate access points to bat roosts within
developments

1 Twostudesevaluatethe effects of relocating access fwobt roostvithin building
developmenbn bat populatio@ne study was in Irelaamdi one ithe UK

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONS® STUDIES)

BEHAVIOUR STUIES

1 Use 2studes): One beforandafter study in Irelafalnd that fewer brown-&argd
bats used a roost after the access points were, @hocatedats were observed flying
through ther@ne beforandafter study in theddsund that few lesser horseshoe bats
used an alternatbiemda 6a dema g oesdinoa buildngi t h a
development, but the number of bats using the roost increased after an access point with a
6straightodé design was installed.

Background

This intervention involves relocating the access points to a bat roost whin a
building developmentwhen the original access haseen removed or altered. This
could involve leaving gaps in brickwork,lead flashing or sofits, or the use of
purpose-made ridge and roof tilesbat bricks, tubes or chutesFor an intervention
OEAO ET Oi 1 OAO OAOAEIT EI RetaiA existingidat rapstsfaAddA AOO DI
access points withimlevelopments

A before-and-after study in 2004z2008 of one building renovation in Ireland
(1) found that after relocating the access points to a bat roost withiman attic
during renovations, fewer brown longeared batsPlecotus auritusused the roost
and no bats were observed flying through thenew access points.Before the
renovations, 19 and eight brown long-eared bats were recorded exiting the roost
through two original access pointsAfter 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 19 century brick
house. During renovatio work, two bat access points consisting of angled slats
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j O1' T OO0OAOG8q xAOA ET OOAI T AA ET OEA OIT &£ ET 1/
points. Renovations were completed in early 2007. Emergence counts were

carried out once in June 2004 beforehie renovations, and once in August 2008

after the renovations. An internal inspection was carried out in October 2008.

A before-and-after study in 199372016 of one building development in the UK
2q &I 01 A OEAO AT Al OAOT AGEOGA AAAAOO bDPiETO
increase in lesser horseshoe batRhinolophus hipposiderogsing the basement of
OEA AOEI AET ¢ AO A O11 O006h AOO AT AAAAOGO PIE
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
AAAAOGO PTI ET O xEOE A OAAT A8 ET ¢mmmh A OEI E
not reported), but only two were observed reentering. In 2001, the access point
xAO 11T AEZEAA O A OOOOAECEOS8 AAOECT AT A
increasedovera5-UAAO DAOET A jg¢nmecd ¢x AAOON c¢mpodq
consisted of a 90° turn at the basef a short vertical shaft and was in place for 11
iTT OE08 4EA OOOOAECEOS6 AAOGECT AT T OEOOAA 1 A
flight route with a clear flight line into the roost. The building was a large manor
house converted into a hotel in 20092001. Counts of emerging bats were carried
out at least once/year between May and July in 1992000. Emergence and re
entry counts were carried out three times/year in 200z2001. Biennial counts

were carried out in Julyin 2002z2016.

(1) Aughney T. (2008) An investigation of the impact of development projects on bat
populations: comparing preand postdevelopment bat faunas. Irish Bat Monitoring Programnigat
Conservation Ireland

(2) Reason P.F. (2017) Designing a new access point foesser horseshoe bats,
Gloucestershire, UKConservation Evidencd 4, 5%57.

2.3. Install sound  -proofing insulation between bat roosts
and areas occupied by humans within developments
1 We found nstudies that evaluatbeé effects of installs@uneproofing insulation
between bat roosts and areas occupied by humans within devebappentsations

O0We found no studiesd6 means that we have not y e
intervention during systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Soundproofing insulation installed between bat roosts and areas occupied by
humans within d evelopments may reduce the risk of bats being disturbed by
noise. This could also reduce the potential for humans to be disturbed by noise
from bat roosts and maytherefore reduce humanwildlife conflict. For a more

s X oz

Z Noise pollutionz Install sound barriers in proximity to bat roosts and habitais8
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2.4. Create alternative bat roosts within developments

1 Eleverstudesevaluatethe effects ofeating alternativa lbosts within developments
on bat populatiohinestudeswerein Europ@4a4b.5.6.7.8a8and two were in the USA

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONSE STUDIES)

BEHAVIOUR1STUIEY

1 Use: 11 studies)Tworeplicated studies in the1agd UR found that bats did not use
anyof thealternative roogtsovidedn bat housé®sr a purpodeuilt bat wéllafter
exclusion from buildingweestudes {woreplicatedn theUSA andUKe6 and one
review in the ®BJund thaiat boxés® or bat lofts/bak#8 were used by bats &t 13
74% of development sites, and bat lofts/barns wereatsedityycolonies at one of 19
development site§hreeof fve beforeandafter studies Patugak Irelané, Spain
and the U¥a found that bat colonies used pdopdseoosts in higher similar
numbers-8aafter the original roosts were destibgedthemtostudie¥*afound that
bats used purpdseilt roostin lower numbers than the originalQoesteview in the
UK found that new bat boxes/lofts built to replace destroyed roosts were four times less
likely to be used by returning bats than roosts retained during development.

Background

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

For an intervention that involves retaining existing bat roosts withn
AAOAT T bi ATRét@rh exishidgAbat Goosts and access points within
developmentd For general interventions relating to bat boxes, se¢he Gpecies
managemenéchapter.

A replicated study in 198&1990 at an urban institute in New York, USA1)
found that displaced little brown bats Myotis lucifugusdid 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 0.0022mnstalled 34 m
high on treeg, eight small bat houses (20 A5 x 15 cm with partitioned spaces
installed 2z7 m high on building wallg, 11 Bat Conservation International (BCI)
style bat houses (50 x 20 x 15 cmnstalled 227 m high on building wallg and four
I AOCA O- EOOT OOE6 OOUI A diiicded Epad@<hll@v apd; 8 0 @ p
an attic-like space aboveinstalled on building roofy. Bats were excluded from five
buildings in 198871990 due to renovations Bats were captured and confined to
bat houses overnighton 1z4 occasiongyear between May and Augusin 19887
1990 with the aim of increasinguse of the bat housesThirty-nine of 43 bat houses
were regularly checkedfor bats between May and Augusi988z1990.
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A replicated study in 1991993 in an urban area of Pennsylvania, USR)
found that maternity colonies ofbig brown bats Eptesicus fuscuand little brown
bats Myotis lucifugusused pairs of bat boxes at five of nine sitexter they had been
excluded from buildings. Atthe four sites where boxes were not used, bats either
re-entered the building, bund new roosts nearby orwere not seen again All
occupiedbat boxesfaceda southeastern or southwestern aspect and received at
least seven hours of direct sunlight. Unoccupied bat boxes received less than five
hours of direct sunlight. Eaclof nine sites had a maternity colony of>30 bats that
were excluded from buildingsin 199171992. Homeownersinstalled 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 buildingclose to the aiginal roost.
Emerging bats were counted on two nights in Madune and JurgAugust in 1992
or 1993.

A replicated, before-and-after study in 199172001 of nine buildings across
Scotland, UK ) found that five of nine roosting spaces installed within the roofs
of the buildings were used by soprano pipistrelleipistrellus pygmaeusbut the
number of bats declined at four of the five roosts. Of th@ne bat boxes, four were
not used by bats, far 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 batsgreater numbers than the
original roost (original roost: 280 bats;roosting space 682 bats). Seven of the nine
roosting spaces were designed for soprano pipistrelles. Two of the nine roosting
spaces were designed for other bat species (common pipistrelleBipistrellus
pipistrellusand brown long-eared batsPlecotus auritug 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 honan inhabitants.
The size and design of the roosting spaces varied (see origimaport for details).
Emergence counts and/or internal inspections were carried out 45 times/year
over 1710 yearshbefore construction and over k4 years after construction ateach
site between 1991 and 2001.

A before-and-after study in 200022007 of a residential development in
Portugal (4a) found that an alternative roost was used by fewer European free
tailed bats Tadarida teniotisthan the original roost in a nearby 15storey building.
In 2000, the original roost was used by 10@&European freetailed bats. Following
demolition of the original roost, 22European freetailed batswere counted in the
alternative roost in 2006, and 11 in 2007. Small numbers of serotine baEptesiais
serotinus (2006: 12 bats; 2007: 11 bats) and soprano pipistrellesipistrellus
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 recreateroosting crevices with
similar temperatures. Fitty bats were captured and released at the alternative
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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 2003z2007 of a building development in
southwest Ireland (4b) found that an alternative roost in a loft within an
outbuilding was used by asimilar number of lesser horseshoe bat&fkhinolophus
hipposiderosas the original roost in a nearby cottage. In 2003, 150 lesser
horseshoe bas 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 wee 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 originaoost in 2003 and at the alternative roost
in 2005 and 2007.

A review of 389 bat mitigation licences issuedan 2003z2005 in England, UK
(5) found that 26 of 35bat lofts and barnsandthree of 24 bat boxeswere used by
bats after development Bats were dund to be present in 26 of 35 (74%) bat lofts
or barns after development, and in 3 of 24 (13%) bat boxes. The roost stajusat
species andnumber of bats using the roosts before and after developmentere
not reported. Most licensees (67%) failed to submt post-development reports,
and postdevelopment monitoring was conducted at only35 of 374 (9%) bat
lofts/barns, and 24 of 1,690 (1%) bat boxesThe licences analyse@ere submitted
to Natural England between 2003 and 200%nd were issued for three typesof
development (renovation, conversion and demolition).

A replicated, beforeand-after study in 201172015 of 19 building
developmentswith alternative bat maternity roosts across Scotland, UKg) found
that three bat boxesprovided at one sitewere used ky a maternity colony, butbat
boxes and loftsat 18 other sites were not usedy maternity colonies. At one site,
a group of three bat boxegSchwegler design 1FFH) was used by a maternity
colony of soprano pipistrellesPipistrelluspygmaeusafter development, butfewer
bats used them than the original roos{average count in original roost: 62 bats;
average count in bat boxes after development: 20 batshlternative roosts at 18
other sites (16 with heated or unheated bat boxegwo with bat lofts) were not
used by maternity colonies, but somégtwo bat boxes,one bat loft) were used by
2z5individual bats. Bat boxes were mounted internally or externally on developed
buildings, or on nearby treeseither singly or in groups (Z15 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 applicaions. Bats were counted at each roost after development
during at least one dusk emergence or dawn rentry survey between May and
September 2015.

A before-and-after study in 201472016 in one agricultural site in Navarra,
Spain (7) found that four bat species colonized two artificial roosts and a bat box
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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 thanin
previous counts in the destroyed roost (47 vs 907200 Ceoffroy's bats Myotis
emarginatus 93 vs 50greater horseshoe batdRRhinolophus ferrumequinum44 vs
33 lesser horseshoe batRhinolophus hipposidergs Additionally, 36 common
pipistrelles Pipistrellus pipistrellusroosted in one bat boxplaced 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 3.24 m), 100 m apart, were constructed as
artificial roosts for bats roosting in a building destroyed in 2013A bat box was
placed inside one of the artificial roosts. Bats were counted weekly from mieApril
to mid-July 2015 and 2016 using an infrared light.

A beforeand-after study in 2010z2017 of one residential building
development in the Caéswold Hills, UK @a) found that a purposebuilt bat house
was used by a brown longeared batPlecotus auritusmaternity colony after the
original roost in a farmhouse loft was demolished. In 2010 (the year before
demolition), the original roost was used by 812 bats. In 201 (two years after
construction), 20z22 bats were recorded in the new bat house, although no
juveniles were counted, and numbers were lower in 20142017 (range 1z11
bats). Small numbers of common pipistrelle batRipistrellus pipistrelluswere also
observed using roost features on the bat house (data not reported). The bat house
xAO AT T OOOGHEMPPAGETo Tl OFEOT T OEA 1T OECET Al
such as bat tiles, ridge beam access points, waltegrated 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 202017 including daytime
inspections and &ening emergence counts on43 separate occasions/year

A beforeand-after study in 2010z2017 of one residential building
development in the Caswold Hills, UK (8b) found that a purposebuilt bat wall
was not used by a common pipistrell@ipistrellus pipstrellus 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 mabers of individual
bats (0z3 bats/year) and was not used as a maternity roost. The bat wall was
constructed on the easffacing gable wall of an existing hay barn 30 m from the
original roost. It included multiple stone crevices leading to internal cavitis and
five wall-integrated bat boxes(Schweglerdesign 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 2012017 including daytime
inspections and evenng emergence counts on43 separate occasions/year

A review in 2018 of 283 studies of building developments in the UK} found
that just over half of newly created bat lofts and a third of bat boxes were used by
bats, and new roosts built to replace destroyed roosts were less likely to be used
than existing roosts that were retained and modified. Bats were present in 52% of
newly created bat lofts after development, and in 31% of bat boxes (the number
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of bats using roosts and bat lofts/bat boxes before and after developmemtere
not reported). New bat lofts and bat boxes built to replace destroyed roosts were
four times less likely to ke used by bats than roosts retained and modified during
reroofing work (data reported as statistical model results) Bat lofts and bat boxes
were used by common pipistrellesPipistrellus pipistrellus soprano pipistrelles
Pipistrellus pygmaeusbrown long-eared batsPlecotus auritusand Myotisspp. (see
original report for data for individual species). The 283 studies (112 for bat lofts,
119 for bat boxes, 52 foretained and modified roosts; dates not reported) were
collected from multiple sources, includng practitioner reports and licence
applications from across the UK, and reviewed in 2018.

(1) Neilson A.L. &enton M.B. (1994) Response of little browiMyotisto exclusion and to bat
houses.Wildlife Society Bulletin 22, &14.
(2) Brittingham M.C. & Williams L.M. (2000) Bat boxes as alternative roosts for displaced bat

maternity colonies.Wildlife Society Bulletin 28, 19%207.

3) Bat Conservation Trust (2006)A review of the success of bat boxes in houSzottish
Natural Heritage Commissioned Report No. 160.
4) Marnell F. & PresetnikP. (2010) Protection of overground roosts for bats (particularly

roosts in buildings of cultural heritage importance)EUROBATS Publication Serié¢o. 4 (English
version). UNEP / EUROBATS Setariat, Bonn, Germany

(5) Stone E.L., Jones G. & Harris S. (2013) Mitigatithe effect of development on batén
England with derogation licensing.Conservation Biology27, 13241334.

(6) Mackintosh M. (2016) Bats and licensing: a report on theuccess of maternity roost
compensation measuresscottish Natural Heritage Commissioned Report No. 928.

(7N Alcalde J.T., Martinez I., Zaldua A., & Antén . (20)nservation of breeding colonies of
cavedwelling bats using manmade roosts Conservacion de colonias reproductoras de
murciélagos cavernicolas mediante refugios artificialesdournal of Bat Research & Conservatj@g.
(8) Garland L., Wells M. & Markham S. (2017) Performance of artificial maternity bat roost
structures near Bath, UKConservéion Evidence 14, 4451.

9) Lintott P. & Mathews F. (2018)Reviewing the evidence on mitigation strategies for bats in
buildings: informing bestpractice for policy makers and practitionerfkeport for thethe Chartered
Institute of Ecology andEnvironmental Management{(CIEEM), UK.

2.5. Change timing of building work

1 Onestudy evaluatethe effects ohanging the timing of buildingowédt populations
The study was in Ireland

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONS@® STUDIES)
BEHAVIOUR STUDY)

1 Use (1 studyOne beforandafter study in Irelafmlind that carrying out roofing work
outside of the bat maternity season, along with retaining bat access points, resulted in a
similar number of brownéamgd bats continuing to use a roost within an attic.

45



Background

To reduce disturbance to batspuilding work may be avoided at times of year
when they are most vulnerable such as during hibernation and thematernity
season.

A before-and-after study in 2004z2008 of one building renovation in Ireland
(1) found that carrying out roofing work outside of the maternity season along
with retaining existing bat access pointsresulted in a similar number of brown
long-eared batsPlecotus auritususing a roost within an attic before and after
renovations. Fifteen brown longeared bats were countedroosting in the attic
space of the building before renovatiorwork . After the renovation work,, sixteen
brown long-eared bats were recorded exiting the roost through the retained
access points. The building was an IBcentury 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 preand post-development bat faunas. Irish Bat Monitoring Programnigat
Conservation Ireland

2.6. Exclude bats from roosts during building work

1 One studyevaluatethe effects of excluding bats from roosts during buitshnigaivork
populationg he study was in thé. UK

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONSE® STUDIES)

BEHAVIOUR STUDY)

1 Behaviour change (1 studne replicateoeforeandafter study in thedftkund 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 batsfrom 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 ad productivity of bat populations.

A replicated, beforeand-after study in 201272013 of five buildings across
England, UK {) 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 pygmaeuscolonies. All five bat

46



colonies established in alterngéive roosts within three days of exclusionin 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 exclusioaverage?2 days).
Bats also foraged in similar sized core areas (before: average 44 ha; after: average
47 ha), travelled smilar 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 onewvay exclusion
measures were installed at roost exits. The five sites hacb@z300 bats present
before exclusion, and four sites were known maternity roosts. Bats were radio
tracked for up to4 h after sunset for &7 days befae and after exclusion.

(1) Stone E., Zeale M.R.K., Newson S.E., Browne W.J., Harris S. & Jones G. (2015) Managing
conflict between bats andhumans: Theresponse ofsoprano pipistrelles (Pipistrellus pygmaeusto
exclusion from roosts inhouses.PLOSONE 10, e0131825.

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

1 We found no studies that evaluated the effecisatihg homeowners and planning
authorities about building and planning déng telbat® reduce disturbance to bat
roosts
6We found no studiesd means that we have not y e

intervention during our systematic journal and report searches. Therefore we have no evidence to indicat
whether or not the intervention has any desirable or harmful effects.

Background

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

2.8. Plant gardens with night -scented flowers

1 We found no studies that evaluated the efidatingfyardens with nigicented
flower®n bapopulatian

O0We found no studiesd6 means that we have not y e
intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the interolritas any desirable or harmful effects.

Background

Planting night-scented flowers may attract night-flying insects providing a
foraging resource for insecteating bats.
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2.9. Increase semi  -natural habitat within gardens

1 We found no studies thatluated the effectsnofeamgthe amount of semakural
habitat within gardens ompatlaticn
6We found no studiesd means that we have not y e

intervention during our systematic journgdaahdaarches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Increasng the amount of seminatural habitat, such as hedges, trees, pondsnd
wild areas, in gardens may provide bats with additional foraging and roosting
opportunities within urban areas.

2.10. Protect brownfield or ex -industrial sites

1 One studyevaluatedhe effects of protecting brownfieldiratusicial sites on bat
populatia The study wissthe USA

COMMUNITY RESPONSE (1 STUDY)

1 Richness/diversity (1 stud@ne study in the U3dund that five bat species were
recorded withirpeotectedrban wildlife refuge on an abandoned manufacturing site.

POPULATIORESPONSE® STUDIES)
BEHAVIOU® STUDIES)

Background

0" O1 x1 ZEAT A OEOAO8 AOA DPOAOGEI 6O ET AOOOOEAI
abandoned and are available for reuse. These sites may be targeted for
redevelopment in urban areasSome sitescan support a high diversity ofwildlife

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 199721998 in an urban wildlife refuge onthe grounds of a former
weapons manufacturing facility near DenverUSA (1) found that five bat species
were recorded at the site. Three tregoosting species and two species known to
roost in buildings were captured or recorded, with big brown bat€Eptescus fuscus
making up 86% of the captures. In total, 176 bats were capture@nd 955 bat
passes were recorded. Big brown bats commuted further from roosts in buildings
within surrounding urban areas to the refuge (219 km) than typically reported
for the species elsewhere (¥2 km). The manufacturing facility was active until
1985 and was designated as a wildlife refuge in 1992. The refuge cowat 6,900
ha of grassland, woodlandand wetlands within an urban area.At 18 locations
within the refuge, bats were captured with mist nets on a total of 53 nights
betweenMayand August in 1997 and 1998. Twelve big brown bats were captured
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and radio-tagged in 1998. At each of eight locations within the refuge, &t
detectors recorded bat activity for 90 minutes on 34 nights in JunezAugust 1997.

(1) %WOAOAOOA 18,8h /863EAA 48*8h %I 1 EOIT ,8%8h 301IT1TA
plains urban wildlife refuge. Wildlife Society Bulletin29, 9672973.

2.11. Protect greenfield sites or undeveloped land in urban
areas

1 We found no studies that evaluated the gffetéxtg greenfield sites or undeveloped
land in urban areas orpbaulatian

O0We found no studies6 means that we have not yet
intervention dag our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Greenfield sitedare areas ofpreviously undeveloped land within urban areas
such as agriculturaland amenityland, forests, parks and gardensSuch sites may
provide important habitat for wildlife and act as wildlife corridors. However,

greenfield sites are frequently builtupon with the growing pressure for urban

development SeeA | Q@iieater restore bat foraging habitat in urban areés

2.12.  Create or restore bat foraging habitat in urban areas

1 Three studiegvaluatethe effects of creating or restoarfigraging habitat in urban
areason bat populatio@ne study in eachtted URandUSA evaluatedreen roofs
andone study in the UAaluatetestored forelsagments

COMMUNITY RESPONSE (1 STUDY)

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

POPULATIORESPONSE STUDIES)

1 Abundance (3 studie€)ne site comparison study in thefolB®l higher bat activity
(relative abundanceinin of severestored foresagments urban areas tharvo
unrestored fordshgmest One replicated, controlled, site comparison studyzin the UK
found greater bat activity@®i o dyieen eoofstlead conventional unvegetated roofs
but not 060 \We re.dns replicateu,scontrolled, site comparison study in the
USA found greater bat activity for three of five bat species over green roofs than over
conventional unvegetated roofs.

BEHAVIOU® STUDIES)
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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 highemi 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).3 A A  Prdtebtigreedfield sites or undevelopéhd in urban

area® 8

Avila-Flores R. & Fenton M.B. (2005) Use of spatial features by foraging insectivorous bats in a
large urban landscapeJournal of Mammalogyg6, 119371204.

Threlfall C.G., Williams N.S.G., Hahs A.K. & Livesley S.J. (2016) Approdohaban vegetation
management and the impacts on urban bird and bat assemblagdsandscape and Urban
Planning,153, 2&39.

A site comparison study in 20042005 in nine forest fragments within the
Chicago metropolitan area, USA1} found that two of seven restored forest
fragments had higher bat activity thantwo unrestored forest fragments. Bat
activity was higherin two forest fragmentsthat had been restoredwith multiple
prescribed burns, invasive plant species removal and snag recruitment (average
7719 bat passes/survey than in two control sites with no restoration (average &

4 bat paseg/survey ). Bat activity was similar betweencontrol 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 (176 bat passes/survey).Six bat species were recorded itotal
(see originalpaper for data for individual species). Fire suppression over the last
100 years had altered thestructure of the nine forest fragments (102260 ha in
size). Sevenof the nine forest fragments were being restoredto openthe canopy,
reduce tree density and remove invasive plant specieét each of nine sitesfour
bat detectors recorded bat activity for4 hfrom sunset for five nights/yearin June
September 2004 and MagAugust 2005.

A replicated, controlled, site comparison stdy in 2010 of 39 green roofs in
Greater London, UKZ) found OEAO OAET AE OA ORighér baCaathiyT OT 1T £O
than conventional roofsbut OOA A OIi 8 Chadishrilar @b lowedb@t activity
than conventional roofs. When a small amount (<33%) ohatural foraging habitat
was located within 100 m of roofs, B O AAOEOEOU xAO EECEAO 1T OAC
roofs (average 7 bat passes/night than conventional roofs @verage 1.3 bat
passes/nignhh AT A OEIT E1 AO 1T OAO OOAAODI &nigfOAAT OT 1
and conventional roofs.However, when higher amounts of natural habitat cover
were located within 100 m of roofs (3%66%), bat activity was similar between
OAET AEOAOOGAG COAAT OIT £ j AOGAOACA pm AAO
(average 12 bab AOOAOTT ECEOQh AT A 11T xAO T OAO OOAAODI
passes/night). Four bat speciesor species groups were recorded in total (see
original paper for data for individual species). All green roofs had shallow
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substrate (20z200 mm). 0" ET AEOAOOAS O 1 £O0 xAOGMd Bl AT OAA
flowers, herbs, sedums, mosseandgrasse8 O3 AADOI 6 OI 1T £60 xAOA bl A
growing succulent plants.Conventional roofs wereflat or shallow pitched with

bitumen felt or paving slabsBat activity was recorded overeach ofl3 biodiverse,

nine sedum and 17 conventional roofs for seven full nightsn MayzSeptember

2010.

A replicated, controlled, paired sites study in 2013 of four paired roofs in New
York City, USAJ) found 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 higherover green roofs than conventional roofs fothe eastern
red bat Lasiurus borealiggreen: 253; conventional: 128), big brown baEptesicus
fuscus(green: 11; conventional: 0.6), and tricoloured batPerimyotis subflavus
(green: 12; conventional: 2). The aerage number of bat passes/night was similar
over green and conventional roofs fothe hoary bat Lasiurus cinereuggreen: 56;
conventional: 57) and silverhaired bat Lasionycteris noctivaganggreen: 33;
conventional: 24). Paired roofs were six or eighttsries 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
xAO A AT T OGAT OEI T Al OI 1T £ xEOE edal v@AdcAAEOT D6
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 Ecologyl18, 9147923.

(2) Pearce H. & Walters C. (2012) Do green roofs provide habitat for bats in urban areds®ta
Chiropterologica 14, 46%478.

3) Parkins K.L. & Clark J.A. (2015) Green roofs provide habitat for urban ba®obal Ecology
and Conservation4, 34%357.

2.13. Legally protect bat S during development

1 Fourstudes evaluatedhe effects of legally protectirsgopassuing licences during
developmenh bat populatioi$efourstudeswerein the Ukea.23,

COMMUNITY RESPONSET(@DIES)
POPULATIORESPONS® STUDIES)
BEHAVIOUR STUDIES)

1 Change in human behavig¢@studes): One review in theZ2iund that the number
of development licences for bats more than doubled over three year©imeScotland.
review in the Uiund th&1%of licensees did not carry outlpgstopment monitoring
to assess whether bats used the roost structurds installe

OTHERXSTUIES

1 Impact on bat roost site3gtudes): One review in thelfind that licenced activities
during building developments had a negative impact on bat@stsoegts being
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destroyedOne replicated, befanglafter study in the 2Jkund thafive of 28
compensation rooptevided under liceweere usedand two bgimilar ogreater
numbers of bats after developr@aat. review in the SUkund that B&7% of
compensation roosts provided under licence were used by bats

Background

Bats are protected bynational and/or int ernational law in many countries. This
typically includes protection against killing, injuring, capturing, disturbing or
trading bats, or damagirg, destroying, or obstructing access to their roosts.
Activities such as development that are likely to affedbats 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 protectiod OA ET AHabitatA A ET

protectionz Legally protect bat habitat§A T Spedes managemegt_egally protect
bat specie 8

Areview of 389 bat mitigation licences issuedn 2003z2005 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 more likely to be destroyed (68%) than
damaged (20%) or disturbed (12%). Most licensees (67%) failed to submit post
development reports, and postdevelopment monitoring was conducted at only
19% of sites. The licenceanalysed related to 1,776 roosts of 15 bat species and
were issued for three types of development (renovation, conversignand
demolition). A total of 2,536 structures for bats, of 10 typeswvere installed under
the licences including bat boxes (1,690), lhaofts (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, beforeand-after study in 201172015 of 28 batmaternity roosts
subject to licenced building developmentscross Scotland, UK2@) found that five
of 28 compensation roosts provided were used as maternity roosts by the target
bat species after development, and tav of the five roosts were used by a similar or
greater number of bats as before the developmeniverage roost countsbefore
and after developmentat the four roosts either remained stabé (before: 2 brown
long-eared batsPlecotus auritus after: 2 brown long-eared bats) increased by 7%
(before: 476 soprano pipistrelles Pipistrellus pygmaeus after 507 soprano
pipistrelles), decreasedby 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 original roost location.
Compensation roosts followed the designs in Species Protection Plan3he
numbers of bats counted before development at each roost were extracted from
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reports submitted with licence applications. Bats were counted at each roost after
development during at least onedusk emergence or dawn reentry survey
between May and September 2015.

A review in 2015 of development licences affecting bats across Scotland, UK
(2b) found that the number of licencesissued had increasedrom 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 sitesAll UK bat species
are protected by UKand 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 anabed.

A review in 2018 of 283 studies of bat roosts subject to licenced building
developments in the UK 8) found that 31767% of compensation roosts were used
by bats after development. Bats used 67% of roosts retained and modified during
reroofing work, 52% of newly created bat lofts and 31% of bat boxes after
development the number of bats using roosts and bat lofts/bat boxes before and
after development were not reported). The roosts were used by common
pipistrelles Pipistrellus pipistrellus soprano ppistrelles Pipistrellus pygmaeus
brown long-eared batsPlecotus auritusand Myotis spp. (see original report for
data for individual species). The 283 studies (52 for retained and modified roosts,
112 for bat lofts, 119 for bat boxes; dates not reportedere collected from
multiple sources, including practitioner reports and licence applications from
across the UK, and reviewed in 2018.

D Stone E.L., Jones G. & Harris S. (2013) Mitigating thigect of development on bats in
England with derogation licensing.Conservation Biology27, 13241334.

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

3) Lintott P. & Mathews F. (2018)Reviewingthe evidence on mitigation strategies for bats in
buildings: informing bestpractice for policy makers and practitionersReport for the Chartered
Institute of Ecology and Environmental Management (CIEEM), UK.
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3. Threat: Agriculture

In many parts of the wotd, much of the conservation effort is directed at reducing

the impacts of agricultural intensification on biodiversity on farmland and in the

wider countryside. Severalof the interventions that we have captured reflect this.
However, the two greatest theats from agriculture tend to be loss of habitat and
pollution (e.g. from fertilizer and pesticide use). Interventions in response to these
OEOAAOO A O Aabidk (ydettiond KabiEéstor@tion and creatiod h AT A
@hreat: Pollutiond 8

ForAOEAAT AA OAl AOET ¢ O1 OEA Spedids manggehenOD AT @A O
Z Provide bat boxes for roosting bais

All farming systems

3.1. Use organic farming instead of conventional farming

1 Twelvestudiesevaluatedhe effects afsing organfarming instead of conventional
farming on bpopulatian Eightstudies were Europ&>79, twoin the USAS one in
Canad#and one i€hilé2,

COMMUNITY RESPONSEIUDIES)

1 Community composition (1 studypereplicated, paired sites stuithg it SR found
that the composition of bat species did not differ between organgaardfaons.

1 Richness/diversity/ studies):FHve of sevenreplicategairedsitesor site comparison
studies ifcurop&2’? the USA0 Canadd andChilé2 found that the number of bat
species did not differ between organic amdjaroo farh%.1011, The othetwo
stude-2 found moreat species on organic farms thasrgemc farms.

POPULATIORESPONS@E2 STUDIES)

1 Abundanc€12 studies):Hveofninereplicateghaired sites or site comparison studies in
Europé478, the USRI, Canadé and Chilé2 found thabveralbat activity (relative
abundanc&y’10and common pipistrelle aétiltynot differ between organic and non
organic farms. The otbarstude<s8.112found higheweralbat activi#§.11 bat feeding
activit§ Brazilian fraailed bat activyand activity of four of seven bat $peaies
organic farms thamiooganic farm3wo replicated, paired sitedsite comparison
studies in the BKound higher activitigbtispecies over water and rivers on organic
farms than namganic farms, but no differences were found for other species or habitats
One replicated, site comparison study idfBrartcéigher activity for two of three bat
species over organic fieldstihia of three types of conventionally managed fields.

BEHAVIOUR STUDIES)
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Background

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

For an intervention that relates specifically tof OCAT EA DA O®hreati T OOT 1 h
Pollution Z Agricultural and forestry effluentsg Use organic pest control instead of
synthetic pesticides 8 agirite@/ention that involve sreducing the use of synthetic

z A - o~z

Z Reduce pesticide, herbicide or fertilisesed 8

A replicated, pairedsitesstudy in 200072002 on 24 pairs of farms in southern
England and Wales, UKL found that water habitats on organic farms had higher
activity for two of 11 bat species than on conventional farms, bugat activity did
not differ in pasture, arableor woodland habitats, and a similar number of bat
species was recorded on both farm typesThe activity of * OAT A O d1¢otisA A OO
brandti AT A " A A E OKybts beGhdteidivan@her overwater habitats on
I OCATEA EAOI O j"OAT AOBO AAOd 99 AAO PAOOAO
conventional farmsj " OAT AO6 O AAOdg ¢ AAO DPAOOAON " AAE
BOAT AOB8 O AT Aatdcthily HiOrOtAlidr id pastdre, arable or woodland
habitats, or for any other bat speciesbetween organic and conventional farms
(see originalpaper for detailed results). A similar number of speciesvasrecorded
on organic (14 species)and conventional farms (11 species) Certified organic
farms (established z2 years) were paired with nearby conventional farmswith
similar habitats (pasture, arable, water and woodland) size and type of business.
No detailswere reported about the type or origin of water habitats water may
have originated from outside of the fams.Each of 48 farms was surveyed with bat
detectors rotated between three random pointsfor 1.5 hfrom 1 h after sunset.
Two farms within a pair were sampledon consecutive nights inJunegSeptember
2000 or 2002.

Areplicated, pairedsitesstudy in 200272003 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 farmsA greater number ofbat passesand bat
specieswere recorded on organic farmgabundance index §75% higher; species
density 8265% higher) than conventional farms (numbers not reported). Organic
farms with >30 ha of arable land were paired with nearbyconventional farms
matched by crop type and cropping seasorabitat 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 farmsEach of 130 farmswas surveyedusing
bat detectors alonga 3 km triangular transectin JunegAugustin 2002 and 2003
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A replicated, pairedsites and site comparisonstudy in 2005 in six pairs of
olive Olea europearoves and six native woodlandson Zakynthos island, Greece
(3) found that organic olive groves had snilar bat activity and foraging activityto
non-organic olive groves. Overall bat activityand foraging activity did not differ
between organic (average 0.8 bat passes/mjr0.04 feeding buzzes/min and non
organic olive groves(1.1. bat passes/min 0.06 £eding buzzes/min). Bat activity
in organic and norrorganic olive groves also did not differ significantlyto that in
three native oak Quercusspp. woodland patches (1.5 bat passes/min) and three
native pine Pinus halipensisvoodland patches (2.5 bat passes/min). Eleven bat
species were recorded in total $ee originalpaper for data for individual species).
Six organic olive groves were paired with six noorganic olive grovessimilar in
size, age, density of trees and altitude. Organic olive grovesedsorganic pest
control (scent and sticky traps) and no chemicals. Noforganic groves were
treated with a yearly insecticide spray Six native, untreated woodland patches
were also surveyed (three oak, three pineEachof 18 sites was surveyed with bat
detectors rotated between four random points forl.5 hfrom dusk. Surveys were
repeated on three nights/site in JungAugust 2006.

A replicated, pairedsitesstudy in 2003 on eight paired farms near Bristol, UK
(4) found that organic cereal fields had similarcommon 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 {otal 152 bat passes). Pairs of
fields were matched to control for habitat variables and were sampled
simultaneously during one night in MayAugust 2003. At each of 16 sitesbat
detectors recorded bat activity from 45 minutes after sunset for 20 minutes at
each of bur points along a transect (two points within fields, two along field
boundaries).

A replicated, site comparison study in 20092011 of 5713 organic and 130
non-organic farms in Wales, UKY) found that rivers on organic farms had higher
AAOEOGEOU 1 £ wMyotsAdubetrdnithdrOivelsAdOrOn-organic farms,
but the activity of five other bat species in fields and along hedgerows did not
differ between organic and nonorganic farms.The average number of bat passes
£l O $ACAAT 01160 AAOO xAO EE@d Adrorgadid O
farms (data reported as statistical model results However, asimilar number of
bat passes/year were recorded on organic and neorganic farmsfor common
pipistrelles Pipistrellus pipistrellus soprano pipistrelles Pipistrellus pygmaeus
common noctules Nyctalus noctula greater horseshoe bats Rhinolophus
ferrumequinum and lesser horseshoe batsRhinolophus hipposideros(data
reported as statistical model resulty. Organic farms were part of an organic
farming scheme. The number of farms included in the analysis varied for each bat
speciesfrom 5z13 for organic and 130 for non-organic farms Some farms
(organic and nonrorganic) were also part ofagri-environment schemesNo details
were 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 2002010 and2011.
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A replicated, site comparison study in 20092010 at four organic andfour
conventional apple orchards in Michigan, US/) found that organic orchards had
similar bat activity, number of bat captures and species diversity as conventional
orchards. Theaverage number of bat passes recordedid not differ significantly
between organic (37 bat passegnight) and conventional orchards (51 bat
passesnight). The number of bats captured also did not differ significantly
between organic (1.5 captues/night) and conventional orchards (2.2
captures/night). The same was true for species diversity (data reported as the
3EI DOIT 1 6 Eour)dt dpdei@re recordedn total (see originalpaper for
data for individual species).Four organic and four cmventional apple orchards
(small dwarf or semi-dwarf varieties, 6224 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 & times/week at one
orchard/night for 4 hfrom sunset.

A replicated, paired sites study in 2015 at 21 pairs of organic and
conventional vineyards in the south of France®) found that organic farmshad
similar bat activity and species richnesgo conventional farms. Bat activity for the
most abundantgroup of bat speciegmid-range echolocating batsdid not differ
significantly on organic (average 35 bat passes/site) andoniventional farms (47
bat passes/site). Numbers for othergroups of bat specieswere 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 originalpaper 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 seminatural habitats. Conventional
vineyards were assumedby 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 AugustzSeptember2015.

A replicated, site comparison study in 20152016 at three organic andthree
conventional rice farms near Vercelli, Italy ) found that organic farms had higher
overall bat activity and bat feeding activity than conventionafarms. The average
number of bat passes was higher on organic rice farms (178 bat passeslir) than
conventional rice farms (50 bat passes/bur). The same was true for the average
number of feeding buzzes (organic farms: 27 buzzesfiur; conventional farms: 1
buzz/hour). Twelve bat species were recorded in total although 95% of the
recordings were Pipistrellus spp. (see original paper for data for individual
species). Surveys were carried out on three organic rice farms (rice paddies
certified organic and not treated with synthetic pesticides) and three conventional
rice farms (rice paddies regularly treated with pesticides and chemical fertilizers).
Bat activity was recorded with a bat detector at one sampling point/farm for three
nights in MayzSeptember 2015 or 2016

57



A replicated, site comparison study in 2016 of 19 wheat fields in the Hde-
France region, Franceq) found that organic fields had higher activity for two of
three bat species than two of three types of conventionally managdefields.
Il AOEOEOU 1 £ Pifidiréllds @uhibaBdcEndrompipistielfe Pipistrellus
pipistrellus was higher over organic tillage fields than conventional tillage fields
xEOE Ox1 EAOAEAEAA ADPDI EAAOET T OeldsWwith AT T OAT «
three herbicide applicationsAOO T 1 0 T OAO Ai 1 OAT OET 1T A1 OAT 1
with two herbicide applications (data reported as statistical model results). The
AAOQEOEOU 1 £ . A oipshelis dartusii bt ided Sdghifichnily
between organic fields and any of the three conventional field types. Surveys were
carried out at 12 sites in two organic fields (tilage to 30 cm depth and no
herbicides) and 1318 sites in 57 of each of the three types otonventionally
managed fields (tillage with two herbicide applications, or superficial
OAT 1 OAOOAOGET1T OEI T ACA8 xEOE OxI 10 OEOAA E?
used to simultaneously survey {4 sites/treatment on each of eight nights in June
2016.

A replicated, paired sites study in 2014 at 18 pairs of farms in California, USA
(10) found that organic farms had similar bat activity, species richness, diversity
and species composition to conventional farmgverall bat activity did not differ
significantly between organic (average 45 bat passes/night) and conventional
farms (average 40 bat passes/night). The same was true for the activity of bat
species adapted to cluttered habitats (organic: average 10 bat passes/night;
conventional: 4 bat passes/night) and open habits (organic: average 31 bat
passes/night; conventional: 33 bat passes/night). Bat species richness, bat
diversity and species composition also did not differ significantly between organic
and conventional farms (data reported as statistical indices). Elewebat species
were recorded in total (see originalpaper for data for individual species). Each of
18 pairs of fields in certified organic farms and conventional farms was surveyed
simultaneously with one bat detector/field for 6z7 nights in JungSeptember
2014.

A replicated, paired sites study in 2017 of 16 pairs of soybeaB@lycine max
fields in Canada {1) found that organic fields had higher overall bat activity and
activity of four of seven bat species than conventional fields, but the number of bat
species did not differ. Overall bat activity (bat passes) and the activity of four bat
species (big brown batEptesicus fuscyshoary batLasiurus cinereuslittle brown
bat Myotis lucifugus silver-haired bat Lasionycteris noctivaganswas higher over
organic fields than conventional fields (data reported as statistical model results).
The activity of three other bat species (eastern red bdtasiurus borealis northern
long-eared bat Myotis septentrionalis tri-coloured bat Perimyotis subflavus and
the number of bat species recorded did not differ over organic and conventional
fields (data reported as statistical model results).Sixteen soybean fields on
certified organic farms were paired with 16 soybean fields on conventional farms
(fields treated with neonicotinoid pesticides) according to field size, local habitat
and surrounding landscape. Two locations at the edge of eaoh 32 fields were
surveyed with bat detectors for two nights in JungJuly 2017.
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A replicated, paired sites study in 20182017 at 11 paired plots on organic
and conventional vineyards in Buin and Paine, Chilel2) found that organic
vineyards had more bat pecies and greater activity of Brazilian fredailed bats
Tadarida brasiliensighan conventional vineyards.A higher number ofbat species
were recorded on organic (average Z2bat speciegsampling point) than
conventional vineyards (average 1 bat speciegsampling point). Organic
vineyards had greater activity of Brazilian freetailed bats (average 24 bat
passegsampling point) than conventional vineyards (average 10 bat
passessampling point). Eleven pairs of plots on organic and conventional
vineyards were matched by adjacent habitats and surrounding land cover types.
Organic vineyards had been certified for 1520 years, did not use agrochemical
treatments (except fungicides) and had cover crops, flowerand weeds between
rows. Two sampling points/plot (edge and interior) were surveyed
simultaneously using bat detectors for 30 minutes on each of three nights in
JanuaryMarch 2016 and 2017

D Wickramasinghe L.P., Harris S., Jones G. & Vaughan, N. (2003) Bat activity and species
richness on organic and conventional farms: impact of agricultural intensificationJournal of
Applied Ecology40, 9847993.

(2) Fuller R.J., Norton L.R., Feber R.Ehnkon P.J., Chamberlain D.E., Joys A.C., Mathews F.,
Stuart R.C., Townsend M.C., Manley W.J., Wolfe M.S., Macdonald D.W. & Firbank L.G. (2005) Benefits
of organic farming to biodiversity vary among taxaBiology Letters1, 431z7434.

3) Davy, C.M., Russo.[3& Fenton M.B. (2007) Use of native woodlands and traditional olive
groves by foraging bats on a Mediterranean island: consequences for conservatialournal

of Zoology 273, 39%405.

4) Pocock M.J.O. & Jennings N. (2008) Testing biotic indicator tadtbe sensitivity of
insectivorous mammals and their prey to the intensification of lowland agriculture Journal of
Applied Ecology45, 15%160.

(5) MacDonald M.A., Morris A.J., Dodd S., Johnstone I., 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. (2012Welsh Assembly Government Corital83/2007/08 to
Undertake Agrienvironment Monitoring and Services. Lot 2 Species Monitoring. Final report:
October 2012

(6) Long B.L. & Kurta A. (2014) Activity andliet of bats in conventional versus organic apple
orchards in southernMichigan.Canalian FieldNaturalist, 128, 158z7164.

(7N Froidevaux J.S.P., Louboutin B. & Jones G. (2017) Does organic farming enhance
biodiversity in Mediterranean vineyards? A case study with bats and arachnidggriculture,
Ecosystems & Environmen249, 11%122.

(8) Toffoli R. & Rughetti M. (2017) Bat activity in rice paddiesairganic and conventional farms
compared to unmanaged habitatAgriculture, Ecosystems & Environmerz49, 123 129.

(9) Barré K., Le Viol I, Julliard R., Chiron F. & Kerbiriou C. (2018) Tillaged herbicide
reduction mitigate the gap between conventional and organic farming effects on foraging activity

of insectivorous bats.Ecology and Evolution8, 14961506.

(10) Olimpi E.M. & Philpott S.M. (2018) Agroecological farming practices promote Isat
Agriculture, Ecosystems & Environmerg65, 28%291.

(11 Put J.E., Mitchell G.W. & Fahrig L. (2018) Higher bat and prey abundance at organic than
conventional soybean fieldsBiological Conservation226, 177%185.

(12) RodriguezSan Pedro A., Chaperon P.N., Beltran C.A., Allendes J.L., Avila F.I. & Grez A.A.
(2018) Influence of agricultural management on bat activity and species richness in vineyards of
central Chile.Journal of Mammalogy99, 14951502.
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3.2. Pay farmers to cover the costs of conservation
measures (e.g. agri -environment schemes )

1 Threestudiesevaluatéthe effects afjrienvironment schemes ompbpaiilatian The
threestudies were in thel3K

COMMUNITY RESPONBETUDIES)

POPULATIORESPONSEB STUDIES)

1 Abundancd3 studies):Two of three replicated, paired sitessgiutie UK3 found
thatoveralbat activity (relative abundaaoctjeoccurrencef six bat spected not
differ significantly between farms managed wederragment schemes and those
managed convention&lyeof thestudes found that aganvironmersicheme farms
had similar activity of five bat species, and lower activity of one bat species, compared to
conventional farfibe other studgund loweweralbat activignd activity of pipistrelle
specie®n agrenvironment scheme farms thanmtiomas farms

BEHAVIOUR STUDIES)
Background

This action involves compensating farmers financiallyfor changing agricultural
practicesto be more favourable to biodiversity andhe landscape usually through
government or inter-governmental schemes Such schemes exist around the
world, although the terminology used may differ. For exampleagri-environment
schemes are used in the UK and Europe.tlme USA, there are incentive programs
such as The Environmental Quality Inceives Program and the Conservation
Stewardship Program.

In the UK, @ri-environment schemes use many different specific interventions
which may be beneficial to bats such as the protection and maintenance of
archaeological features, traditional farm buildngs and stone wallsthe restoration
and enhancement okey habitats such as woodlandwetlands andhedgerows and
improvements to air and water quality. Three studiesthat evaluatedthe overall
effects of agrienvironment schemesare discussed here Relevant individual
interventions are also discussed in this chapter3 A A AHre@ti Polfdtion 7
Agricultural and forestry effluentsg Reduce pesticide, herbicide and fertiliser Gs8

For more general interventions relating to proecting and conserving important

habitatsh ~ MAbftat pbotectiond HabifAt restoration and protectiod  AThréat: O
Pollutiond 8

A replicated, pairedsites study in 2008 on 18 pairs of farms in Scotland, UK
(1) found that agri-environment schemefarms had lower overall bat activity and
foraging activity than non-participating conventional farms. Overall bat activity
and foraging activity were lower onagri-environment schemefarms (total 790 bat

passes, 37 feeding buzzes) than conventional farmsofal 1,175 bat passes, 85
feeding buzzes).The same was true foractivity of the two most frequently
recorded bat species: common pipistrelle Pipistrellus pipistrellus (agri-
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environment scheme farms:159 bat passesconventional farms: 312 bat passe¥
and soprano pipistrelle Pipistrellus pygmaeugagri-environment scheme farms:
537 bat passesconventional farms: 734 bat passe}. Eighteen farms participating
in the Scottish Rural Stewardship Scheme since 20Were paired with nearby
conventionally managedfarms of a similar size and with similar farming activities.
Eachof 18 pairs of farms was sampled once on the same nighit JunezSeptember
2008. Bat activity was recorded along transects (2.83.7 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 ) found that fields under agrtenvironment scheme management had
similar bat activity as fields under conventional management. There was no
significant difference in the overall number of bat passes recorded oveagri-
environment schemefields (average 3 passes/night) and conventionally managed
fields (1 pass/night). Seven bat species were recorded in totak€e originalpaper
for data for individual species). Paired agri-environment scheme fields and
conventionally managedfields were matched where possible by topography, size
and landscape context. éri-environment schemefields were managed with no
pesticide or fertiliser inputs. Conventionaly managedfields had no management
restrictions. Bat activity was recorded using bat detectors at each pair of fields for
1z2 full nights in May,July,or August2008.

A replicated, paired sites study in 20092011 of 40z60 pairs of commercial
farms in south Wales,UK (3) found that agri-environment scheme farms hada
similar occurrence and similar or lower activity of six bat species comparedo
conventional farms. Overall occurrence(proportion of transect sections with
species present)and echolocation activity (counts of bat passes) did not differ
significantly between agrienvironment scheme farms and conventional farms for
five of six bat species:common pipistrelles Pipistrellus pipistrellus soprano
pipistrelles Pipistrellus pygmaeus $ A OA AT Qiydtissd@ubeAtdnid Greater
horseshoe bats Rhinolophus ferrumequinum and lesser horseshoe bats
Rhinolophus hipposidero&lata reported as statistical model results)For common
noctules Nyctalus noctula occurrence was similar on agrenvironment scheme
and conwentional farms, but echolocation activity was 33%lower on agri-
environment scheme farms Pairs of agrienvironment scheme farms (under
scheme management for 311 years)and conventional farms were 226 km apart
and matched by area, altitudefarm type and proximity to towns. Field transects
were carried out at 60 pairs of farms, waterway transects at 40 pairs of farms, and
static hedgerowsurveys at 45 pairs of farms. Surveys were carried out twice/year
between June and September in 2009, 2010 and 2011.

D FuentesMontemayor 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, 223%2246.

(2) MacDonald M.A., Cobbold G., Mathews F., BeM.J.H., Walker L.K., Grice P.V. & Anderson
G.Q.A. (2012) Effects of agenvironment management for cirl buntings on other biodiversity.
Biodiversity and Conservatior21, 147%1492.
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(3) Angell R.L., Langton S.D., MacDonald M.A., Skates J. & Haysor(2R1A) The effect of a
Welsh agrienvironment scheme on bat activity:a large-scale study.Agriculture, Ecosystems &
Environment 275, 3%z41.

3.3. Engage farmers and landowners to manage land for
bats

1 Onestudy evaluatethe effects ehgaging farmers anditavners to manage land for
batson bat populatio$e study was in thé. UK

COMMUNITY RESPONEETUDIES)
POPULATIORESPONSE STUL)

1 Abundancel(study): One study in thelidund that during a-fiear project to engage
farmers anthndowners to manage land for bats, the overall population of greater
horseshoe bats at four maternity roosts in ithereasatbut see summary below)

BEHAVIOUR STUDY)

1 Change in human behaviour (1 stu@yje study in the 1fund that a landowner
engagement project resulted in 7#gldial management agreements covering
approximately 6,536 ha of land.

Background

Only 47p 1T £ OEA x1 Ol A éudently frotéctedd ONERWEMC &E O
IUCN 2016. Therefore, it is vital to engage effectively with landowners such as
farmers, so that they manage their land in ways that help to maintairbat
populations. This may be done by providing advice and support to farmers on how
to manage their land specifically for bats

For an intervention that uses financial incentives to encourage environmentally

of conservation measures (e.g. agmvironment scheme$§fR®r an intervention that
involves providing educatiorh  CEAlukatiod and awareness raising Educate
farmers, land managers and local communities about the benefits of bats to improve

management of bat habitats 8
UNERWCMC and IUCN (2016protected Planet Report 2018JNEPWCMC andUCN: Cambridge
UK and Gland, Switzerland

A study in1995z2003 of thegreater horseshoe baiproject in England, UK {)
found that the landowner engagement project resulted in 77 batrelated
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 b&hinolophus
ferrumeqgunum maternity roosts. The overall population of greater horseshoe bats
at four maternity roosts in Devon was found to increase by 58% in 1992003,
although the authors note that it is difficult to directly attribute this increase to the
project. Advice was providedto 163 landowners and five organisationsduring
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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 programmes).

(1) Longley M. (2003) Greater horseshoe bgbroject (1998-2003). English Nature Research
Report No. 532

3.4. Provide or retain set -aside area s in farmland

1 We found no studies that evaluated the effent&linig or retainingasade areas in
farmlandnbatpgulatios.
6We found no studiesd means that we have not y e

intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention hakeaimable or harmful effects.

Background

LT T TAAQGETT 1T £ OILAGE ABKSOI}I AR M AG ORNEMG 1
compulsory under European agricultural policy from 1992 until 2008. Originally
intended as a method of reducing production, sedside has also been promoted as

a way of protecing on-field biodiversity. Setaside fieldsthat 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 AAOO 1T 1 AAR farkérsitd cov@rdife cddts of
conservation measures (e.g. aggnvironment schemes) 8

(@}
O

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

1 We found no studies that evaluated the eiffiectasihg the prdpmor of seAmiatural
habitat in the farmed landseapatpopulaticn
6We found no studiesd means that we have not y e

intervention during our systematic journal and report searches. Thereforewdemea¢o indicate
whether or not the intervention has any desirable or harmful effects.

Background

This intervention is concerned with general increases in the proportion of natural

or semi-natural habitat in the landscape. Studies describing the eftts ofcreating

or restoring OPAAEZEA EAAEOAO OUPAO AOA AEOAOOOA.
A O A A.Gréri studies that may carry out this intervention alongside other

ET OAOOGAT OET 1 0 O1 AAT BPagHdmes foaer thé cosBdDIi 1 AT Ah
conservation measures (e.g. agenvironment schemes) 8
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3.6. Reduce field size (or maintain small fields )

1 Onestudy evaluatethe effects afaintaining small fields on bat populations. The study
was in Canatla

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONSE STULY)

1 Abundance 1( study): Onereplicated, site comparistudyin Canadaound that
agricultural landscapes with smaller fields had higher activity (relative abundance) of six of
seven bat species than landscapes with larger fields.

BEHAVIOU® STUDIES)
Background

Reducing field size(or maintaining small fields) means having a greatenumber
of smaller fields, with boundariesand field margins between them. This would
provide heterogeneity within the farmed landscape andmay also increase the
density of linear habitat features, such as treelines and hedgerowwhich are
important for commuting, foraging and roosting bats.

A replicated, site comparison study in 2012 of 46 agricultural sites in Ontario,
Canada {) found that agricultural landscapes with smaller fields had higher
activity for six of seven bat species thanhibse with larger fields. Six bat species
(hoary bat Lasiurus cinereusbig brown batEptesicus fuscysttle brown bat Myotis
lucifugus, tricolored bat Perimyotis subflavus northern myotis Myotis
septentrionali§ had higher activity in agricultural landscapes with smaller
average field sizes than those with larger average field sizes (data reported as
statistical model results). The opposite was true fosilver-haired bat Lasionycteris
noctivaganswhich had higher activity in landscapes with larger averagfield sizes.
Forty-six agricultural landscapes (3 x 3 km) with crop fieldsiicluding hay, corn,
soybean, cereals, legumes, pasture, fallow) of different sizGaumber of each not
reported) were surveyed during 15 nights in MayAugust 2012. Bat detectos
recorded bat activity for 3 h from sunset in two locations along field boundaries
within the centre (1 x 1 km) of each landscape.

Q) Monck-Whipp L., Martin A.E., Francis C.M. & Fahrig L. (2018) Farmland heterogeneity
benefits bats in agricultural landsapes.Agriculture, Ecosystems & Environmerg53, 13%139.

3.7. Retain unmown field margins

1 Onestudy evaluatethe effects oétaining unmown field maoyibsits populations.
The study was in thé.UK

COMMUNITY RESPONSE (0 STUDIES)
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POPULATIORESPONSE STULY)

1 Abundancel(study): Onereplicated, paired sgagly in the Wkund thatipistrelle
activity (relative abundance) did not differ between unmown field margins managed for
wildlifen agrenvironment scheme faantsfield margios conventional farms

BEHAVIOU® STUDIES)
Background

Field margins can provide foraging habita for bats. Leaving field margins
unmown and allowing them to regenerate naturally can increase the abundance
and diversity of plants and invertebrate preyUnmown field marginsare likely to
be particularly beneficial when close to other bat habitats, such as woodland or
tall field boundaries with trees (McHughet al.2019).

3 AA Rlantkld riargins with a diverse mix of plant speci®r studies that
may carry out this intervention alongside other interventions to benefit bats on
FAOI 1 AlPAyhfarn@is fo cadDer the costs of conservation measures (e.g- agri

environment schemes) 8

McHugh N.M., Bown B.L., Hemsley J.A. & Holland J.M. (2019) Relationships between agri
environment scheme habitat characteristics and insectivorous bats on arable farmlanBasic
and Applied Ecology40, 5%66.

A replicated, paired sites study in 2008 on 3 pairs of farms in Scotland, UK
(1) found that unmown field margins on agrienvironment scheme farmshad
similar activity of Pipistrellusspeciesasfield margins on conventional farms. The
activity of common pipistrelles Pipistrellus pipistrellusand soprano pipistrelles
Pipistrellus pygmaeusvas similar dong unmown and conventionally managed
field margins (data reported as statistical model results)On agrienvironment
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 vas paired with 15 field margins on conventional
farms with similar farming activities and surrounding habitats. Field margins
(measured on five pdrs 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 b pairs of farms was sampled once on the
same night in JungSeptember 2008.Bat activity was recorded along transects
(2.5z3.7 km long) from 45 minutes after sunset using bat detectors

Q) FuentesMontemayor 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, 223%2246.

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

1 Onestudy evaluatethe effects pfanting field margins with a diverse mix of plant species
on bats populations. The study weesUHK
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COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONSE STUL)

1 Abundancel(study): Onereplicated, site comparsoy in the Wiound thathe
activity (relative abundancedprfaino pipistrelend barbastelatsincreased with a
greater diversity of plant species within field margins, but there wasomratiact
pipistrellactivity nor on the occurrence of any of the six bat species studied.

BEHAVIOU® STUDIES)
Background

Planting field margins with a diverse mix of plant species can increase the

AAOT AAT AA AT A AEOAOOEOU 1 £ ERe@AdmOAA OAOA DO
field [narginsf) For studies that may carry out this intervention alongside other o
ET OAOOAT OEIT 1T O O AAT PagEaimerA o OWer ihd cosBAOT 1 AT Ah

conservation measures (e.g. aggnvironment schemes) 8

A replicated, site comparison study in 2017 on 15 farms in south west
England, UK {) found that field margins planted with a greater diversity of plant
species were associated with higher activity of two of three bat species but there
was no effect on bat occurrence. Activity of soprano pipistrelle®ipistrellus
pygmaeusand barbastelle bats Barbastella barbastellusincreased with plant
diversity within field margins, but there was no effect on the occurrence of either
species (data reported as statistical model results). There was no effect on the
activity or occurrence of common pipistelles Pipistrellus pipistrellus nor on the
occurrence of three other bat species or species groups (serotine bdEptesicus
serotinus noctule batsNyctalus noctula Myotis spp.). Dicot cover and flowering
plant abundancehad positive effects on bat actity and occurrence (see original
paper for details). Four types of field margins were surveyed on agenvironment
scheme farms: grass margins (14 farms), wildflower margins (eight farmsyyild
bird seed plots (15 farms), pollen and nectar plots (11 farms)Each of the 48 field
margins was surveyed with bat detectors for three consecutive nights on three
occasions in AprigSeptember 2017.

D McHugh N.M., Bown B.L., Hemsley J.A. & Holland J.M. (2019) Relationships between agri
environment scheme habitat claracteristics and insectivorous bats on arable farmlandasic and
Applied Ecology40, 5566.

3.9. Plant new hedges

1 We found no studies that evaluated the gfiectingf new hedgedatpopulatian

60We found no studi esd ang stuties thathhave dineatly ehaluatesl this o t y e
intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.
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Background

Hedgerows provide important commuting and foraging habitats for bats within
open agricultural landscapesFrey-Ehrenbold et al.(2013) found bat activity to be
1.4z2.8 times higher along linear featuressuch as hedgerowsthan in open
farmland areas and me 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 @onsiderableamount of time for
hedgerows to become established and suffiently mature. Existinghedgesshould
therefore be retained where possible.See WManage hedges to benefit batsRor
studies that may carry out this intervention alongside other interventions to
AAT AEEO AAOQOO IPay faidefsitd oblerAthe ca3thficong@rvation
measures (e.g. agenvironment schemes)

Frey-Ehrenbold A., Bontaéha F., Arlettaz R. & Obrist NK. (2013) Landscape connectivity, habitat
structure and activity of bat guilds in farmland-dominated matrices.Journal of Appliedcology,
50, 2527261.

Pocock M.J.O. & Jenningé (2008) Testing biotic indicator taxa: the sensitivity of insectivorous

mammals and their prey to the intensification of lowland agricultureJournal of Applied Ecology
45, 1517160.

3.10. Manage hedge s to benefit bats

1 Twostudes evaluatethe effects oianaging hedges to benefit bat popuBditns.
studiesveren the UK

COMMUNITY RESPONSE JIY)

1 Richness/diversitfl study): Onereplicated, site compargtaody in the Bf¢und that
hedges trimmé&3 y e ahadsmone bat species recorded along them than hedges
trimmed during the previous winter.

POPULATIORESPONS@ STUIES

1 AbundanceXstudes): Onereplicated, paired sgagly in the Wkdund thatipistrelle
activity (relative abundance) did not differ between hedges managed fagrivildlife
environment scheme faend hedgesn conventional farm@ne replicated, site
comparison study in théfalkhd thdtedges trimméx3 y e ahadsigher activityr
of two of eight bat species/species groups than hedges trimmed during the previous winter.

BEHAVIOU® STUDIES)
Background

Hedgerows on farms may be subject to various management practices, including
cutting. However, there is evidence that bats prefetaller, wider, structurally
diverse hedgerows and those with emergent trees (e.gBoughey et al. 2011,
Lacoeuilheet 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 batsor studies
that may carry out this intervention alongside other interventions to benefit bats
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I T  A£EAOI |PAyfaknhers @&dker the costs of conservation measures (e.g- agri

environment schemes) 8

Boughey K.L., Lake I.R., Haysom K.A. & Dolman P.M. (2011) Improving the b&rgity benefits of
hedgerows: row physical characteristics and the proximity of foraging habitat affect the use of
linear features by batsBiological Conservationl44, 1790z1798.

Lacoeuilhe A., Machon N., JulienRl.& Kerbiriou C. (2016) Effects of hedgerows on bats and bush
crickets at different spatial scalesActa Oecologica/l, 61z772.

A replicated, paired sites study in 2008 on 3 pairs of farms in Scotland, UK
(1) found that hedges managedor wildlife on agri-environment scheme farms had
similar activity of Pipistrellusspecies a®iedgeson conventional farms. The activity
of common pipistrellesPipistrellus pipistrellusand soprano pipistrellesPipistrellus
pygmaeusvas smilar along hedgesnanaged for wildlife andalongconventionally
managedhedges(data reported as statistical model results). On agrenvironment
scheme farms,hedges had gaps filled, hedge bottoms were left unmowand
pesticide use and cuttingwas restricted (cut once every three years)Each of13
hedges on agri-environment scheme farms were paired with B hedges on
conventional farms with similar farming activities and surrounding habitats. No
details were reported about the management ofhedges on corventional farms.
Each of B paired sites wassampled once on the same night in Jup8eptember
2008. Bat activity was recordedalong transects (2.%3.7 km long)from 45 minutes
after sunset using bat detectors.

A replicated, site comparison study ir2016 on 20 farms in southwest England,
UK (2) found that hedgesthat had not been trimmed for at least three yearfiad
more bat species and greater activityf two of eight bat species/species groups
than hedges trimmed during the previous wintetHedgesOETl | AA | ¢ UAAOO b
had more bat species and greater activity of greater horseshoe bahinolophus
ferrumequinumand Plecotusspp. than hedges trimmed during the previous winter
(data reported as statistical model results). Lesser horseshoe baBhinolgphus
hipposiderosx AOA 11T OA T EEAT U O AA OAAIT OAAA AlIT1
prior, but activity did not differ significantly. Activity also did not differ
significantly for five other bat species/species groupgsee original paper for
details). There were no significant differences between hedges trimmed two years
prior vs. those trimmed during the previous winter. Sixty-four hedges were
surveyed on 20 farms (24 hedges/farm). Nineteen hedges ynder agri-
environment schememanagementOET AA ¢mnuvq EAA 110 AAAT (
consecutive winters. Twentyeight hedges were trimmed during the previous
winter (four agri-environment scheme, 24 conventionally managed), 17 were
trimmed two winters prior (seven agri-environment scheme, 10 conventionally
managed). All hedges were mechanically top trimmed. Bats were recorded with a
bat detector along each of 64 hedges during one full night JunegzAugust 2016.

(D) FuentesMontemayor 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, 223%2246.

(2) Froidevaux J.S.PBoughey K.L., Hawkins C.L., Broyles M. & Jones G. (2019) Managing
hedgerows for nocturnal wildlife: do bats and their insect prey benefit from targeted agri
environment schemes?ournal of Applied Ecology6, 161 1623.
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3.11. Manage ditches to benefit bats

1 We found no studies that evaluated the efifmetisaging ditches to benefit bat
populatian
6We found no studiesd means that we have not y e

intervention during our systematic journal and repest $baretiore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Ditches, particularly those with still water, may provideforaging habitats for bats
within farmed landscapes. Intensive agriculture can result in loss of ditch
biodiversity through activities such as mowing, grazing andhe use of fertilizer
and pesticides Management practices that maintain and increasthe diversity of
invertebrate species within ditchesmay benefit bats. For studies that may carry
out this intervention alongside other interventions to benefit bats on farmland,
O A Bay f@rmers to cover the costs of conservation measures (e.g-eamyironment
schemes) 8

3.12. Retain existing in-field trees

1 We found no studies that evaluated the effects of retainingiekistiegsion bat
populations.
6We found no studiesd means that we have not y e

intervention during owstesyatic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Single or scattered trees, particularly matureor veteran trees, may provide
important roosting and foraging habitat for bats in open agricultural landscapes.
Two studies in Australia foundgreater total bat activity and more bat species over
pastures with scattered trees than open pastures witbut trees (Lumsden &
Bennett 2005, Fischeret al.2010). A study in Sweden foundhat tree density (up

to 1207130 trees/ha) had a positive effect on total bat activityand foraging
activity, activity of cluttered and edge habitat adapted bat species, and species
richness in woodpastures (Woodet al. 2017). A study in the USA found greater
activity of edge habitat adapted bat species around remnant mature oak trees
(Quercusspp.) than in treeless, open areas within vineyardéPolyakovet al.2019).

To be included as evidence for this intervention, studies must have monitored a
comparison, i.e. compared areas where existingimeld trees have been retained
with areas where they rave been removed. There must have been an active
decision (i.e. intervention) to retain the infield trees and the study must state
when the intervention was carried out
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For studies that may carry out this intervention alongside otheinterventions to
AAT AEZEO AAOO IPay faidesitd oblerdthe cadid Af cddservation
measures (e.g. agenvironment schemes)Bor studies that relate to retaining
OAI T AT O A& OAOO 1 Retainx flerhnAnit Aoteét hor woddhnd ©On
agricultural lando 8
Fischer J., Stott J. & Law B.S. (2010) The disproportionate value of scattered trdislogical
Conservation143, 1564z71567.
Lumsden L.F. & Bennett A.F. (2005) Scattered trees in rural landscapes: foraging habitat for
insectivorous bats in southeastern Australia.Biological Conservation]22, 2057222.
Polyakov A.Y., Weller T.J. & Tietje W.D. (2019) Remnant trees increase bévigg and facilitate
the use of vineyards by edgepace batsAgriculture Ecosystems & Environmeri281, 5663.
Wood H., Lindborg R. & Jakobsson S. (2017) European Union tree density limits do not reflect bat
diversity in wood-pastures.Biological Conseration, 210, 6 71.

3.13. Plantin -field trees
1 We found no studies that evaluated the gbfectsnofield treesnbatpopulaticn

6We found no studiesd means that we have not y e
intervention duringr gystematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

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 infield trees should therefore be retained where possibleSee
®etainexisting infield treed

For studies that may carry out this intervention alongside other interventions to
AAT AEEO AAOO IPay fadetsitd obverAthe ce3td Af cdservation
measures (e.g. agenvironment schemes$)Bor other interventions that involve
planting trees on agricultural lanch ~ @vedtetré® plantations on agricultural landd
and ®etain or pant native trees and shrubs amongst crofegroforestry)d 8

3.14. Create tree plantations on agricultural land

1 Threestudiesevaluatethe effects ofeating tree plantations on agricultucal lzaid
population$he three studiesre in Austrédifa

COMMUNITY RESPONSSETUDIES)

1 Richness/diversity3(studies):Three replicated, site comparison studies inl&ustralia
found no difference in the number of bat species in agriculuthl ardasithout
plantationsf native trees
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POPULATIORESPONSEB STUDIES)

1 Abundanc€3 studies):Twoof three replicatesite comparison studies in Auktralia
found no differenndat activity (relative abundamagjicultural aremith and without
plantations of native #éeBhe other stddgund higher bat activity in plantations next
to remnant native vegetation than in isolated plantations or over bra#litigdend.
studies, bat activity was lowglairtationsompared toriginal forest and woodland
remnants

BEHAVIOU® STUIMES)
Background

Creating tree plantations on agricultural land may replace lostroosting and

foraging habitat for bats. For evidence relating to planting single or scattered

OOA A OPlantnAidld rées 8 &1 O AT ET OAOOAT OEi b OAI AOE
OEAAA AOI PO AO PAOO 1 £ ACRelaiEbr@BrO@e £AOI ET
trees and shrubs amongst crops (agroforestyp &1 O OOOAEAO OEAO | AU
ET OAOOGAT OET 1T AIT1TCOEAA 1T OEAO EIT OARPAT OET T O
farmers to cover the costs of conservation measures (e.g. -agrironment

schemes) 8

A replicated, site comparison study in 199%f four agricultural sites planted
with native bluegum Eucalyptus globulusn 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 vegetah
(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 dbat species (Z4) were recorded in plantations
and grazing land.Eight bat species were recorded in totaldee originalpaper for
data forindividual species).All four sites had farm forestry plantations (46 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 fullnight in October 1999.

A replicated, site comparison study in 2002 of20 sites inan agricultural area
in New South Wales and Victoria, Australia2) found that sites planted with native
eucalypttrees had similar overall bat activity and a similar numbe 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,Z/ species)
and treeless grazed paddocks (50 bat passes/night, 5 species). Bat actiwigs
lower in plantations than in remnants of original forest (302 bat passes/night),
but the number of bat species was similar (7 species in remnantdEleven bat
species were recorded in total $ee originalpaper for data for individual species).
Grazing land with small remnants of forest had been planted with native tree
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species from the mid1970s 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 planations 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 NovembegDecember 2002.

A replicated, site comparison study in 206z2007 at 14 farms inNew Suth
Wales,Australia (3) found that tree plantations on agricultural land had similar
bat activity and species richnessas treeless paddocks, and lower bat activity
species richnessand numbers of rooststhan remnant native woodlands. Bat
activity and the number ofbat species recorded was similar between plantations
(87 bat passes/night, &8 species) and paddocks (40 passes/night, 7 speciebyt
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 paddocksbut differed in remnant woodland (data reported as
statistical model results). Twenty-eight bat roosts were identified in remnant
trees, but none in plantations.Twelve bat species were regrded in total (see
original paper for data for individual species). Forty-four sites were surveyed
across 14 farms (11 in remnant woodland, 27 in plantationssix in treeless
paddocks). Plantations (240 ha) consisted of ¥4 Eucalyptusspp. and were 45
or 10 years old.Each of 44sites was surveyed for two consecutive nights/site in
September 2006 and February 2007. Ten bats were caught in harp traps and
radio-tracked in late summer and spring 2008 at three farms.

(1) Hobbs R., Catlig P.C., Wombey J.C., Clayton M., Atkins L. & Reid A. (2003) Faunal use of
bluegum (Eucalyptus globulu} plantations in southwestern Australia. Agroforestry SystemsZ8,
195z212.

(2) Law B.S. & Chidel M. (2006) Eucalypt plantings on farms: use by insectigos bats in
south-eastern Australia.Biological Conservationl33, 236z249.

3) Law B.S., Chidel M. & Penman T. (2011) Do young eucalypt plantations benefit bats in an
intensive agricultural landscapeVildlife Research38, 17%187.

3.15. Retain remnant forest orwoodland on agricultural land

1 We found no studies that evaluated the effects of retaining remnant forest or woodland on
agricultural land on bat populations.
6We found no studiesd means that wwaluated thise n ot y e

intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Remnantforest or woodland fragments may provide important habitat for bats in
agricultural landscapes Remnant of forest or woodland have been found to
support greater bat activity andor more bat species than surrounding pasture,
arable land or plantations (e.g. Hobbgt al. 2003, Lawet al. 2011, Lentini et al.
2012, FuentesMontemayor et al.2013, Pinaet al.2013). A study in Southeast Asia
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found that larger forest fragments in areas of plantation agriculture supported
similar or higher bat abundance and diversityto undisturbed continuous forest
(Struebig et al.2008).

To be included as evidence for this intervention, studies must have monitored a
comparison, i.e. compared remnant forest or woodland that has been kept intact
with similar/nearby areas where remnants have been cutdown or otherwise
degraded. There must have been an active decision (i.e. intervention) to retain the
remnant forest or woodlandsand the study must state when the intervention was
carried out.

For studies that may carry out this intervention alongside ther interventions to

AAT AEEO AAOO IPay faidetsitd obver\the ca3td Af cadiservation

measures (e.g. agenvironment schemegRdr a general intervention that involves

patche® 8

FuentesMontemayor E., Goulson D., Cavin L., Wallace J.M. & Park K.J. (2013) Fragmented
woodlands in agricultural landscapes: The influence of woodland character and landscape
context on bats and their insect preyAgriculture, Ecosystems & Environmerit72, 6z15.

Hobbs R., Catling P.C., Wombey J.C., Clayton M., Atkins L. & Reid A. (2003) Faunal use of bluegum

(Eucalyptus globulu¥ plantations in southwestern Australia. Agroforestry Systems;8, 195
212.

Law B.S., Chidel M. & Penman T. (2011) Do young eucalypt plantations benefit bats in an intensive
agricultural landscapeWildlife Research38, 17%187.

Lentini P.E., Gibbons P., Fischer J., Law B., HanspachMa®in T.G. (2012) Bats in a farming
landscape benefit from linear remnants and unimproved pstures.PLoS ONE,, e48201.

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 Savann&hiroptera Neotropical 19, 1430

Struebig M.J., Kingston T., Zubaid A., MeAdnan A. & Rossiter S.J. (2008) Conservation value of
forest fragments to Palaeotropical batsBiological Conservationl41, 211272126.

3.16.  Retain riparian buffers on agricultural land

1 Onestudy evaluatethe effects oétaining riparian buffers on agricultural land on bat
population$hestudy was in the UK

COMMUNITY RESPONEBEIUIDES
POPULATIORESPONS@ STUD)

1 Abundancel(study): One replicated, paired sites study inlttoeiiékthat pipistrelle
activity (relative abundance) did not differ along waterways withieeffatian
agrienvironment scheme farms and waterways on conventional farms.

BEHAVIOU® STUDIES)
Background

This intervention involves retaining buffers of woodland, forest or other
vegetationalong streams and rivers(riparian buffers or corridors) in agricultural
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areas This may provide foraging and roosting opportunities for bats and maintain
connectivity in disturbed landscapes.

To be included as evidence for this intervention, studies must have monitored a
comparison, i.e. compared agricultural areas whereparian buffers have been
kept intact with similar/nearby areas where riparian vegetation has been cut
down or otherwise degaded. There must have been an active decision (i.e.
intervention) to retain the riparian buffer and the study must state when the
intervention was carried out.

For a similar intervention relevantO1T 1 T C CThrkat Bioldidalres@urce use

z Logging and wood harvestingg Retain riparian buffers in logged are@&s8 &1 O Al
intervention that involves planting riparian buffers to reduce pollution, see

Qhreat: Pollutionz Agricultural and forestry effluents Plant riparian buffer stripsd 8

A replicated, mired sites study in 2008 on 17 pairs of farms in Scotland, UK
(1) found that buffer strips along waterways on agrenvironment scheme farms
had similar activity of Pipistrellus species as the edges of waterways on
conventional farms. The activity of comma pipistrelles Pipistrellus pipistrellus
and soprano pipistrellesPipistrellus pygmaeusvas similar along waterways with
buffer strips and conventionally managed waterways (data reported as statistical
model results). On agrenvironment scheme farms, waterways had buffers with
tall, waterside vegetation and restrictions on fertiliser, pesticdes, mowing and
grazing. Each of 17 waterways with buffers on ag®nvironment scheme farms
was paired with 17 waterways on conventional farms with similar farming
activities and surrounding habitats. No detailswere reported about waterway
edges on convational farms. Each of 13 pairs of farms was sampled once on the
same night in JungSeptember 2008. On each of 26 farms, bat activity was
recorded continuously from 45 minutes after sunset using bat detectors along
transects 2.53.7 km in length.

Q) 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, 223%2246.

3.17. Retain or plant native trees and shrubs amongst crop S
(agroforestry)
1 Eightstudiesevaluatethe effects oftaining @lanting natiees andhrubs amongst

crops on babplatios. Fourstudiesvere iMexicod*>6threewere in South Ameéri¢a
and one was Tanzania

COMMUNITRESPONSE §TUDIES)

1 Community compositiof $tudy): Onereplicated, site comparisory gtutlanzania
found differecdmpositions ludit species in coffee plantations with different amounts and
types of shadever
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1 Richness/diversity7(studies): Four of sixreplicated, site comparison studies in
ColumbiaMexice*%6 and Costa Ricibund a similar number of bat species in shaded
and unshaded coffee plantatiand in coffee plantations with different amounts and
types ofhade cov&t= The two other stu@kfsund more bat spettesd higher bat
diversif/in coffee, cacao and banana plantations with varied shade cover, than in
plantations with a single shade sraiesshadeOne replicated, site comparisdy s
in Tanzanidound more bat species in shaded coffee plantations than in traditional mixed
agroforestry systems with natural forest vegetation.

POPULATIORESPONSE STUDIES)

1 Abundancdb studies):Two replicated, site comparison studlexiat® captured
more bats in coffee plantations with varied shade cover than in plantations with a single
shade species. One replicated, site comparison study fiouvidxiggher activity
(relative abundanoé¥orest bat speciegplantations i varied shade cover than in
plantations with a single shade specids bpposite was trueojpenhabitabat
speciesOne replicated, site comparison study in Céstauitica difference in the
number of bats captulbetween cacao and barstmede plantations and unshaded
monoculture®©ne replicated, site comparison study in Tdonadigreaterbat
occurrencia shaded coffee plantations than in traditional mixed agroforestry systems with
natural forest vegetation.

1 Condition (1 study®Pne replicated, site comparison study in Gdtumdithat great
fruteati ng bats captured in Osilvopastoral
chemicals, had higher body weights and body condition scores than those in conventional
farming areas.

BEHAVIOUR STUDIES)
Background

This intervention involves growing cropsunder shade trees that are either native
tree speciesthat are remnants from cleared vegetation, or other crop treegoften
OAEAOOAA O1 AlGis dpprdachprotie® Antbfe Cdthflek habitat than
conventional monocuture farming and can support higher levels of biodiversity.

A replicated, site comparison study in 19992000 of 18 sites in coffee
plantations and forest fragments in the Central Andes, Columbid)(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 coffeplantations (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 plantatbns, 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 fragmis). Shaded coffee plantations
had native shade trees. Unshaded plantations were coffee monocultures with no
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trees or containing justisolated trees. Bats were sampled with 5880 m of mist
nets for three consecutive nights/site between October 1999 anBebruary 2000.

A site comparison study in 20042005 in five agroforestry plantations and
one montane rainforest in southeastern Chiapas, Mexic¢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 %) 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 foundio 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 inative rainforest (37 species) than in
any of the five coffee agroforestry plantations. One native rainforest site was
sampled, and five coffee agroforestry plantations with differenheights (6225 m),
layers (2z3 strata), types (native rainforest trees, shimbillolnga spp. or banana
Musa spp.) and amounts (40z790%) of shade cover. Management intensity
(pruning, weeding, and use of chemicals) also varied between sites. At each of six
sites, kats were capturedwith six mist nets placed along a 150 m transect foé h
from sunset ontwo nights. Surveys were repeate@very 50 daysfrom March 2004
to June 2005.

A replicated, site comparison study in 20022003 in 28 agroforestry
plantations and seventropical lowland forest sites in Talamanca, Costa Rid&)
found that banana and cacao agroforestry plantations had higher bat diversity and
more bat species tharunshadedplantain monocultures, butthe total number of
bats captureddid not differ. Bat diversity (reported as diversity indices) and the
number of bat species was higher in banana (14 bat species) and cacgd5 bat
species)agroforestry plantations thanin unshadedplantain 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 groforestry 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 cacaocagroforestry plantations were grown
organically with a shade canopy of native trees golanted fruit and timber trees.
Plantain monocultures were grown without shade and with the use of chemicals
such as insecticides. Thirtyfive sites were sampled including seven replicates
each of native forest, plantain monoculture and banana agroforesy, and 14
replicates of cacao agroforestryAt each of 35 sites, ats were captured with four
mist nets for 5 h on one nightin MayzNovember 2002/ 2003 and one night in
FebruaryzNovember 2003

A replicated, site comparison study in 20082007 of 44 sites in coffee
agroforestry plantations and nativerainforest fragments in Chiapas, Mexic¢4)
found that traditional agroforestry plantations had asimilar number of leaf-nosed
Phyllostomiche bat species to more intensivly managedagroforestry plantations,
but species composition differed and more bats were captured in traditional
plantations. A similar number of bat speciesbut more bats were captured in

76



traditional agroforestry plantations (24 species average 2.5 bats/mist net/houn
than in plantations with moderate (22 species, 1.6 bats/mist net/hour) or high
intensity management (22 species1.4 bats/mist net/hour). A similar number of
bat species were also captured in native forest (24 bat spesje The proportion of
bat species in allfeeding groupsdecreased as management intensity increased,
except forlarge fruit-eating bat specieswhich increased in proportion (from 30%
in native forest andtraditional plantations to 48% in high intensity plantations).
Bats were sampled irtraditio nal 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 gown under shimbillo Inga spp. trees 10
sites) and native forest fragments (11 sites) At each of 44 sites, bats were
captured with mist netsfor 8210 h during one night between November 2006 and
August 2007.

A replicated, site comparison study in 20082007 of 44 sites in coffee
agroforestry plantations andtropical rainforest in Chiapas, Mexicd5) found that
traditional agroforestry plantations had a similar number of insecteating bat
species to more intensively managed agroforestry plantations, but species
composition differed. The number of insecteating bat species did not differ
significantly between traditional agroforestry plantations (18 species and
plantations with moderate (23 bat specie$ or high intensity management 1 bat
specieg. Activity of forest bat species was lower in high intensity plantations
(average 6 bat passes/night)than moderate intensity (14 bat passes/nigh) or
traditional plantations (21 bat passes/nigh). The opposite was true for @en
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 specieq19) 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 siteg and native forest
fragments (11 sites). At each of 44 sites, sampling waarried out with mist nets
and bat detectors for &10 h during one night between November 2006 and
August 2007.

A replicated, site comparison study in 20082009 of nine farms in Veracruz,
Mexico (6) found that coffee plantationswith a mix of shade speciebad more bats
and bat species captured within them than coffee plantationsvith few shade
species and little understoreyor pastures. More frut and nectar-eating bats and
bat specieswere captured in coffee plantationswith a mix of shade specie$378
bats, 20 bat specieythan in coffee plantationswith few shade species and little
understorey (64 bats, 10 bat specieyor 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 shadednly by mainly shimbillo Inga spp.
trees with few understorey species.Three pastures were cattlegrazed with
introduced grass species and isolated trees. Nine farms (three of each type) were
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surveyed eight times across three different seasons between April 2008 and
September 2009. Bats were captured using 10 mist nets/site placede to end at
ground level for4 hfrom sunset.

A replicated, site comparison study in 20192011 in 19 plantation, forest and
grassland sites on the southern slopes of Mount Kilimanjaro, Tanzanid)(found
that shaded coffee plantations had greater overalbat occurrence and species
richness than traditional agroforestry systems, grasslands or natural forests, and
species composition also differed. Overall bat occurrence was greater in shaded
coffee plantations (average 49 occurrences) than traditional agforestry systems
(34 occurrences), grasslands (29 occurrences) or natural forests (15
occurrences). Species richness was higher in shaded coffee plantations (10
different types of batecholocationcall) than traditional agroforestry systems (8
types of batcall), grasslands (7types of bat cal) or natural forests (6 types of bat
call). Species composition also differed between habitat types (data reported as
statistical model results). Surveys were conducted inzb plots (0.5 ha)within
each of four habitd 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 pointd plot were
surveyed from sunset for 4 x Bminute intervals. Each plot was surveyed omne
night in DecembegMarch 2010/2011 and JungSeptember 2011

A replicated, site comparison study in 20132012 of four tropical forest
fragments in livestock farming areas in Cérdoba, Columbia8) found that great
fruit -eating bats Artibeus lituratus AADOOOAA ET OOEI Ol bAOOT OAI
agroforestry, along with no chemicals, had higher body weights and body
condition scores than those wihin conventional farming areas. Great fruteating
AAOO AADOOOAA ET OOEI Ol PAOOT OAI 86 AOAAO EAA
body condition score (0.93) than those captured in conventional farming areas
(59.5 g; 0.86). In August 201%July 2012, geat fruit-eating bats were captured at
Al OAOO EOAcCi AT OO xEOEET AAAE 1T &£ Ox1 OOEI OI
AT 1T OAT OET1T Al EAOIETC AOAAO | O1I OAT ow AAOO(Q
amongst trees, shrubsand crops, without chemica$. Conventional areas grazed
livestock in monocultures with little tree or shrub cover, and used agrochemicals,
pesticides and herbicides. Each of four sites was sampled 15 times for three
consecutive nights with mist nets (6 x 3 m) deployed within the fest fragment
(nine nets) and surrounding area (five nets). Nets were deployed for 12 h/night
(18:00z06:00 h) and checked every 45 minutes. Each captured bat was weighed,
forearm length was measured, and body condition calculated (body
weight/forearm lengt h). Bats were marked before release.

Q) Numa C., Verdd J.R. & SancHealomino P. (2005) Phyllostomid bat diversity in a
variegated coffee landscapeBiological Conservation122, 15%158.

(2) Estrada C.G., DamoA., Herndndez C.S., Pinto S.LN&ifiez G.I. (2006) Bat diversity in
montane rainforest and shaded coffee under different management regimes in southeastern
Chiapas, MexicoBiological Conservation] 32, 351z7361.
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(3) Harvey C.A. &onzalezVillalobos J.A. 2007) Agroforestry systems conserve speciedch

but modified assemblages of tropical birds and bat&iodiversity and Conservatiori6, 225772292.

(4) Williams-Guillén K. & Perfecto |. (2010) Effects of agricultural intensification on the
assemblage of laf-nosed bats (Phyllostomidae) in a coffee landscape in Chiapas, Mexico.
Biotropica, 42, 605613.

(5) Williams-Guillén K & Perfecto I. (2011) Ensemble composition and activity levels of
insectivorous bats in response to management intensification in coféeagroforestry s/stems.PLoS
ONE®6,e16502.

(6) CastroLuna A.A. & Galindgsonzalez J. (2012) Enriching agroecosystems with fruit
producing tree species favors the abundance and richness of frugivorous and nectarivorous bats
in Veracruz, MexicoMammalianBiology,77, 32240.

(7 Helbig-Bonitz M., Ferger S.W., BohnirGaese K., Tschapka M., Howell K. & Kalko E.K.V.
(2015) Bats are not birds - different responses tohuman land-use on atropical mountain.
Biotropica, 47, 497%508.

(8) ChaconPacheco J.J. & Ballester@orrea J. (2019)Better body condition of Artibeus
lituratus in fragments of tropical dry forest associated with silvopastoral systems than in
conventional livestock systems in Cordoba, ColomhiaMejor condicién corporal de Artibeus
lituratus en fragmentos de bosque seco asociados a sistemas silvopastoriles que en sistemas
convencionales de ganaderia en Cérdoba, Colombizecologia Australis23, 589605.

Livestock farming

3.18. Avoid the use of antiparasitic drugs for livestock

1 We found no studies that evaluated the edfemtdireg the use of antiparasitic drugs for
livestock on abpulaticn
6We found no studiesd means that we have not y e

intervention during systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

In some countries, ivestock are treated with antiparasitic drugs to control

parasites. These drugs may persist in livestock dung and have a negative impact

on dung-eatinginvertebrates, which are an important food source for some insect

eating bat species(e.g. see EUROBATS 2010)is action is often carried out as

part of an orgAT EA AAOI ET C Us® Brganid fainthg iBstedd ofO
conventional farmind &1 O OOOAEAO OEAO AgAIi ET A OEA A
overall.

EUROBAT$2010) Report of the Intersessional Working Group on impact on bat populations of the
use of antiparaitic drugs for livestockDoc EUROBATS.StCAC15.29. Revl.

3.19. Manage grazing regimes to increase invertebrate prey

1 We found no studies that evaluated the effentagihg grazing regimes to increase
invertebrate pregbatpopulatian
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O0We foundsdmomesamsl that we have not yet found an
intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or hésmful effec

Background

Grazing regimescan be designedto maintain pasture in good condition and
increase the abundance of invertebrate prey for batdats may also forage over
herds of grazing livestock, particularly at moderate stocking densities (e.qg.

Ancillotto et al. 2017).

Ancillotto L., Ariano A., Nardone V., Budinski I., Rydell J. & Russo D. (2017) Effects ofrxaging
cattle and landscape complexity on bat foragingmplications for bat conservation and livestock
managementAgriculture, Ecosystems & Environmei41, 54z61.

3.20. Replace culling of bats with non -lethal methods of
prevent ing vampire bats from spreading rabies to
livestock

1 We found no studies that evaluated the eftggtscigullingpf batswith nostethal
mehods oprevenhgvampire bats from spreading rabies to livestanipiredat
populations
6We found no studiesd means that we have not y e

intervention during our systematic journal and report searches. Thesefoyeewddnce to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Vampire bats have been extensively culled in Latin America to prevent the spread
of rabies to livestock. However, researcBhows that cullingis ineffective and may
increase the spread of rabiege.qg.Streicker et al. 2012). Nontlethal measures of
diseasecontrol have been suggested as alternatives, suchaccinating livestock
against rabies(e.g.Benavideset al. 2017).

ForanET OAOOAT OET 1T OAl AOET ¢ O1 OmédatHubtiogA AA 1T £ C
Z Replace cullingof batswith non-lethal methods ofpreventing vampire bats from
spreading rabies to humarts 8
Benavides J.A., Rojas Paniagua E., Hampson K., Valderrama W. &I&trd.G. (2017) Quantifying
the burden of vampire bat rabies in Peruvian livestockPLOS Neglected Tropical Diseasts,
€0006105.
Streicker D.G., Recuenco S., Valderrama W., Gomez Benavides J., Vargas |., Pacheco V., Condori
Condori R.E., Montgomery JRupprecht 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 Scier&#3%,338473392.
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3.21. Manage livestock wa tertroughs as a drinking resource
for bats

1 Twostudes evaluatedhe effects ahanagindjvestockvater troughss a drinking
resourcéor batsBothstudesweren the USA

COMMUNITY RESPONEETUDIES)
POPULATIORESPONS{@ STUDIES)
BEHAVIOUR STUDES

1 Use 2 studes): One replicated, paired sites study in thdoUrshthat removing
livestock modifications from water troughs resulted in bats drinking from them more
frequenthyOne paired sites study in the fd8Ad that livestock water tanks that were
larger, full of water or surrounded by sparse vegetation had more bats drinking from them
than smaller, half full tanks surrounded by no or dense vegetation.

1 Behaviour changd étudy): One replicated, pairedssgtudy in the USéund 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 imrid
areas. Modifications to water troughs hat prevent livestock from damaging or
entering them, such as wires and braces across the water surface, may injure bats
or prevent them from drinking. Removing livestock modifications, keping water
troughs full and managing surrounding vegetation may increase the use of troughs
by bats. Carefully designed escape structures may also prevent downed bats from
drowning (e.g. see Taylor & Tuttle2012).

For studies that avoid illuminating livestock water troughs, see@hreat: Pollution
Z Avoid illumination of bat foraging, drinking, and swarming Asit,ésEAEB)r,stAuc!ievsthat

create water sources on farmland andn | OE A O E A AHakhdk @<tdnatio® A A O

and creationz Create artificial water sources 8
Taylor D.A.R & Tuttle M.D. (2012Vater for Wildlife: A handbook for ranchers and range managers
Bat Conservation International, Austin, Texas, USA

A replicated, paired sites study in 2004 ofdur 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 dung
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 0.3times; modified: 1.8 times). Three experiments were
carried out at a pair of rectangular troughs (surface area 7.5 #1 and one
experiment at a pair of circular troughs (surface area 4.7 #. One trough in each
pair had modifications installed with either a3-strand barbed wire fence across
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the centre or boards at 100 cm intervals, the other was left unmodified. Troughs
were filmed simultaneously for 1z5 nights in MayzAugust 2004 Modifications
were then switched to the unmodified trough and filming was repated.

A paired sites study in 2008 in a semarid area of Texas, USA2) found that
livestock water tanks that were larger, full of water or surrounded by sparse
vegetation had more bats drinking from them than smaller, half full tanks
surrounded by no or dense vegetation. More bats drank from tanks that were
larger (30 bats), full of water (20 bats) or surrounded by sparse vegetation (15
bats) compared to tanks that were smaller (O bats), half full of water (O bats) or
surrounded by no vegetation (2 bats)r dense vegetation (0 bats). Four pairs of
galvanized livestock water tanks (1.2, 1.8 or 3 m diameter, 0.6 m high) were
deployed (spaced 80 m apart) for two nights each. Each pair tested one of four
treatments: tank size (3m diameter tank vs 1.2m diameter tank), water level (full
tank vs half full tank), sparse vegetation (one tank with salt cedaramarix spp.
branches tied around the perimeter with some gaps, the other with no vegetation),
dense vegetation (one tank with dense salt cedar branches tiedoaind the
perimeter, the other with no vegetation). Treatments were switched within each
pair between the two nights. Bat activity was recorded using nightision video
cameras and infrared lights for 160 minutes/night after sunset at each of thesight
tanks in JungAugust 2008. Bats were not identified to species.

D 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, 60%608.

(2) Jakrel S.L. & Matlack R.S. (2010) Influence of surface area, water level and adjacent
vegetation on bat use of artificial water sourcesThe American Midland Naturalist]64, 74z79.

Perennial, non  -timber crops

3.22.  Prevent culling of bats around fruit orchards

1 We found no studies that evaluated the effgeigenfing culling of bats around fruit
orcharden bat populations
6We found no studiesd means that we have not y e

intervention during our systemati@ajand report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Batsare frequently shot, persecutedand evenlegally culled around fruit orchards

to prevent damageto or loss of fruit crops. This is likely to have a significant
impact on the survival of fruit bat populations For example, he Mauritius fruit bat
Pteropus nigerhas undergone an estimated population decline of 50% since
government-implemented culing took place in 2015 and 2016 Vincenot et al.
2017).
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Vincenot C.E., Florens F.B.V. & Kingston T. (2017) Can we protect island flying foszsénce355,
1368z71370.

3.23. Use non -lethal measures to prevent bats from
accessing fruit in orchards to reduce hum an -wildlife
conflict

1 Twostudes evaluatedhe effects afsingnonlethal measures ficevenbats from
accessing fruit in orchatmlsreduce humurldlife conflicThe studs were in
MadagaschandMauritités

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONS® STUDIES)
BEHAVIOUR STUIEY

OTHERXSTUIES

1 Humanwildlife conflict2 studes): Two replicated, controlled studies (including one
randomized study) in MadadamedrMauritiifound that using an organic deterrent
spray, hanginglgstic flags in tréesr covering individual tree branches with nylon net
bags reduced damage to lychees caused by Madfigagctxéor Mauritius fruit
bat$. One of the studitmind that ringing bells in lycheelgteeredosMadagascan
flying foxes

Background

Bats may be culled by farmers or injured/killed by entanglement with
inappropriately installed nets at fruit orchards. Various ron-lethal alternatives
have beensuggested to prevent bats from accessing fruit in orchard® reduce
human-wildlife conflict. These include using fixed nets (that prevent
entanglement), netting individual treesor branches planting decoy crops, picking
fruit before peak ripeness and detrring bats with light, noise or unpleasant smells

and tastes (see Aziet al. 2016).

Aziz S.A., Olival K.J., Bumrungsri S., Richards G.C. & Racey P.A. (201630t between
Pteropodid bats and fruit growers: species, legislation and mitigtion. Pages377z426 in: Voigt
C.C. & Kingston T. (edsBats in the Anthropocene: Conservation of Bats in a Changing World.
Springer International Publishing, Cham.

A replicated, randomized, controlled study in 20122013 at two lycheeLitchi
chinensiggrowing sites in MadagascarX) found that usingan organic deterrent or
plastic flags reducedychee damage caused by Madagascdlying foxes Pteropus
rufus, and ringing bells caused most bats to fly away. At both sites, the average
proportion or number of lycheesdamaged byflying foxed fruit cluster was lower
with an organic deterrent (Site 1 = 5%; Site 2: two fruffruit cluster ) or plastic
flags (Site 1 = 32%; Site 2 = 0.5 fruftuit cluster ) than with no deterrent (Site 1 =
62%; Site 2 = 11 fruiffruit cluster). Across both sites, ringing bells resulted in 35
of 44 (80%) flying foxesflying away. Three deterrents were tested at two sites in
¢cnpe AT A ¢mpo8 !'T 1T OCATEA AAOAOOAT O j 601 Al
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vegetable oil was mixed with water andsprayed onto 1%27 lychee clusters/site
(each with 607125 fruit), 15 days beforelycheesripened. Bright pink plastic flags
(1 x 0.5 m) were hung 1 m from 1820 randomly selectedlychee clusters/site
(each with 100z150 fruit). Controls were 21732 lychee clusters/site with no
deterrents. On three occasions, six bells (2@m diameter) were hung in twolychee
trees for four consecutive nights. Bells were rung using a string between 18:00
and 22:00 h whenflying foxes attempted to feed onlychees Lychee cdamage
causedby flying foxes (identified from teeth marks) was monitored daily until
lycheeswere collected by farmers.

A replicated, controlled study in 2012017 of 18 lycheeLitchi chinensidrees
in three towns in central Mauritius @) found that covering individual branches
with nylon net bags reduced damage to lycheemostly caused by Mauritius fruit
bats Pteropus niger Lychee yield from panicles that were covered with net bags
was 33% greater than hat from uncovered panicles (data reported as statistical
model results) due to reduced damage by Mauritius fruit bats, birdsor other
causes. Bats were estimated tdamage42% of lychees, birds13% and unknown
causes or splitting 21%. Up to six individuh BAT EAT AO 11 AAAE 1T £
lychee trees were covered with nylon net bags and six were left uncovered (total
75 covered, 81 uncovered). The number of lychees on each panicle and
damaged/fallen lychees were counted every Z3 days over an average df8 days
in NovemberzJanuary 2016/2017. Damage by bats was identified from bite marks
or discarded seeds.

(1) Raharimihaja T.E.A., Rakotoarison J.L.M., Racey P.A. & Andrianaivoarivelo R.A. (2016) A
comparison of the effectiveness of methods of deterring’teropodid bats from feeding on
commercial fruit in MadagascarJournal of Threatened Tax&, 951279524.

(2) Tollington S., Kareemun Z., Augustin A., Lallchand K., Tatayah V. & Zimmermann A. (2019)
Quantifying the damage caused by fruit bats to backyard lyek trees in Mauritius and evaluating

the benefits of protective netting.PLOS ONEL4, e0220955.

3.24. Restore and manage abandoned orchards for bats

1 We found no studies that evaluated the effects of restoring and managing abandoned
orchards for bats ongagiulations.
6We found no studiesd means that we have not y e

intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the interventioaryadesirable or harmful effects.

Background

Restoring and managing traditional orchards(e.g. by pruning and removing
undergrowth) may provide a suitable habitat for foraging and roosting batsFor
example, astudy in Switzerland found more bat species ahgreater bat foraging
activity in traditionally managed sweet chestnuCastanea sativarchards with a
more open structure than in abandoned and unmanaged orchards that had
become overgrown with dense vegetationQbrist et al. 2011).
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Obrist M.K., Rathey E., Bontadina F., Martinoli A., Conedera M., Christe P. & Moretti M. (2011)
Response of bat species to sylvpastoral abandonment.Forest Ecology and Managemer#61,
7897798.

3.25. Introduce certification for bat -friendly crop harvesting
reg imes

1 We found no studies that evaluated the effemtsluting certification fofrieadly
crop harvesting regimedat populations
6We found no studiesd means that we have not y e

intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Certification schemes can encourage bdtiendly crop harvesting regimes and

raise awarenessof bat conservation. An example is the Tequila Interchange

001 EAAOh xEEAE AxAOAOEOEMAN GEIUS BAINOEA AOG AA /
farming practices that benefit bats ywww.tequilainterchangeproject.org).
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4. Threat: Energy productioand mining

Energy production (renewable and nonrenewable) and mining can have
significant impacts onbat populations through the destruction and pollution of
habitats. General nterventions in response to these threats are discussed in
®labitat protectiond fHabi@t restoration and creatiod  ATheeat: ®ollutiond
Interventions that are more specificto wind turbines and mining arediscussed 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 geneating up to 2.3 Mega Watts. Studies indicate that &rge

numbers of bats are killed by largescale wind farms across the world raising

concerns about the cumulative impact of wind energy on bat populations (e.g.

Frick et al. 2017). The evidence providedin this chapter relates to large

commercial wind turbines.

31 AlT1T A0 OIi EAOI 6 xETA OOOAEIT AQoojkwihavAE OUDEA
also become increasingly popular, usually installed singlgr in small groups by

homeowners on private land.We found ro studies that evaluated the effectf

ET OAOOAT OET 1T O OAlI AOET C HKbiveved bahfhtdliiedtake A OT & x E
been reported at small wind turbines. For example, one study estimated that 181

3,363 bats may be killed per year across 20,000 small wind turbines in the UK

(Minderman et al. 2015). It has been suggested that the moving blades of small

wind turbines interfere with bat echolocation callswhich may make them difficult

to detect (Longet al. 2010). Small wind turbines may also affect habitat use by

bats. Some bat species have been foundawoid small wind turbines, with adverse

effects an bat activity recorded up to 100 maway (Minderman et al.2012, 2017).

Frick W.F., Baerwald E.F., Pollock J.F., Barclay R.M.R., Szymanski J.A., Weller T.J., 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 Conservatior209, 1727177.

Long C.V., Flint J.A. & Lepper P.A. (2010) Wind turbines and bat mortalitgppler shift profiles
and ultrasonic batlike pulse reflection from moving turbine blades. The Journal of the
Acoustical Society of Americ&28, 22382245.

Minderman J., Pendlebury C.J., Peatd&ggins 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,,
e41177.

Minderman J., FuentesMontemayor E., Pearcediggins J.W. Pendlebury C.J. & Park K.J. (2015)
Estimates and correlates of bird and bat mortality at small wind turbine sitesBiodiversity and
Conservation24, 4677482.

Minderman J., Gillis M.H., Daly H.F. & Park K.J. (2017) Landsesqme effects of singleand
multiple small wind turbines on bat activity. Animal Conservation20, 4557462.
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4.1. Apply textured coating to turbines

1 Onestudy evaluatedhe effects dapplying a textured coating to turbines on bat
populations. The study was in tHe USA

COMMUNITY RESPORKBETUDIES)

POPULATIORESPONSE STULY)

1 Abundancél study): One paired sites study in thé {d8Ad thatpplying a textured
coating to trbinalid not reduce the activity of four bat species or the number of bats
observed.

BEHAVIOURSTUDIES)
Background

It has beensuggestedthat smooth surfaces such as those found on wind turbine

towers, may be misidentified by batsas water or clear flight paths due to their

acoustic mirror properties (Russoet al. 2012, McAlexander 2013,Greif et al.

2017). Applying a textured coating could reduce bat collisions and fatalities.

Behavioural experimentsin flight rooms found that batsdid not make contact with

textured surfaces and approached them lessften than smooth surfaceqGreif &

Siemers 2010Bienz2015).

Bienz C. (2015)Surface texture discrimination by bats: implications for reducing bat mortality at
wind turbines MSc Thesis. Texa€hristian University.

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

" OAEZLE 38h : OAAGE 38h 3AEI EAAAO $8 QO 3EAI AOO "8-38
Science357, 10451047.

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

RussoD., Cistrone L. & Jones G. (2012) Sensory ecology of water detection by bats: A field
experiment. PLOS ONKE, e48144.

A paired sites study in 2017 at a wind farm iran agricultural and wooded area
in Texas, USA1) found that applying a textured coatingto a turbinedid not reduce
the activity of four bat species or the number of bats observed compared to a
conventional smooth turbine.Average hoary bat activity was greater at a textured
turbine than a smooth turbine in onetrial (textured: 2.7 calls/h; smooth: 0.3
calls/h) but did not differ significantly in the other (textured: 0.3 calls/h; smooth:
0.7 calls/h). Activity did not differ significantly between textured and smooth
turbines in either trial for eastern red bats Lasiurus borealis(textured: 1.5z1.8
calls/h; smooth: 1.3z1.9 calls/h), tricolored bats Perimyotis subflavugtextured:
0.8z1.1 calls/h; smooth: 0.9z1.0 calls/h), or evening bats Nycticeius humeralis
(textured: 1.0z1.5 calls/h; smooth: 1.5z1.6 calls/h). The average numbepf bats
observed also did not differ significantly (textured: 5z7 bats/h; smooth: 679
bats/h). A textured coating was applied to one turbine (around the entire turbine
from 10z43 m above ground) in each of two pairs in June 2017. The other turbine
in eachpair was left smooth. Paired turbineg 1 ha apar) had similar bat activity
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during previous surveys. Bats were surveyed on 27 nights at each turbine using
night-vision, thermal imaging cameras and bat detectors in JupBeptember 2017.

Q) Huzzen B. (2019)Does a textured coating alter bat activity and behaviour in proximity to
wind turbines. MSc thesisTexas Christian University.

4.2. Deter bats from turbines using radar

1 We found no studies that evaluated the effetdsriafy bats from wind turbines using
radaron bat populations
6We found no studiesd means that we have not y e

intervention during systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

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 less active
at wetland and woodland foraging sites when pulses of radar signals were emitted
from antennas (Nicholls & Racey 200). However, the authorsstate that the
thermal effects of exposire to electromagnetic radiation may be harmful to bats

and other organisms.
Nicholls B. & Racey P.A. (2009) The aversive effect of electromagnetic radiation on foraging bats
a possible means of discouraging bats from approaching wind turbineBLoS ONH, €6246.

4.3. Deter bats from turbines using ultrasound

1 Fourstudiesevaluatethe effects deterring bats from wind turbines using ulwasound
bat populationEhefourstudies were in the USA

COMMUNITY RESPONBE UDIES)

POPULATIORESPONS@STUIEY

1 Survival 8 studes): Threereplicatedandomizedontrolled stied (onewith a before
andafter trial in the second)yrdhe USA found mixed results. In the first yaser of
study, 2151% 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 ultrasontemtents fitte@nestudyfound that using an ultrasonic deterrent
emitting a constamtpulsegignahad mixed effects on the fatality rates of three bat
speciesOnestudyfound thatsingultrasonic deterrergsulted in fewfatalities fawo
of three bat species.

BEHAVIOUR STUD)

1 Behaviour changd étudy): One paired sites study in thé {d8Ad fewer bats flying
nearmne of twavind turbisevith an ultrasonic deteentpared to turbingthoytbut
the effect of the deterosatalwas not significant
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Background

Bats rely on ultrasound to echolocate for foraging and navigatiorBroadcasting
ultrasonic sounds at the frequency range which bats use for echolocation may act
as a deterrent by interfering with their ability to perceive echoesThree studies in
the USA found reduced bat activity at pond sites when ultrasonic deterrents were
used (Szewczak & Arnett 2006, Szewczak & Arnett 2008, Johnsiral.2012). For
a similar intervention relating to roads and railh ~ (rdlet: T®ansportation and

service corridorg Deter bats from roadsailways using ultrasounad 8

Johnson J.B., Ford W.M., Rodrigue J.L. & Edwardé. J2012) Effects of acoustic deterrents on
foraging bats.Research Note NR329. Newtown Square, PA: U.S. Deparént of Agriculture,
Forest Senice, 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 turbinesAn investigative report submitted to thBats
and Wind Energy CooperativBat Conservation International Austin, Texas, USA.

Szewczak].M. & Arnett BB. (2008) Field test results of a potential acoustic deterrent to reduce bat
mortality from wind turbines. An investigative reporsubmitted to the Bats and Wind Energy
CooperativeBat 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 activityduring two trials with an
ultrasonic deterrent, and the deterrent did not have a significant effect overall
Fewer bats were observed overlO 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 ultrasonic deterrentdid
not have a significant effect on the numbeof bats observed when results from
both trials were combined (data reported as statistical model results).The
deterrent broadcast random pulses of broadband ultrasound from 2¢B0 kHz. For
both trials, bat activity was observedsimultaneously at treatment and control
turbines for 3.6 h after sunsetfor 10 consecutive nights in August 2007using
thermal infrared imaging camerasBats were not identified to species.

Areplicated, randomized, controlled study in 20092010, with a beforeand-
after trial in the second year,at a wind farm in a forested areaof Pennsylvania,
USA(2) found that an ultrasonic deterrent had mixedeffects onbat mortality . In
2009, 21z751% fewer batsoverall were killed perdeterrent turbine (average6 bats
killed/turbine) than control turbine (average 9 bats killed/turbine ). The
difference in mortality was significant for hoary batsLasiurus cinereugdeterrent:
average 4 bats killed/turbine; control: 2 bats killed/turbine), but not for five other
bat species (see original paper for data)ln the 2010 beforeand-after trial,
between 2% more and 64% fewerbats were killed overall at deterrent turbines
than at control turbines when accounting for differences found betwen control
and deterrent turbinese T OE A O DiffeEnc@dfdr indidialspesies were
not tested for statistical significance due to low numbergsee original paper for
data). In 2009 and 2010 10 randomly selected wind turbines were fitted with
deterrent devices, and15 randomly selected turbines without the device were
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used as controlsThe deterrent emitted continuous ultrasonic broadband noise at
207100 kHz.In 2009, daily carcass searches were conducted AugusizOctober.
In 2010, the beforeand-after trial was conducted with daily carcass searchem
MayzJuly before the deterrent was used, followed by daily searchda Julyz
October with the deterrent active.Carcass counts were adjusted to account for
searcher effciency and removal by scavengers.

A replicated,randomized, controlled study in 2014z2016 at a wind farm ina
forested area oflllinois, USA @) found that turbines with ultrasonic deterrents
emitting a constant or pulsed signal had mixed effects onbat mortality . Turbines
with ultrasonic deterrents emitting a constant signal had26z36% fewer hoary bat
Lasiurus cinereusatalities compared to turbines with no deterrent(data reported
as statistical model results) For silverhaired bats Lasionycterisnoctivagansand
eastern red batsLasiurus borealisthere were significantly fewer fatalities (57%
and 39% respectively) duringone of two years of the studywith the constant
signal deterrent. Turbines with deterrents emitting a pulsed signal had 3% fewer
fatalities of silver-haired bats, but thedifference was not significant forhoary bats
or eastern red batsFive otherbat species or species groups were identified during
carcass searchesalthough numbers were too low for statistical analysigsee
original paper for data). In each of three years, nine ot0 six-day trials were
carried out at 12716 randomly selected turbines(half with deterrents fitted).
Deterrents were switched between turbines halfway through each trialAir-jet
ultrasonic deterrents emitted sounds at 3¢@100 kHz between 1800 and 0630 h.
Constant signals were used in 2014 and 2015 and pulsed signals in 2016285
second duration at 3 second intervals)Transects within a 60m radius around
each turbine were searched daily for bat cecassesduring each trial in Augustz
October 20142016. Carcass counts were adjusted to account for searcher
efficiency and removal by scavengers.

A replicated, randomized, controlled study in 201772018 at a wind energy
facility in an area of dryshrubland in Texas, USA4) found that using ultrasonic
deterrents on turbines reducedthe number of fatalities of hoary batsLasiurus
cinereusand Brazilian freetailed bats Tadarida brasiliensisbut not northern
yellow bats Lasiurus intermedius On average, fewebat carcasses were found at
turbines with active ultrasonic deterrents than at those withinactive deterrents
for hoary bats (active: 0.006 carcasses/nightjnactive: 0.029 carcasses/night) and
Brazilian free-tailed bats (active: 0.119 carcasses/night; inactive: 0.261
carcasses/night). The difference was not significant for northern yellow bats
(active: 0.016 carcasses/night; inactive: 0.020 carcasses/night). Ultrasonic
deterrents (arrays of 56 speakers emitting continuous sound at 250 kHz)
were installed on the nacelles of 16 wind turbines. During each night in Jgly

Z o~ Az oa

October 2017 and 2018, eightandomly selectedturbines EAA  OAAOEOAS Ol OO
deterrents (turned on), and eight control turbines EAA O E ldelefddts O A 6
(turn ed off). Carcass searches wereonducted daily along transectsin circular

plots (100-m radius) around each of the 16 turbines.

9C



(1) Horn J.W., Arnett E.B., Jensen M. & Kunz T.H. (200®sting the effectiveness of an
experimental bat deterrent at the MaplI®idge wind farmA report submitted to The Bats and Wind
Energy CooperativeBat Conservation Inérnational, Austin, Texas, USA.

(2) Arnett E.B., Hein C.D., Schirmacher M.R., Huso M.M.P. & Szewczak J.M. (2013) Evaluating
the effectiveness of an ultrasonicacoustic deterrent for reducing bat fatalities at wind turbines.
PLOS ONB, 65794

3) Romano W.B., Skalski J.R., Townsend R.L., Kinzie K.W., Coppinger K.D. & Miller M.F. (2019)
Evaluation of an acoustic deterrent to reduce bat mortalities at an lllins wind farm. Wildlife
Society Bulletin 43, 60&618.

4) Weaver S.P. (2019)Understanding wind energy impacts on bats and testing reduction
strategies in South Texa$hD thesis. Texas State University.

4.4. Deter bats from turbines using low -level ultraviolet light

1 We found no studies that evaluated the effetdsriofy bats from turbines using low
level ultraviolet lightbat populations
6We found no studiesd means that we have not y e

intevention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

It has been suggested that &s 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 batsasiurus cinereus
semotuswas lower at trees lit with dim flickering ultraviolet lights than at unlit

trees (Gorresenet al.2015). However, this hasgyet to betested 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 Scien&é4, 15126¢15131.

Gorresen P.M., Cryan P.M., Dalton D.C., Wolf S., Johnson J.A., Todd C.M. & Bonaccorso F.J. (2015)
Dim ultraviolet light as a means of deterring activity by the Hawaiian hoary batasiurus
cinereus semotu€ndangered Species ReseargB, 249z7257.

4.5. Remove turbine lighting to reduce bat and insect
attraction

1 We found no studies that evaluated the effaotsvofg turbine lighting to reduce bat
and insect attractmmbat populations

O60We found no studi esd mesudiss thatthave directdy evalaated this o t y e
intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Lights placed on windturbines may attract insects and foraging batsincreasing
the risk of collision. However, me study in the USA foundewer bat fatalities at

91



turbines lit with flashing red aviation lights than at unlit turbines (Bennett & Hale
2014),andthree other studiesin the USAfound no difference gohnsonet al.2004,

Jainet al.2010, Baerwald & Barclay 2011).

Baerwald E.F. & Barclay R.IR. (2011) Patterns of activity and fatality of migratory bats at a wind
energy facility in Alberta, CanadaThe Journal of Wiltife Managementy5, 110371114.

Bennett V.J. & Hale A.M. (2014) Red aviation lights on wind turbines do not increase-babine
collisions. Animal Conservationl17, 354358.

Jain A.A., Koford R.R., Hancock A.W. & Zenner G.G. (2010) Bat mortality anditgtcsitva northern
lowa wind resource aea.The American Midland Naturalist] 65, 1857200.

Johnson G.D., Perlik M.K., Erickson W.P. & StricklandM2004) Bat activity, composition, and
collision mortality at a large wind plant in Minnesota.Wildlife Socety Bulletin,32, 127871288.

4.6. Paint turbines to reduce insect attraction

1 We found no studies that evaluated the giteotsgfturbines to reduce insect attraction
on bat populations
60We found no studi esd mesadies thathave directty evalaate@ this o t y e

intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

There is evidence that batsctively feedon insects around wind turbines (e.g. Foo
et al. 2017). Common turbine colours (white and grey) have been found to attract
more insects than other colours, such as purpléLong et al. 2011). Painting
turbines in colours that are less attracive to insectscould reduce bat foraging

activity and subsequent fatalities.

Foo C.F., Bennett V.J., Hale A.M., Korstian J.M., Schildt A.J. & Williams D.A. (2017) Increasing
evidence that bats actively forage at wind turbinesPeerJ5, e3985.

Long C.V.,lint J.A. & Lepper P.A. (2011) Insect attraction to wind turbines: does colour play a role?
European Journal of Wildlife Researdy,, 323z331.

4.7. Close off potential access points on turbines to prevent
roosting bats
1 We found no studies that evaluated the efflxsm@fofiotentiahccesgpointson
turbines tpreventoosting bats bat populations

6We found no studiesd means that we have not y e
interventioduring our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Bats have been observed roosting in the nacelles of wind turbinealflén 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 accesspoints on wind
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turbines to prevent bats from roosting may reduce the risk of bat collisions with

turbine blades.

Ahlén |., Baagge H.J. & Bach 2009) Behavior of Scandinavian bats during migration and foraging
at sea.Journal of Mammalogy90, 131871323.

Bennett V.J., Hale A.M. Williams D.A. (2017) When the excrement hits the fafecal surveys reveal
speciesspecific bat activity at wind turbines.Mammalian Biology87, 125¢129.

4.8. Modify turbine placement to reduce bat fatalities

1 We found no studies that evaluateffiettts ahodifying turbine placement to reduce bat
fatalities.

6We found no studiesd means that we have not y e
intervention during our systematic journal and report searches. Therefore wadeat® indiexide
whether or not the intervention has any desirable or harmful effects.

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 &

/] 6#1T 11T A1l ¢mpmQq8 ! OAOEAx 1 &£ OAPT OO0 EI 1

rates at wind farms located on forested hills than in flat, open farmland (Rydedit

al. 2010). Spatial patterns of lat fatalities within wind farms in Europe and the

USA have been found in some studies (Arne¢t al. 2008, Baerwald & Barclay

2011, Georgiakakiset al. 2012) but not others (Arnett et al. 2008, Piorkowski &

/I 8#1T 1T TAIl ¢mpmQs8

Arnett E.B., Brown W.K., Erickan W.P., Fiedler J.K., Hamilton B.L., Henry T.H., Jain A., Johnson G.D.,
Kerns J., Koford R.R., Nicholson C.P., O'Connell T.J., Piorkowski M.D. & Tankersley R.D. (2008)
Patterns of bat fatalities at wind energy dcilities in North America. The Journal of Wdlife
Management,72, 61778.

Baerwald E.F. & Barclay R.M.R. (2009) Geographic variation ictigity and fatality of migratory
bats at wind energy &cilities. Journal of Mammalogy90, 134171349.

Baerwald E.F. & Barclay R.IR. (2011) Patterns of activityand fatality of migratory bats at a wind
energy facility in Alberta, CanadaThe Journal of Wildlife Managemenritp, 11031114.

Georgiakakis P., Kret E., Carcamo B., Doutau B., Kafkaldd@e A., Vasilakis D. & Papadatou E.
(2012) Bat fatalities at wind farms in north-eastern GreeceActa Chiropterological4, 459%468.

Piorkowski M.D. & O'Connell T.J. (2010) Spatial pattern of summer bat mortality from collisions
with wind turbines in mixed -grass pairie. The American Midland Naturalist1 64, 2607269.

Rydell J., Bach L., Dubout8avage MJ., Green M., Rodrigues. & Hedenstrom A. (2010) Bat
mortality at wind turbines in n orthwestern Europe. Acta Chiropterological2, 261z274.

4.9, Retain a buffer between turbines and habitat features
used by bats

1 We found r&tudies that evaluated the effetaofing buffer between turbines and
habitat features used by dratsat populations
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O0We found no studiesd means that we have not ye
intervention during systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

This intervention involves leaving a minimum distance between wind turbines
and bat roosts or habitat features to create a buffer zone. The EUROB@Idance
on bats and wind turbines recommends a minimum distance of 200 m between
wind turbines and important bat habitats (Rodrigues et al. 2014). Natural
England, UK recommends a minimum distance of 50 m from the turbine blade tip
to the nearest bat habitat feature (MitchelJones & Carlin 2012), and for micro
turbines a minimum distance of 20 m has been recomended (Mindermanet al.
2012). However, reduced bat activity has been recorded up to 1,000 m from wind
turbines (Barré et al. 2018). This actionmay not protect migratory bat species.
Bennet & Hale (2018) found highfatalities of migratory bats & wind turbines

without bat habitat featuresnearby (e.g. in open grazed fields

Barré K., Le Viol I, Bas Y., Julliard R. & Kerbiriou C. (2018) Estimating habitat loss due to wind
turbine avoidance by batsimplications for European siting guidanceBiological Conservation,
226, 2057214.

Bennett V.J. & Hale A.M. (2018) Resource availability may not be a useful predictor of migratory
bat fatalities or activity at wind turbines. Diversity,10, 44.

Minderman J., Pendlebury C.J., Peaildiggins J.W. & Park K.(R012) Experimental evidence for
the effect of small wind turbine proximity and operation on bird and bat activityPLoS ONE,
e41177.

Mitchell-Jones T & Carlin C. (2012)Bats and onshore wind turbines interim guidancéatural
England Technical Infomation Note TINO51.

Rodrigues L, Bach L, Dubourg-Savage M+ A O A B A 1, HAiL. AA,&eB&8T. Dekker J,Kepel A,
Bach P. Collins J. Harbusch C, Park K, Micevski B.& Minderman J. (2015) Guidelines for
Consideration of Bats in Wind Farfarojects- Revision 2014EUROBATS Publication Series No.
6 (English version). UNEP/EUROBATS Secretariat, Bonn, Germany.

4.10. Prevent turbine blades from turning at low wind speeds
(6featheringod)

1 Sixstudiesevaluatethe effects @reventing turbine blades frurning at low wind
speeds on bpopulatianFivestudies weiia the US# and one was Canada

COMMUNITY RESPONEEIUDIES)

POPULATIORESPONSE STUDIES)

1 Survival § studies):Five of six studies (including five replicated, controlled studies and
onebeforeandafter study) in the 3SAnd Canadéound that preventing turbine blades
from turning at [Lponfeatheringdalorsg pvithencreasifnthéd e at her
speed at which turbinesobme o per @ i ocs#péebsultdljirc fanter bat
fatalities than at conventipgaratedurbines. The other stéioynd that automatically
feathering turbine blades at low wind spesatselduce bat fatalities.

BEHAVIOUR STUDIES)
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Background

-7 00 xET A OOOAET £KDG6T1 BEODAODOPABAAAOARGEAE O
to gererate electricity and the blades can move at a maximum rotation speed.
However, the blades can still rotatebelow cut-in speeds when electricity is not
being generated Preventing wind turbine blades from turning whenthey are not
operationalj ET T x1T A0 O&AddGeE BaOEthlits, @hich have been
found to be higher at low wind speeds(e.g.Horn et al. 2008, Rydellet al. 2010,
Wellig et al. 2018). Turbine blades may be locked or theangle of the blades may
be changed to be paralleto the wind. In some cases, the blades may still move a
minimal amount (e.g. %2 rotations/minute). The cutin speed of wind turbinesis
oftenET AOAAOAA ET Al i AET AOE llIdcreas&tidind€peedd O ET OA O
at which turbines become operatioda j-EDIA O@O® 8 AA S q
Horn J.W., Arnett E.B. & Kunz T.H. (2008) Behavioral responses of bats to operating windines.
The Journal of Wildlife Management2, 1232132.
Rydell J., Bach L., Dubowi§avage MJ., Green M., Rodrigués. & Hedenstrom A. (2010)Bat
mortality at wind turbines in n orthwestern Europe. Acta Chiropterological2, 261z7274.
Wellig S.D., Nusslé S., Miltner D., Kohle O., Glaizot O., Braunisch V., Obrist M.K. & Arlettaz R. (2018)
Mitigating the negative impacts of tall wind turbines on batsvertical activity profiles and
relationships to wind speed.PLOS ONH3, €0192493.

A replicated, controlled study in 2005at a wind farmin an agricultural area
of Alberta, Canad41) found that preventing turbine blades fromturning at low
wind speedsj O Z£A A O teduited in G@ed bat fatalities than at conventional
turbines. The total number of bat carcasses recovered by searchers whmsver at
experimental turbines shut down at low wind speeds (64ats, 40% of tota) than
at conventional control turbines (95 bats, 60% of tota). The number of bat
carcasses did notdiffer significantly between turbines before the experiment
of total). Five bat species were found, althougB7% of bat carcassesvere hoary
bats Lasiurus cinereus and silver-haired bats Lasionycteris noctivagans(see
original report for data). In August 2005, all of 39 turbines were operated using
conventional methods (blades rotated freely at wind speeds <4 m/s). In
September2005, odd numbered turbines (20 of 39)were braked and locked to
prevent them from turning at wind speeds<4 m/s.Nineteen control turbines were
left unaltered. Carcass searches were conducted weekly along transertsircular
plots (40-m radius) around each turbine in AugustSeptember 2005.

A replicated, randomized, controlled study in 2010 at a wind energy facility
in a forested area ofWest Virginia, USA(2; same site at) found that preventing
turbine blades from turning at low wind speeds O £A A Oik tAeJiistio®écand
half of the night resulted in fewer bat fatalitiesthan at conventional turbines.
Average lat fatality estimateswere lower when turbine blades werefeatheredin
the first half of the night (0.05 bats/turbine) or the secondhalf (0.09 bats/turbine)
compared toconventional control turbines (0.18 bats/turbine). Fatality estimates
for turbines feathered in the first vs second half of the night did not differ
significantly. Six bat species werefound, although 86% of bat carcasseswere
hoary bats Lasiuruscinereusand eastern red batd_asiurus borealigsee original
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report for data). On nights when wind speeds were forecasted to be low, two
treatments (blades feathered at wind speeds <4 m/s for 5 h after sunset or 5 h
before sunrise) and a control (blades rotatedreely at wind speeds <4 m/s) were
each randomly assigned to three groups of eight turbines. Treatments were
rotated between turbine groups weekly over 12 weeks in JugOctober 2010. Daily
carcass searches were conducted along transedtsplots up to 100 maround each

of the 24 turbines. Carcass counts were corrected to account for searcher
efficiency, removal by scavengers, anahsearchableareaswithin plots .

A replicated, randomized, controlled study in 2011 at a wind farm iran
agricultural area of Indiana, USA 8) found that preventing turbine blades from
O0O0T ET ¢ AO 11 x xET ahdéahéidgalang with irckeAsEtheOET C6 Qh
speed atwhichturbi AO AAAT I A 1T BRAIOAGEA A AAd qhF OALMOT OA A
fatalities than at conventional control turbines. Total bat fatalities were 36%
lower when turbine blades were feathered below the conventional cuin speed
(66 fatalities) compared to control turbines without feathering (105 fatalities).
Total bat fatalities were 59% and 75%ower when blades werefeatheredand cut-
in speeds increased to 4.5 and 5.5 m/s respectivel{42 and 25 fatalities).
Differences intotal bat fatalities between treatmentswere significant. Seven bat
species werefound, although81% of bat carcassesvere eastern red batd_asiurus
borealis and hoary batsLasiurus cinereugsee original report for data). Three
treatments (turbine blades feathered below cuin speeds 0f3.5, 4.5 and 5.5 m/$
were eachrandomly assigned toa group of 42 turbines. Two control groups of
nine and 42 turbineswere left unaltered (blades rotated freely below cuiin speed
of 3.5 m/s). Treatments were rotated between turbinegroups nightly in Julyz
October 2011 Carcass searches were conducted everg2ldays along transectsn
circular plots (80-m radius) around each of the 177 turbines.

A replicated, randomized, controlled study in 2011 at a wind energy facility
in a forested area oiVest Virginia, USA 4; same site ag) found that automatically
preventing turbine blades from turning at low wind speedsj O /A A OddnET C8
result in fewer bat fatalities than at conventional turbines. Average bat fatality
estimates did not differ significantly beaween turbines with automatically
feathered blades (6.5 bats/turbine) and conventional control turbines (7.4
bats/turbine). Five bat species were foundcross the site(see originalreport for
details). Twelve turbines were assigned with the treatment (blales automatically
featheredwhen wind speeds droppedbelow 4 m/s for at least 6 minutes). Twelve
control turbines were left unaltered (blades rotated freelyat wind speeds 4 m/s).
The treatment was rotated between turbines weekly for 12 weeks in JutDctdber
2011. Daily carcass searches were conducted along transedtsplots up to 100 m
around each of the 24 turbines. Carcass counts were corrected to account for
searcher efficiency, removal by scavengers, anthsearchable areas within plots

A before-and-after study in 201172012 at a wind energy facility ina forested
area of Maryland, USA %) found that preventing turbine blades from turning at

ITx xET A OPAAAOG | OEZAAOEAOET ¢6qh AlTTC xEOE
become operationd  j-EOIA O@brdslitdddndewer bat fatalities than before the
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operational changesAveragebat fatality estimateswere 62% lower after turbine
blades were feathered below an increased cuh speed of 5 m/s (11 bats/turbine)
compared to the previousyear without operational changes (29 bats/turbine).
The difference was not tested for statistical significance. Five bat species were
found across the site(see originalreport for details). In JulyyOctober 2012, allof
28 turbines at the facility were opeated with feathering below an increased cut
in speed of 5 m/s.Weekly arcass searches were conducted along transedcts
circular plots (40-m radius) around 14 of the 28 turbines. Data for before the
operational changes (blades rotated freely belova cut-in speed of 4 m/s) were
collected in a previous study in JulgOctober 2011.Carcass countsin both years
were corrected to account for searcher efficiency and removal by scavengers.

Areplicated, randomized, controlled study in 201%2013 at a wind farm ina
forested area in Vermont USA ¢) found that preventing turbine blades from
OO0OT ET ¢ AO 11 x xEI, alon@mtmrkma@mg;tr@mmlﬁsédﬁaom C

A~ N A oA ~~ ~
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resulted in fewer bat fatalities than at conventional turbines. The average number

of bat fatalities was 62% lower at wind turbines when cutin speeds were
increased to 6 m/s at temperatures >9.5°C and the blades were feathered below

this speed (0.5 bats/turbine) comparal to conventional control turbines (1.4
bats/turbine). Three bat species were found (see original paper for details). In
JungSeptember 2012 and 2013, eight of 16 turbines were randomly assigned the
treatment (cut-in speed increased to 6 m/s at temperaturs >9.5°C and blades
feathered below this speed) for a total of 60 nights. The other eight turbinesere

unaltered (cut-in speed of 4 m/s without feathering). Daily carcass searches were
conducted along transects in rectangular plots (3,628,746 m?) centred on each

of the 16 turbines. If applied to all turbines, it was estimated that the operational
changes would result in annual energy losses of 1%.

(1) Brown W.K. & Hamilton BL. (2006) Monitoring of bird and bat collisions with wind turbines

at the Summerview Wind Power Project, Alberta, 20906. Vision Quest Windelectric. Calgary,
Alberta, Canada.

(2) Young D.P. Jr., Nomani S., Tidhar W.L & Bay K. (204&ylPower Mount Storm Wind Energy
Facility postconstruction avian and bat monitoring: JuiyOciobber 201Q Report prepared for
NedPower Mount Storm LLC by Western EcoSystems Technology, Inc. (WEST), Cheyenne,
Wyoming.

3) Good R.E., Erickson W., Merrill A., Simon S., Murray K., Bay K., & Fritchman C2)( &t
monitoring studies at the Fowler Ridg&ind Energy Facility, Benton County, Indianapril 1 z
October 31, 2011 Report prepared for Fowler Ridge Wind Farm by Western EcoSystems
Technology, Inc. (WEST), Cheyenne, Wyoming.

(4 Young D., Nomani S., Courage Z. & Bay K. (2002dPower Mount StornwWind Energy
Facility postconstruction avian and bat monitoring: JufyOctober 2011 Report prepared for
NedPower Mount Storm LLC by Western EcoSystems Technology, Inc. (WEST), Cheyenne,
Wyoming.

(5) Young D.P. Jr., Nations C., Lout M. & Bay K. (20B8%tconstruction monitoring study,
Criterion Wind Project, Garrett County, Maryland: AptNlovember 2012 Report prepared for
Criterion Power Partners LLC by Western EcoSystems Technology, Inc. (WEST), Cheyenne,
Wyoming.
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(6) Martin C.M., Arnett E.B., Steve&D. & Wallace M.C. (2017) Reducing bat fatalities at wind
facilities while improving the economic efficiency of operational mitigationJournal of Mammalogy,
98, 37&385.

4.11.  Slow rotation of turbine blades at low wind speeds

1 Onestudy evaluatethe effects sfowing the rotation of turbine blades at low wind speeds
on bat populations. The study was in Canada

COMMUNITY RESPONSE (0 STUDIES)

POPULATIORESPONS@ STUD)

1 Survival {study): Onereplicatedandomizeaontrollestudy iCanadafound that bat
fatalities were reduced when turbine blades were slowed at low wind speeds.

BEHAVIOUR STUDIES)

Background

-1 00 xET A OOOAET KOS BEOAOOPABAAAOARGEAE
to generate electricity and the blades can ove at a maximum rotation speed.
However, the blades can still rotatebelow cut-in speeds when electricity is not

being generated.Sowing the rotation of turbine blades below the cutin speed

may reduce bat fatalities, which have been found to be highet lmw wind speeds
(e.g.Horn et al.2008, Rydellet al.2010, Welliget al.2018).

O
m;

For studies that prevent turbine blades from turning below thecut-in speed, see
®revent turbine blades from turning at low wind speeds O £A A BBEBA ED @ 6 q
speedsmay alsobeET AOAAOAA ET AT 1 AET AOET lhcrease OE OEEO
OEA xET A OPAAA AO xEEAE OCROAGHESAMARATIT A 1D,
Horn J.W., Arnett E.B. &unz T.H. (2008) Behavioral responses of bats to operating windrbines.

The Journal of Wildlife Management2, 1232132.
Rydell J., Bach L., Dubowi§avage MJ., Green M., Rodriguds. & Hedenstrom A. (2010) Bat

mortality at wind turbines in n orthwestern Europe.Acta Chiropterological2, 261z274.
Wellig S.D., Nusslé S., Miltner D., Kohle O., Glaizot O., Braunisch V., Obrist M.K. & Arlettaz R. (2018)

Mitigating the negative impacts of tall wind turbines on batsvertical activity profiles and

relationships to wind speed.PLOS ONH3, €0192493.

Areplicated, randomized, controlled study in 20062007 at a wind farm in an
agricultural area of Alberta, Canadél) found that slowing the rotation of turbine
blades at low wind speeds resulted in fewer bat fatalities than at conventional
turbines. Averagebat fatality estimateswere lower at experimental turbines with
altered blade angles (8 bats/turbine) than at comentional control turbines (19
bats/turbine). Average lat fatality estimatesdid not differ significantly between
OOOAET A0 AAZEI OA OEA AgPAOEI AT O j OAGDPAOEI ¢
OAT 1 00118 OOOAE T MoS yatsiantifidd ADiyTadodss Aeirthdsq 8
were hoary batsLasiurus cinerusand silver-haired batsLasionycteris noctivagans
(see original paper for data). In 2006, all of 14 turbines were operated using

conventional methods (blades rotated freely at low wind speeds) In 2007, six
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randomly chosen turbines were altered by changing the pitch angle of the rotor
blades to slow rotation 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 eah of the 14 turbines in JulgSeptember 2006 and 2007. Carcass
counts were corrected to account for searcher efficiency and removal by
scavengers.

(1) Baerwald E.F. Edwathy J., Holder M. & Barclay R.M.R. (2009) A largeale mitigation
experiment to reduce bat fatalities at wind energy &cilities. The Journal of Wildlife Management
73,107721081.

4.12. Increasethe wind speed at which turbines become
operationaln (s@powtdd)

1 Twelvestudies evaluatedhe effects aficreasing theindspeed at whidhrbines
become o0 pe ma tspabe @dpu)atiofien studies were in theISA
and two were in Cardda

COMMUNITY RESPONSE (0 STUDIES)

POPULATIORESPONS@E2STUDIES)

1 Survival 12studies):Ten of 12 studies (including 10 rehliGatdomized, controlled
studies andne beforeandafter stug in the USKR 111 and Canadé found that
i ncreasing the wind speed-at shpbPeftéedhd )t ur bi r
or increasing the-tuspeed along witleventing turbine blades from turning at low wind
speeds (>®9resudtednefewerrbgt dajalities than at conlyej@nated
turbinesThe other two studfiéfound that increasingicigpeeds did not reduce bat
fatalitiesbut samelsizes were sradlr treatments were applied for short periods only

BEHAVIOU® STUDIES)

Background

-1 00 xET A OOOAET KD61 BEOAOOPABAAAOARGEAE OE
to generate electricity and the blades can move at a maximum rotatiospeed.
Increasing turbine cutin speeds (known as ©urtailmentd may reduce bat
fatalities, which have been found to be high at low wind speed®.g.Horn et al.
2008, Rydellet al.2010, Welliget al.2018). Wind turbines may also beslowed or
prevented from turning below the cutin speed. Se@low rotation of turbine blades
at low wind speedd  ABirefent turbine blades from turning at low wind speeds
i OEAAGESAOET ¢6Q
Horn J.W., Arnett E.B. & Kunz T.H. (@8) Behavioral responses of bats to operating windurbines.
The Journal of Wildlife Management?2, 123;132.
Rydell J., Bach L., Dubow8avage MJ., Green M., Rodrigues. & Hedenstrom A. (2010) Bat
mortality at wind turbines in n orthwestern Europe. Acta Chiropterological2, 261z274.
Wellig S.D., Nusslé S., Miltner D., Kohle O., Glaizot O., Braunisch V., Obrist M.K. & Arlettaz R. (2018)
Mitigating the negative impacts 6 tall wind turbines on bats: vertical activity profiles and
relationships to wind speed.PLOS ONH_3, €0192493.
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A replicated,randomized,controlled study in 200672007 at a wind farm in an
agricultural area of Alberta, Canad&l) found that increasing thewind speed at
xEEAE OOOAET A0 AAAAITN AOH AADEGAGOT GAOM OO AEA
than at conventional turbines. Average bat fatality estimates were lower at
experimental turbines with increased cutin speeds (8 bats/turbine) than at
conventional control turbines (19 bats/turbine). Average lat fatality estimates
did not differ significantly between turbines before the experiment
i OAPAOEI Al QAA KO GVAAEA BRI Q) OAdats/tdrdirie). 3 OOOAE
Most bats identified during carcass searches were hoary batssiurus cinerusand
silver-haired batsLasionycteris noctivagangsee original paper for data). In 2006,
all of 23 turbines were operated using conventional methodsIn 2007, fifteen
randomly chosenturbines were altered by increasing the cuin wind speed to 5.5
m/s. Eight control turbines were left unaltered (cutin speedof 4 m/s). Carcass
searches were conducted weekly along spiral transects up to 52 m around each of
the 23 turbines in JulyzSeptenber 2006 and2007. Carcass counts were corrected
to account for searcher efficiency and removal by scavengers.

A replicated,randomized, controlled study in 200872009 at a wind farm in a
forested area of Pennsylvania, US@) found that increasing thewind speed at
whichOOOAET A0 AAAT | AET PADADLSG @ ADA P DIAGDA ET £A
than at conventional turbines. Average bat fataljt estimates were lower at
turbines with cut-in speedsincreased to5 m/s (0.3z0.7 bats/turbine) and 6.5 m/s
(0.5z0.6 bats/turbine) than at turbines with conventional cut-in speeds (3.5 m/s:
2.0z2.3 bats/turbine). Fatality estimates did not differ significantly between the
two treatments. In JulyzOctober 2008 and 2009, two treatments (cuin speed
increased to 50r 6 m/s) and one control (cut-in speed of 3.5 m/s) were each
randomly assigned to three groups of four turbines for 25 nights/treatmentAll
12 turbines were prevented from turningj O Z£A A CoEldwCidt-i dviGd speeds
Daily carcass searches were condtexd along transects in plots(126 x 120 m)
centred on each othe 12 turbines. Carcass counts were correeid to account for
unsearchable areas within plotsif applied to the entire wind farm (23 turbines),
annual power output losses were projected to be 8% with cut-in speeds
increased to 5 m/s, and 1% with cutin speeds increased to 6.5 m/s.

A replicated, randomized, controlled study in 2010 at a wind energy facility
in an agricultural area in the Midwest region, USA3@) found that increasing the
wind sDbAAA AO xEEAE OOOAET AceETAAGH A ARA 61ap ACDRAGD T @
fewer bat fatalities than at conventional turbines. Bat fatalities were estimated to
be 47% and 72% lower at turbines with cutin speeds increased to 4.5 and 5.5 m/s
respectively compared to control turbines with conventional cutin speeds (data
reported as statistical model results). A total of 25 and 14 bat carcasses were
found at turbines with cut-in speeds of 4.5 and 5.5 m/s respectively, whereas 53
carcasses were found at control ttbines. Two treatments (cutin speed increased
to 4.5 and 5.5 m/s from 1 h before sunset to 1 h after sunrise) and a control
(conventional cut-in speed of 3.5 m/s) were each randomly assigned to four
turbines. Treatments were rotated weekly between turbing over nine weeks in
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AugusizOctober 2010. Daily carcass searches were conducted in plots (80 x 80 m)
centred on each of the 12 turbines.

A replicated, randomized, controlled study in 2012 at a wind energy facility
in a desert scrub area in the Pacific Somvest region, USA 3b) found that
ET ACAAOGET ¢ OEA xET A OPAARAA A0 xEEABODBBRAAHEI A
did not result in fewer bat fatalities compared to conventional turbines. Total
numbers of bat fatalities were reported to be 2@38% lower for four different
treatments with increased cutin speedsthan at conventional turbines, but none
of the differences were significant The authors report that sample sizes were
small (numbers not reported). Three bat species were found, although 74% ofta
carcasses were Brazilian fredailed bats Tadarida brasiliensigsee original paper
for details). Four treatments (cutin speed increased to 4, 5 or 6 m/s for 4 h after
sunset, or cutin speed increased to 5 m/sall night) and a control (conventional
cut-in speed of 3 m/s) were randomly rotatedeach nightbetween four groups of
10 turbines in AugusizSeptember 2012. Daily carcass searches were conducted
along transects in plots (126 x 126 m) centred on each of the 40 turbines.

A replicated, randomized, cotrolled study in 2010 at a wind farm in an
agricultural area ofIndiana, USA 4; same site a®) found that increasing the wind
OPAAA AO xEEAE OOOAET A0 ADOAAIAL  BDRMO0 EIAIAA IE
fatalities than at conventional turbines Averagebat fatality estimateswere 50%
and 78% lower when cutin speeds were increased to 5 and 6.5 m/s respectively
(7 and 3 bats/turbine) compared to conventional control turbines (14
bats/turbine). Six bat species were found although 72% of bat carcassesvere
eastern red batsLasiurus borealigsee original report for data). Two treatments
(cut-in speed increased to 5 or 6 m/spnd acontrol (conventional cut-in speed of
3.5 m/s) were eachrandomly assigned to a group of nine turbinesTreatments
were rotated betweenthe three turbine groups weekly in AugusgOctober 2010.
Nine control turbines were left unaltered.Daily carcass searches were conducted
along transectsin plots (80 x 80 m) centred on each of the 36 turbinesCarcass
counts werecorrected for searcher efficiency and removal by scavengers.

A replicated, randomized, controlled study in 2011 at a wind farm iran
agricultural area ofIndiana, USA%; same site a¢l) found that increasing thewind

LA BN a~ A

speed at which turbines become operali1 Al -Ejfi OAO®MAAASEQh Al TTC
DOAOAT GET ¢ OOOAET A Al AAAO EOI i OOGOTETC AO 1
in fewer bat fatalities compared to conventional turbines. Total bat fatalities were

59% and 75%lower (42 and 25 fatalities) when cutin speeds were increased to

4.5 and 5.5 m/s respectively, and blades were feathered below these speeds,

compared to conventional control turbines (105 fatalities). Differences in total

fatalities betweenthe two treatments were significant.Sixbat species wee found,

although 80% of bat carcassesvere eastern red batsLasiurus borealisand hoary

bats Lasiurus cinereus (see original report for data). Two treatments (cut-in

speeds increased to 4.5 and 5.5 m/and blades feathered below these speeds

were eachassigned to a group of 42 turbinesTwo control groups of nine and 42

turbines were left unaltered (blades rotated freely below cutin speed of 3.5 m/s).
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Treatments were rotated between turbinegroups nightly in JulyzOctober 2011
Carcass searches were conducted everya days along transectsn circular plots
(80-m radius) around each of the 35 turbines.

A replicated, randomized, controlled study in 2011 at a wind farron an island
in Ontario, Canada §) found that increasing thewind speed at which turbines
AAATT A T PAOADETORAAAAG@ACDA OO OAA ET EAxAO
conventional turbines. Average bat fatalityestimateswere lower at turbines with
cut-in speeds increased to 4.5 m/s (2.7 bat$lrbines) or 5.5 m/s (2.1
bats/turbine) than at conventional control turbines (5.3 bats/turbine). The
differences were not tested for statistical significance. Four bat species were found
(see originalreport for details). In JulyySeptember 2011, fourteenturbines were
randomly assigned to each of two treatments (increased cuh speed of 4.5 or 5.5
m/s from sunset to sunrise) or as controls (conventional cuiin speed of 4 m/s).
Carcass searches were carried out twice weekly along transects within circular
plots (50-m radius) around each of the 42 turbines. Carcass counts were corrected
to account for searcher efficiency, removal by scavengef@nd the percentage of
plot areassearched.

A replicated, randomized, controlled study in 2012 at a wind farm im
forested area ofWest Virginia, USA T; same site a®9) found that increasing the
xET A OPAAA AO xEEAE OOOAEIN A®b ARAG @ AL ® ADIAIOL
the night did not result in fewer bat fatalities than at conventional turbines.
Overall, average nightly bat fatality rates did not differ significantly between
turbines with the cut-in speed increased to 5 m/s for all or part of the night and
conventional control turbines (data reported as statistical model results). The
authors report that wind speeds of 5 m/s (i.e. when the treatments were in
effect) only occurred for 17% of the time during the study. Six species were found
across the site(see originalreport for details). Each of 12 turbines wagandomly
assigned to one of two treatments (cuin speed increased to 5 m/s from sunset to
sunrise or for the first 4 h after sunset) orasa control (conventional cutin speed
of 3 m/s). Treatments were rotated between turbines nightly over 75 nights in
JulyzSeptember 2012. AIL2OOOAET AO xAOA DOAOGAT OAA &EOT I (
below the cutin speed.Daily carcass searches were conducted along transedts
plots (126 x 120 m) centred oneach of the 12 turbines.

A before-and-after study in 201172012 at a wind energy facility ina forested
area of Maryland, USA 8) found that increasing the speed atwhich turbines
AAAT T A T PAOEDEIOPARAABPQAOAI TT C xEOE DOAOGAT OE
O80T ET C AO 1ix xEITA OPAAAO j OEAAOGEAOET CbHql
before the operational changesAveragebat fatality estimates were 62% lower
after the cut-in speed was increased to 5 m/s and turbine blades were feathered
below this speed (11 bats/turbine) compared to the previous year without
operational changes (29 bats/turbine). The difference was not tested for
statistical significance. Five ht species were foundacross the site(see original
report for details). In JulyyOctober 2012, allof 28 turbines at the facility were
operated with an increased cutin speed of 5 m/swith blades featheredbelow this
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speed.Weekly arcass searches were catucted along transectsn circular plots
(40-m radius) around 14 of the 28 turbines. Data for before the operational
changes (blades rotated freely below a ctih speed of 4 m/s) were collected in a
previous study in JulyOctober 2011.Carcass countsn both yearswere corrected
to account for searcher efficiency and removal by scavengers.

A replicated, randomized, controlled study in 2013 at a wind farm im
forested area ofWest Virginia, USA §; same site as/) found that increasing the
xET A OPAAA AO xEEAE OOOAEHIAGDPARRAMIGICA OABIOD A
fewer bat fatalities than at conventional turbines. Average bat fatality estimates
were 54% and 76% lower when cutin speeds were increased to 5 and 5.m/s
respectively (0.5 and 0.3 bats/turbine/night) than at conventional control
turbines (1.3 bats/turbine/night). The difference in fatality rates between the two
treatments was not significant. Five bat species were found (see originedport
for data). Each of 12 turbines was randomly assigned to one of two treatments
(cut-in speed increased to 5 or 6.5 m/s) or as a control (conventional cuh speed
of 3 m/s). Treatments were rotated between turbines nightly over 72 nights in
JulyzSeptember 2013. Turbnes started/stopped operating when the average
wind speed over 10 minutes(measured at a weather tower)was above or below
thecutET ODPAAA8 '11 OOOAET AO xAOA DPOAOAT OAA £
cut-in speed.Daily carcass searches were conductealong transectsin plots (126
x 120 m) centred on each of the 12 turbines. Carcass counts were corrected to
account for searcher efficiency, removal by scavengerand unsearchable areas
within plots.

A replicated,randomized, controlled study in 201272013 at a wind farm ina
forested area inVermont USA (0) found that increasing thewind speed at which

A~ N A s oA N s A A~

resulted in fewer bat fatalities than atconventional turbines. Theaveragenumber

of bat fatalities was 62% lower at wind turbines when cutin speeds were
increased to 6 m/s at temperatures >9.5°C and the blades were feathered below
this speed (0.5 bats/turbine) compared to conventional control turbines (1.4
bats/turbine). Three bat species were found (see original paper for detailshn
JungSeptember 2012 and 2013eight of 16 turbines were randomly assigned the
treatment (cut-in speed increased to 6 m/s at temperatures >9.5°C and blades
feathered below this speed)or a total of 60 nights. The other eight turbineswere
unaltered (cut-in speed of 4 m/s without feathering). Daily carcasssearches were
conducted along transects in rectangular plots (3,628,746 n¥) centred oneach
of the 16 turbines. If applied to all turbines, it was estimated that the operational
changes would result in annual energy losses of 1%.

A study in 2013z2017 at a wind farm inan agricultural area ofIndiana, USA
(11) found that increasing the wind speed at which turbines become operational
j OKOO OPAAAGQq OAOGOI OAA ET #ZEAxAO AAO EAOAIE
migration periods. Durng spring, average bat fatality estimates were lower during
one year in which the cutin speed was increased to 5 m/s (0.3 bats/turbine)
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AT i PAOAA O OEOAA UAAOO Eih speet ka8 sed®.& A
m/s; 0.7z1.4 bats/turbine). During autumn, average bat fatality estimates were
lower during three years with an increased cut-in speed of 6.9 m/s (0.Z1.5
bats/turbine) compared to one year with a cutin speed of 5 m/s (2.2.
bats/turbine). The differences were not tested for statistical signiftance. Five bat
species were foundacross the site(see originalreport for details). During spring
(April zMay), allof 125 turbines were operated at a cuin speed of 5 m/sfor one
year (2016) and 3.5 m/s for four years (20132015, 2017). During autumn
(AugustzOctober), allof 125 turbines were operated at a cuiin speed of 6.9 m/s
for three years (201%2015) and 5 m/s for one year (2017). Carcass searches
were conducted Iz2 times/week along transects up to 80 m around each of the
125 turbines in AprilzMay and AugusiOctober 2017. Data for 20132016 were
collected during previous studiesAll carcass counts were corrected for searcher
efficiency, removal by scavengersand unsearchableareaswithin plots.

(1) Baerwald E.F. Edwathy J., Holder M. &Barclay R.M.R. (2009) A largscale mitigation
experiment to reduce bat fatalities at wind energy dcilities. The Journal of Wildlife Management
73,107771081.

(2) Arnett EB., Huiso M.M.P., Schirmacher M.R. & HayeB.J2011) Altering turbine speed
reduces bat mortality at wind-energy facilities. Frontiers in Ecology and the Environmen®, 209
214.

3) Arnett E.B., Johnson G.D., Erickson W.P. & Hein C.D. (204 3)ynthesis of operational
mitigation studies to reduce bat fatiities at wind energy facilities in North AmericaA report
submitted to the National Renewable Energy Laboratorgat Conservation International. Austin,
Texas, USA

(4) Good R.E., Erickson W., Merrill A., Simon S., Murray K., Bay K. & Fritchman C. (ZRHt1)
monitoring studies at the Fowler Ridge Wind Energy Facility, Benton County, Indiana: Aprit 13
October 15, 2010 Report prepared for Fowler Ridge Wind Farm by Western EcoSystems
Technology, Inc. (WEST), Cheyenne, Wyoming.

(5) Good R.E., Erickson WMerrill A., Simon S., Murray K., Bay K., & Fritchman C. (2)Bat
monitoring studies at the Fowler Ridge Wind Energy Facility, Benton County, Indiakaxil 1 z
October 31, 2011 Report prepared for Fowler Ridge Wind Farm by Western EcoSystems
Technology,Inc. (WEST), Cheyenne, Wyoming.

(6) Stantec Consulting Ltd. (2012Wolfe Island Wind Plant postonstruction followup plan

bird and bat resources monitoring report No. 6, Jglyecember 2011 Prepared for TransAlta
#1 OPT OAOET 1680 xEIT I 1 hadiah Réndwable Ehehgd Edvipratdn by #Siantec
Consulting Ltd., Guelph, Ontario

(7N Hein C.D., Prichard A., Mabee T. & Schirmacher M.R. (2Ef3¢ctiveness of an operational
mitigation experiment to reduce bat fatalities at the Pinnacle Wind Farijneral County, West
Virginia, 2012.An annual report submitted to Edison Mission Energy and the Bats and Wind Energy
Cooperative. Bat Conservation International, Austin, Texas.

(8) Young D.P. Jr., Nations C., Lout M. & Bay K. (20B8%tconstruction moritoring study,
Criterion Wind Project, Garrett County, Maryland: Aprlovember 2012 Report prepared for
Criterion Power Partners LLC by Western EcoSystems Technology, Inc. (WEST), Cheyenne,
Wyoming.

(9 Hein C.D., Prichard A., Mabee T. & Schirmacher MZR14) Efficacy of an operational
minimization experiment to reduce bat fatalities at the Pinnacle Wind Farm, Mineral County, West
Virginia, 2013. An annual report submitted to Edison Mission Energy and the Bats and Wind Energy
Cooperative Bat Conservatn International, Austin, Texas.

(10) 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 mitigationJournal of Mammalogy,

98, 37&385.
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(11 StantecConsulting Services Inc. (2018pPostconstruction bat mortality monitoring report
Wildcat Wind Farm, Madison and Tipton Counties, India?@17. Report prepared for Wildcat Wind
Farm LLC by Stantec Consulting Services Inc. Independence, lowa.

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

1 Twostudesevaluatethe effects of automatically reducing turbinetiedehen bat
activity is higim bat populatio@nestudy was Bermaryand one ithe USA

COMMUNITRESPONSE (0 STUDIES)

POPULATIORESPONS@ STUIES

1 Survival 2 studes): Two replicated studies (one randomized, controlled and one paired
sites study) in Gerniamd the USfound that automatically reducing the rotation speed
of wind turbitades when bat activity is predicted to be high resulted in fewer bat fatalities
for all bat species comBiard fofive bat speckes

BEHAVIOU® 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
OAAAEAO A POAAAOAOI ET AA OEECES 1 AOAI 8
A replicated, paired sites study in 2012 at eight pairs of wind turbines in
Germany (q &1 01T A OEAO OOGKEDEA thavitigisystédsthat OAA O
reduced turbine blade rotation speed resulted in fewer bat fatalities than at
conventionally operated wind turbines. Total bat fatalities and average collision
rates were lower at automated turbines (total 2 bat fatalities, 0.01
fatalities/tur bine/night) than at conventionally 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. Duing these periods, rotor blades were moved parallel to the
wind to reduce rotation speed according to a target bat fatality rate (0.(1
fatalities/turbine/night). Conventionallyoperated turbines rotated freely. At each
of eight sites, automated andconvertional operating modes were alternated
weekly between two paired turbines over 14 weeks in JulOctober 2012. Carcass
searches were carried out dailyCarcass counts were corrected to account for
searcher efficiency and removal by scavengerH. applied to all turbines, it was
estimated that automated operation would result in annual energy losses of 2.1%

A replicated, randomized, controlled study in 2015 ata wind energy facility o
in an agricultural area ofWisconsin, USAZQ &I OT A OEAO O@EI ¢ AOQOI

~ N A £ N -

resulted in 74791% fewer fatalities of five bat speciescompared toconventionally
operated turbines. Total fatality estimates were lower at automated turbines than
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conventionally operated turbines for eastern red bats Lasiurus borealis

(automated: 34 fatalities; conventional: 220 fatalities); hoary bats Lasiurus

cinereus (automated: 11; conventional: 59); silver-haired bats Lasionycteris

noctivagans (automated: 5; conventional: 55); big brown bats Eptesicus fuscus

(automated: 8; conventional: 31); and little brown bats Myotis lucifugus

(automated: 3;conventional: 35). Twenty turbines were randomly selected (0

operated by automated systems 10 conventionally operated). At automated

turbines, fatality risk was calculated by a predictive model using reaime bat

activity and wind speed data every 10 minutes. If fatality risk was high (wind

speed<8 m/s and >1 bat call detected in the previous 10 minutes), rotoblades

were rotated out of the wind and slowed (to S1 rpm) for 30 minutes.
Conventionallyoperated turbinesx AOA OZAAAOEAOAAS OI -in0OT OAOA C
speed of 3.5 m/sDaily carcass searches wereonductedalong transectsin plots
(80 x 80 m) centred oneach of the 20 turbinesin JulyzSeptember2015. Carcass
counts were corrected to account for searcher efficiency and removal by
scavengersElectricity generation was reduced by 90 MWh/turbine at automated
turbines during the study period.

Q) Behr O., Binkmann R., KornerNievergelt F., Nagy MNiermann I., Reich M. & Simon R.
(2016) Reducing the Collision Risk for Bats at Onshore Wind Turbines (RENEBAT IlI). Reduktion des
Kollisionsrisikos von Fledermausen anshoreWindenergieanlagen (RENEBAT IllIlUmwelt und

Raum Bd. 7, 368 S., Institut fur Umweltplanung, Hannover

(2) Hayes M.A., Hooton L.A., Gilland K.L., Grandgent C., Smith R.L., Lindsay S.R., Collins J.D.,
Schumacher S.M., Rabie P.A., Gruver J.C. & Gododdiahoney J. (2019) A smart curtailment
approach for reducing bat fatalities and curtailment time at wind energy facilitiesEcological
Applications,29, e01881.

Mining

Abandoned mines are often used as roosting sites for cadevelling 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.

4.14. Provide artificial subterranean  bat roosts to replace
roosts in reclaimed mines

1 We found no studies that evaluated the gffecisiofy artificsabterranedratroosts
to replaceoostsn reclaimed min@s bat populations
O60We found no studi esd mestwdies thathave directty evalaate@ this o t y e

intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Artificial subterranean bat roosts may be provided in proximity to reclaimed
mines to replace lost roostsSmilar intervention s are described indhreat: Human
10¢€



intrusions and disturbancez Caving and tourisng Provide artificial subterranean
bat roosts to replace roosts in disturloecaves Mlabitat restoration and creation
Z Create atrtificial cave®r hibernaculafor batso

4.15. Exclude bats  fromroosts  prior to mine reclamation

1 We found no studies that evaluated the effechsdaig bats from roosts prior to mine
reclamatioon bat populations

6We found no studiesd means that we have not

intervention during our systematic journal and report searches. Therefore we have no evidence to indicate

whether or noetimtervention has any desirable or harmful effects.
Background

Excluding bats from roosts within mines prior to reclamationmay prevent injury
or death. However, it is important to also consider the shorterm and longterm
impacts of exclusion from rooss on the survival and productivity of bat
populations.

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

1 We found no studies that evaluated the eftdotatihg bats from reclaimed mines to
alternative subterranean sitesbn bat populations

6We found no studiesd means that we have not

intervention during our systematic journal and report searches. Therefore we have no evidence to indicate

whether or not tinéervention has any desirable or harmful effects.
Background

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

4.17. Retain access points for bats following mine closures

1 We fand no studies that evaluated the effetésnarig access points for bats following
mine closures bat populations

6We found no studies6 means that we have not
intervention during our systenoatinal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Access points for batsmay be retained following mine closuresto prevent
entombment and to allow continued use by roosting batsFor a similar
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ET OA OOAT ThrEdt: Himartn&uSion®and disturbance Caving and tourism
Z Retain bat access points to caves

4.18. Install and maintain  gates at mine entrances to restric t
public access

1 Ninestudiesevaluatethe effects of installyages at mine entranmedat populations.
Eighstudies were in the BSA¢and one in Australia

COMMUNITY RESPONSE D)

1 Richness/diversityl (study): One replicatedeforeandafter study in the U$#und
that fewer bat species entered mines after gates were installed.

POPULATIORESPONS@STUIES

1 Abundance3studes): Tworeplicatedite comparisonb@foreandafterstudesinthe
USA andAustralfafound fewer batsnmrest or at mine entrantafter gates were
installedOne replicated, controlled, befw&ter study in the USidund that bat
activity (relative abundance) remained stable or increased at five of seven gated mines, and
decreaed at two gated mines.

BEHAVIOU® STUDIES)

1 Use 2 studes): One beforandafter study in the USdund that 43 of 47 mines
continued to be used 12 years after gates were installed, however bats abandoned four
mi nes with 0 IOseckplietedstudyénghie YRMndthat gate design
and time since gate installation had varied effects on the presence of four bat species.

1 Behaviour changet (studies): Fourreplicated, befeaadafteror site comparison
studies in the UBAband Astraliafound that batsraire entrances circled ra¢fe°
and enterettine lesa® after gates were installed.

OTHERXSTUIES

1 Collisions with gates (1 stud@ne replicated, controlled, bafoi&ter study in the
USA found that up to 7% of bats at mine entrances collided with mine gates.

Background

Gatesmay beinstalled 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
abandonment (Tuttle 1977). For evidence relating to cave gaA O h Th@d&:A O
Human intrusions and disturbance Caving and tourisny Install and maintain cave

gates to restrict public access8

Tuttle M.D. (1977) Gating as a means of ptecting cave dwelling bats. Pages 782 in: T. Aley &D.
Rhodes (eds.) 1976 National Cave Management Symposium Proceedjngpeleobooks,
Albuquerque, USA.

A before-and-after study in 199172004 at 47 gated abandoned mines in
forested areas of Colorado, USA) found that 43 of 47 mines with gates of various
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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 me with a culvert ladder gate were
abandoned by batsFour types of gate were evaluatedll with bar spacings of 150
mm. Traditional gates allowed access to bats across the whole gate, ladder gates
allowed access to bats at the centre only, and both typeof gate were also
constructed in metal culverts where mine entrances were too unstable to anchor
the gate itself. Each of 47 mines were surveyedz20 times in 199122004 using
multiple methods (catching, visual counts and infrared motion detectors).

A replicated, controlled, beforeand-after and site comparison study in 2003
at 28 mine and cave sites between Ontario, Canada and Tennessee, @pdund
that at mine and cave entrances with gates, bats circled, retreated more and
passed through less oftenttan at ungated entrances. Bats circled and retreated
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 thlough) than at ungated entrances (23%
circled and retreated, 68% passed through). Separate results for mines and caves
were not provided. Seven mines or caves had existing gates (of various designs),
twelve mines or caves were ungated and had mock wooden tga 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 34 x 5minute periods during 172
nights in JulyyOctober 2003.

A replicated, site comparison study in 2002 of 24 gated and 23 ungated
abandoned mines in West Virginia, USA) found that mines with gates had fewer
bats captured of nine species than ungated mines, but other mine features were
more important than gates for predicting bat presence. The number of bats
captured was lower for nine bat species at mine entrances with gates than at mine
entrances without gates (data reported as statistical model results). However,
mine entrance size, shape and sliance to other entrances were more important
than gates for predicting the presence of bat¢see original paper for detailed

results). Twenty-&£i OO | ET A AT OOAT AAO xABOERAITCAIORA ATiIGIA

iron design, 23 had a rounebar design with 1.5 cmbars spaced 500 cm
horizontally and 200 cm vertically). Twenty-three mine entrances had no gates
installed. Bats were captured with harp traps and/or mist nets for one night at 36
of 47 mines in JungJuly 2002 and at all 47 mines in AugugBeptember 2002.

A replicated, controlled, beforeand-after study in 2003 at four derelict mines
in a forested area of soutkeastern Australia(4) found that installing gates with
125 mm horizontal spacing resulted in fewer eastern horseshoe baihinolophus
megaphyllusal A 3 A E O A EMiloptérd schArdilie@iusing 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 125mm horizontal spacing were installed (before:
120 and 540 bats; after: 30 and 290 bats). The number of bats aborting exit and
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entry flights also increased (data reported as standardized results). Gates with
horizontal spacings of 450 mm and 300 mm did noaffect 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 MarcigApril 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 infrared
beams, and nightvision video cameras recorded flight behaviour for 30 minutes
at dusk and dawn.

A replicated, beforeand-after study in 200272004 at five pairs of abandoned
mines in northern Idaho, USAR) found that installing gates resulted in fewer bs
and fewer bat species entering the mines-ewer 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 minesET AOAAOAA AU tub 1T OAO OEA OAI A PAOE
OAZEOA OB o ¢ Feheh Bat shdci€sOEtdr€@IGa mines after gates were
installed (before: average 2.3 bat species; after: 1 bat species), but no change was
I AGAOOGAA AO GNAGHE MG g K1 AMAG GPAAEAON OAEOAC
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 ag surveyed twice in JulyzAugust in two
consecutive yearsn 2002z2004 (before and after gating). One mist net survey and
one video survey were carried out at the mine entrance of each site/year

A replicated, controlled, beforeand-after study in 2003z2004 at four
abandoned mines in western Utah, USA6) found that gated mines had more
41 x1 OAT &dre@ bafsE@ynorhinus townsendicircling at entrances than
entering or exiting them, and Z7% of bats flying through the entrances collided
with the gates Mi OA 41T x 1 Gédaled\uat® cirdedl t gated mine entrances
than flew through them (data not reported). However, there was no difference in
the number of bats circling and entering/exiting at ungated mines. Bats were
observed colliding with gates at d four gated mines (27 % of bats entering or
exiting/night, total <5750 bats/gate). All of four mines had maternity colonies of
41 x1 OAT -Babed bats Eagerage 84112 bats). Two mines were gated before
the study in 1998 and 2000 and two had gates inatled during the study in 2004.
111 CAOA AAQEICTEAOGERIMEOALD O1 A OOAAT AAOO
spaced 1@14 cm apart). Each ofhe four mines was surveyed with infrared video
cameras at the entrances during two consecutive mornings and a gie night each
month in MayzJuly 2003 (before gating and in May and JulgSeptember 2004
(after gating).

A replicated, controlled, beforeand-after study in 201472015 at 11
abandoned mines in southern Arizona and New Mexico, USAg] found that after
gates were installed bat activity levels remained stable or increased dfive of
seven gated mines andthree of four ungated control mines. After gating, bat
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activity levels decreased atwo of sevengated mines andone of four ungated
control mines (data reported as bat logger voltage measures). Seven bat species
were recorded within the mines (data not reported for individual species). Eleven
mines (42200 m long) with similar characteristics (bat use, mine features, number
of entranceg were surveyed. Seven mines had gates (standard squaxée bar
gates or corrugated metal culverts with rectanglg¢ube bar gates, both with 14.6
cm horizontal spacing) installed in winter 2014 or spring 2015. Four control
mines were leftungated. Visual dservations and bat logger surveys were carried
out in JungSeptember 2014 (before gating) and 2015 (after gating).

A replicated, beforeand-after study in 2015 at two abandoned mines in
Arizona, USA Tb) found that bats performed more flight manoeuvres aamine
entrances after mock gates were installed than before, but gate material and
height had no effect on bat behaviour. Bats performed more energetically
demanding flight manoeuvres at mine entrances after mock gates were installed
(data not reported). There was no significant difference in bat behaviour between
two types of gate material (corrugated metal and noftorrugated high-density
polyethylene) or two gate heights (0.15m and 1.15 m above the ground). Both
mines (60z80 m long) had single ungated mtrances and were occupied by winter
colonies (>100 individuals) of California leafnosed batsMacrotus californicus
Round bar gates (14.6 cm horizontal bar spacing) were installed within culverts
(76 cm diameter, 1.2 m length) at each of two mine entraes. In MarclzApril
2015, bats were filmed with infrared cameras for three nights before gates were
installed, followed by three nights with one randomly chosen gate material/height
installed and three nights with the other.

A replicated study in 2015 at 4 abandoned gated mines in Arizona, Colorado,
Nevada, New Mexico and Utah, USAc] found that gate age and design had varied
effects on the presence of four bat species, but mine features were more important
OEAT CAOGARO & O DPOAAEA bigéard @ BoyAothikus 8
townsendiiwere found more often in mines with narrower horizontal bar spacing
(12715 cm) than wider spacing (18 cm; data reported astatistical modelresults).
California myotis Myotis californicusand western smaltfooted myoctis Myotis
ciliolabrum were found more often in mines with older gates (>10 years old) and
less often in mines with angleiron bar gatesthan mines with four other gate
designs Cave myotisMyotis veliferwere found more often in mines with newer
gates (<9years old) and less often in mines with culvert gates than mines with
four other gate designsFringed myotis Myotis thysanodesvere found more often
in mines with gates closer to the entrance (<2 m) with smaller gate areas (<2.5
m?2) and wider vertical bar spacing (>0.9 m)Mine features (e.g. elevation, number
of levels or entrances) were more important than gateage, location or designfor
predicting the presence of all four bat species. Each of 41 mines had one of five
gate designs installedstandard round bar (8 mines); standard angleiron bar (15
mines); standard squaretube bar (7 mines); corrugated metal culvert with
square-tube bar (7 mines); ladder gate (4 mines). Fresh guano samples were
collected from the mines in JuneDecember 2015 fo DNA analysis, and mine
features were recorded.
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(1) Navo K.W.& Krabacher P. (2005) The use of bat gates at abandoned mines in Colorado.
Bat Research New<l6, 8.

(2) Spanjer G.R& Fenton M.B.(2005) Behavioral responses of bats to gates afves and
mines. Wildlife Society Bulletin33, 110171112.

3) Johnson J.B., Wodd.B.& EdwardsJ.W (2006) Are external mine entrance characteristics
related to bat useWildlife Society Bulletin 34, 136&1375.

(4) Slade C. & Law B. (2008) An experimental test of gating derelict mines to conserve bat
roost habitat in southeastern Australia Acta Chiropterologica 10, 36%376.

(5) Derusseau S.N. & Huntly N.J. (2012) Effects of gates on the ttigie use of mines by bats

in northern Idaho. Northwestern Naturalist 93, 6 66.

(6) Diamond G.F. & Diamond JM.¢mptq " AOO AT A 1 ET AOqg-eahed@Al OAQET C
bat (Corynorhinus townsend)i maternity colony behavioral response to gatingWestern Nath
American Naturalist 74, 416&426.

(7 Tobin A., Corbett R.J.M., Walker F.M. & Chambers C.L. (2018) Acceptance of bats to gates
at abandoned minesThe Journal of Wildlife Managemen82, 13451358.

4.19. Maintain microclimate in closed/abandoned mines

1 One studevaluated the effects of maintaining the microeimahtniotoned mine on
bat populations. The study was in the USA

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONS@ STUDY)

1 Abundance (1 study@ne beforandafte study in the USlAund that modifying the
microclimate of an abandoned mine by dlasiagraade entrance resulted in a greater
number of bats hibernating within the mine

BEHAVIOUR 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 avoidedFor a similar intervention, see
Ghreat: Humanintrusions and disturbancez Caving and tourismg Restore and
maintain microclimate in modified caves®eealso Fhreat: Humanintrusions and
disturbancez Caving and tourisny Install and maintain cave gates to restrict public
accessfor 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 200422007 at one mine in Southern lllinois, USA
(1) found that modifying the microclimate within an abandoned mineby closing a
human-made entrance resulted in an increase in the number of hibernating bats,
including Indiana batsMyotis sodalis Before the entrance was closed, <500 bats
were counted hibernating in the mine and internal temperatures varied widely
during the hibernation period (-2z18°C). After the entrance was closed, internal
temperatures were more stable (1113°C), and more bats hibernated within the
mine (one year after: 1500 bats; two years after: 500 bats). In summer 2005, a
culvert with a door (1.2 m wide) was built into the horizontal human-made
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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 & 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 2@313 in: Vories K.C., Caswell A.H. & Price T.M. (ed&9tecting
threatened bats at coal mines: fechnical interactive faum. Department of Interior, Office of
Surface Mining, Coal Research Center, Southern lllinois University Carbondale.

4.20. Reopen entrances to clo sed mines and make suitable
for roosting bats

1 We found no studies that evaluated the eféegisrohg entrances to closed mines and
making them suitable for roostingrbléd populations

O0We found no studi esd me ades thdat hawe direstly evhlaated thisn o t y e
intervention during our systematic journal and report searches. Therefore we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Mines that have previously ben closed and sealed may be reopened to provide
roosting sites for bats.Modifications may be required to create accegsoints and
a suitable microclimatefor bats.

4.21. Restore bat foraging habitat at ex -quarry sites

1 One studyevaluated the effects of restoring bat foraging habjtairigt skes on bat
populations. The study was in France

COMMUNITY RESPONSE (0 STUDIES)
POPULATIORESPONSE STUDY)

1 Abundance (1 study®ne replicated, site comparison skrdyna&found that gravel
sand pits had higher overall bat activity (relative alddydanse)ter restoration than
gravekand pit sites before or during quarrying.

BEHAVIOUR STUDIES)
Background
Abandoned mining sites, such as quarries, may beehabilitated to provide

foraging habitat for bats, e.g. through the restoration of grassland, treeand
wetlands.

For general interventions relating to the restoration ofspecific habitat types, see
O E Habitat restoration & creatiod AEADOAOS8
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A replicated, site comparison study in 20092013 of 21 gravelsand pit sites
in France (1) found that restored gravetlsand pits had higher overall bat activity
10 years after restoration than gravelsand pit sites before or during quarrying,
but there was no diference for gravelsand pits less than 10 years after
restoration. Overall bat activity was higher at gravekand pits that had been
restored more than 10 years previously (average 0.8 bat passes/sixninute
interval) than at gravelsand pit sites before orduring quarrying (both 0.3 bat
passes). However, there was no significant difference between grav&nd pits
restored 5z10 years previously (0.5 bat passes) dess thanfive years previously
(0.4 bat passes) and gravesand pit sites before or during quarying. Twelve bat
species were recorded in total (see origingbaper for data for individual species).
Gravelsand pit sites (average 4 ha) consisted of bare soil and were restored to
water, wooded vegetation and meadows after quarrying ceased. At each 21
sites, 1z5 points (18z37 points/treatment in total across all sites) were sampled
with bat detectors during two visits/year in JunezSeptember 200%2013.

D Kerbiriou C., ParisotLaprun M. & Julien J.F. (2018) Potential of restoration of graveand
pits for bats.Ecological Engineering110, 13%145.
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5. Threat: Transportation andservice 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 Glabitat protectiond @labitat restoration and creatio  AThrdat: Pollutiond 8

For interventions relating to bat boxes, which are often used in response to a wide

OAT CA 1 £ OESpécicsh@mageddod AGRAD OAR 08

Roads have been shown to have a negative impact on bats, acting as a barrier to
movement and causing direct mortality de 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, noisand chemical
pollution. Railways could have similar effects, although there has been little
research in this area. One study found that some bat species avoided railways,
whereas others used railway verges for foraging (Vandeveldet al. 2014). Utility
and service corridors (e.gcarrying power lines, pipelines or seismic exploration
lines) also have the potential to have negative impacts on bats. These corridors are
typically cleared of vegetat resulting in disturbance, habitat loss and
fragmentation.

Several interventions involve providing safe passage for bats over or under
roads/railways , with the ultimate aim of increasingroad/rail permeability and
reducing mortality so as to maintain bat populations. We found no evidence to
show that crossing structures either increase permaability or maintain bat
populations in proximity to roads or railways. We found evidence that some
crossing structuresover and under roadsare used by batsHowever, fw crossing
structures were used by a sufficient proportion of crossing bats to suggetiey
would be effective at maintaining bat populationse.g. Berthinusse& Altringham
(2015) suggest >90% of bats must cross safely for structures to mnsidered

effective.

Altringham J. & Kerth G. (2016) Bats ancbads. Pages 382 in: Voigt C.C. & Kigston T. (eds.Bats
in the Anthropocene: Conservation of Bats in a Changing Wofgbringer International
Publishing, Cham

Berthinussen A. & Altringham J.D. (2015WWC1060: Development of a cesftfective method for
monitoring the effectiveness of mitigation for bats crossing linear transport infrastructure
Report for Department for Environment, Food and Rural Affairs (Defrg)UK.

Fensome A.G. & Mathews F. (2016) Roads and bats: a rreatalysis and review of the evidence on
vehicle collisions and barrier effectsMammal Review46, 3117323.

Vandevelde JC., Bouhours A., Julien-B., Couvet D. & Kerbiriou C. (2014) Activity of Eupgan
common bats along railway vergesEcological Engineering4, 4956.
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Roads & Railroads

5.1. Install underpasses orculverts asroad /railway crossing
structures for bats

1 Eightstudiesevaluatethe effects ofstalling underpasses or culverts as road crossing
structures for baBeverstudies were Huropé&>7.8and one in Austrélia

COMMUNITY RESPONBEUDIES)
POPULATIORESPONSE@ STUDIES)

BEHAVIOU®B STUDIES)

1 Use 8studies)Eighstudiesificludingixreplicatedtudiesin Germahylrelan# the
UK57, AustralfeandFrancgfoundhatbats usdunderpassesid culvertselow roags
and crossd overthe road above themn varying proportio@nereplicated, site
comparisostud in Austraidound thabat species adapted to cluttered habgdts
small culverts and underpasses molmatispecies adapted to open or edge habitats
One replicated, site comparison study if flerardtéhdbe useof underpasses by five
bat speciewas influenced by underpassatygieeightroad widtlgndthe amount of
forest and hedgesawthe surrounding landscape

Background

Underpasses may guide bats safely under roadsr railways. They have the
potential to reduce the number of bats killed by traffic and increase the
permeability of roads/railways for bats to maintain connectivity across the
landscape. There is evidence that an unknown proportion of bats of various
species use underpassdselow roads(e.g. Baclet al.2004, Boonman 2011 Barros
2014). However, these studies have not been summarised here as they do not
provide data that can be used to assess effectivenessjch asa control or the
proportion of bats that are or are not usinghe underpassesThe studies described
below report the proportion of bats that are either using underpasses to cross
roads safely, or are crossing the road abowbem at risk of collisions with traffic.
We did not find any studies that assessed underpassbkslow railways as crossing

structures for bats.

Bach L., Burkhardt P. & Limpens H. (2004) Tunnels as a possibility to connect bat habitats.
Mammalia,68, 411z420.

Barros P. (2014) Agricultural underpasses: their importance for bats as roosts and role in
facilitating movement across roads. Pasos agricolas inferiores de carreteras: su importancia
para los murciélagos como refugio y lugar para cruzar la vi@arbastell, Journal of Bat Research
& Conservation?7, 22731.

Boonman M. (2011) Factors determining the use of culverts underneath highways and railway
tracks by bats in lowland areaslLutra, 54, % 16.

A study in 2004z2007 of an underpass below amotorway in a forested area
of northern Bavaria, Germany(1) found that a clutter ed habitat bat species rarely
crossed the motorway and only crossed througkhe underpass, whereasan open
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