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1. About this book  

1.1 The Conservation Evidence project 

The Conservation Evidence project has four main parts:  

1. The synopses of the evidence captured for the conservation of particular species 
groups or habitats, such as this synopsis. Synopses bring together the evidence 
for each possible intervention. They are freely available online and, in some cases, 
available to purchase in printed book form.  
 

2. !ƴ ŜǾŜǊπŜȄǇŀƴŘƛƴƎ database of summaries of previously published scientific 
papers, reports, reviews or systematic reviews that document the effects of 
interventions. This resource comprises over 6,989 pieces of evidence, all available 
in a searchable database on the website www.conservationevidence.com. 
 

3. What Works in Conservation, which is an assessment of the effectiveness of 
interventions by expert panels, based on the collated evidence for each 
intervention for each species group or habitat covered by our synopses. This is 
available as part of the searchable database and is published as an updated book 
edition each year (www.conservationevidence.com/content/page/79). 
 

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

1.2 The purpose of Conservation Evidence synopses 

Conservation Evidence synopses  
do  

Conservation Evidence synopses do 
not  

¶ Bring together scientific evidence 
captured by the Conservation Evidence 
project (over 6,989 studies so far) on the 
effects of interventions to conserve 
biodiversity 

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

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

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

http://www.conservationevidence.com/
http://www.conservationevidence.com/content/page/79
http://www.conservationevidence.com/collection/view
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¶ Describe each piece of evidence, 
including methods, as clearly as possible, 
allowing readers to assess the quality of 
evidence  

¶ Weight or numerically evaluate 
the evidence according to its 
quality  

 

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

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

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 farmer, a campaigner, an advisor or 
consultant, a policymaker, a researcher or someone taking action to protect your own 
local wildlife. Our synopses summarize scientific evidence relevant to your 
conservation objectives and the actions you could take to achieve them.  
 
²Ŝ Řƻ ƴƻǘ ŀƛƳ ǘƻ ƳŀƪŜ ȅƻǳǊ ŘŜŎƛǎƛƻƴǎ ŦƻǊ ȅƻǳΣ ōǳǘ ǘƻ ǎǳǇǇƻǊǘ ȅƻǳǊ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ 

ōȅ ǘŜƭƭƛƴƎ ȅƻǳ ǿƘŀǘ ŜǾƛŘŜƴŎŜ ǘƘŜǊŜ ƛǎ όƻǊ ƛǎƴΩǘύ ŀōƻǳǘ ǘƘŜ ŜŦŦŜŎǘǎ ǘƘŀǘ ȅƻǳǊ ǇƭŀƴƴŜŘ 

actions could have.  

 

When decisions have to be made with particularly important consequences, we 

recommend carrying out a systematic review, as the latter is likely to be more 

comprehensive than the summary of evidence presented here. Guidance on how to 

ŎŀǊǊȅ ƻǳǘ ǎȅǎǘŜƳŀǘƛŎ ǊŜǾƛŜǿǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ŦǊƻƳ ǘƘŜ /ŜƴǘǊŜ ŦƻǊ 9ǾƛŘŜƴŎŜπ.ŀǎŜŘ 

Conservation at the University of Bangor (www.cebc.bangor.ac.uk). 

1.4 Background 

Bats represent approximately one fifth of all mammal species with over 1,400 bat 

species currently known to science (Simmons & Cirranello 2019). 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 ecological and economic benefits, 

such as pest suppression, pollination and seed dispersal (e.g. Boyles et al. 2011, 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. Frick et al. 2019). Many bat species are 

threatened, particularly by anthropogenic impacts such as logging and deforestation, 

http://www.cebc.bangor.ac.uk/
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agriculture, urban and industrial development, pollution, hunting and persecution 

(e.g. see Voigt & Kingston 2016, Frick et al. 2019). Climate change and extreme 

weather events, such as heat waves and tropical storms, are also a threat to bats (e.g. 

Sherwin et al. 2013).  

 

Five bat species are listed as extinct by the International Union of Conservation for 

Nature (IUCN) and almost one-fifth of bat species (18%) assessed by the IUCN are 

considered threatened (Frick et 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 IUCN, many newly discovered species are 

not yet classified or included on the IUCN red list, and there may be many further 

cryptic species which are yet to be described. Conservation efforts have been 

successful in reversing population declines for some species, and even preventing 

species extinctions. For example, the lesser long-nosed bat was recently removed 

from endangered species lists in both the USA and Mexico after populations recovered 

following bat-friendly farming initiatives, education programmes and roost protection 

(US Fish & Wildlife Service 2016).  

 

Evidence-based knowledge is key for planning successful conservation strategies and 

for the cost-effective allocation of scarce conservation resources. Targeted reviews 

may be carried out to collate evidence on the effects of a particular conservation 

intervention, but this approach is labour-intensive, expensive and ill-suited for areas 

where the data are scarce and patchy. There is a paucity of evidence within the 

literature for the effectiveness of conservation interventions aimed at bats. 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 (Berthinussen et al. 2014). We used a subject-wide 

evidence synthesis approach (Sutherland et al. 2019, Sutherland & Wordley 2018) to 

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 cost-effectively and 

efficiently. The synopsis is freely available at www.conservationevidence.com and, 

alongside the Conservation Evidence online database, provides a valuable asset to the 

toolkit of practitioners and policy makers seeking sound information to support bat 

conservation. We aim to periodically update the synopsis to incorporate new research 

and to ensure that the most recent evidence is made available to decision-makers. 

Updates were published in 2019 (Berthinussen et al. 2019) and 2020 (Berthinussen et 

http://www.conservationevidence.com/
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al. 2020), and so this is the third update. The methods used to update the existing Bat 

Conservation Synopsis are outlined below. 

1.5 Scope of the review 

1.5.1 Review subject 

This synthesis focuses on updating the evidence for the effectiveness of global 

interventions for the conservation of bats. New evidence was added to the previous 

Bat Conservation Synopsis (Berthinussen et al. 2020), which was produced using a 

subject-wide 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 analysing results through study summary 

and expert assessment, or through meta-analysis; the term can also refer to any 

product arising from this process (Sutherland et al. 2019).  

 

This synthesis covers evidence for the effects of conservation interventions for wild 

bats (i.e. not in captivity). We have not included evidence from the literature on 

husbandry of captive bats, such as those kept 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 evidence-base that will 

support bat conservation objectives with the latest evidence and help to achieve 

conservation outcomes.  

1.5.2 Advisory board 

An advisory board made up of international conservationists and academics with 

expertise in bat conservation has been formed. These experts inputted into the 

synopsis update at two key stages: a) updating the comprehensive list of conservation 

interventions for review, and b) reviewing the updated draft evidence synthesis. The 

advisory board is listed above and online (www.conservationevidence.com

/content/page/119#bat-conservation). 

1.5.3 Creating the list of interventions 

For previous editions of the Bat Conservation Synopsis (Berthinussen et 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 

http://www.conservationevidence.com/content/page/119#bat-conservation
http://www.conservationevidence.com/content/page/119#bat-conservation
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Evidence to ensure that it followed the standard structure. This list was reviewed by 

the advisory board for the synopsis update, and edited or additional interventions 

added if relevant. The aim was to 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 interventions were discovered and integrated into the synopsis structure.  

 

The list of interventions is organized into categories based on the IUCN classifications 

of direct threats (www.iucnredlist.org/resources/threat-classification-scheme) and 

conservation actions (www.iucnredlist.org/resources/conservation-actions-

classification-scheme). 

 

In total, we found 200 conservation and/or management interventions that could be 

carried out to conserve bat populations. We found evidence for the effects on bat 

populations for 81 of these interventions. The evidence was reported as 297 

summaries from 232 relevant publications found during our searches (see Methods 

below). 

1.6 Methods 

Any new evidence found during the synopsis update was summarised and added to 

the previous edition of the Bat Conservation Synopsis (Berthinussen et al. 2020). 

Methods for this update followed those used previously, as described below.  

1.6.1 Literature searches 

Literature was obtained from the Conservation Evidence discipline-wide literature 

database, and from searches of additional subject-specific literature sources (see 

Appendices 1ς4). The Conservation Evidence discipline-wide literature database is 

compiled using systematic searches of journals (all titles and abstracts) and report 

ǎŜǊƛŜǎ όΨƎǊŜȅ ƭƛǘŜǊŀǘǳǊŜΩύΤ ǊŜƭŜǾŀƴǘ ǇǳōƭƛŎŀǘƛƻƴǎ ŘŜǎŎǊƛōƛƴƎ ǎǘǳŘƛŜǎ ƻŦ ŎƻƴǎŜǊǾŀǘƛƻƴ 

interventions for all species groups and habitats were saved from each and were 

added to the database. Final lists of evidence sources searched for this synopsis are 

published in this synopsis document (see Appendices 1ς3), and the full list of journals 

and report series is published online (www.conservationevidence.com/journal

searcher/synopsis). 

a) Global evidence 

Evidence from all around the world was included. 

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
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b) Languages included 

The following non-English journals published in Spanish and Portuguese were 

searched for the previous edition of the Bat Conservation Synopsis (Berthinussen et 

al. 2020) and relevant papers extracted. Due to project constraints, update searches 

of these journals were not carried out. However, we will aim to update them 

periodically in the future. 

¶ Therya     Vol. 1, Issue 1 (2010) ς Vol. 8, Issue 3 (2018)  

¶ Gamelys    Vol. 1 (2011) ς Vol. 7 (2017)  

¶ Boletim da Sociedade    

Brasileira de Mastozoologia  Vol. 66 (2013) ς Vol. 78 (2017)   

¶ Mastozoologia Neotropical  Vol. 1, Issue 1 (1994) ς Vol. 24, Issue 1 (2017)  

¶ Chiroptera Neotropical   Vol. 1, Issue 1 (1995) ς Vol. 21, Issue 2 (2015)  

¶ Mammalogy Notes   Vol. 1, Issue 1 (2014) ς Vol. 4, Issue 1 (2017)  

¶ Revista Mexicana de     

Mastozoología   Vol. 1 (1995) ς Vol. 7, Issue 2 (2017) 

 

Since the last update, 150 additional non-English journals published in Spanish, 

Portuguese, German, Russian, Japanese and Persian have been searched, and relevant 

papers added to the Conservation Evidence discipline-wide literature database (see 

below). All other journals searched are published in English. 

c) Journals searched  

All journals (and years) listed in Appendix 1 (English journals) and Appendix 2 (non-

English journals) were searched prior to or during the completion of this synopsis 

update by authors of other synopses, and relevant papers added to the Conservation 

Evidence discipline-wide literature database. An asterisk indicates the journals most 

relevant to this synopsis. Others are less likely to have included papers relevant to this 

synopsis, but if they did, those papers were summarised.  

 

The most relevant journals (marked with an asterisk in Appendix 1) were searched up 

to the end of 2018 for the previous edition of the Bat Conservation Synopsis 

(Berthinussen et al. 2020), and up to the end of 2019 for this update. No new journal 

searches were undertaken as the specialist journals most likely to yield studies 

relevant to bat conservation are already included. 
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d) Reports from specialist websites searched 

i) From Conservation Evidence discipline-wide literature database 

All report series (and years) listed in Appendix 3 have been systematically searched for 

the Conservation Evidence project, and relevant studies added to the Conservation 

Evidence discipline-wide literature database. An 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. 

ii) Specific searches for the Bat Conservation Synopsis 

The following specialist reports/websites relevant to bat conservation had already 

been searched up to the end of 2018 for the previous edition of the Bat Conservation 

Synopsis (Berthinussen et 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 the project 

database. For this update, all specialist reports/websites listed below were searched 

up to the end of 2019. 

¶ Bat Conservation International (www.batcon.org, resources searched)  

¶ Bat Conservation Trust, UK (www.bats.org.uk, resources searched)  

¶ Rufford Foundation, UK (www.rufford.org, report titles searched for category 

Ψ.ŀǘǎΩύ  

¶ The Vincent Wildlife Trust, UK (www.vwt.org.uk, report titles searched for 

ŎŀǘŜƎƻǊȅ Ψ.ŀǘǎΩύ  

¶ Scottish Natural Heritage, UK (www.nature.scot/information-library-data-and-

research/information-library, database of report titles searched using key 

ǿƻǊŘ ΨōŀǘϝΩύ  

¶ Natural England, UK (http://publications.naturalengland.org.uk, database of 

report titles searcƘŜŘ ŦƻǊ ŎŀǘŜƎƻǊȅ Ψ{ǇŜŎƛŜǎ ς Mammals ς .ŀǘǎΩύ  

¶ Department for Food, Environment and Rural Affairs (Defra) Science and 

Research projects, UK (http://sciencesearch.defra.gov.uk, database of report 

ǘƛǘƭŜǎ ǎŜŀǊŎƘŜŘ ǳǎƛƴƎ ƪŜȅ ǿƻǊŘ ΨōŀǘǎΩύ  

e) Other literature searches 

The online database (www.conservationevidence.com) was searched for relevant 

publications that have already been summarised. If such summaries existed, they 

were extracted and added to this synopsis update. 

 

http://www.batcon.org/
http://www.bats.org.uk/
http://www.rufford.org/
http://www.vwt.org.uk/
http://www.nature.scot/information-library-data-and-research/information-library
http://www.nature.scot/information-library-data-and-research/information-library
http://publications.naturalengland.org.uk/
http://sciencesearch.defra.gov.uk/
http://www.conservationevidence.com/
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Where a systematic review was found for an intervention, if the intervention had a 

small literature (<20 papers), all publications including the systematic review were 

summarised. If the intervention had a large literature (җ20 papers), then only the 

systematic review and any publications published since the review were summarised. 

Where a non-systematic review (or editorial, synthesis, preface, introduction etc.) was 

found for an intervention, all relevant publications referenced within it were included, 

but the review itself was not summarised. However, if the review also provided 

new/collective data, then the review itself was also included/summarised (indicating 

which other summarized publications it included). Relevant publications cited in other 

publications summarised for the synopsis were not included (due to time restrictions). 

f) Supplementary literature 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 stakeholders were also included, if 

relevant.  

g) Search record database 

A database was created of all relevant publications found during searches. Reasons 

for exclusion were recorded for all studies included during screening but 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 screened is 

presented in the diagram in Appendix 4. 

a) Screening 

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

literature database, an initial test using the 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. 

wŜǎǳƭǘǎ ǿŜǊŜ ŀƴŀƭȅǎŜŘ ǳǎƛƴƎ /ƻƘŜƴΩǎ YŀǇǇŀ ǘŜǎǘ ό/ƻhen 1960). A second Kappa test 

was used to assess the consistency/accuracy of article screening for the first two years 

of the first journal searched by each author. Where results did ƴƻǘ ǎƘƻǿ ΨǎǳōǎǘŀƴǘƛŀƭΩ 

(K = 0 .61ςлΦуύ ƻǊ ΨŀƭƳƻǎǘ ǇŜǊŦŜŎǘΩ ŀƎǊŜŜƳŜƴǘ όY = 0.81ς1.0), authors received further 

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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searchers since 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, results in gaps in the evidence. The 

Conservation Evidence literature database currently includes relevant papers from 

over 300 English language journals as well as over 150 non-English journals. Additional 

journals are frequently added to those searched, and years searched 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 available, for example there are 

often geographic biases in study locations. 

b) Inclusion criteria 

The following Conservation Evidence inclusion criteria were 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, go to 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 be put 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 included. If 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 interventions 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 change), 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 assessing 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 been actively retained ǘƻ ǘŜǎǘ ǘƘŜ ƛƴǘŜǊǾŜƴǘƛƻƴ ΨwŜǘŀƛƴ ƴŀǘƛǾŜ 

ǿƻƻŘƭŀƴŘΩ (provided that the study states when the intervention was carried out). The 

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

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

fenced vs unfenced cave entrances ς where 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 of fulfilling 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 the study will be included for closer 

inspection by the synopsis authors. If 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: 

¶ 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/structure, range, predatory or nuisance behaviour that 

could lead to retaliatory action by humans 

¶ Breeding: egg/sperm production, sperm motility/viability after freezing, artificial 

ŦŜǊǘƛƭƛȊŀǘƛƻƴ ǎǳŎŎŜǎǎΣ ƳŀǘƛƴƎ ǎǳŎŎŜǎǎΣ ōƛǊǘƘ ǊŀǘŜΣ ǇǳǇ ŎƻƴŘƛǘƛƻƴκǎǳǊǾƛǾŀƭΣ ΨƻǾŜǊŀll 

ǊŜŎǊǳƛǘƳŜƴǘΩ 

¶ Genetics: genetic diversity, genetic suitability (e.g. adaptation to local conditions, 

use of flyways for migratory species etc.) 

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

¶ Population measures: number, abundance, density, presence/absence, biomass, 

movement, cover, age-structure, species distributions (only in response to a 

human action), disease prevalence, sex ratio 

¶ Community/habitat measures: species richness, diversity measures (including 

trait/functional diversity), community composition, community structure (e.g. 

trophic structure), area covered (e.g. by different habitat types), physical habitat 

structure (e.g. rugosity, height, basal area) 

 

Interventions within the scope of Conservation Evidence include:  

¶ Clear management interventions, 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 human-wildlife conflict 

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

or habitats 

See www.conservationevidence.com/data/index for more examples of interventions. 

 

Note on study types: 

Literature reviews, systematic reviews, meta-analyses or short notes that review 

studies that fulfil these criteria will be included. Theoretical modelling studies will be 

excluded, as no intervention has been taken. However, studies that use models to 

analyse real-world data, or compare models to real-world situations will be included 

(if they otherwise fulfil these criteria). 

 

 

 

http://www.conservationevidence.com/data/index
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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 an intervention 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 be 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 outcome on actual or intentional human behaviour 

including self-reported 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 changes in behaviour linked to outcomes for human benefit, even 

if these occurred under a conservation programme (e.g. we would exclude a study 

demonstrating increased school attendance in villages under a community based 

conservation programme)  

 

1.c. Intervention must 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 with likelihood 

of conservation-related 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 included for closer inspection by the synopsis authors). It 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 limited to the following: 

¶ 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 

destruction, introducing invasive species.  

¶ Change in positive behaviours, e.g. uptake of alternative/sustainable 

livelihoods, number of households adopting sustainable practices, donations. 

¶ Change in policy or conservation methods, e.g. placement of protected areas, 

protection of key habitats/species. 

¶ Change in consumer or market behaviour, e.g. purchasing, consuming, buying, 

willingness to pay, selling, illegal trading, advertising, consumer fraud. 

¶ 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: 

¶ Enforcement: hunting restrictions, market inspections, increase number of 

rangers, patrols or frequency of patrols in, around or within protected areas, 

improve fencing/physical barriers, improve signage. 

¶ Behaviour change: promote alternative/sustainable livelihoods, payment for 

ecosystem services, ecotourism, poverty reduction, increase appreciation or 

knowledge, debunking misinformation, altering or re-enforcing local taboos, 

financial incentives. 

¶ Governance: protect or reward whistle-blowers, increase government 

transparency, ensure independence of judiciary, provide legal aid. 

¶ Market regulation: trade bans, taxation, supply chain transparency laws.  

¶ 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, 

employing decision defaults, providing decision support tools, simplifying 

advice to consumers, promoting desirable social norms, legislative prohibition. 

¶ Sustainable alternatives: certification schemes, artificial alternatives, 

sustainable alternatives. 

¶ New policies for conservation/protection. 

 

We allocate studies to folders by their outcome. All studies under Criteria B go in the 

Ψ.ŜƘŀǾƛƻǳǊ ŎƘŀƴƎŜΩ ŦƻƭŘŜǊΦ ¢ƘŜȅ ŀǊŜ ŀŘŘƛǘƛƻƴŀƭƭȅ ŘǳǇƭƛŎŀǘŜŘ ƛƴǘƻ ŀ ǘŀȄƻƴκƘŀōƛǘŀǘ ŦƻƭŘŜǊ 

if there is a specific intended final outcome of the behaviour change (if none 
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mentioned, they will be filed only in ΨBehaviour changeΩ). 

c) Relevant subject 

Studies relevant to the synopsis subject were 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 reduce the impacts 

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 further details. 

 

If the following two criteria were met, a combined intervention was created within the 

synopsis, rather than repeating evidence under all the separate interventions: a) there 

are five or more publications that use the same well-defined combination of 

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 determine the 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 one specific 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 designs. Exceptions, which may not have a control but were still included, are 

for example the effectiveness of captive breeding or rehabilitation programmes. 

f) Relevant types of outcome  

Below we provide a list of included metrics:  

- Community response  

- Community composition 

- Richness/diversity 

- Population response 

- Abundance: bat activity (relative abundance), number, presence/absence 

- Reproductive success: mating success, birth rate, pup survival 
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- Survival: survival, mortality 

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

- Behaviour 

- Uptake 

- Use 

- Behaviour change: movement, range, timing (e.g. emergence, foraging 

period) 

- Change in human behaviour 

- Other 

- Impact on roost sites 

- Collisions with cave gates 

- Bat box design 

- Bat box position 

- Human-wildlife 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 paired-sites and before-and-after 

monitoring. 

Table 1. Study designs 

Term Meaning 

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

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

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

Controlled* Individuals or sites treated with the intervention are compared with control 
individuals or sites not treated with the intervention. (The treatment is usually 
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allocated by the investigators (randomly or not), such that the treatment or 
control groups/sites could have received the treatment). 

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

Site comparison* A study that considers the effects of interventions by comparing sites that 
historically had different interventions (e.g. intervention vs no intervention) or 
levels of intervention. Unlike controlled studies, it is not clear how the 
interventions were allocated to sites (i.e. the investigators did not allocate the 
treatment to some of the sites). 

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

Systematic review A systematic review follows structured, predefined methods to comprehensively 
collate and synthesise existing evidence. It must weight or evaluate studies, in 
some way, according to the strength of evidence they offer (e.g. sample size and 
rigour of design). Environmental systematic reviews are available at: 
www.environmentalevidence.org/index.htm 

Study If none of the above apply, for example a study measuring change over time in 
only one site or only after an intervention. Or a study measuring use of nest 
boxes at one site. 

*  bƻǘŜ ǘƘŀǘ άŎƻƴǘǊƻƭƭŜŘέ ƛǎ Ƴǳǘǳŀƭƭȅ ŜȄŎƭǳǎƛǾŜ ŦǊƻƳ άǎƛǘŜ ŎƻƳǇŀǊƛǎƻƴέΦ ! ŎƻƳǇŀǊƛǎƻƴ Ŏŀƴƴƻǘ ōŜ ōƻǘƘ 

controlled and a site comparison. However, one study might contain both controlled and site 
comparison aspects, e.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, we made the 

size and design of each study we reported clear.  

 

We critically appraised each potentially relevant study and excluded those that did not 

provide data for a comparison to the treatment, did not statistically analyse the results 

(or if included this was stated in the summary paragraph) or had obvious errors in their 

design or analysis. A record of the reason for excluding any of the publications 

included during screening was kept within the synopsis database. 

 1.6.4 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 included 

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 

http://www.environmentalevidence.org/index.htm
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the total number of publications included following data extraction is presented in 

Appendix 4.  

 

At the start of each month, authors swapped three summaries with another author to 

ensure that the correct type of data had been extracted and that the summary 

followed the Conservation Evidence standard format. 

1.6.5 Evidence synthesis 

a) Summary protocol 

Each publication usually has just one paragraph for each intervention it tested 

describing the study in (usually) no more than 150 words using plain English. Each 

summary is in the following format: 

 

A [TYPE OF STUDY] in [YEARS X-Y] in [HOW MANY SITES] in/of [ HABITAT] in 

[REGION and COUNTRY] [REFERENCE] found that [INTERVENTION] [SUMMARY 

OF ALL KEY RESULTS] for [SPECIES/HABITAT TYPE]. [DETAILS OF KEY RESULTS, 

INCLUDING DATA]. In addition, [EXTRA RESULTS, IMPLEMENTATION OPTIONS, 

CONFLICTING RESULTS]. The [DETAILS OF EXPERIMENTAL DESIGN, 

INTERVENTION METHODS and KEY DETAILS OF SITE CONTEXT]. Data was 

collected in [DETAILS OF SAMPLING METHODS]. 

Type of study - see terms and order in Table 1. 

Results ςonly key results relevant to the effects of the intervention are included. Where an overall result 

for a taxon is given (e.g. total bat activity), the number of species that contributed to the result is also 

stated (if reported in the original source). Readers are referred to the original source if there are 

additional or more detailed results for individual species that are not included within 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 conditions, landscape context etc.). 

For example: 

A replicated study in 1999ɀ2004 in a wetland on an island in Catalonia, Spain 
(1) found that all 69 bat boxes of two different designs were used by soprano 
pipistrelles Pipistrellus pygmaeus with an average occupancy rate of 71%. During 
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 box preferences were detected in the breeding season only, with higher 
abundance in east-facing bat boxes (average 22 bats/box) compared to west-
facing boxes (12 bats/box), boxes with double compartments (average 25 
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bats/box) compared to single compartments (12 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/box). A total of 69 wooden bat boxes (10 
cm deep x 19 cm wide x 20 cm high) of two types (44 single and 25 double 
compartment) were placed on three supports (10 trees, 29 buildings and 30 
electricity posts) facing east and west. From July 2000 to February 2004, the boxes 
were checked on 16 occasions. Bats were counted in boxes or upon emergence 
when numbers were too numerous to count within the box. 

(1) Flaquer C., Torre I. & Ruiz-Jarillo R. (2006) The value of bat-boxes in the conservation 
of Pipistrellus pygmaeus in wetland rice paddies. Biological Conservation, 128, 223ɀ230. 

 

A replicated, randomized, controlled, before-and-after study in 1993ɀ1999 of 

five harvested hardwood forests in 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 m2). 

Abundance was significantly lower compared to unharvested plots (6/30 m2). 

Species composition differed before and three years after harvest. There were five 

sites with 2 ha plots with each treatment: group harvesting (2ɀ3 small area group 

harvests with selective harvesting between), clearcutting and an unharvested 

control. Salamanders were monitored on 9ɀ15 transects (2 x 15 m)/plot at night 

in AprilɀOctober. One or two years of pre-harvest and 1ɀ4 years of post-harvest 

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 abundance. Conservation Biology, 
17, 752ɀ762. 

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 was a difference 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 results are provided for the effects of each of the different 

interventions tested, separate summaries have been written under each intervention 

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

only the combined effect reported, the results were described with a similar 

paragraph under all relevant interventions. The first sentence makes it clear that there 

ǿŀǎ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ŎŀǊǊƛŜŘ ƻǳǘΣ ƛΦŜΦ ΨΦΦΦόw9Cύ ŦƻǳƴŘ ǘƘŀǘ ώȄ 

intervention], along with [y] and [z intervŜƴǘƛƻƴǎϐ ǊŜǎǳƭǘŜŘ ƛƴ ώŘŜǎŎǊƛōŜ ŜŦŦŜŎǘǎϐΩΦ 

Within the results section we also added ŀ ǎŜƴǘŜƴŎŜ ǎǳŎƘ ŀǎΥ ΨLǘ ƛǎ ƴƻǘ ŎƭŜŀǊ ǿƘŜǘƘŜǊ 

https://www.conservationevidence.com/individual-study/141
https://www.conservationevidence.com/individual-study/141
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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 of [x], and other interventions carried out at the same 

time: [y] and [z].' 

d) Dealing with multiple publications reporting the same results 

If two publications described results from the same intervention implemented in the 

same space and at the same time, we only included the most stringently peer-

reviewed publication (i.e. journal of the highest impact factor). If one included initial 

results (e.g. after year one) of another (e.g. after 1ς3 years), we only included the 

publication covering the longest time span. If two publications described at least 

partially different results, we included both but made it clear they were from the same 

ǇǊƻƧŜŎǘ ƛƴ ǘƘŜ ǇŀǊŀƎǊŀǇƘΣ ŜΦƎΦ Ψ! controlled study... (Gallagher et al. 1999; same 

experimental set-up as Oasis et al. нллмύΦΦΦΩΦ  

e) Taxonomy 

Taxonomy was not updated but followed that used in the original publication. Where 

possible, common names and Latin names were both given the first time each species 

was mentioned within each summary.  

f) Key messages 

Each intervention for which evidence is found has a set of concise, bulleted key 

messages at the top, which was written once all the literature had been summarised. 

These include information such as the number, design and location of studies 

included.  

 

The first bullet point describes the total number of studies that tested the intervention 

and the locations of the studies, followed by key information on the relevant metrics 

presented under the headings and sub-headings shown below (with number of 

relevant studies in parentheses for each). 

¶ X studies examined the effects of [INTERVENTION] on [TARGET POPULATION]. Y studies were 

in [LOCATION 1]1,2 and Z studies were in [LOCATION 2]3,4.  

Locations will usually be countries, ordered based on chronological order of studies rather than 

alphabetically, i.e. USA1, Australia2 not Australia2, USA1. However, when more than 4-5 separate countries, 

they may be grouped into regions to make it clearer e.g. Europe, North America. The distribution of studies 

amongst habitat types may also be added here if relevant. 
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If no evidence was found for an intervention, the following text was added in place of 

the key messages above: 

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

POPULATION]. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 

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 for an intervention is provided to 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 of the intervention section. In some cases, where a body of literature 

has strong implications for bat conservation, but does not directly test interventions 

for their effects, we may also refer the reader to this literature in the background 

sections. 

1.6.6 Dissemination/communication of evidence synthesis 

The information from this synopsis update will be available in three ways: 

COMMUNITY RESPONSE (x STUDIES) 

¶ Community composition (x studies): 

¶ Richness/diversity (x studies): 

POPULATION RESPONSE (x STUDIES) 

¶ Abundance (x studies): 

¶ Reproductive success (x studies): 

¶ Survival (x studies): 

¶ Condition (x studies): 

BEHAVIOUR (x STUDIES)  

¶ Uptake (x studies): 

¶ Use (x studies): 

¶ Behaviour change (x studies): 

OTHER (x STUDIES) (Included only for interventions/chapters where relevant) 

¶ [Sub-heading(s) for the metric(s) reported will be created] (x studies): 
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¶ This updated synopsis pdf, downloadable from www.conservationevidence.com, 

which contains the study summaries, key messages and background information 

on each intervention. 

 

¶ The searchable database at www.conservationevidence.com, which contains all 

the summarized information from the synopsis update, along with updated 

expert assessment scores. 

 

¶ A chapter in What Works in Conservation, available as a pdf to download and a 

book from www.conservationevidence.com/content/page/79, which contains 

the key messages from the synopsis as well as updated expert assessment scores 

on the effectiveness and certainty of the synopsis, with 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 fact-finding, such as by students, teachers or anyone 

wanting to find out more about bat conservation. 

 

This synopsis can be used to guide conservation actions and management 

plans. However, it does not tell you what to do. 

 

To use the bat synopsis efficiently, we recommend that you search for information 

relevant to your work, and then assess how applicable the interventions are to your 

situation. For example, ask yourself: 

 

¶ 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? 

 

Apply the information to your situation and decide on the course of action most likely 

to succeed. It may be helpful to refer to the original source to gain a full understanding 

of particular studies. 

 

http://www.conservationevidence.com/
http://www.conservationevidence.com/
http://www.conservationevidence.com/content/page/79
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An expert assessment of the effectiveness of interventions based on the summarized 

evidence is also available as a chapter in What Works in Conservation 

(www.conservationevidence.com/content/page/79). 

IMPORTANT NOTE - Interpreting the evidence 

Care must be taken when interpreting some of the evidence provided. Studies do not 

always measure the most appropriate metric or assess at the population level. For 

example, a small proportion of bats using a bridge to cross a road is not an effective 

intervention if a greater proportion are being killed by traffic on the road below, with 

a negative overall impact on local bat populations. The period of time over which 

effects have been evaluated must also be considered, given that effects on 

populations can be delayed and may require long term monitoring to be detected. 

 

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 that future 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 website www.conservationevidence.com. 

If you have new, unpublished evidence, you can submit a paper to the Conservation 

Evidence journal. We particularly welcome papers submitted by conservation 

practitioners. 
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2. Threat: Residential and commercial development  

Threats from residential and commercial development can include the destruction 
of habitat, pollution and impacts from transportation and service corridors. 
)ÎÔÅÒÖÅÎÔÉÏÎÓ ÉÎ ÒÅÓÐÏÎÓÅ ÔÏ ÔÈÅÓÅ ÔÈÒÅÁÔÓ ÁÒÅ ÄÅÓÃÒÉÂÅÄ ÉÎ ȬHabitat protectionȭȟ 
ȬHabitat restoration and creationȭȟ Ȭ4ÈÒÅÁÔȡ 0ÏÌÌÕÔÉÏÎȭ and Ȭ4ÈÒÅÁÔȡ 4ÒÁÎÓÐÏÒÔÁÔÉÏÎ 
and service corridorsȭȢ Interventions 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 
ÕÓÅÄ ÉÎ ÒÅÓÐÏÎÓÅ ÔÏ Á ×ÉÄÅ ÒÁÎÇÅ ÏÆ ÔÈÒÅÁÔÓȟ ÓÅÅ ÔÈÅ ȬSpecies managementȭ ÃÈÁÐÔÅÒȢ 
 
Residential development can also result in an increase in domestic cats, which can 
prey on bats. Interventions that involve reducing bat predation by cats are 
described in ȬThreat: Invasive species and disease ɀ Invasive speciesȭȢ 

2.1.  Retain  existing bat roosts and access points within 

developments  

¶ Three studies evaluated the effects of retaining existing bat roosts and access points within 
developments on bat populations. Two studies were in the UK2,3 and one was in Ireland1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (3 STUDIES) 

¶ Use (3 studies): One before-and-after study in Ireland1 found similar numbers of brown 
long-eared bats roosting within an attic after existing access points were retained during 
renovations. One replicated, before-and-after study in the UK2 found that four of nine bat 
roosts retained within developments were used as maternity colonies, in two cases by 
similar or greater numbers of bats after development had taken place. One review in the 
UK3 found that bats used two-thirds of retained and modified bat roosts after development, 
and retained roosts were more 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 points may be conserved during residential or 
commercial developments, for example by retaining a roof space used as a roost 
during renovations. 
 
For interventions that involve creating new bat roosts or relocating access points 
within developments, see ȬCreate alternative bat roosts within developmentsȭ ÁÎÄ 
ȬRelocate access points to bat roosts within developmentsȭȢ 

A before-and-after study in 2004ɀ2008 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 auritus using a roost within an attic before and after renovations. Fifteen 
brown long-eared bats were counted roosting in the attic space of the building 
before the renovation work . After the renovation work , sixteen brown long-eared 
bats were recorded exiting the roost through the retained access points. The 
building was an 18th century Georgian house that had the roofing felt and roof 
slates replaced. Original access points to the roost within the attic of the building 
were retained by installing four vents in the ridge tiles. The renovations were 
completed outside of the maternity season (date not reported). The attic was 
surveyed once in 2004 before the renovations, and once with an emergence 
survey in September 2008 after the renovations.  

A replicated, before-and-after study in 2011ɀ2015 of nine bat maternity 
roosts retained within building developments across Scotland, UK (2) found that 
four of nine retained roosts were used by maternity colonies after development, 
and two of the roosts were used by greater or similar numbers of bats. Average 
roost counts before and after development at the four roosts either remained 
stable (before: 2 brown long-eared bats Plecotus auritus; after: 2 brown long-eared 
bats), increased by 7% (before: 476 soprano pipistrelles Pipistrellus pygmaeus; 
after 507 soprano pipistrelles), decreased by 39% (before: 341 soprano 
pipistrelles; after: 208 soprano pipistrelles), or could not be counted (use inferred 
from brown long-eared bat droppings only). The other five roosts were not used 
at all (two brown long-eared bat roosts, two common pipistrelle Pipistrellus 
pipistrellus roosts) or had signs of use by bats at a later date (one whiskered bat 
Myotis mystacinus roost). Original roosts were either retained (seven sites) or 
partially retained ( two sites), and original access points were reinstated. The 
numbers of bats counted before development at each roost were extracted from 
reports submitted with licence applications. Bats were counted at each roost after 
development during at least one dusk emergence or dawn re-entry survey 
between May and September 2015. 

A review in 2018 of 283 studies of building developments in the UK (3) found 
that two-thirds of retained and modified bat roosts were used by bats after 
development, and retained roosts were more 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 of bats using roosts and bat 
lofts/bat boxes before and after development were 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 statistical model 
results). Retained roosts with enhancements, such as timber crevices and squeeze 
boxes, were six times more likely to be used by pipistrelles Pipistrellus spp. than 
those without enhancements. Retained roosts were also used by brown long-
eared bats Plecotus auritus and 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 practitioner 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 pre- and post-development bat faunas. Irish Bat Monitoring Programme. Bat 
Conservation Ireland.  
(2)  Mackintosh M. (2016) Bats and licensing: a report on the success of maternity roost 
compensation measures. Scottish Natural Heritage Commissioned Report No. 928. 
(3) Lintott P. & Mathews F. (2018) Reviewing the evidence on mitigation strategies for bats in 
buildings: informing best-practice for policy makers and practitioners. Report for the Chartered 
Institute of Ecology and Environmental Management (CIEEM), UK. 

2.2.  Relocate access points to bat roosts  within 

developments  

¶ Two studies evaluated the effects of relocating access points to bat roosts within building 
developments on bat populations. One study was in Ireland1 and one in the UK2. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (2 STUDIES)  

¶ Use (2 studies): One before-and-after study in Ireland1 found that fewer brown long-eared 
bats used a roost after the access points were relocated, and no bats were observed flying 
through them. One before-and-after study in the UK2 found that few lesser horseshoe bats 
used an alternative access point with a óbendô design to re-enter a roost in a building 
development, but the number of bats using the roost increased after an access point with a 
óstraightô design was installed. 

Background  

This intervention involves relocating the access points to a bat roost within a 
building development when the original access has been removed or altered. This 
could involve leaving gaps in brickwork, lead flashing or sofits, or the use of 
purpose-made ridge and roof tiles, bat bricks, tubes or chutes. For an intervention 
ÔÈÁÔ ÉÎÖÏÌÖÅÓ ÒÅÔÁÉÎÉÎÇ ÅØÉÓÔÉÎÇ ÁÃÃÅÓÓ ÐÏÉÎÔÓȟ ÓÅÅ ȬRetain existing bat roosts and 
access points within developmentsȭ. 

A before-and-after study in 2004ɀ2008 of one building renovation in Ireland 
(1) found that after relocating the access points to a bat roost within an attic 
during renovations, fewer brown long-eared bats Plecotus auritus used the roost 
and no bats were observed flying through the new access points. Before the 
renovations, 19 and eight brown long-eared bats were recorded exiting the roost 
through two original access points. After the renovations, no bats were observed 
exiting through two relocated access points and the number of droppings found 
inside the attic (<100) indicated that fewer bats were using the roost than before 
the renovations (number not reported). The building was a 19th century brick 
house. During renovation work, two bat access points consisting of angled slats 
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ɉȬÌÏÕÖÒÅÓȭɊ ×ÅÒÅ ÉÎÓÔÁÌÌÅÄ ÉÎ ÔÈÅ ÒÏÏÆ ÉÎ ÄÉÆÆÅÒÅÎÔ ÌÏÃÁÔÉÏÎÓ ÔÏ ÔÈÅ ÏÒÉÇÉÎÁÌ ÂÁÔ ÁÃÃÅÓÓ 
points. Renovations were completed in early 2007. Emergence counts were 
carried out once in June 2004 before the renovations, and once in August 2008 
after the renovations. An internal inspection was carried out in October 2008. 

A before-and-after study in 1993ɀ2016 of one building development in the UK 
(2Ɋ ÆÏÕÎÄ ÔÈÁÔ ÁÎ ÁÌÔÅÒÎÁÔÉÖÅ ÁÃÃÅÓÓ ÐÏÉÎÔ ×ÉÔÈ Á ȬÓÔÒÁÉÇÈÔȭ ÄÅÓÉÇÎ ÒÅÓÕÌÔÅÄ ÉÎ ÁÎ 
increase in lesser horseshoe bats Rhinolophus hipposideros using the basement of 
ÔÈÅ ÂÕÉÌÄÉÎÇ ÁÓ Á ÒÏÏÓÔȟ ÂÕÔ ÁÎ ÁÃÃÅÓÓ ÐÏÉÎÔ ×ÉÔÈ Á ȬÂÅÎÄȭ ÒÅÓÕÌÔÅÄ ÉÎ Á ÄÅÃÒÅÁÓÅ ÉÎ 
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 
ÁÃÃÅÓÓ ÐÏÉÎÔ ×ÉÔÈ Á ȬÂÅÎÄȭ ÉÎ ςπππȟ Á ÓÉÍÉÌÁÒ ÎÕÍÂÅÒ ÏÆ ÂÁÔÓ ÅØÉÔÅÄ ÔÈÅ ÒÏÏÓÔ ɉÄÁÔÁ 
not reported), but only two were observed re-entering. In 2001, the access point 
×ÁÓ ÍÏÄÉÆÉÅÄ ÔÏ Á ȬÓÔÒÁÉÇÈÔȭ ÄÅÓÉÇÎ ÁÎÄ ÔÈÅ ÎÕÍÂÅÒ ÏÆ ÂÁÔÓ ÕÓÉÎÇ ÔÈÅ ÒÏÏÓÔ 
increased over a 15-ÙÅÁÒ ÐÅÒÉÏÄ ɉςππςȡ ςχ ÂÁÔÓȠ ςπρφȡ τρφ ÂÁÔÓɊȢ 4ÈÅ ȬÂÅÎÄȭ ÄÅÓÉÇÎ 
consisted of a 90° turn at the base of a short vertical shaft and was in place for 11 
ÍÏÎÔÈÓȢ 4ÈÅ ȬÓÔÒÁÉÇÈÔȭ ÄÅÓÉÇÎ ÃÏÎÓÉÓÔÅÄ ÏÆ Á ÓÌÏÐÅÄ ÃÈÕÔÅ ÅÎÃÌÏÓÉÎÇ ÔÈÅ ÏÒÉÇÉÎÁÌ 
flight route with a clear flight line into the roost. The building was a large manor 
house converted into a hotel in 2000ɀ2001. Counts of emerging bats were carried 
out at least once/year between May and July in 1993ɀ2000. Emergence and re-
entry counts were carried out three times/year in 2000ɀ2001. Biennial counts 
were carried out in July in 2002ɀ2016.  

(1)  Aughney T. (2008) An investigation of the impact of development projects on bat 
populations: comparing pre- and post-development bat faunas. Irish Bat Monitoring Programme. Bat 
Conservation Ireland. 
(2) Reason P.F. (2017) Designing a new access point for lesser horseshoe bats, 
Gloucestershire, UK. Conservation Evidence, 14, 52ɀ57. 

2.3.  Install sound -proofing insulation between bat roosts 

and areas occupied by humans within developments  

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 

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  

Sound-proofing 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 may therefore reduce human-wildlife conflict. For a more 
general intervention that ÉÎÖÏÌÖÅÓ ÉÎÓÔÁÌÌÉÎÇ ÓÏÕÎÄ ÂÁÒÒÉÅÒÓȟ ÓÅÅ ȬThreat: Pollution 
ɀ Noise pollution ɀ Install sound barriers in proximity to bat roosts and habitatsȭȢ 
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2.4.  Create alternative bat roosts within developments  

¶ Eleven studies evaluated the effects of creating alternative bat roosts within developments 
on bat populations. Nine studies were in Europe3,4a,4b,5,6,7,8a,8b,9 and two were in the USA1,2. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (11 STUDIES)  

¶ Use: (11 studies): Two replicated studies in the USA1 and UK8b found that bats did not use 
any of the alternative roosts provided in bat houses1 or a purpose-built bat wall8b after 
exclusion from buildings. Three studies (two replicated) in the USA2 and UK5,6 and one 
review in the UK9 found that bat boxes2,5,9 or bat lofts/barns5,6,9 were used by bats at 13ï
74% of development sites, and bat lofts/barns were used by maternity colonies at one of 19 
development sites6. Three of five before-and-after studies in Portugal4a, Ireland4b, Spain7 
and the UK3,8a found that bat colonies used purpose-built roosts in higher7 or similar 
numbers4b,8a after the original roosts were destroyed. The other two studies3,4a found that 
bats used purpose-built roosts in lower numbers than the original roost. One review in the 
UK9 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 alternative bat roosts are often created within developments to replace 
original roosts that have been destroyed. This can include purpose-built bat barns, 
lofts or houses, bat boxes, or features created within existing buildings such as 
specially designed crevices and bat bricks. 
 
For an intervention that involves retaining existing bat roosts within 
ÄÅÖÅÌÏÐÍÅÎÔÓȟ ÓÅÅ ȬRetain existing bat roosts and access points within 
developmentsȭ. For general interventions relating to bat boxes, see the ȬSpecies 
managementȭ chapter.  

A replicated study in 1988ɀ1990 at an urban institute in New York, USA (1) 

found that displaced little brown bats Myotis lucifugus did not use any of 43 bat 
houses of four different designs and sizes. The four designs tested were 20 very 
small bat houses (longest dimension <0.4 m, volume 0.002 m2, installed 3ɀ4 m 
high on trees), eight small bat houses (20 x 15 x 15 cm with partitioned spaces, 
installed 2ɀ7 m high on building walls), 11 Bat Conservation International (BCI) 
style bat houses (50 x 20 x 15 cm, installed 2ɀ7 m high on building walls) and four 
ÌÁÒÇÅ Ȱ-ÉÓÓÏÕÒÉȱ ÓÔÙÌÅ ÂÁÔ ÈÏÕÓÅÓ ɉςȢσ Ø ρ Ø ρ Í ×ÉÔÈ Ðartitioned spaces below and 
an attic-like space above, installed on building roofs). Bats were excluded from five 
buildings in 1988ɀ1990 due to renovations. Bats were captured and confined to 
bat houses overnight on 1ɀ4 occasions/year between May and August in 1988ɀ
1990 with the aim of increasing use of the bat houses. Thirty-nine of 43 bat houses 
were regularly checked for bats between May and August 1988ɀ1990. 
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A replicated study in 1991ɀ1993 in an urban area of Pennsylvania, USA (2) 
found that maternity colonies of big brown bats Eptesicus fuscus and little brown 
bats Myotis lucifugus used pairs of bat boxes at five of nine sites after they had been 
excluded from buildings. At the four sites where boxes were not used, bats either 
re-entered the building, found new roosts nearby or were not seen again. All 
occupied bat boxes faced a southeastern or southwestern aspect and received at 
least seven hours of direct sunlight. Unoccupied bat boxes received less than five 
hours of direct sunlight. Each of nine sites had a maternity colony of >30 bats that 
were excluded from buildings in 1991ɀ1992. Homeowners installed pairs of 
wooden bat boxes (76 x 30 x 18 cm), one horizontally (30 cm tall) and one 
vertically (76 cm tall) side by side on the building close to the original roost. 
Emerging bats were counted on two nights in MayɀJune and JuneɀAugust in 1992 
or 1993. 

 A replicated, before-and-after study in 1991ɀ2001 of nine buildings across 
Scotland, UK (3) found that five of nine roosting spaces installed within the roofs 
of the buildings were used by soprano pipistrelles Pipistrellus pygmaeus, but the 
number of bats declined at four of the five roosts. Of the nine bat boxes, four were 
not used by bats, four were used by bats in lower numbers than the original roost 
(original roost vs roosting space: 546 vs 455 bats; 769 vs 277 bats; 1,963 vs 1,174 
bats; 3,500 vs 740 bats), and one was used by bats in greater numbers than the 
original roost (original roost: 280 bats; roosting space: 682 bats). Seven of the nine 
roosting spaces were designed for soprano pipistrelles. Two of the nine roosting 
spaces were designed for other bat species (common pipistrelles Pipistrellus 
pipistrellus and brown long-eared bats Plecotus auritus) and neither were used by 
bats. The roosting spaces were built into the roofs of residential buildings or 
offices to contain bats roosting within them. They were installed during 
renovations or to prevent conflict between roosting bats and human inhabitants. 
The size and design of the roosting spaces varied (see original report  for details). 
Emergence counts and/or internal inspections were carried out 1ɀ5 times/year 
over 1ɀ10 years before construction and over 1ɀ4 years after construction at each 
site between 1991 and 2001. 

A before-and-after study in 2000ɀ2007 of a residential development in 
Portugal (4a) found that an alternative roost was used by fewer European free-
tailed bats Tadarida teniotis than the original roost in a nearby 15-storey building. 
In 2000, the original roost was used by 100 European free-tailed bats. Following 
demolition of the original roost, 22 European free-tailed bats were counted in the 
alternative roost in 2006, and 11 in 2007. Small numbers of serotine bats Eptesicus 
serotinus (2006: 12 bats; 2007: 11 bats) and soprano pipistrelles Pipistrellus 
pygmaeus (2006: 4 bats; 2007: 7 bats) were also found in the alternative roost 
(numbers in original roost not reported). Original roosts were in crevices on a 15-
storey building, which was demolished in 2005. In 2003, an alternative roost (12 
m high) was built 150 m from the original roost. Concrete plates from the original 
building were used on the alternative roost to recreate roosting crevices with 
similar temperatures. Fifty bats were captured and released at the alternative 
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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 2003ɀ2007 of a building development in 
southwest Ireland (4b) found that an alternative roost in a loft within an 
outbuilding was used by a similar number of lesser horseshoe bats Rhinolophus 
hipposideros as the original roost in a nearby cottage. In 2003, 150 lesser 
horseshoe bats were counted in the original roost. Following renovation work, 
120 lesser horseshoe bats were counted in the alternative roost in 2005, and 150 
in 2007. The original roost was converted for residential use in 2004, and the 
original bat access points were sealed. An alternative roost was created in an 
outbuilding (10 x 5 m) located 10 m from the original roost. The outbuilding was 
roofed with felt and slate, and a loft was created with an access point in one of the 
gables. Bats were counted at the original roost in 2003 and at the alternative roost 
in 2005 and 2007. 

A review of 389 bat mitigation licences issued in 2003ɀ2005 in England, UK 
(5) found that 26 of 35 bat lofts and barns and three of 24 bat boxes were used by 
bats after development. Bats were found to be present in 26 of 35 (74%) bat lofts 
or barns after development, and in 3 of 24 (13%) bat boxes. The roost status, bat 
species and number of bats using the roosts before and after development were 
not reported. Most licensees (67%) failed to submit post-development reports, 
and post-development monitoring was conducted at only 35 of 374 (9%) bat 
lofts/barns, and 24 of 1,690 (1%) bat boxes. The licences analysed were submitted 
to Natural England between 2003 and 2005 and were issued for three types of 
development (renovation, conversion and demolition). 

A replicated, before-and-after study in 2011ɀ2015 of 19 building 
developments with alternative  bat maternity roosts across Scotland, UK (6) found 
that three bat boxes provided at one site were used by a maternity colony, but bat 
boxes and lofts at 18 other sites were not used by maternity colonies. At one site, 
a group of three bat boxes (Schwegler design 1FFH) was used by a maternity 
colony of soprano pipistrelles Pipistrellus pygmaeus after development, but fewer 
bats used them than the original roost (average count in original roost: 62 bats; 
average count in bat boxes after development: 20 bats). Alternative roosts at 18 
other sites (16 with heated or unheated bat boxes, two with bat lofts) were not 
used by maternity colonies, but some (two bat boxes, one bat loft) were used by 
2ɀ5 individual bats. Bat boxes were mounted internally or externally on developed 
buildings, or on nearby trees, either singly or in groups (2ɀ15 bat boxes). Bat lofts 
were purpose-built structures with internal flight spaces. The numbers of bats 
counted before development at each roost were extracted from reports submitted 
with licence applications. Bats were counted at each roost after development 
during at least one dusk emergence or dawn re-entry survey between May and 
September 2015. 

A before-and-after study in 2014ɀ2016 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 than in 
previous counts in the destroyed roost (417 vs 90ɀ200 Geoffroy's bats Myotis 
emarginatus, 93 vs 50 greater horseshoe bats Rhinolophus ferrumequinum, 44 vs 
33 lesser horseshoe bats Rhinolophus hipposideros). Additionally, 36 common 
pipistrelles Pipistrellus pipistrellus roosted in one bat box placed on one of the 
artificial bat roost buildings (an unknown number roosted in the destroyed roost). 
In July 2014, two buildings (2.6 x 2.6 x 3.2ɀ4 m), 100 m apart, were constructed as 
artificial roost s for bats roosting in a building destroyed in 2013. A bat box was 
placed inside one of the artificial roosts. Bats were counted weekly from mid-April 
to mid-July 2015 and 2016 using an infrared light. 

A before-and-after study in 2010ɀ2017 of one residential building 
development in the Cotswold Hills, UK (8a) found that a purpose-built bat house 
was used by a brown long-eared bat Plecotus auritus maternity colony after the 
original roost in a farmhouse loft was demolished. In 2010 (the year before 
demolition), the original roost was used by 8ɀ12 bats. In 2013 (two years after 
construction), 20ɀ22 bats were recorded in the new bat house, although no 
juveniles were counted, and numbers were lower in 2014ɀ2017 (range 1ɀ11 
bats). Small numbers of common pipistrelle bats Pipistrellus pipistrellus were also 
observed using roost features on the bat house (data not reported). The bat house 
×ÁÓ ÃÏÎÓÔÒÕÃÔÅÄ ÉÎ ÁÎ Ȭ,-ÓÈÁÐÅȭ σπ Í ÆÒÏÍ ÔÈÅ ÏÒÉÇÉÎÁÌ ÒÏÏÓÔ ÁÎÄ ÉÎÃÌÕÄÅÄ ÆÅÁÔÕÒÅÓ 
such as bat tiles, ridge beam access points, wall-integrated bat boxes (Schwegler 
design 2FR), hanging tiles, and wall mounted climber planting. The original roost 
was demolished in late winter 2010 and the bat house was completed in early 
spring 2011. Surveys were carried out every year in 2010ɀ2017 including daytime 
inspections and evening emergence counts on 1ɀ3 separate occasions/year.  

A before-and-after study in 2010ɀ2017 of one residential building 
development in the Cotswold Hills, UK (8b) found that a purpose-built bat wall 
was not used by a common pipistrelle Pipistrellus pipistrellus maternity colony six 
years after the original roost in a stone cottage wall was demolished. In 2010 (the 
year before demolition), the original roost was used by >76 bats. During the six 
years after construction, the new bat wall was used by low numbers of individual 
bats (0ɀ3 bats/year) and was not used as a maternity roost. The bat wall was 
constructed on the east-facing gable wall of an existing hay barn 30 m from the 
original roost. It included multiple stone crevices leading to internal cavities and 
five wall-integrated bat boxes (Schwegler design 1FR). The original roost was 
demolished in late winter 2010 and the bat wall was completed in early spring 
2011. Surveys were carried out every year in 2010ɀ2017 including daytime 
inspections and evening emergence counts on 1ɀ3 separate occasions/year.  

A review in 2018 of 283 studies of building developments in the UK (9) 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 development were 
not reported). New bat lofts and bat boxes built to replace destroyed roosts were 
four times less likely to be 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 pipistrelles Pipistrellus pipistrellus, soprano pipistrelles 
Pipistrellus pygmaeus, brown long-eared bats Plecotus auritus and Myotis spp. (see 
original report  for data for individual species). The 283 studies (112 for bat lofts, 
119 for bat boxes, 52 for retained and modified roosts; dates not reported) were 
collected from multiple sources, including practitioner reports and licence 
applications from across the UK, and reviewed in 2018. 

(1) Neilson A.L. & Fenton M.B. (1994) Response of little brown Myotis to exclusion and to bat 
houses. Wildlife Society Bulletin, 22, 8ɀ14. 
(2) Brittingham M.C. & Williams L.M. (2000) Bat boxes as alternative roosts for displaced bat 

maternity colonies. Wildlife Society Bulletin, 28, 197ɀ207. 

(3) Bat Conservation Trust (2006) A review of the success of bat boxes in houses. Scottish 

Natural Heritage Commissioned Report No. 160. 

(4) Marnell F. & Presetnik P. (2010) Protection of overground roosts for bats (particularly 

roosts in buildings of cultural heritage importance). EUROBATS Publication Series No. 4 (English 

version). UNEP / EUROBATS Secretariat, Bonn, Germany. 

(5) Stone E.L., Jones G. & Harris S. (2013) Mitigating the effect of development on bats in 

England with derogation licensing. Conservation Biology, 27, 1324ɀ1334. 

(6) Mackintosh M. (2016) Bats and licensing: a report on the success of maternity roost 
compensation measures. Scottish Natural Heritage Commissioned Report No. 928. 
(7) Alcalde J.T., Martínez I., Zaldua A., & Antón I. (2017) Conservation of breeding colonies of 
cave-dwelling bats using man-made roosts. Conservación de colonias reproductoras de 
murciélagos cavernícolas mediante refugios artificiales. Journal of Bat Research & Conservation, 10. 
(8) Garland L., Wells M. & Markham S. (2017) Performance of artificial maternity bat roost 
structures near Bath, UK. Conservation Evidence, 14, 44ɀ51. 
(9) Lintott P. & Mathews F. (2018) Reviewing the evidence on mitigation strategies for bats in 
buildings: informing best-practice for policy makers and practitioners. Report for the the Chartered 
Institute of Ecology and Environmental Management (CIEEM), UK. 

2.5.  Change timing of building work  

¶ One study evaluated the effects of changing the timing of building work on bat populations. 
The study was in Ireland1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (1 STUDY)  

¶ Use (1 study): One before-and-after study in Ireland1 found that carrying out roofing work 

outside of the bat maternity season, along with retaining bat access points, resulted in a 

similar number of brown long-eared bats continuing to use a roost within an attic. 
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Background  

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

 A before-and-after study in 2004ɀ2008 of one building renovation in Ireland 
(1) found that carrying out roofing work outside of the maternity season, along 
with retaining existing bat access points, resulted in a similar number of brown 
long-eared bats Plecotus auritus using a roost within an attic before and after 
renovations. Fifteen brown long-eared bats were counted roosting in the attic 
space of the building before renovation work . After the renovation work , sixteen 
brown long-eared bats were recorded exiting the roost through the retained 
access points. The building was an 18th century Georgian house that had the 
roofing felt and roof slates replaced. Original access points to the roost within the 
attic of the building were retained by installing four vents in the ridge tiles. The 
renovations were completed outside of the maternity season (date not reported). 
The attic was surveyed once in 2004 before the renovations, and once with an 
emergence survey in September 2008 after the renovations. 

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

2.6.  Exclude bats from roosts during building work  

¶ One study evaluated the effects of excluding bats from roosts during building work on bat 
populations. The study was in the UK1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (1 STUDY)   

¶ Behaviour change (1 study): One replicated, before-and-after study in the UK1 found that 
excluding bats from roosts within buildings did not change roost switching frequency, core 
foraging areas or foraging preferences of soprano pipistrelle colonies. 

Background  

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

A replicated, before-and-after study in 2012ɀ2013 of five buildings across 
England, UK (1) found that excluding bats from roosts within buildings resulted in 
no difference in roost switching frequency, core foraging areas or foraging 
preferences of soprano pipistrelle Pipistrellus pygmaeus colonies. All five bat 
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colonies established in alternative roosts within three days of exclusion in other 
buildings within 1.5 km of the original roost. Bats switched roosts at a similar 
frequency before (average every 2.1 days) and after exclusion (average 2 days). 
Bats also foraged in similar sized core areas (before: average 44 ha; after: average 
47 ha), travelled similar distances to foraging sites (before: average 1.5 km, after: 
average 1.5 km), and had the same foraging habitat preferences (data reported as 
statistical model results) before and after exclusion. Exclusion experiments were 
carried out in the spring of 2012 and 2013. Temporary one-way exclusion 
measures were installed at roost exits. The five sites had 150ɀ300 bats present 
before exclusion, and four sites were known maternity roosts. Bats were radio-
tracked for up to 4 h after sunset for 4ɀ7 days before 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 and humans: The response of soprano pipistrelles (Pipistrellus pygmaeus) to 
exclusion from roosts in houses. PLOS ONE, 10, e0131825. 

2.7.  Educate homeowners about building and planning laws 

relating to bats  to reduce disturbance to bat roosts  

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

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

2.8.  Plant gardens with night -scented flowers  

¶ We found no studies that evaluated the effects of planting gardens with night-scented 
flowers on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

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

¶ We found no studies that evaluated the effects of increasing the amount of semi-natural 
habitat within gardens on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

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

2.10.  Protect brownfield or ex -industrial sites  

¶ One study evaluated the effects of protecting brownfield or ex-industrial sites on bat 
populations. The study was in the USA1. 

COMMUNITY RESPONSE (1 STUDY) 

¶ Richness/diversity (1 study): One study in the USA1 found that five bat species were 
recorded within a protected urban wildlife refuge on an abandoned manufacturing site. 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (0 STUDIES)  

Background  

Ȭ"ÒÏ×ÎÆÉÅÌÄ ÓÉÔÅÓȭ ÁÒÅ ÐÒÅÖÉÏÕÓ ÉÎÄÕÓÔÒÉÁÌ ÏÒ ÃÏÍÍÅÒÃÉÁÌ ÓÉÔÅÓ ÔÈÁÔ ÈÁÖÅ ÂÅÅÎ 
abandoned and are available for reuse. These sites may be targeted for 
redevelopment in urban areas. Some sites can support a high diversity of wildlife 
making them important sites for biodiversity and conservation. High insect 
numbers can provide important foraging habitat for bats, and derelict buildings 
may provide roosting opportunities.  

A study in 1997ɀ1998 in an urban wildlife refuge on the grounds of a former 
weapons manufacturing facility near Denver, USA (1) found that five bat species 
were recorded at the site. Three tree-roosting species and two species known to 
roost in buildings were captured or recorded, with big brown bats Eptesicus fuscus 
making up 86% of the captures. In total, 176 bats were captured, and 955 bat 
passes were recorded. Big brown bats commuted further from roosts in buildings 
within surrounding urban areas to the refuge (9ɀ19 km) than typically reported 
for the species elsewhere (1ɀ2 km). The manufacturing facility was active until 
1985 and was designated as a wildlife refuge in 1992. The refuge covered 6,900 
ha of grassland, woodland, and wetlands within an urban area. At 18 locations 
within the refuge, bats were captured with mist nets on a total of 53 nights 
between May and August in 1997 and 1998. Twelve big brown bats were captured 
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and radio-tagged in 1998. At each of eight locations within the refuge, bat 
detectors recorded bat activity for 90 minutes on 3ɀ4 nights in JuneɀAugust 1997.  

(1) %ÖÅÒÅÔÔÅ !Ȣ,Ȣȟ /ȭ3ÈÅÁ 4Ȣ*Ȣȟ %ÌÌÉÓÏÎ ,Ȣ%Ȣȟ 3ÔÏÎÅȟ ,Ȣ!Ȣ Ǫ -Ã#ÁÎÃÅ *Ȣ ,Ȣ ɉςππρɊ "ÁÔ ÕÓÅ ÏÆ Á ÈÉÇÈ 
plains urban wildlife refuge. Wildlife Society Bulletin, 29, 967ɀ973. 

2.11.  Protect greenfield sites or undeveloped land in urban 

areas  

¶ We found no studies that evaluated the effects of protecting greenfield sites or undeveloped 
land in urban areas on bat populations. 
 
óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

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

2.12.  Create or restore bat foraging habitat in urban areas  

¶ Three studies evaluated the effects of creating or restoring bat foraging habitat in urban 
areas on bat populations. One study in each of the UK2 and USA3 evaluated green roofs 
and one study in the USA1 evaluated restored forest fragments. 

COMMUNITY RESPONSE (1 STUDY) 

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

POPULATION RESPONSE (3 STUDIES) 

¶ Abundance (3 studies): One site comparison study in the USA1 found higher bat activity 
(relative abundance) in two of seven restored forest fragments in urban areas than in two 
unrestored forest fragments. One replicated, controlled, site comparison study in the UK2 
found greater bat activity over óbiodiverseô green roofs than conventional unvegetated roofs, 
but not over ósedumô green roofs. One replicated, controlled, site comparison study in the 
USA3 found greater bat activity for three of five bat species over green roofs than over 
conventional unvegetated roofs.  

BEHAVIOUR (0 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 higher in large parks in Mexico City than in 
natural forest or other urban habitats, although the number of species was higher 
in natural forest (Avila-Flores & Fenton 2005). Habitats should also be 
appropriately managed for bats, for example a study in Australia found more bat 
species in urban green spaces with a higher density of large trees and native plants 
(Threlfall et al. 2016). 3ÅÅ ÁÌÓÏ ȬProtect greenfield sites or undeveloped land in urban 
areasȭȢ 
Avila-Flores R. & Fenton M.B. (2005) Use of spatial features by foraging insectivorous bats in a 

large urban landscape. Journal of Mammalogy, 86, 1193ɀ1204. 
Threlfall C.G., Williams N.S.G., Hahs A.K. & Livesley S.J. (2016) Approaches to urban vegetation 

management and the impacts on urban bird and bat assemblages. Landscape and Urban 
Planning, 153, 28ɀ39. 

 

A site comparison study in 2004ɀ2005 in nine forest fragments within the 
Chicago metropolitan area, USA (1) found that two of seven restored forest 
fragments had higher bat activity than two unrestored forest fragments. Bat 
activity was higher in two forest fragments that had been restored with multiple 
prescribed burns, invasive plant species removal and snag recruitment (average 
7ɀ19 bat passes/survey) than in two control sites with no restoration (average 1ɀ
4 bat passes/survey ). Bat activity was similar between control sites and five other 
forest fragments that had been restored with multiple prescribed burns and 
various combinations of invasive species removal, snag recruitment and deer 
population control (1ɀ6 bat passes/survey). Six bat species were recorded in total 
(see original paper for data for individual species). Fire suppression over the last 
100 years had altered the structure of the nine forest fragments (10ɀ260 ha in 
size). Seven of the nine forest fragments were being restored to open the canopy, 
reduce tree density and remove invasive plant species. At each of nine sites, four 
bat detectors recorded bat activity for 4 h from sunset for five nights/year in Juneɀ
September 2004 and MayɀAugust 2005. 

A replicated, controlled, site comparison study in 2010 of 39 green roofs in 
Greater London, UK (2) found ÔÈÁÔ ȬÂÉÏÄÉÖÅÒÓÅȭ ÇÒÅÅÎ ÒÏÏÆÓ ÈÁÄ higher bat activity 
than conventional roofs, but ȬÓÅÄÕÍȭ ÇÒÅÅÎ ÒÏÏÆÓ had similar or lower bat activity 
than conventional roofs. When a small amount (<33%) of natural foraging habitat 
was located within 100 m of roofs, bÁÔ ÁÃÔÉÖÉÔÙ ×ÁÓ ÈÉÇÈÅÒ ÏÖÅÒ ȬÂÉÏÄÉÖÅÒÓÅȭ ÇÒÅÅÎ 
roofs (average 7 bat passes/night) than conventional roofs (average 1.3 bat 
passes/night)ȟ ÁÎÄ ÓÉÍÉÌÁÒ ÏÖÅÒ ȬÓÅÄÕÍȭ ÇÒÅÅÎ ÒÏÏÆÓ ɉÁÖÅÒÁÇÅ ρ ÂÁÔ ÐÁÓÓȾnight) 
and conventional roofs. However, when higher amounts of natural habitat cover 
were located within 100 m of roofs (33ɀ66%), bat activity was similar between 
ȬÂÉÏÄÉÖÅÒÓÅȭ ÇÒÅÅÎ ÒÏÏÆÓ ɉÁÖÅÒÁÇÅ ρπ ÂÁÔ ÐÁÓÓÅÓȾÎÉÇÈÔɊ ÁÎÄ ÃÏÎÖÅÎÔÉÏÎÁÌ ÒÏÏÆÓ 
(average 12 bat ÐÁÓÓÅÓȾÎÉÇÈÔɊȟ ÁÎÄ ÌÏ×ÅÒ ÏÖÅÒ ȬÓÅÄÕÍȭ ÇÒÅÅÎ ÒÏÏÆÓ ɉÁÖÅÒÁÇÅ τ ÂÁÔ 
passes/night). Four bat species or species groups were recorded in total (see 
original paper for data for individual species). All green roofs had shallow 
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substrate (20ɀ200 mm). Ȭ"ÉÏÄÉÖÅÒÓÅȭ ÒÏÏÆÓ ×ÅÒÅ ÐÌÁÎÔÅÄ ×ÉÔÈ Á ÖÁÒÉÅÔÙ ÏÆ wild 
flowers, herbs, sedums, mosses, and grassesȢ Ȭ3ÅÄÕÍȭ ÒÏÏÆÓ ×ÅÒÅ ÐÌÁÎÔÅÄ ×ÉÔÈ ÌÏ×-
growing succulent plants. Conventional roofs were flat or shallow pitched with 
bitumen felt or paving slabs. Bat activity was recorded over each of 13 biodiverse, 
nine sedum and 17 conventional roofs for seven full nights in MayɀSeptember 
2010.  

A replicated, controlled, paired sites study in 2013 of four paired roofs in New 
York City, USA (3) 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 higher over green roofs than conventional roofs for the eastern 
red bat Lasiurus borealis (green: 253; conventional: 128), big brown bat Eptesicus 
fuscus (green: 11; conventional: 0.6), and tricoloured bat Perimyotis subflavus 
(green: 12; conventional: 2). The average number of bat passes/night was similar 
over green and conventional roofs for the hoary bat Lasiurus cinereus (green: 56; 
conventional: 57) and silver-haired bat Lasionycteris noctivagans (green: 33; 
conventional: 24). Paired roofs were six or eight stories high and were located 
within one block of each other. One of each pair was a green roof with a waterproof 
membrane with growing substrate covered in vegetation. The other of each pair 
×ÁÓ Á ÃÏÎÖÅÎÔÉÏÎÁÌ ÒÏÏÆ ×ÉÔÈ Á ȬÂÌÁÃËÔÏÐȭ ÏÒ ÃÏÎÃÒÅÔÅ ÒÏÏÆÉÎÇ ÍÁÔerial with no 
vegetation. Bat activity was recorded between May and September in 2013 with a 
bat detector deployed in the centre of each roof. 

(1) Smith D.A. & Gehrt S.D. (2010) Bat response to woodland restoration within urban forest 
fragments. Restoration Ecology 18, 914ɀ923. 
(2) Pearce H. & Walters C. (2012) Do green roofs provide habitat for bats in urban areas? Acta 
Chiropterologica, 14, 469ɀ478. 
(3) Parkins K.L. & Clark J.A. (2015) Green roofs provide habitat for urban bats. Global Ecology 
and Conservation, 4, 349ɀ357. 

2.13.  Legally protect bat s during development  

¶ Four studies evaluated the effects of legally protecting bats by issuing licences during 
development on bat populations. The four studies were in the UK1,2a,2b,3. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (2 STUDIES) 

¶ Change in human behaviour (2 studies): One review in the UK2b found that the number 
of development licences for bats more than doubled over three years in Scotland. One 
review in the UK1 found that 81% of licensees did not carry out post-development monitoring 
to assess whether bats used the roost structures installed. 

OTHER (3 STUDIES)  

¶ Impact on bat roost sites (3 studies): One review in the UK1 found that licenced activities 
during building developments had a negative impact on bat roosts, with 68% of roosts being 
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destroyed. One replicated, before-and-after study in the UK2a found that five of 28 
compensation roosts provided under licence were used, and two by similar or greater 
numbers of bats after development. One review in the UK3 found that 31ï67% of 
compensation roosts provided under licence were used by bats. 

Background  

Bats are protected by national and/or int ernational law in many countries. This 
typically includes protection against killing, injuring, capturing, disturbing or 
trading bats, or damaging, destroying, or obstructing access to their roosts. 
Activities such as development that are likely to affect bats in these ways may be 
against the law and require licences from a government licensing authority. 
 
The studies discussed here relate specifically to protecting bats during 
development. Other studies that discuss legal protection ÁÒÅ ÉÎÃÌÕÄÅÄ ÉÎ ȬHabitat 
protection ɀ Legally protect bat habitatsȭ ÁÎÄ ȬSpecies management ɀ Legally protect 
bat speciesȭȢ 

A review of 389 bat mitigation licences issued in 2003ɀ2005 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 post-development monitoring was conducted at only 
19% of sites. The licences analysed related to 1,776 roosts of 15 bat species and 
were issued for three types of development (renovation, conversion, and 
demolition). A total of 2,536 structures for bats, of 10 types, were installed under 
the licences including bat boxes (1,690), bat lofts (362), bat barns (12), bat houses 
(10), bat towers (2), cellars/caves (18), building enhancements for bats, e.g. 
crevices and cavities in roofs and walls (437), a covered shed (2), a light sampling 
canopy (1) and a grille (1).  

A replicated, before-and-after study in 2011ɀ2015 of 28 bat maternity roosts 
subject to licenced building developments across Scotland, UK (2a) found that five 
of 28 compensation roosts provided were used as maternity roosts by the target 
bat species after development, and two of the five roosts were used by a similar or 
greater number of bats as before the development. Average roost counts before 
and after development at the four roosts either remained stable (before: 2 brown 
long-eared bats Plecotus auritus; after: 2 brown long-eared bats), increased by 7% 
(before: 476 soprano pipistrelles Pipistrellus pygmaeus; after 507 soprano 
pipistrelles), decreased by 39% (before: 341 soprano pipistrelles; after: 208 
soprano pipistrelles), or could not be counted (use inferred from brown long-
eared bat droppings only). Four of five sites retained the original bat roost and 
access points within the development, and one site had bat boxes installed (3 x 
Schwegler design 1FFH) on an external wall near the original roost location. 
Compensation roosts followed the designs in Species Protection Plans. The 
numbers of bats counted before development at each roost were extracted from 
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reports submitted with licence applications. Bats were counted at each roost after 
development during at least one dusk emergence or dawn re-entry survey 
between May and September 2015. 

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

A review in 2018 of 283 studies of bat roosts subject to licenced building 
developments in the UK (3) found that 31ɀ67% 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 pipistrelles Pipistrellus pygmaeus, 
brown long-eared bats Plecotus auritus and 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 sources, including practitioner reports and licence applications from 
across the UK, and reviewed in 2018. 

(1) Stone E.L., Jones G. & Harris S. (2013) Mitigating the effect of development on bats in 

England with derogation licensing. Conservation Biology, 27, 1324ɀ1334. 

(2) Mackintosh M. (2016) Bats and licensing: a report on the success of maternity roost 
compensation measures. Scottish Natural Heritage Commissioned Report No. 928. 
(3) Lintott P. & Mathews F. (2018) Reviewing the evidence on mitigation strategies for bats in 
buildings: informing best-practice for policy makers and practitioners. Report for the Chartered 
Institute of Ecology and Environmental Management (CIEEM), UK. 
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3. Threat: Agriculture  

In many parts of the world, much of the conservation effort is directed at reducing 
the impacts of agricultural intensification on biodiversity on farmland and in the 
wider countryside. Several of the interventions that we have captured reflect this. 
However, the two greatest threats from agriculture tend to be loss of habitat and 
pollution (e.g. from fertilizer and pesticide use). Interventions in response to these 
ÔÈÒÅÁÔÓ ÁÒÅ ÄÅÓÃÒÉÂÅÄ ÉÎ ȬHabitat protectionȭȟ ȬHabitat restoration and creationȭȟ ÁÎÄ 
ȬThreat: PollutionȭȢ 
 
For ÅÖÉÄÅÎÃÅ ÒÅÌÁÔÉÎÇ ÔÏ ÔÈÅ ÕÓÅ ÏÆ ÂÁÔ ÂÏØÅÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬSpecies management 
ɀ Provide bat boxes for roosting batsȭ. 

All farming systems  

3.1.  Use  organic farming  instead of conventional farming  

¶ Twelve studies evaluated the effects of using organic farming instead of conventional 
farming on bat populations. Eight studies were in Europe1ï5,7ï9, two in the USA6,10, one in 
Canada11 and one in Chile12. 

COMMUNITY RESPONSE (7 STUDIES) 

¶ Community composition (1 study): One replicated, paired sites study in the USA10 found 
that the composition of bat species did not differ between organic and non-organic farms. 

¶ Richness/diversity (7 studies): Five of seven replicated, paired sites or site comparison 
studies in Europe1,2,7, the USA6,10, Canada11 and Chile12 found that the number of bat 
species did not differ between organic and non-organic farms1,6,7,10,11. The other two 
studies2,12 found more bat species on organic farms than non-organic farms. 

POPULATION RESPONSE (12 STUDIES) 

¶ Abundance (12 studies): Five of nine replicated, paired sites or site comparison studies in 
Europe2ï4,7,8, the USA6,10, Canada11 and Chile12 found that overall bat activity (relative 
abundance)3,6,7,10 and common pipistrelle activity4 did not differ between organic and non-
organic farms. The other four studies2,8,11,12 found higher overall bat activity2,8,11, bat feeding 
activity8, Brazilian free-tailed bat activity12, and activity of four of seven bat species11 on 
organic farms than non-organic farms. Two replicated, paired sites and site comparison 
studies in the UK1,5 found higher activity of Myotis species over water and rivers on organic 
farms than non-organic farms, but no differences were found for other species or habitats. 
One replicated, site comparison study in France9 found higher activity for two of three bat 
species over organic fields than two of three types of conventionally managed fields. 

BEHAVIOUR (0 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, compost, 
and biological pest control. Organic standards are strictly regulated in many 
countries prohibiting the use of chemicals and providing recommendations for 
management to conserve biodiversity. Organic farming may include combinations 
of several separate interventions (as discussed separately in this chapter). The 
studies below examine the effects of organic farming overall. 
 
For an intervention that relates specifically to ÏÒÇÁÎÉÃ ÐÅÓÔ ÃÏÎÔÒÏÌȟ ÓÅÅ ȬThreat: 
Pollution ɀ Agricultural and forestry effluents ɀ Use organic pest control instead of 
synthetic pesticidesȭȢ &ÏÒ an intervention that involves reducing the use of synthetic 
ÐÅÓÔÉÃÉÄÅÓ ÁÎÄ ÆÅÒÔÉÌÉÓÅÒÓȟ ÓÅÅ ȬThreat: Pollution ɀ Agricultural and forestry effluents 
ɀ Reduce pesticide, herbicide or fertiliser useȭȢ 

A replicated, paired sites study in 2000ɀ2002 on 24 pairs of farms in southern 
England and Wales, UK (1) found that water habitats on organic farms had higher 
activity for two of 11 bat species than on conventional farms, but bat activity did 
not differ in pasture, arable or woodland habitats, and a similar number of bat 
species was recorded on both farm types. The activity of "ÒÁÎÄÔȭÓ ÂÁÔÓ Myotis 
brandtii  ÁÎÄ "ÅÃÈÓÔÅÉÎȭÓ ÂÁÔÓ Myotis bechsteinii was higher over water habitats on 
ÏÒÇÁÎÉÃ ÆÁÒÍÓ ɉ"ÒÁÎÄÔȭÓ ÂÁÔȡ φφ ÂÁÔ ÐÁÓÓÅÓȠ "ÅÃÈÓÔÅÉÎȭÓ ÂÁÔȡ χ ÂÁÔ ÐÁÓÓÅÓɊ ÔÈÁÎ ÏÎ 
conventional farms ɉ"ÒÁÎÄÔȭÓ ÂÁÔȡ ς ÂÁÔ ÐÁÓÓÅÓȠ "ÅÃÈÓÔÅÉÎȭÓ ÂÁÔȡ π ÂÁÔ ÐÁÓÓÅÓɊȢ 
BÒÁÎÄÔȭÓ ÁÎÄ "ÅÃÈÓÔÅÉÎȭÓ Âat activity did not differ in pasture, arable or woodland 
habitats, or for any other bat species, between organic and conventional farms 
(see original paper for detailed results). A similar  number of species was recorded 
on organic (14 species) and conventional farms (11 species). Certified organic 
farms (established 1ɀ2 years) were paired with nearby conventional farms with 
similar habitats (pasture, arable, water and woodland), size and type of business. 
No details were reported about the type or origin of water habitats; water may 
have originated from outside of the farms. Each of 48 farms was surveyed with bat 
detectors rotated between three random points for 1.5 h from 1 h after sunset. 
Two farms within a pair were sampled on consecutive nights in JuneɀSeptember 
2000 or 2002. 

A replicated, paired sites study in 2002ɀ2003 on 65 pairs of farms in England, 
UK (2) found that organic farms had higher bat activity and a greater number of 
bat species than conventional farms. A greater number of bat passes and bat 
species were recorded on organic farms (abundance index 6ɀ75% higher; species 
density 8ɀ65% higher) than conventional farms (numbers not reported). Organic 
farms with >30 ha of arable land were paired with nearby conventional farms 
matched by crop type and cropping season. Habitat data collected across all 130 
farms showed that organic farms had a higher density of hedgerows, a greater 
proportion of grassland than crops, smaller fields, and wider, taller hedgerows 
with fewer gaps than conventional farms. Each of 130 farms was surveyed using 
bat detectors along a 3 km triangular transect in JuneɀAugust in 2002 and 2003.  
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A replicated, paired sites and site comparison study in 2005 in six pairs of 
olive Olea europea groves and six native woodlands on Zakynthos island, Greece 
(3) found that organic olive groves had similar bat activity and foraging activity to 
non-organic olive groves. Overall bat activity and foraging activity did not differ 
between organic (average 0.8 bat passes/min, 0.04 feeding buzzes/min) and non-
organic olive groves (1.1. bat passes/min, 0.06 feeding buzzes/min). Bat activity 
in organic and non-organic olive groves also did not differ significantly to that in 
three native oak Quercus spp. woodland patches (1.5 bat passes/min) and three 
native pine Pinus halipensis woodland patches (2.5 bat passes/min). Eleven bat 
species were recorded in total (see original paper for data for individual species). 
Six organic olive groves were paired with six non-organic olive groves similar in 
size, age, density of trees and altitude. Organic olive groves used organic pest 
control (scent and sticky traps) and no chemicals. Non-organic groves were 
treated with a yearly insecticide spray. Six native, untreated woodland patches 
were also surveyed (three oak, three pine). Each of 18 sites was surveyed with bat 
detectors rotated between four random points for 1.5 h from dusk. Surveys were 
repeated on three nights/site in JuneɀAugust 2006. 

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

A replicated, site comparison study in 2009ɀ2011 of 5ɀ13 organic and 10ɀ30 
non-organic farms in Wales, UK (5) found that rivers on organic farms had higher 
ÁÃÔÉÖÉÔÙ ÏÆ $ÁÕÂÅÎÔÏÎȭÓ ÂÁÔÓ Myotis daubentonii than rivers on non-organic farms, 
but the activity of five other bat species in fields and along hedgerows did not 
differ between organic and non-organic farms. The average number of bat passes 
ÆÏÒ $ÁÕÂÅÎÔÏÎȭÓ ÂÁÔÓ ×ÁÓ ÈÉÇÈÅÒ ÏÖÅÒ ÒÉÖÅÒÓ ÏÎ ÏÒÇÁÎÉÃ ÆÁÒÍÓ than non-organic 
farms (data reported as statistical model results). However, a similar number of 
bat passes/year were recorded on organic and non-organic farms for common 
pipistrelles Pipistrellus pipistrellus, soprano pipistrelles Pipistrellus pygmaeus, 
common noctules Nyctalus noctula, greater horseshoe bats Rhinolophus 
ferrumequinum and lesser horseshoe bats Rhinolophus hipposideros (data 
reported as statistical model results). Organic farms were part of an organic 
farming scheme. The number of farms included in the analysis varied for each bat 
species from 5ɀ13 for organic and 10ɀ30 for non-organic farms. Some farms 
(organic and non-organic) were also part of agri-environment schemes. No 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 2009, 2010 and 2011. 
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A replicated, site comparison study in 2009ɀ2010 at four organic and four 
conventional apple orchards in Michigan, USA (6) found that organic orchards had 
similar bat activity, number of bat captures and species diversity as conventional 
orchards. The average number of bat passes recorded did not differ significantly 
between organic (37 bat passes/night) and conventional orchards (51 bat 
passes/night). The number of bats captured also did not differ significantly 
between organic (1.5 captures/night) and conventional orchards (2.2 
captures/night). The same was true for species diversity (data reported as the 
3ÉÍÐÓÏÎȭÓ )ÎÄÅØɊȢ Four bat species were recorded in total (see original paper for 
data for individual species). Four organic and four conventional apple orchards 
(small dwarf or semi-dwarf varieties, 6ɀ24 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 3ɀ5 times/week at one 
orchard/night for 4 h from sunset.  

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

A replicated, site comparison study in 2015ɀ2016 at three organic and three 
conventional rice farms near Vercelli, Italy (8) found that organic farms had higher 
overall bat activity and bat feeding activity than conventional farms. The average 
number of bat passes was higher on organic rice farms (178 bat passes/hour) than 
conventional rice farms (50 bat passes/hour). The same was true for the average 
number of feeding buzzes (organic farms: 27 buzzes/hour; 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 MayɀSeptember 2015 or 2016. 
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A replicated, site comparison study in 2016 of 19 wheat fields in the Île-de-
France region, France (9) found that organic fields had higher activity for two of 
three bat species than two of three types of conventionally managed fields. 
!ÃÔÉÖÉÔÙ ÏÆ +ÕÈÌȭÓ ÐÉÐÉÓÔÒÅÌÌÅ Pipistrellus kuhlii and common pipistrelle Pipistrellus 
pipistrellus was higher over organic tillage fields than conventional tillage fields 
×ÉÔÈ Ô×Ï ÈÅÒÂÉÃÉÄÅ ÁÐÐÌÉÃÁÔÉÏÎÓ ÁÎÄ ÃÏÎÖÅÎÔÉÏÎÁÌ ȬÃÏÎÓÅÒÖÁÔÉÏÎ ÔÉÌÌÁÇÅȭ ÆÉelds with 
three herbicide applications, ÂÕÔ ÎÏÔ ÏÖÅÒ ÃÏÎÖÅÎÔÉÏÎÁÌ ȬÃÏÎÓÅÒÖÁÔÉÏÎ ÔÉÌÌÁÇÅȭ ÆÉÅÌÄÓ 
with two herbicide applications (data reported as statistical model results). The 
ÁÃÔÉÖÉÔÙ ÏÆ .ÁÔÈÕÓÉÕÓȭ ÐÉÐÉÓÔÒÅÌÌÅ Pipistrellus nathusii did not differ significantly 
between organic fields and any of the three conventional field types. Surveys were 
carried out at 12 sites in two organic fields (tillage to 30 cm depth and no 
herbicides) and 13ɀ18 sites in 5ɀ7 of each of the three types of conventionally 
managed fields (tillage with two herbicide applications, or superficial 
ȬÃÏÎÓÅÒÖÁÔÉÏÎ ÔÉÌÌÁÇÅȭ ×ÉÔÈ Ô×Ï ÏÒ ÔÈÒÅÅ ÈÅÒÂÉÃÉÄÅ ÁÐÐÌÉÃÁÔÉÏÎÓɊȢ "ÁÔ ÄÅÔÅÃÔÏÒÓ ×ÅÒÅ 
used to simultaneously survey 1ɀ4 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 farms. Overall 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 habitats (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). Eleven bat species 
were recorded in total (see original paper 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 6ɀ7 nights in JuneɀSeptember 
2014. 

A replicated, paired sites study in 2017 of 16 pairs of soybean Glycine max 
fields in Canada (11) 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 bat Eptesicus fuscus, hoary bat Lasiurus cinereus, little brown 
bat Myotis lucifugus, silver-haired bat Lasionycteris noctivagans) was higher over 
organic fields than conventional fields (data reported as statistical model results). 
The activity of three other bat species (eastern red bat Lasiurus 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 each of 32 fields were 
surveyed with bat detectors for two nights in JuneɀJuly 2017. 
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A replicated, paired sites study in 2016ɀ2017 at 11 paired plots on organic 
and conventional vineyards in Buin and Paine, Chile (12) found that organic 
vineyards had more bat species and greater activity of Brazilian free-tailed bats 
Tadarida brasiliensis than conventional vineyards. A higher number of bat species 
were recorded on organic (average 2 bat species/sampling point ) than 
conventional vineyards (average 1 bat species/s ampling point). Organic 
vineyards had greater activity of Brazilian free-tailed bats (average 24 bat 
passes/sampling point ) than conventional vineyards (average 10 bat 
passes/sampling 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 15ɀ20 years, did not use agrochemical 
treatments (except fungicides) and had cover crops, flowers, and 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 
JanuaryɀMarch 2016 and 2017.  

(1) Wickramasinghe L.P., Harris S., Jones G. & Vaughan, N. (2003) Bat activity and species 
richness on organic and conventional farms: impact of agricultural intensification. Journal of 
Applied Ecology, 40, 984ɀ993. 
(2) Fuller R.J., Norton L.R., Feber R.E., Johnson P.J., Chamberlain D.E., Joys A.C., Mathews F., 
Stuart R.C., Townsend M.C., Manley W.J., Wolfe M.S., Macdonald D.W. & Firbank L.G. (2005) Benefits 
of organic farming to biodiversity vary among taxa. Biology Letters, 1, 431ɀ434. 
(3) Davy, C.M., Russo D. & Fenton M.B. (2007) Use of native woodlands and traditional olive  
groves by foraging bats on a Mediterranean island: consequences for conservation. Journal  
of Zoology, 273, 397ɀ405. 
(4) Pocock M.J.O. & Jennings N. (2008) Testing biotic indicator taxa: the sensitivity of 
insectivorous mammals and their prey to the intensification of lowland agriculture. Journal of 
Applied Ecology, 45, 151ɀ160. 
(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. (2012) Welsh Assembly Government Contract 183/2007/08 to 
Undertake Agri-environment Monitoring and Services. Lot 2 ɀ Species Monitoring. Final report: 
October 2012. 
(6) Long B.L. & Kurta A. (2014) Activity and diet of bats in conventional versus organic apple 
orchards in southern Michigan. Canadian Field-Naturalist, 128, 158 ɀ164. 
(7) Froidevaux J.S.P., Louboutin B. & Jones G. (2017) Does organic farming enhance 
biodiversity in Mediterranean vineyards? A case study with bats and arachnids. Agriculture, 
Ecosystems & Environment, 249, 112ɀ122. 
(8) Toffoli R. & Rughetti M. (2017) Bat activity in rice paddies: organic and conventional farms 
compared to unmanaged habitat. Agriculture, Ecosystems & Environment, 249, 123ɀ129. 
(9) Barré K., Le Viol I., Julliard R., Chiron F. & Kerbiriou C. (2018) Tillage and herbicide 
reduction mitigate the gap between conventional and organic farming effects on foraging activity 
of insectivorous bats. Ecology and Evolution, 8, 1496ɀ1506. 
(10) Olimpi E.M. & Philpott S.M. (2018) Agroecological farming practices promote bats. 
Agriculture, Ecosystems & Environment, 265, 282ɀ291. 
(11) Put J.E., Mitchell G.W. & Fahrig L. (2018) Higher bat and prey abundance at organic than 
conventional soybean fields. Biological Conservation, 226, 177ɀ185. 
(12) Rodríguez-San Pedro A., Chaperon P.N., Beltrán C.A., Allendes J.L., Ávila F.I. & Grez A.A. 
(2018) Influence of agricultural management on bat activity and species richness in vineyards of 
central Chile. Journal of Mammalogy, 99, 1495ɀ1502. 
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3.2.  Pay farmers to cover the costs of conservation 

measures (e.g. agri -environment schemes ) 

¶ Three studies evaluated the effects of agri-environment schemes on bat populations. The 
three studies were in the UK1ï3. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (3 STUDIES) 

¶ Abundance (3 studies): Two of three replicated, paired sites studies in the UK1ï3 found 
that overall bat activity (relative abundance)2 or the occurrence of six bat species3 did not 
differ significantly between farms managed under agri-environment schemes and those 
managed conventionally. One of the studies3 found that agri-environment scheme farms 
had similar activity of five bat species, and lower activity of one bat species, compared to 
conventional farms. The other study1 found lower overall bat activity and activity of pipistrelle 
species on agri-environment scheme farms than conventional farms. 

BEHAVIOUR (0 STUDIES) 

Background  

This action involves compensating farmers financially for changing agricultural 
practices to be more favourable to biodiversity and the landscape, usually through 
government or inter -governmental schemes. Such schemes exist around the 
world, although the terminology used may differ. For example, agri-environment 
schemes are used in the UK and Europe. In the USA, there are incentive programs 
such as The Environmental Quality Incentives Program and the Conservation 
Stewardship Program. 
 
In the UK, agri-environment schemes use many different specific interventions 
which may be beneficial to bats such as the protection and maintenance of 
archaeological features, traditional farm buildings and stone walls; the restoration 
and enhancement of key habitats such as woodland, wetlands and hedgerows; and 
improvements to air and water quality. Three studies that evaluated the overall 
effects of agri-environment schemes are discussed here. Relevant individual 
interventions are also discussed in this chapter. 3ÅÅ ÁÌÓÏ ȬThreat: Pollution ɀ 
Agricultural and forestry effluents ɀ Reduce pesticide, herbicide and fertiliser useȭȢ 
 
For more general interventions relating to protecting and conserving important 
habitatsȟ ÓÅÅ ȬHabitat protectionȭȟ ȬHabitat restoration and protectionȭ ÁÎÄ ȬThreat: 
PollutionȭȢ 

A replicated, paired sites study in 2008 on 18 pairs of farms in Scotland, UK 
(1) found that agri-environment scheme farms had lower overall bat activity and 
foraging activity than non-participating conventional farms. Overall bat activity 
and foraging activity were lower on agri-environment scheme farms (total 790 bat 
passes, 37 feeding buzzes) than conventional farms (total 1,175 bat passes, 85 
feeding buzzes). The same was true for activity of the two most frequently 
recorded bat species: common pipistrelle Pipistrellus pipistrellus (agri-
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environment scheme farms: 159 bat passes; conventional farms: 312 bat passes) 
and soprano pipistrelle Pipistrellus pygmaeus (agri-environment scheme farms: 
537 bat passes; conventional farms: 734 bat passes). Eighteen farms participating 
in the Scottish Rural Stewardship Scheme since 2004 were paired with nearby 
conventionally managed farms of a similar size and with similar farming activities. 
Each of 18 pairs of farms was sampled once on the same night in JuneɀSeptember 
2008. Bat activity was recorded along transects (2.5ɀ3.7 km long) from 45 minutes 
after sunset using bat detectors. 

A replicated, site comparison study in 2008 of 18 paired pasture fields in 
Devon, UK (2) found that fields under agri-environment scheme management had 
similar bat activity as fields under conventional management. There was no 
significant difference in the overall number of bat passes recorded over agri-
environment scheme fields (average 3 passes/night) and conventionally managed 
fields (1 pass/night). Seven bat species were recorded in total (see original paper 
for data for individual species). Paired agri-environment scheme fields and 
conventionally managed fields were matched where possible by topography, size 
and landscape context. Agri-environment scheme fields were managed with no 
pesticide or fertiliser inputs. Conventionally managed fields had no management 
restrictions. Bat activity was recorded using bat detectors at each pair of fields for 
1ɀ2 full nights in May, July, or August 2008.  

A replicated, paired sites study in 2009ɀ2011 of 40ɀ60 pairs of commercial 
farms in south Wales, UK (3) found that agri-environment scheme farms had a 
similar occurrence and similar or lower activity of six bat species compared to 
conventional farms. Overall occurrence (proportion of transect sections with 
species present) and echolocation activity (counts of bat passes) did not differ 
significantly between agri-environment scheme farms and conventional farms for 
five of six bat species: common pipistrelles Pipistrellus pipistrellus, soprano 
pipistrelles Pipistrellus pygmaeusȟ $ÁÕÂÅÎÔÏÎȭÓ ÂÁÔÓ Myotis daubentonii, greater 
horseshoe bats Rhinolophus ferrumequinum  and lesser horseshoe bats 
Rhinolophus hipposideros (data reported as statistical model results). For common 
noctules Nyctalus noctula, occurrence was similar on agri-environment scheme 
and conventional farms, but echolocation activity was 33% lower on agri-
environment scheme farms. Pairs of agri-environment scheme farms (under 
scheme management for 3ɀ11 years) and conventional farms were 2ɀ26 km apart 
and matched by area, altitude, farm type and proximity to towns. Field transects 
were carried out at 60 pairs of farms, waterway transects at 40 pairs of farms, and 
static hedgerow surveys at 45 pairs of farms. Surveys were carried out twice/year 
between June and September in 2009, 2010 and 2011. 

(1) Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) Pipistrelle bats and their prey do 
not benefit from four widely applied agri-environment management prescriptions. Biological 
Conservation, 144, 2233ɀ2246. 
(2) MacDonald M.A., Cobbold G., Mathews F., Denny M.J.H., Walker L.K., Grice P.V. & Anderson 
G.Q.A. (2012) Effects of agri-environment management for cirl buntings on other biodiversity. 
Biodiversity and Conservation, 21, 1477ɀ1492. 
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(3) Angell R.L., Langton S.D., MacDonald M.A., Skates J. & Haysom K.A. (2019) The effect of a 
Welsh agri-environment scheme on bat activity: a large-scale study. Agriculture, Ecosystems & 
Environment, 275, 32ɀ41. 

3.3.  Engage farmers and landowners to manage land for 

bats  

¶ One study evaluated the effects of engaging farmers and landowners to manage land for 
bats on bat populations. The study was in the UK1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (1 STUDY) 

¶ Abundance (1 study): One study in the UK1 found that during a five-year project to engage 
farmers and landowners to manage land for bats, the overall population of greater 
horseshoe bats at four maternity roosts in the area increased (but see summary below). 

BEHAVIOUR (1 STUDY) 

¶ Change in human behaviour (1 study): One study in the UK1 found that a landowner 
engagement project resulted in 77 bat-related management agreements covering 
approximately 6,536 ha of land. 

Background  

Only 14.7Ϸ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÌÁÎÄ ÓÕÒÆÁÃÅ ÉÓ currently protected (UNEP-WCMC & 
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 maintain bat 
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 
ÆÒÉÅÎÄÌÙ ÆÁÒÍÉÎÇ ÐÒÁÃÔÉÃÅÓ ÔÈÁÔ ÍÁÙ ÂÅÎÅÆÉÔ ÂÁÔÓȟ ÓÅÅ ȬPay farmers to cover the costs 
of conservation measures (e.g. agri-environment schemes)ȭȢ For an intervention that 
involves providing educationȟ ÓÅÅ ȬEducation and awareness raising ɀ Educate 
farmers, land managers and local communities about the benefits of bats to improve 
management of bat habitatsȭȢ  
UNEP-WCMC and IUCN (2016) Protected Planet Report 2016. UNEP-WCMC and IUCN: Cambridge 

UK and Gland, Switzerland. 

A study in 1995ɀ2003 of the greater horseshoe bat project in England, UK (1) 
found that the landowner engagement project resulted in 77 bat-related 
management agreements covering approximately 6,536 ha of land in Devon, 
Cornwall, and Somerset. This included 80 km of new/restored hedgerow and 400 
ha of grassland within key areas surrounding greater horseshoe bat Rhinolophus 
ferrumequinum maternity roosts. The overall population of greater horseshoe bats 
at four maternity roosts in Devon was found to increase by 58% in 1995ɀ2003, 
although the authors note that it is difficult to directly attribute this increase to the 
project. Advice was provided to 163 landowners and five organisations during 
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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 bat project (1998-2003). English Nature Research 
Report No. 532. 

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

¶ We found no studies that evaluated the effects of providing or retaining set-aside areas in 
farmland on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

!ÌÌÏÃÁÔÉÏÎ ÏÆ ÓÏÍÅ ÆÁÒÍÌÁÎÄ ÔÏ ȬÓÅÔ-ÁÓÉÄÅȭ ɉÆÉÅÌÄÓ ÔÁËÅÎ ÏÕÔ ÏÆ ÐÒÏÄÕÃÔÉÏÎɊ ×ÁÓ 
compulsory under European agricultural policy from 1992 until 2008. Originally 
intended as a method of reducing production, set-aside has also been promoted as 
a way of protecting on-field biodiversity. Set-aside fields that are left to naturally 
regenerate may provide important foraging habitat for bats within the farmed 
landscape. For studies that may carry out this intervention alongside other 
interventions to benefit ÂÁÔÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of 
conservation measures (e.g. agri-environment schemes)ȭȢ 

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

farmed landscape  

¶ We found no studies that evaluated the effects of increasing the proportion of semi-natural 
habitat in the farmed landscape on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

This intervention is concerned with general increases in the proportion of natural 
or semi-natural habitat in the landscape. Studies describing the effects of creating 
or restoring ÓÐÅÃÉÆÉÃ ÈÁÂÉÔÁÔ ÔÙÐÅÓ ÁÒÅ ÄÉÓÃÕÓÓÅÄ ÉÎ Ȭ(ÁÂÉÔÁÔ ÒÅÓÔÏÒÁÔÉÏÎ ÁÎÄ 
ÃÒÅÁÔÉÏÎȭ. For studies that may carry out this intervention alongside other 
ÉÎÔÅÒÖÅÎÔÉÏÎÓ ÔÏ ÂÅÎÅÆÉÔ ÂÁÔÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of 
conservation measures (e.g. agri-environment schemes)ȭȢ 
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3.6.  Reduce field size (or maintain small fields ) 

¶ One study evaluated the effects of maintaining small fields on bat populations. The study 
was in Canada1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (1 STUDY) 

¶ Abundance (1 study): One replicated, site comparison study in Canada1 found that 
agricultural landscapes with smaller fields had higher activity (relative abundance) of six of 
seven bat species than landscapes with larger fields. 

BEHAVIOUR (0 STUDIES)  

Background  

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

 A replicated, site comparison study in 2012 of 46 agricultural sites in Ontario, 
Canada (1) found that agricultural landscapes with smaller fields had higher 
activity for six of seven bat species than those with larger fields. Six bat species 
(hoary bat Lasiurus cinereus, big brown bat Eptesicus fuscus, little brown bat Myotis 
lucifugus, tricolored bat Perimyotis subflavus, northern myotis Myotis 
septentrionalis) 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 for silver-haired bat Lasionycteris 
noctivagans which had higher activity in landscapes with larger average field sizes. 
Forty-six agricultural landscapes (3 x 3 km) with crop fields (including hay, corn, 
soybean, cereals, legumes, pasture, fallow) of different sizes (number of each not 
reported)  were surveyed during 1ɀ5 nights in MayɀAugust 2012. Bat detectors 
recorded bat activity for 3 h from sunset in two locations along field boundaries 
within the centre (1 x 1 km) of each landscape.  

(1) Monck-Whipp L., Martin A.E., Francis C.M. & Fahrig L. (2018) Farmland heterogeneity 
benefits bats in agricultural landscapes. Agriculture, Ecosystems & Environment, 253, 131ɀ139. 

3.7.  Retain unmown field margins  

¶ One study evaluated the effects of retaining unmown field margins on bats populations. 
The study was in the UK1. 

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

¶ Abundance (1 study): One replicated, paired sites study in the UK1 found that pipistrelle 
activity (relative abundance) did not differ between unmown field margins managed for 
wildlife on agri-environment scheme farms and field margins on conventional farms. 

BEHAVIOUR (0 STUDIES)  

Background  

Field margins can provide foraging habitat for bats. Leaving field margins 
unmown and allowing them to regenerate naturally can increase the abundance 
and diversity of plants and invertebrate prey. Unmown field margins are likely to 
be particularly beneficial when close to other bat habitats, such as woodland or 
tall field boundaries with trees (McHugh et al. 2019). 
 
3ÅÅ ÁÌÓÏ ȬPlant field margins with a diverse mix of plant speciesȭȢ For studies that 
may carry out this intervention alongside other interventions to benefit bats on 
ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of conservation measures (e.g. agri-
environment schemes)ȭȢ 
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 farmland. Basic 
and Applied Ecology, 40, 55ɀ66. 

 A replicated, paired sites study in 2008 on 15 pairs of farms in Scotland, UK 
(1) found that unmown field margins on agri-environment scheme farms had 
similar activity of Pipistrellus species as field margins on conventional farms. The 
activity of common pipistrelles Pipistrellus pipistrellus and soprano pipistrelles 
Pipistrellus pygmaeus was similar along unmown and conventionally managed 
field margins (data reported as statistical model results). On agri-environment 
scheme farms, field margins were planted with a mix of grass seeds and had 
restrictions on fertiliser, pesticides, and grazing. Each of 15 field margins on agri-
environment scheme farms was paired with 15 field margins on conventional 
farms with similar farming activities and surrounding habitats. Field margins 
(measured on five pairs of farms) were wider and had taller vegetation on agri-
environment scheme farms (average 6 m wide, 2.4 m tall) than conventional farms 
(average 2 m wide, 2 m tall). Each of 15 pairs of farms was sampled once on the 
same night in JuneɀSeptember 2008. Bat activity was recorded along transects 
(2.5ɀ3.7 km long) from 45 minutes after sunset using bat detectors.  

(1) Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) Pipistrelle bats and their prey do 
not benefit from four widely applied agri-environment management prescriptions. Biological 
Conservation, 144, 2233ɀ2246. 

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

¶ One study evaluated the effects of planting field margins with a diverse mix of plant species 
on bats populations. The study was in the UK1. 
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COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (1 STUDY) 

¶ Abundance (1 study): One replicated, site comparison study in the UK1 found that the 
activity (relative abundance) of soprano pipistrelles and barbastelle bats increased with a 
greater diversity of plant species within field margins, but there was no effect on common 
pipistrelle activity nor on the occurrence of any of the six bat species studied. 

BEHAVIOUR (0 STUDIES) 

Background  

Planting field margins with a diverse mix of plant species can increase the 
ÁÂÕÎÄÁÎÃÅ ÁÎÄ ÄÉÖÅÒÓÉÔÙ ÏÆ ÉÎÖÅÒÔÅÂÒÁÔÅ ÐÒÅÙ ÆÏÒ ÂÁÔÓȢ 3ÅÅ ÁÌÓÏ ȬRetain unmown 
field marginsȭȢ For studies that may carry out this intervention alongside other 
ÉÎÔÅÒÖÅÎÔÉÏÎÓ ÔÏ ÂÅÎÅÆÉÔ ÂÁÔÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of 
conservation measures (e.g. agri-environment schemes)ȭȢ 

 A replicated, site comparison study in 2017 on 15 farms in south west 
England, UK (1) 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 pipistrelles Pipistrellus 
pygmaeus and barbastelle bats Barbastella barbastellus increased 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 pipistrelles Pipistrellus pipistrellus, nor on the 
occurrence of three other bat species or species groups (serotine bats Eptesicus 
serotinus, noctule bats Nyctalus noctula, Myotis spp.). Dicot cover and flowering 
plant abundance had positive effects on bat activity and occurrence (see original 
paper for details). Four types of field margins were surveyed on agri-environment 
scheme farms: grass margins (14 farms), wildflower margins (eight farms), wild 
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 AprilɀSeptember 2017.  

(1) 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 farmland. Basic and 
Applied Ecology, 40, 55ɀ66. 

3.9.  Plant new hedges  

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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 landscapes. Frey-Ehrenbold et al. (2013) found bat activity to be 
1.4ɀ2.8 times higher along linear features such as hedgerows than in open 
farmland areas, and one study in the UK found bats to be highly sensitive to the 
loss of hedgerows (Pocock & Jennings 2008). Planting new hedges within 
farmland may benefit bats. However, it will take a considerable amount of time for 
hedgerows to become established and sufficiently mature. Existing hedges should 
therefore be retained where possible. See ȬManage hedges to benefit batsȭȢ For 
studies that may carry out this intervention alongside other interventions to 
ÂÅÎÅÆÉÔ ÂÁÔÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of conservation 
measures (e.g. agri-environment schemes)ȭ. 
Frey-Ehrenbold A., Bontadina F., Arlettaz R. & Obrist M.K. (2013) Landscape connectivity, habitat 

structure and activity of bat guilds in farmland-dominated matrices. Journal of Applied Ecology, 
50, 252ɀ261. 

Pocock M.J.O. & Jennings N. (2008) Testing biotic indicator taxa: the sensitivity of insectivorous 
mammals and their prey to the intensification of lowland agriculture. Journal of Applied Ecology, 
45, 151ɀ160. 

3.10.  Manage hedge s to benefit  bats  

¶ Two studies evaluated the effects of managing hedges to benefit bat populations. Both 
studies were in the UK1,2. 

COMMUNITY RESPONSE (1 STUDY) 

¶ Richness/diversity (1 study): One replicated, site comparison study in the UK2 found that 
hedges trimmed Ó3 years prior had more bat species recorded along them than hedges 
trimmed during the previous winter. 

POPULATION RESPONSE (2 STUDIES) 

¶ Abundance (2 studies): One replicated, paired sites study in the UK1 found that pipistrelle 
activity (relative abundance) did not differ between hedges managed for wildlife on agri-
environment scheme farms and hedges on conventional farms. One replicated, site 
comparison study in the UK2 found that hedges trimmed Ó3 years prior had higher activity 
of two of eight bat species/species groups than hedges trimmed during the previous winter. 

BEHAVIOUR (0 STUDIES) 

Background  

Hedgerows on farms may be subject to various management practices, including 
cutting. However, there is evidence that bats prefer taller, wider, structurally 
diverse hedgerows and those with emergent trees (e.g. Boughey et al. 2011, 
Lacoeuilhe et al. 2016). Reducing the cutting frequency of hedges, planting trees 
within hedges, retaining and maintaining existing emergent trees, minimising 
pesticide use and filling gaps within hedges are all likely to benefit bats. For studies 
that may carry out this intervention alongside other interventions to benefit bats 
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ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of conservation measures (e.g. agri-
environment schemes)ȭȢ 
Boughey K.L., Lake I.R., Haysom K.A. & Dolman P.M. (2011) Improving the biodiversity benefits of 

hedgerows: how physical characteristics and the proximity of foraging habitat affect the use of 
linear features by bats. Biological Conservation, 144, 1790ɀ1798. 

Lacoeuilhe A., Machon N., Julien J.-F. & Kerbiriou C. (2016) Effects of hedgerows on bats and bush 
crickets at different spatial scales. Acta Oecologica, 71, 61ɀ72. 

 A replicated, paired sites study in 2008 on 13 pairs of farms in Scotland, UK 
(1) found that hedges managed for wildlife on agri -environment scheme farms had 
similar activity of Pipistrellus species as hedges on conventional farms. The activity 
of common pipistrelles Pipistrellus pipistrellus and soprano pipistrelles Pipistrellus 
pygmaeus was similar along hedges managed for wildlife and along conventionally 
managed hedges (data reported as statistical model results). On agri-environment 
scheme farms, hedges had gaps filled, hedge bottoms were left unmown, and 
pesticide use and cutting was restricted (cut once every three years). Each of 13 
hedges on agri-environment scheme farms were paired with 13 hedges on 
conventional farms with similar farming activities and surrounding habitats. No 
details were reported about the management of hedges on conventional farms. 
Each of 13 paired sites was sampled once on the same night in JuneɀSeptember 
2008. Bat activity was recorded along transects (2.5ɀ3.7 km long) from 45 minutes 
after sunset using bat detectors. 

 A replicated, site comparison study in 2016 on 20 farms in southwest England, 
UK (2) found that hedges that had not been trimmed for at least three years had 
more bat species and greater activity of two of eight bat species/species groups 
than hedges trimmed during the previous winter. Hedges tÒÉÍÍÅÄ Іσ ÙÅÁÒÓ ÐÒÉÏÒ 
had more bat species and greater activity of greater horseshoe bats Rhinolophus 
ferrumequinum and Plecotus spp. than hedges trimmed during the previous winter 
(data reported as statistical model results). Lesser horseshoe bats Rhinolophus 
hipposideros ×ÅÒÅ ÍÏÒÅ ÌÉËÅÌÙ ÔÏ ÂÅ ÒÅÃÏÒÄÅÄ ÁÌÏÎÇ ÈÅÄÇÅÓ ÔÒÉÍÍÅÄ Іσ ÙÅÁÒÓ 
prior, but activity did not differ significantly. Activity also did not differ 
significantly for five other bat species/species groups (see 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 (2ɀ4 hedges/farm). Nineteen hedges (under agri-
environment scheme management ÓÉÎÃÅ ςππυɊ ÈÁÄ ÎÏÔ ÂÅÅÎ ÔÒÉÍÍÅÄ ÆÏÒ Іσ 
consecutive winters. Twenty-eight 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 in JuneɀAugust 2016. 

(1) Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) Pipistrelle bats and their prey do 
not benefit from four widely applied agri-environment management prescriptions. Biological 
Conservation, 144, 2233ɀ2246. 
(2) Froidevaux J.S.P., Boughey 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? Journal of Applied Ecology, 56, 1610ɀ1623. 
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3.11.  Manage ditches to benefit bats  

¶ We found no studies that evaluated the effects of managing ditches to benefit bat 
populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Ditches, particularly those with still water, may provide foraging habitats for bats 
within farmed landscapes. Intensive agriculture can result in loss of ditch 
biodiversity through activities such as mowing, grazing and the use of fertilizer 
and pesticides. Management practices that maintain and increase the diversity  of 
invertebrate species within ditches may benefit bats. For studies that may carry 
out this intervention alongside other interventions to benefit bats on farmland, 
ÓÅÅ ȬPay farmers to cover the costs of conservation measures (e.g. agri-environment 
schemes)ȭȢ 

3.12.  Retain  existing in -field trees  

¶ We found no studies that evaluated the effects of retaining existing in-field trees on bat 
populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Single or scattered trees, particularly mature or veteran trees, may provide 
important roosting  and foraging habitat for bats in open agricultural landscapes. 
Two studies in Australia found greater total bat activity and more bat species over 
pastures with scattered trees than open pastures without trees (Lumsden & 
Bennett 2005, Fischer et al. 2010). A study in Sweden found that tree density (up 
to 120ɀ130 trees/ha) had a positive effect on total bat activity and foraging 
activity , activity of cluttered and edge habitat adapted bat species, and species 
richness in wood-pastures (Wood et al. 2017). A study in the USA found greater 
activity of edge habitat adapted bat species around remnant mature oak trees 
(Quercus spp.) than in treeless, open areas within vineyards (Polyakov et al. 2019). 

To be included as evidence for this intervention, studies must have monitored a 
comparison, i.e. compared areas where existing in-field trees have been retained 
with areas where they have been removed. There must have been an active 
decision (i.e. intervention) to retain the in-field 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 other interventions to 
ÂÅÎÅÆÉÔ ÂÁÔÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of conservation 
measures (e.g. agri-environment schemes)ȭȢ For studies that relate to retaining 
ÒÅÍÎÁÎÔ ÆÏÒÅÓÔ ÏÒ ×ÏÏÄÌÁÎÄȟ ÓÅÅ ȬRetain remnant forest or woodland on 
agricultura l landȭȢ 
Fischer J., Stott J. & Law B.S. (2010) The disproportionate value of scattered trees. Biological 

Conservation, 143, 1564ɀ1567. 
Lumsden L.F. & Bennett A.F. (2005) Scattered trees in rural landscapes: foraging habitat for 

insectivorous bats in south-eastern Australia. Biological Conservation, 122, 205ɀ222. 
Polyakov A.Y., Weller T.J. & Tietje W.D. (2019) Remnant trees increase bat activity and facilitate 

the use of vineyards by edge-space bats. Agriculture Ecosystems & Environment, 281, 56ɀ63. 
Wood H., Lindborg R. & Jakobsson S. (2017) European Union tree density limits do not reflect bat 

diversity in wood-pastures. Biological Conservation, 210, 60ɀ71. 

3.13.  Plant in -field trees  

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Single or scattered trees may be planted within fields to provide roosting and 
foraging habitat for bats in open agricultural landscapes. However, it will take a 
considerable amount of time for trees to become established and sufficiently 
mature. Existing in-field trees should therefore be retained where possible. See 
ȬRetain existing in-field treesȭ. 
 
For studies that may carry out this intervention alongside other interventions to 
ÂÅÎÅÆÉÔ ÂÁÔÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of conservation 
measures (e.g. agri-environment schemes)ȭȢ For other interventions that involve 
planting trees on agricultural landȟ ÓÅÅ ȬCreate tree plantations on agricultural landȭ 
and ȬRetain or plant native trees and shrubs amongst crops (agroforestry)ȭȢ 

3.14.  Create tree plantations on agricultural land  

¶ Three studies evaluated the effects of creating tree plantations on agricultural land on bat 
populations. The three studies were in Australia1-3. 

COMMUNITY RESPONSE (3 STUDIES) 

¶ Richness/diversity (3 studies): Three replicated, site comparison studies in Australia1ï3 
found no difference in the number of bat species in agricultural areas with and without 
plantations of native trees. 
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POPULATION RESPONSE (3 STUDIES) 

¶ Abundance (3 studies): Two of three replicated, site comparison studies in Australia1ï3 
found no difference in bat activity (relative abundance) in agricultural areas with and without 
plantations of native trees2,3. The other study1 found higher bat activity in plantations next 
to remnant native vegetation than in isolated plantations or over grazing land. In all three 
studies, bat activity was lower in plantations compared to original forest and woodland 
remnants. 

BEHAVIOUR (0 STUDIES) 

Background  

Creating tree plantations on agricultural land may replace lost roosting and 
foraging habitat for bats. For evidence relating to planting single or scattered 
ÔÒÅÅÓȟ ÓÅÅ ȬPlant in-field treesȭȢ &ÏÒ ÁÎ ÉÎÔÅÒÖÅÎÔÉÏÎ ÒÅÌÁÔÉÎÇ ÔÏ ÐÌÁÎÔÉÎÇ ÔÒÅÅÓ Ôo 
ÓÈÁÄÅ ÃÒÏÐÓ ÁÓ ÐÁÒÔ ÏÆ ÁÇÒÏÆÏÒÅÓÔÒÙ ÆÁÒÍÉÎÇ ÓÙÓÔÅÍÓȟ ÓÅÅ ȬRetain or plant native 
trees and shrubs amongst crops (agroforestry)ȭȢ &ÏÒ ÓÔÕÄÉÅÓ ÔÈÁÔ ÍÁÙ ÃÁÒÒÙ ÏÕÔ ÔÈÉÓ 
ÉÎÔÅÒÖÅÎÔÉÏÎ ÁÌÏÎÇÓÉÄÅ ÏÔÈÅÒ ÉÎÔÅÒÖÅÎÔÉÏÎÓ ÔÏ ÂÅÎÅÆÉÔ ÂÁÔÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay 
farmers to cover the costs of conservation measures (e.g. agri-environment 
schemes)ȭȢ 
 

A replicated, site comparison study in 1999 of four agricultural sites planted 
with native bluegum Eucalyptus globulus in Western Australia (1) found that tree 
plantations next to remnant vegetation had higher overall bat activity than 
isolated plantations or agricultural grazing land, but the number of bat species was 
similar. More bat passes were recorded in plantations next to remnant vegetation 
(52 bat passes) than in plantations isolated from remnant vegetation (4 bat 
passes) or over agricultural grazing land (14 bat passes), although no statistical 
tests were carried out. Bat activity was highest in remnants of original vegetation 
(75 bat passes). Similar numbers of bat species (2ɀ4) were recorded in plantations 
and grazing land. Eight bat species were recorded in total (see original paper for 
data for individual species). All four sites had farm forestry plantations (4ɀ6 years 
old), remnants of original native vegetation, and open grazing land. At each of four 
sites, one location within each of four habitats (plantations next to remnants, 
isolated plantations, grazing land, and remnant vegetation) was sampled with a 
bat detector for one full night in October 1999. 

A replicated, site comparison study in 2002 of 120 sites in an agricultural area 
in New South Wales and Victoria, Australia (2) found that sites planted with native 
eucalypt trees had similar overall bat activity and a similar number of bat species 
as treeless grazed paddocks. Bat activity and the number of bat species did not 
differ significantly between plantations (average 87 bat passes/night, 5ɀ7 species) 
and treeless grazed paddocks (50 bat passes/night, 5 species). Bat activity was 
lower in plantations than in remnants of original forest (302 bat passes/night), 
but the number of bat species was similar (7 species in remnants). Eleven bat 
species were recorded in total (see original paper 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 mid-1970s to 1991. Twelve treatments were sampled including 
different shapes or sizes (narrow, small, medium, large, very large) and ages (<10 
or >10 years old) of plantations and remnant forest, and grazed paddocks with 
and without trees. For each of 12 treatments, 10 points were sampled with bat 
detectors for one full night in NovemberɀDecember 2002.  

A replicated, site comparison study in 2006ɀ2007 at 14 farms in New South 
Wales, Australia (3) found that tree plantations on agricultural land had similar 
bat activity and species richness as treeless paddocks, and lower bat activity, 
species richness and numbers of roosts than remnant native woodlands. Bat 
activity and the number of bat species recorded was similar between plantations 
(87 bat passes/night, 6ɀ8 species) and paddocks (40 passes/night, 7 species), but 
higher in remnant woodland (650 bat passes/night, 10 species), although no 
statistical tests were carried out. Species composition was also similar in 
plantations and paddocks but differed in remnant woodland (data reported as 
statistical model results). Twenty-eight bat roosts were identified in remnant 
trees, but none in plantations. Twelve bat species were recorded in total (see 
original paper for data for individual species). Forty-four sites were surveyed 
across 14 farms (11 in remnant woodland, 27 in plantations, six in treeless 
paddocks). Plantations (2ɀ40 ha) consisted of 1ɀ4 Eucalyptus spp. and were 4ɀ5 
or 10 years old. Each of 44 sites was surveyed for two consecutive nights/site in 
September 2006 and February 2007. Ten bats were caught in harp traps and 
radio-tracked in late summer and spring 2008 at three farms.  

(1) Hobbs R., Catling P.C., Wombey J.C., Clayton M., Atkins L. & Reid A. (2003) Faunal use of 
bluegum (Eucalyptus globulus) plantations in southwestern Australia. Agroforestry Systems, 58, 
195ɀ212. 
(2) Law B.S. & Chidel M. (2006) Eucalypt plantings on farms: use by insectivorous bats in 
south-eastern Australia. Biological Conservation, 133, 236ɀ249. 
(3) Law B.S., Chidel M. & Penman T. (2011) Do young eucalypt plantations benefit bats in an 
intensive agricultural landscape? Wildlife Research, 38, 173ɀ187. 

3.15.  Retain remnant forest or woodland  on agricultural land   

¶ We found no studies that evaluated the effects of retaining remnant forest or woodland on 
agricultural land on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Remnant forest or woodland fragments may provide important habitat for bats in 
agricultural landscapes. Remnants of forest or woodland have been found to 
support greater bat activity and/or  more bat species than surrounding pasture, 
arable land or plantations (e.g. Hobbs et al. 2003, Law et al. 2011, Lentini et al. 
2012, Fuentes-Montemayor et al. 2013, Pina et 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 diversity to 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 cut down or otherwise 
degraded. There must have been an active decision (i.e. intervention) to retain the 
remnant forest or woodlands and the study must state when the intervention was 
carried out. 
 
For studies that may carry out this intervention alongside other interventions to 
ÂÅÎÅÆÉÔ ÂÁÔÓ ÏÎ ÆÁÒÍÌÁÎÄȟ ÓÅÅ ȬPay farmers to cover the costs of conservation 
measures (e.g. agri-environment schemes)ȭȢ For a general intervention that involves 
ÒÅÔÁÉÎÉÎÇ ÒÅÍÎÁÎÔ ÈÁÂÉÔÁÔÓȟ ÓÅÅ ȬHabitat protection ɀ Retain remnant habitat 
patchesȭȢ 
Fuentes-Montemayor 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 prey. Agriculture, Ecosystems & Environment, 172, 6ɀ15. 

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

Law B.S., Chidel M. & Penman T. (2011) Do young eucalypt plantations benefit bats in an intensive 
agricultural landscape? Wildlife Research, 38, 173ɀ187. 

Lentini P.E., Gibbons P., Fischer J., Law B., Hanspach J. & Martin T.G. (2012) Bats in a farming 
landscape benefit from linear remnants and unimproved pastures. PLoS ONE, 7, 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 Savanna. Chiroptera Neotropical, 19, 14ɀ30 

Struebig M.J., Kingston T., Zubaid A., Mohd-Adnan A. & Rossiter S.J. (2008) Conservation value of 
forest fragments to Palaeotropical bats. Biological Conservation, 141, 2112ɀ2126. 

3.16.  Retain riparian buffers on agricultural land  

¶ One study evaluated the effects of retaining riparian buffers on agricultural land on bat 
populations. The study was in the UK1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (1 STUDY) 

¶ Abundance (1 study): One replicated, paired sites study in the UK1 found that pipistrelle 
activity (relative abundance) did not differ along waterways with buffers of vegetation on 
agri-environment scheme farms and waterways on conventional farms. 

BEHAVIOUR (0 STUDIES) 

Background  

This intervention involves retaining buffers of woodland, forest or other 
vegetation along 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 where riparian buffers have been 
kept intact with similar/nearby areas where riparian vegetation has been cut 
down or otherwise degraded. 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 relevant ÔÏ ÌÏÇÇÉÎÇȟ ÓÅÅ ȬThreat: Biological resource use 
ɀ Logging and wood harvesting ɀ Retain riparian buffers in logged areasȭȢ &ÏÒ ÁÎ 
intervention that involves planting riparian buffers to reduce pollution, see 
ȬThreat: Pollution ɀ Agricultural and forestry effluents ɀ Plant riparian buffer stripsȭȢ 

 A replicated, paired sites study in 2008 on 17 pairs of farms in Scotland, UK 
(1) found that buffer strips along waterways on agri-environment scheme farms 
had similar activity of Pipistrellus species as the edges of waterways on 
conventional farms. The activity of common pipistrelles Pipistrellus pipistrellus 
and soprano pipistrelles Pipistrellus pygmaeus was similar along waterways with 
buffer strips and conventionally managed waterways (data reported as statistical 
model results). On agri-environment scheme farms, waterways had buffers with 
tall, waterside vegetation and restrictions on fertiliser, pesticides, mowing and 
grazing. Each of 17 waterways with buffers on agri-environment scheme farms 
was paired with 17 waterways on conventional farms with similar farming 
activities and surrounding habitats. No details were reported about waterway 
edges on conventional farms. Each of 13 pairs of farms was sampled once on the 
same night in JuneɀSeptember 2008. On each of 26 farms, bat activity was 
recorded continuously from 45 minutes after sunset using bat detectors along 
transects 2.5ɀ3.7 km in length. 

(1) Fuentes-Montemayor E., Goulson D. & Park K.J. (2011) Pipistrelle bats and their prey do 
not benefit from four widely applied agri-environment management prescriptions. Biological 
Conservation, 144, 2233ɀ2246. 

3.17.  Retain or plant  native trees and shrubs amongst crop s 

(agroforestry)  

¶ Eight studies evaluated the effects of retaining or planting native trees and shrubs amongst 
crops on bat populations. Four studies were in Mexico2,4,5,6, three were in South America1,3,8 
and one was in Tanzania7. 

COMMUNITY RESPONSE (7 STUDIES) 

¶ Community composition (1 study): One replicated, site comparison study in Tanzania7 
found different compositions of bat species in coffee plantations with different amounts and 
types of shade cover. 
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¶ Richness/diversity (7 studies): Four of six replicated, site comparison studies in 
Columbia1, Mexico2,4,5,6 and Costa Rica3 found a similar number of bat species in shaded 
and unshaded coffee plantations1, and in coffee plantations with different amounts and 
types of shade cover2,4,5. The two other studies3,6 found more bat species3,6 and higher bat 
diversity3 in coffee, cacao and banana plantations with varied shade cover, than in 
plantations with a single shade species6 or no shade3. One replicated, site comparison study 
in Tanzania7 found more bat species in shaded coffee plantations than in traditional mixed 
agroforestry systems with natural forest vegetation. 

POPULATION RESPONSE (6 STUDIES) 

¶ Abundance (5 studies): Two replicated, site comparison studies in Mexico4,6 captured 
more bats in coffee plantations with varied shade cover than in plantations with a single 
shade species. One replicated, site comparison study in Mexico5 found higher activity 
(relative abundance) of forest bat species in plantations with a varied shade cover than in 
plantations with a single shade species, but the opposite was true for open habitat bat 
species. One replicated, site comparison study in Costa Rica3 found no difference in the 
number of bats captured between cacao and banana shade plantations and unshaded 
monocultures. One replicated, site comparison study in Tanzania7 found greater bat 
occurrence in shaded coffee plantations than in traditional mixed agroforestry systems with 
natural forest vegetation. 

¶ Condition (1 study): One replicated, site comparison study in Columbia8 found that great 
fruit-eating bats captured in ósilvopastoralô areas that used agroforestry, along with no 
chemicals, had higher body weights and body condition scores than those in conventional 
farming areas. 

BEHAVIOUR (0 STUDIES) 

Background  

This intervention involves growing crops under shade trees that are either native 
tree species that are remnants from cleared vegetation, or other crop trees (often 
ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ȬÁÇÒÏÆÏÒÅÓÔÒÙȭɊ. This approach provides a more complex habitat than 
conventional monoculture farming and can support higher levels of biodiversity.  

A replicated, site comparison study in 1999ɀ2000 of 18 sites in coffee 
plantations and forest fragments in the Central Andes, Columbia (1) found that 
there was no significant difference in bat species richness in shaded and unshaded 
coffee plantations. Bat species richness overall was similar in shaded coffee (14 
species) and unshaded coffee plantations (12 species). In landscapes dominated 
by shaded coffee, there was no significant difference in bat species richness 
between shaded (9.4 species) or unshaded coffee plantations (9.8 species) and 
native forest fragments (9.9 species). However, in landscapes dominated by 
unshaded coffee plantations, bat species richness was higher in native forest 
fragments (14.6 species) than in shaded (9.4 species) or unshaded coffee 
plantations (7.9 species). Six sites of each habitat type were surveyed (shaded 
coffee, unshaded coffee, and native forest fragments). Shaded coffee plantations 
had native shade trees. Unshaded plantations were coffee monocultures with no 
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trees or containing just isolated trees. Bats were sampled with 50ɀ80 m of mist 
nets for three consecutive nights/site between October 1999 and February 2000. 

A site comparison study in 2004ɀ2005 in five agroforestry plantations and 
one montane rainforest in southeastern Chiapas, Mexico (2) found that coffee 
agroforestry plantations with different amounts and types of shade cover had a 
similar number of bat species. The number of bat species captured (23ɀ26) did 
not differ significantly between five coffee agroforestry plantations with different 
amounts and types of shade cover. However, the number of bat species captured 
across all sites was found to be positively correlated with the number of vegetation 
layers, and the height and cover of trees (data reported as statistical model 
results). More bat species were recorded in native rainforest (37 species) than in 
any of the five coffee agroforestry plantations. One native rainforest site was 
sampled, and five coffee agroforestry plantations with different heights (6ɀ25 m), 
layers (2ɀ3 strata), types (native rainforest trees, shimbillo Inga spp. or banana 
Musa spp.) and amounts (40ɀ90%) of shade cover. Management intensity 
(pruning, weeding, and use of chemicals) also varied between sites. At each of six 
sites, bats were captured with six mist nets placed along a 150 m transect for 6 h 
from sunset on two nights. Surveys were repeated every 50 days from March 2004 
to June 2005. 

A replicated, site comparison study in 2002ɀ2003 in 28 agroforestry 
plantations and seven tropical lowland forest sites in Talamanca, Costa Rica (3) 
found that banana and cacao agroforestry plantations had higher bat diversity and 
more bat species than unshaded plantain monocultures, but the total number of 
bats captured did not differ. Bat diversity (reported as diversity indices) and the 
number of bat species was higher in banana (14 bat species) and cacao (15 bat 
species) agroforestry plantations than in unshaded plantain monocultures (10 bat 
species). A similar number of bats were captured in banana (76 bats) and cacao 
(89 bats) agroforestry plantations and in unshaded plantain monocultures (83 
bats). Banana and cacao agroforestry plantations had similar or higher bat 
diversity , number of bat species and bat captures as native forest (13 bat species, 
47 bats captured). Banana and cacao agroforestry plantations were grown 
organically with a shade canopy of native trees or planted fruit and timber trees. 
Plantain monocultures were grown without shade and with the use of chemicals 
such as insecticides. Thirty-five sites were sampled including seven replicates 
each of native forest, plantain monoculture and banana agroforestry, and 14 
replicates of cacao agroforestry. At each of 35 sites, bats were captured with four 
mist nets for 5 h on one night in MayɀNovember 2002/ 2003 and one night in 
FebruaryɀNovember 2003.  

A replicated, site comparison study in 2006ɀ2007 of 44 sites in coffee 
agroforestry plantations and native rainforest fragments in Chiapas, Mexico (4) 
found that traditional agroforestry plantations had a similar number of leaf-nosed 
Phyllostomidae bat species to more intensively managed agroforestry plantations, 
but species composition differed and more bats were captured in traditional 
plantations. A similar number of bat species but more bats were captured in 
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traditional agroforestry plantations (24 species, average 2.5 bats/mist net/hour) 
than in plantations with moderate (22 species, 1.6 bats/mist net/hour) or high 
intensity management (22 species, 1.4 bats/mist net/hour). A similar number of 
bat species were also captured in native forest (24 bat species). The proportion  of 
bat species in all feeding groups decreased as management intensity increased, 
except for large fruit -eating bat species which increased in proportion (from 30% 
in native forest and traditional plantations to 48% in high intensity plantations). 
Bats were sampled in traditio 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 grown under shimbillo Inga spp. trees, 10 
sites) and native forest fragments (11 sites). At each of 44 sites, bats were 
captured with mist nets for 8ɀ10 h during one night between November 2006 and 
August 2007. 

A replicated, site comparison study in 2006ɀ2007 of 44 sites in coffee 
agroforestry plantations and tropical rainforest in Chiapas, Mexico (5) found that 
traditional agroforestry plantations had a similar number of insect-eating bat 
species to more intensively managed agroforestry plantations, but species 
composition differed. The number of insect-eating bat species did not differ 
significantly between traditional agroforestry plantations (18 species) and 
plantations with moderate (23 bat species) or high intensity management (21 bat 
species). Activity of forest bat species was lower in high intensity plantations 
(average 6 bat passes/night) than moderate intensity (14 bat passes/night) or 
traditional plantations ( 21 bat passes/night). The opposite was true for open 
habitat bat species (high intensity plantations: average 3 bat passes/night; low 
intensity and traditional plantations: 1 bat pass/night). Native forest had a similar 
number of bat species (19) to all three types of plantations. Bats were sampled in 
traditional agroforestry coffee plantations (coffee and other plants grown under 
original forest trees, 12 sites), moderate intensity coffee plantations (coffee grown 
under a variety of fruit and timber trees, 11 sites), high intensity coffee plantations 
(coffee grown under shimbillo Inga spp. trees, 10 sites) and native forest 
fragments (11 sites). At each of 44 sites, sampling was carried out with mist nets 
and bat detectors for 8ɀ10 h during one night between November 2006 and 
August 2007.  

A replicated, site comparison study in 2008ɀ2009 of nine farms in Veracruz, 
Mexico (6) found that coffee plantations with a mix of shade species had more bats 
and bat species captured within them than coffee plantations with few shade 
species and little understorey or pastures. More fruit and nectar-eating bats and 
bat species were captured in coffee plantations with a mix of shade species (378 
bats, 20 bat species) than in coffee plantations with few shade species and little 
understorey (64 bats, 10 bat species) or pastures (26 bats, 8 bat species). Three 
coffee plantations had a varied shade layer including fruit trees and native tree 
species. Three coffee plantations were shaded only by mainly shimbillo Inga spp. 
trees with few understorey species. Three pastures were cattle-grazed with 
introduced grass species and isolated trees. Nine farms (three of each type) were 
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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 placed end to end at 
ground level for 4 h from sunset.  

A replicated, site comparison study in 2010ɀ2011 in 19 plantation, forest and 
grassland sites on the southern slopes of Mount Kilimanjaro, Tanzania (7) found 
that shaded coffee plantations had greater overall bat occurrence and species 
richness than traditional agroforestry systems, grasslands or natural forests, and 
species composition also differed. Overall bat occurrence was greater in shaded 
coffee plantations (average 49 occurrences) than traditional agroforestry systems 
(34 occurrences), grasslands (29 occurrences) or natural forests (15 
occurrences). Species richness was higher in shaded coffee plantations (10 
different types of bat echolocation call) than traditional agroforestry systems (8 
types of bat call), grasslands (7 types of bat call) or natural forests (6 types of bat 
call). Species composition also differed between habitat types (data reported as 
statistical model results). Surveys were conducted in 4ɀ5 plots (0.5 ha) within  
each of four habitat types: shaded coffee plantations (coffee plants with native or 
non-native tree species), traditional agroforestry systems (mixed agricultural 
plants with natural forest vegetation and large shade trees), grasslands 
(frequently cut to feed livestock) and natural forests. Four points/ plot were 
surveyed from sunset for 4 x 5-minute intervals. Each plot was surveyed on one 
night in DecemberɀMarch 2010/2011 and JuneɀSeptember 2011. 

A replicated, site comparison study in 2011ɀ2012 of four tropical forest 
fragments in livestock farming areas in Córdoba, Columbia (8) found that great 
fruit -eating bats Artibeus lituratus ÃÁÐÔÕÒÅÄ ÉÎ ȬÓÉÌÖÏÐÁÓÔÏÒÁÌȭ ÁÒÅÁÓ ÔÈÁÔ ÕÓÅÄ 
agroforestry, along with no chemicals, had higher body weights and body 
condition scores than those within conventional farming areas. Great fruit-eating 
ÂÁÔÓ ÃÁÐÔÕÒÅÄ ÉÎ ȬÓÉÌÖÏÐÁÓÔÏÒÁÌȭ ÁÒÅÁÓ ÈÁÄ Á ÈÉÇÈÅÒ ÁÖÅÒÁÇÅ ÂÏÄÙ ×ÅÉÇÈÔ ɉφτ ÇɊ ÁÎÄ 
body condition score (0.93) than those captured in conventional farming areas 
(59.5 g; 0.86). In August 2011ɀJuly 2012, great fruit -eating bats were captured at 
ÆÏÒÅÓÔ ÆÒÁÇÍÅÎÔÓ ×ÉÔÈÉÎ ÅÁÃÈ ÏÆ Ô×Ï ȬÓÉÌÖÏÐÁÓÔÏÒÁÌȭ ÁÒÅÁÓ ɉÔÏÔÁÌ ςφπ ÂÁÔÓɊ ÁÎÄ Ô×Ï 
ÃÏÎÖÅÎÔÉÏÎÁÌ ÆÁÒÍÉÎÇ ÁÒÅÁÓ ɉÔÏÔÁÌ φω ÂÁÔÓɊȢ Ȭ3ÉÌÖÏÐÁÓÔÏÒÁÌȭ ÁÒÅÁÓ ÇÒÁÚÅÄ ÌÉÖÅÓÔÏÃË 
amongst trees, shrubs, and crops, without chemicals. 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 forest fragment 
(nine nets) and surrounding area (five nets). Nets were deployed for 12 h/night 
(18:00ɀ06:00 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. 

(1) Numa C., Verdú J.R. & Sánchez-Palomino P. (2005) Phyllostomid bat diversity in a 
variegated coffee landscape. Biological Conservation, 122, 151ɀ158.  
(2) Estrada C.G., Damon A., Hernández C.S., Pinto S.L. & Núñez G.I. (2006) Bat diversity in 
montane rainforest and shaded coffee under different management regimes in southeastern 
Chiapas, Mexico. Biological Conservation, 132, 351ɀ361. 
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(3) Harvey C.A. & González Villalobos J.A. (2007) Agroforestry systems conserve species-rich 
but modified assemblages of tropical birds and bats. Biodiversity and Conservation, 16, 2257ɀ2292. 
(4) Williams-Guillén K. & Perfecto I. (2010) Effects of agricultural intensification on the 
assemblage of leaf-nosed bats (Phyllostomidae) in a coffee landscape in Chiapas, Mexico. 
Biotropica, 42, 605ɀ613. 
(5) Williams-Guillén K. & Perfecto I. (2011) Ensemble composition and activity levels of 
insectivorous bats in response to management intensification in coffee agroforestry systems. PLoS 
ONE, 6, e16502. 
(6) Castro-Luna A.A. & Galindo-González J. (2012) Enriching agroecosystems with fruit-
producing tree species favors the abundance and richness of frugivorous and nectarivorous bats 
in Veracruz, Mexico. Mammalian Biology, 77, 32ɀ40. 
(7) Helbig-Bonitz M., Ferger S.W., Bohning-Gaese K., Tschapka M., Howell K. & Kalko E.K.V. 
(2015) Bats are not birds - different responses to human land-use on a tropical mountain. 
Biotropica, 47, 497ɀ508. 
(8) Chacón-Pacheco J.J. & Ballesteros-Correa J. (2019) Better body condition of Artibeus 
lituratus  in fragments of tropical dry forest associated with silvopastoral systems than in 
conventional livestock systems in Córdoba, Colombia. Mejor condición corporal de Artibeus 
lituratus  en fragmentos de bosque seco asociados a sistemas silvopastoriles que en sistemas 
convencionales de ganadería en Córdoba, Colombia. Oecologia Australis, 23, 589ɀ605. 

Livestock farming  

3.18.  Avoid the use of antiparasitic drugs for livestock  

¶ We found no studies that evaluated the effects of avoiding the use of antiparasitic drugs for 
livestock on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

In some countries, livestock are treated with antiparasitic drugs to control 
parasites. These drugs may persist in livestock dung and have a negative impact 
on dung-eating invertebrates, which are an important food source for some insect-
eating bat species (e.g. see EUROBATS 2010). This action is often carried out as 
part of an orgÁÎÉÃ ÆÁÒÍÉÎÇ ÁÐÐÒÏÁÃÈȢ 3ÅÅ ȬUse organic farming instead of 
conventional farmingȭ ÆÏÒ ÓÔÕÄÉÅÓ ÔÈÁÔ ÅØÁÍÉÎÅ ÔÈÅ ÅÆÆÅÃÔÓ ÏÆ ÏÒÇÁÎÉÃ ÆÁÒÍÉÎÇ 
overall. 
EUROBATS (2010) Report of the Intersessional Working Group on impact on bat populations of the 

use of antiparasitic drugs for livestock. Doc. EUROBATS.StC4-AC15.29. Rev1. 

3.19.  Manage grazing regimes to increase invertebrate prey  

¶ We found no studies that evaluated the effects of managing grazing regimes to increase 
invertebrate prey on bat populations. 
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óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Grazing regimes can be designed to maintain pasture in good condition and 
increase the abundance of invertebrate prey for bats. Bats may also forage over 
herds of grazing livestock, particularly at moderate stocking densities (e.g. 
Ancillotto et al. 2017). 
Ancillotto L., Ariano A., Nardone V., Budinski I., Rydell J. & Russo D. (2017) Effects of free-ranging 

cattle and landscape complexity on bat foraging: implications for bat conservation and livestock 
management. Agriculture, Ecosystems & Environment, 241, 54ɀ61. 

3.20.  Replace culling of bats with non -lethal methods of 

prevent ing  vampire bats from spreading rabies to 

livestock  

¶ We found no studies that evaluated the effects of replacing culling of bats with non-lethal 
methods of preventing vampire bats from spreading rabies to livestock on vampire bat 
populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Vampire bats have been extensively culled in Latin America to prevent the spread 
of rabies to livestock. However, research shows that culling is ineffective and may 
increase the spread of rabies (e.g. Streicker et al. 2012). Non-lethal measures of 
disease control have been suggested as alternatives, such as vaccinating livestock 
against rabies (e.g. Benavides et al. 2017).  
 
For an ÉÎÔÅÒÖÅÎÔÉÏÎ ÒÅÌÁÔÉÎÇ ÔÏ ÔÈÅ ÓÐÒÅÁÄ ÏÆ ÒÁÂÉÅÓ ÔÏ ÈÕÍÁÎÓȟ ÓÅÅ ȬThreat: Hunting 
ɀ Replace culling of bats with non-lethal methods of preventing vampire bats from 
spreading rabies to humansȭȢ 
Benavides J.A., Rojas Paniagua E., Hampson K., Valderrama W. & Streicker D.G. (2017) Quantifying 

the burden of vampire bat rabies in Peruvian livestock. PLOS Neglected Tropical Diseases, 11, 
e0006105. 

Streicker D.G., Recuenco S., Valderrama W., Gomez Benavides J., Vargas I., Pacheco V., Condori 
Condori R.E., Montgomery J., Rupprecht C.E., Rohani P. & Altizer S. (2012) Ecological and 
anthropogenic drivers of rabies exposure in vampire bats: implications for transmission and 
control. Proceedings of the Royal Society B: Biological Sciences, 279, 3384ɀ3392. 
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3.21.  Manage livestock  wa ter troughs  as a drinking resource 

for bats   

¶ Two studies evaluated the effects of managing livestock water troughs as a drinking 
resource for bats. Both studies were in the USA1,2. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (2 STUDIES)  

¶ Use (2 studies): One replicated, paired sites study in the USA1 found that removing 
livestock modifications from water troughs resulted in bats drinking from them more 
frequently. One paired sites study in the 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. 

¶ Behaviour change (1 study): One replicated, paired sites study in the USA1 found that 
when livestock modifications were removed from water troughs, bats approached troughs 
fewer times before successfully drinking from them. 

Background  

Livestock water troughs can provide water sources for bats, particularly in arid 
areas. Modifications to water troughs that prevent livestock from damaging or 
entering them, such as wires and braces across the water surface, may injure bats 
or prevent them from drinking. Removing livestock modifications, keeping 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 & Tuttle 2012). 
 
For studies that avoid illuminating livestock water troughs, see ȬThreat: Pollution 
ɀ Avoid illumination of bat foraging, drinking, and swarming sitesȭȢ For studies that 
create water sources on farmland and in ÏÔÈÅÒ ÈÁÂÉÔÁÔÓȟ ÓÅÅ ȬHabitat restoration 
and creation ɀ Create artificial water sourcesȭȢ 
Taylor D.A.R & Tuttle M.D. (2012) Water for Wildlife: A handbook for ranchers and range managers. 

Bat Conservation International, Austin, Texas, USA. 

A replicated, paired sites study in 2004 of four pairs of water troughs in 
northern Arizona, USA (1) found that removing livestock modifications from 
water troughs resulted in bats drinking from them more frequently. More bats 
reached the water surface at unmodified troughs than modified troughs during 
both single approaches (unmodified: 71% of bats; modified: 25%) and multiple 
approaches (unmodified: 97%; modified: 61%). Bats also approached unmodified 
troughs fewer times before successfully drinking than at modified troughs 
(unmodified: average 0.3 times; modified: 1.8 times). Three experiments were 
carried out at a pair of rectangular troughs (surface area 7.5 m2) and one 
experiment at a pair of circular troughs (surface area 4.7 m2). One trough in each 
pair had modifications installed with either a 3-strand barbed wire fence across 
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the centre or boards at 100 cm intervals, the other was left unmodified. Troughs 
were filmed simultaneously for 1ɀ5 nights in MayɀAugust 2004. Modifications 
were then switched to the unmodified trough and filming was repeated. 

A paired sites study in 2008 in a semi-arid area of Texas, USA (2) 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 (0 bats), half full of water (0 bats) or 
surrounded by no vegetation (2 bats) or 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 (3-m diameter tank vs 1.2-m diameter tank), water level (full 
tank vs half full tank), sparse vegetation (one tank with salt cedar Tamarix spp. 
branches tied around the perimeter with some gaps, the other with no vegetation), 
dense vegetation (one tank with dense salt cedar branches tied around the 
perimeter, the other with no vegetation). Treatments were switched within each 
pair between the two nights. Bat activity was recorded using night-vision video 
cameras and infra-red lights for 160 minutes/night after sunset at each of the eight 
tanks in JuneɀAugust 2008. Bats were not identified to species. 

(1) 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, 602ɀ608. 
(2) Jackrel S.L. & Matlack R.S. (2010) Influence of surface area, water level and adjacent 
vegetation on bat use of artificial water sources. The American Midland Naturalist, 164, 74ɀ79. 

Perennial, non -timber crops  

3.22.  Prevent culling of bats around fruit orchards  

¶ We found no studies that evaluated the effects of preventing culling of bats around fruit 
orchards on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Bats are frequently shot, persecuted, and even legally culled around fruit orchards 
to prevent damage to or loss of fruit crops. This is likely to have a significant 
impact on the survival of fruit bat populations. For example, the Mauritius fruit bat 
Pteropus niger has undergone an estimated population decline of 50% since 
government-implemented culling took place in 2015 and 2016 (Vincenot et al. 
2017). 
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Vincenot C.E., Florens F.B.V. & Kingston T. (2017) Can we protect island flying foxes? Science, 355, 
1368ɀ1370. 

3.23.  Use  non -lethal measures to prevent bats from 

accessing fruit in orchards  to  reduce hum an -wildlife 

conflict  

¶ Two studies evaluated the effects of using non-lethal measures to prevent bats from 
accessing fruit in orchards to reduce human-wildlife conflict. The studies were in 
Madagascar1 and Mauritius2. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (0 STUDIES) 

OTHER (2 STUDIES)  

¶ Human-wildlife conflict (2 studies): Two replicated, controlled studies (including one 
randomized study) in Madagascar1 and Mauritius2 found that using an organic deterrent 
spray1, hanging plastic flags in trees1, or covering individual tree branches with nylon net 
bags2 reduced damage to lychees caused by Madagascan flying foxes1 or Mauritius fruit 
bats2. One of the studies1 found that ringing bells in lychee trees deterred most Madagascan 
flying foxes. 

Background  

Bats may be culled by farmers or injured / killed by entanglement with  
inappropriately installed nets at fruit orchards. Various non-lethal alternatives 
have been suggested to prevent bats from accessing fruit in orchards to reduce 
human-wildlife conflict . These include using fixed nets (that prevent 
entanglement), netting individual trees or branches, planting decoy crops, picking 
fruit before peak ripeness and deterring bats with light, noise or unpleasant smells 
and tastes (see Aziz et al. 2016). 
Aziz S.A., Olival K.J., Bumrungsri S., Richards G.C. & Racey P.A. (2016) The conflict between 

Pteropodid bats and fruit growers: species, legislation and mitigation. Pages 377ɀ426 in: Voigt 
C.C. & Kingston T. (eds.) Bats in the Anthropocene: Conservation of Bats in a Changing World. 
Springer International Publishing, Cham. 

A replicated, randomized, controlled study in 2012ɀ2013 at two lychee Litchi 
chinensis growing sites in Madagascar (1) found that using an organic deterrent or 
plastic flags reduced lychee damage caused by Madagascan flying foxes Pteropus 
rufus, and ringing bells caused most bats to fly away. At both sites, the average 
proportion or number of lychees damaged by flying foxes/ fruit cluster was lower 
with an organic deterrent (Site 1 = 5%; Site 2: two fruit/fruit cluster ) or plastic 
flags (Site 1 = 32%; Site 2 = 0.5 fruit/fruit cluster ) than with no deterrent (Site 1 = 
62%; Site 2 = 11 fruit/fruit cluster). Across both sites, ringing bells resulted in 35 
of 44 (80%) flying foxes flying away. Three deterrents were tested at two sites in 
ςπρς ÁÎÄ ςπρσȢ !Î ÏÒÇÁÎÉÃ ÄÅÔÅÒÒÅÎÔ ɉȬ0ÌÁÎÔÓËÙÄÄȭɊ ÍÁÄÅ ÆÒÏÍ ÄÒÉÅÄ ÂÌÏÏÄ ÁÎÄ 
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vegetable oil was mixed with water and sprayed onto 19ɀ27 lychee clusters/site 
(each with 60ɀ125 fruit), 15 days before lychees ripened. Bright pink plastic flags 
(1 x 0.5 m) were hung 1 m from 18ɀ20 randomly selected lychee clusters/site 
(each with 100ɀ150 fruit). Controls were 21ɀ32 lychee clusters/site with no 
deterrents. On three occasions, six bells (12-cm diameter) were hung in two lychee 
trees for four consecutive nights. Bells were rung using a string between 18:00 
and 22:00 h when flying foxes attempted to feed on lychees. Lychee damage 
caused by flying foxes (identified from teeth marks) was monitored daily until 
lychees were collected by farmers. 

A replicated, controlled study in 2016ɀ2017 of 18 lychee Litchi chinensis trees 
in three towns in central Mauritius (2) found that covering individual branches 
with nylon net bags reduced damage to lychees, mostly caused by Mauritius fruit 
bats Pteropus niger. Lychee yield from panicles that were covered with net bags 
was 33% greater than that from uncovered panicles (data reported as statistical 
model results) due to reduced damage by Mauritius fruit bats, birds, or other 
causes. Bats were estimated to damage 42% of lychees, birds 13% and unknown 
causes or splitting 21%. Up to six individuaÌ ÐÁÎÉÃÌÅÓ ÏÎ ÅÁÃÈ ÏÆ ρψ ȬÂÁÃËÙÁÒÄȭ 
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 2ɀ3 days over an average of 18 days 
in NovemberɀJanuary 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 Pteropodid bats from feeding on 
commercial fruit in Madagascar. Journal of Threatened Taxa, 8, 9512ɀ9524. 
(2) Tollington S., Kareemun Z., Augustin A., Lallchand K., Tatayah V. & Zimmermann A. (2019) 
Quantifying the damage caused by fruit bats to backyard lychee trees in Mauritius and evaluating 
the benefits of protective netting. PLOS ONE, 14, e0220955. 

3.24.  Restore and manage abandoned orchards for bats  

¶ We found no studies that evaluated the effects of restoring and managing abandoned 
orchards for bats on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Restoring and managing traditional orchards (e.g. by pruning and removing 
undergrowth) may provide a suitable habitat for foraging and roosting bats. For 
example, a study in Switzerland found more bat species and greater bat foraging 
activity in traditionally managed sweet chestnut Castanea sativa orchards with a 
more open structure than in abandoned and unmanaged orchards that had 
become overgrown with dense vegetation (Obrist 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 sylvo-pastoral abandonment. Forest Ecology and Management, 261, 
789ɀ798. 

3.25.  Introduce certification for bat -friendly crop harvesting 

reg imes  

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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 bat-friendly crop harvesting regimes and 
raise awareness of bat conservation. An example is the Tequila Interchange 
0ÒÏÊÅÃÔȟ ×ÈÉÃÈ Á×ÁÒÄÓ ÔÅÑÕÉÌÁ ÐÒÏÄÕÃÅÒÓ Á ȬÂÁÔ-ÆÒÉÅÎÄÌÙȭ ÔÅÑÕÉÌÁ ÌÁÂÅÌ ÉÆ ÔÈÅÙ ÕÓÅ 
farming practices that benefit bats (www.tequilainterchangeproject.org). 

http://www.tequilainterchangeproject.org/


 

 

 

86 

4. Threat: Energy production and mining 

Energy production (renewable and non-renewable) and mining can have 
significant impacts on bat populations through the destruction and pollution of 
habitats. General interventions in response to these threats are discussed in 
ȬHabitat protectionȭȟ ȬHabitat restoration and creationȭ ÁÎÄ ȬThreat: Pollutionȭ. 
Interventions that are more specific to wind turbines and mining are discussed in 
this chapter. 

Wind turbines  

Renewable energy sources, such as wind power, have increased dramatically over 
the last few decades. Most wind energy development has been on commercial 
wind farms that have multiple large wind turbines with rotor diameters up to and 
over 100 m, each generating up to 2.3 Mega Watts. Studies indicate that large 
numbers of bats are killed by large-scale wind farms across the world, raising 
concerns about the cumulative impacts of wind energy on bat populations (e.g. 
Frick et al. 2017). The evidence provided in this chapter relates to large 
commercial wind turbines. 
 
3ÍÁÌÌÅÒ ȬÍÉÃÒÏȭ ×ÉÎÄ ÔÕÒÂÉÎÅÓ ɉ×ÈÉÃÈ ÔÙÐÉÃÁÌÌÙ ÇÅÎÅÒÁÔÅ ÕÐ ÔÏ υπɀ100 kW) have 
also become increasingly popular, usually installed singly or in small groups by 
homeowners on private land. We found no studies that evaluated the effects of 
ÉÎÔÅÒÖÅÎÔÉÏÎÓ ÒÅÌÁÔÉÎÇ ÔÏ ÓÍÁÌÌ ȬÍÉÃÒÏȭ ×ÉÎÄ ÔÕÒÂÉÎÅÓȢ However, bat fatalities have 
been reported at small wind turbines. For example, one study estimated that 161ɀ
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 calls, which may make them difficult 
to detect (Long et al. 2010). Small wind turbines may also affect habitat use by 
bats. Some bat species have been found to avoid small wind turbines, with adverse 
effects on bat activity recorded up to 100 m away (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 Conservation, 209, 172ɀ177. 

Long C.V., Flint J.A. & Lepper P.A. (2010) Wind turbines and bat mortality: doppler shift profiles 
and ultrasonic bat-like pulse reflection from moving turbine blades. The Journal of the 
Acoustical Society of America, 128, 2238ɀ2245. 

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

Minderman J., Fuentes-Montemayor E., Pearce-Higgins J.W., Pendlebury C.J. & Park K.J. (2015) 
Estimates and correlates of bird and bat mortality at small wind turbine sites. Biodiversity and 
Conservation, 24, 467ɀ482. 

Minderman J., Gillis M.H., Daly H.F. & Park K.J. (2017) Landscape-scale effects of single- and 
multiple small wind turbines on bat activity. Animal Conservation, 20, 455ɀ462. 
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4.1.  Apply textured coating to turbines  

¶ One study evaluated the effects of applying a textured coating to turbines on bat 
populations. The study was in the USA1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (1 STUDY) 

¶ Abundance (1 study): One paired sites study in the USA1 found that applying a textured 
coating to a turbine did not reduce the activity of four bat species or the number of bats 
observed. 

BEHAVIOUR (0 STUDIES) 

Background  

It has been suggested that smooth surfaces, such as those found on wind turbine 
towers, may be misidentified by bats as water or clear flight paths due to their 
acoustic mirror properties (Russo et al. 2012, McAlexander 2013, Greif et al. 
2017). Applying a textured coating could reduce bat collisions and fatalities. 
Behavioural experiments in flight rooms found that bats did not make contact with 
textured surfaces and approached them less often than smooth surfaces (Greif & 
Siemers 2010, Bienz 2015). 
Bienz C. (2015) Surface texture discrimination by bats: implications for reducing bat mortality at 

wind turbines. MSc Thesis. Texas Christian University. 
Greif S. & Siemers B.M. (2010) Innate recognition of water bodies in echolocating bats. Nature 

Communications, 1, 107. 
'ÒÅÉÆ 3Ȣȟ :ÓÅÂěË 3Ȣȟ 3ÃÈÍÉÅÄÅÒ $Ȣ Ǫ 3ÉÅÍÅÒÓ "Ȣ-Ȣ ɉςπρχɊ !ÃÏÕÓÔÉÃ ÍÉÒÒÏÒÓ ÁÓ ÓÅÎÓÏÒÙ ÔÒÁÐÓ ÆÏÒ ÂÁÔÓȢ 

Science, 357, 1045ɀ1047. 
McAlexander C. (2013) Evidence that bats perceive wind turbine surfaces to be water. MSc Thesis. 

Texas Christian University. 
Russo D., Cistrone L. & Jones G. (2012) Sensory ecology of water detection by bats: A field 

experiment. PLOS ONE, 7, e48144. 

A paired sites study in 2017 at a wind farm in an agricultural and wooded area 
in Texas, USA (1) found that applying a textured coating to a turbine did 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 one trial  (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: 1.5ɀ1.8 
calls/h; smooth: 1.3ɀ1.9 calls/h) , tricolored bats Perimyotis subflavus (textured: 
0.8ɀ1.1 calls/h; smooth: 0.9ɀ1.0 calls/h), or evening bats Nycticeius humeralis 
(textured: 1.0ɀ1.5 calls/h; smooth: 1.5ɀ1.6 calls/h) . The average number of bats 
observed also did not differ significantly (textured: 5ɀ7 bats/h; smooth: 6ɀ9 
bats/h). A textured coating was applied to one turbine (around the entire turbine 
from 10ɀ43 m above ground) in each of two pairs in June 2017. The other turbine 
in each pair was left smooth. Paired turbines (1 ha apart) 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 JuneɀSeptember 2017. 

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

4.2.  Deter bats from turbines using radar  

¶ We found no studies that evaluated the effects of deterring bats from wind turbines using 
radar on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

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 2009). However, the authors state that the 
thermal effects of exposure 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 turbines. PLoS ONE, 4, e6246.  

4.3.  Deter bats from turbines using ultrasound  

¶ Four studies evaluated the effects of deterring bats from wind turbines using ultrasound on 
bat populations. The four studies were in the USA1ï4. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (3 STUDIES) 

¶ Survival (3 studies): Three replicated, randomized, controlled studies (one with a before-
and-after trial in the second year) in the USA2ï4 found mixed results. In the first year of one 
study2, 21-51% fewer bats were killed at turbines with an ultrasonic deterrent fitted than at 
control turbines, but in the second year, from 2% more to 64% fewer bats were killed at 
turbines with ultrasonic deterrents fitted. One study3 found that using an ultrasonic deterrent 
emitting a constant or pulsed signal had mixed effects on the fatality rates of three bat 
species. One study4 found that using ultrasonic deterrents resulted in fewer fatalities for two 
of three bat species. 

BEHAVIOUR (1 STUDY) 

¶ Behaviour change (1 study): One paired sites study in the USA1 found fewer bats flying 
near one of two wind turbines with an ultrasonic deterrent compared to turbines without, but 
the effect of the deterrent overall was not significant. 
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Background  

Bats rely on ultrasound to echolocate for foraging and navigation. Broadcasting 
ultrasonic sounds at the frequency range which bats use for echolocation may act 
as a deterrent by interfering with their ability to perceive echoes. Three studies in 
the USA found reduced bat activity at pond sites when ultrasonic deterrents were 
used (Szewczak & Arnett 2006, Szewczak & Arnett 2008, Johnson et al. 2012). For 
a similar intervention relating to roads and railȟ ÓÅÅ ȬThreat: Transportation and 
service corridors ɀ Deter bats from roads/railways  using ultrasoundȭȢ 
Johnson J.B., Ford W.M., Rodrigue J.L. & Edwards J.W. (2012) Effects of acoustic deterrents on 

foraging bats. Research Note NRS-129. Newtown Square, PA: U.S. Department of Agriculture, 
Forest Service, Northern Research Station. 

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

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

 

A paired sites study in 2007 on a wind farm in an agricultural area of New 
York, USA (1) found mixed effects on bat activity during two trials  with an 
ultrasonic deterrent, and the deterrent did not have a significant effect overall. 
Fewer bats were observed over 10 consecutive nights at a turbine with an 
ultrasonic deterrent fitted (average 13 bat passes/night) than at a matched 
control turbine without a  deterrent (average 24 bat passes/night). No significant 
difference was found in bat activity when this was repeated with a second 
matched pair (average 10 bat passes/night at both). The ultrasonic deterrent did 
not have a significant effect on the number of bats observed when results from 
both trials were combined (data reported as statistical model results). The 
deterrent broadcast random pulses of broadband ultrasound from 20ɀ80 kHz. For 
both trials, bat activity was observed simultaneously at treatment and control 
turbines for 3.6 h after sunset for 10 consecutive nights in August 2007 using 
thermal infrared imaging cameras. Bats were not identified to species. 

A replicated, randomized, controlled study in 2009ɀ2010, with a before-and-
after trial in the second year, at a wind farm in a forested area of Pennsylvania, 
USA (2) found that an ultrasonic deterrent had mixed effects on bat mortality . In 
2009, 21ɀ51% fewer bats overall were killed per deterrent turbine (average 6 bats 
killed/turbine) than control turbine (average 9 bats killed/turbine ). The 
difference in mortality was significant for hoary bats Lasiurus cinereus (deterrent: 
average 4 bats killed/turbine; control: 2 bats killed/turbine), but not for five other 
bat species (see original paper for data). In the 2010 before-and-after trial, 
between 2% more and 64% fewer bats were killed overall at deterrent turbines 
than at control turbines when accounting for differences found between control 
and deterrent turbines ÉÎ ÔÈÅ ȬÂÅÆÏÒÅȭ ÔÒÉÁÌȢ Differences for individual species were 
not tested for statistical significance due to low numbers (see original paper for 
data). In 2009 and 2010, 10 randomly selected wind turbines were fitted with 
deterrent devices, and 15 randomly selected turbines without the device were 
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used as controls. The deterrent emitted continuous ultrasonic broadband noise at 
20ɀ100 kHz. In 2009, daily carcass searches were conducted in AugustɀOctober. 
In 2010, the before-and-after trial was conducted with daily carcass searches in 
MayɀJuly before the deterrent was used, followed by daily searches in Julyɀ
October with the deterrent active. Carcass counts were adjusted to account for 
searcher efficiency and removal by scavengers. 

A replicated, randomized, controlled study in 2014ɀ2016 at a wind farm in a 
forested area of Illinois, USA (3) found that turbines with ultrasonic deterrents 
emitting a constant or pulsed signal had mixed effects on bat mortality . Turbines 
with ultrasonic deterrents emitting a constant signal had 26ɀ36% fewer hoary bat 
Lasiurus cinereus fatalities compared to turbines with no deterrent (data reported 
as statistical model results). For silver-haired bats Lasionycteris noctivagans and 
eastern red bats Lasiurus borealis, there were significantly fewer fatalities (57% 
and 39% respectively) during one of two years of the study with the constant 
signal deterrent. Turbines with deterrents emitting a pulsed signal had 73% fewer 
fatalities of silver-haired bats, but the difference was not significant for hoary bats 
or eastern red bats. Five other bat species or species groups were identified during 
carcass searches, although numbers were too low for statistical analysis (see 
original paper for data). In each of three years, nine or 10 six-day trials were 
carried out at 12ɀ16 randomly selected turbines (half with deterrents  fitted ). 
Deterrents were switched between turbines halfway through each trial. Air-jet 
ultrasonic deterrents emitted sounds at 30ɀ100 kHz between 1800 and 0630 h. 
Constant signals were used in 2014 and 2015 and pulsed signals in 2016 (5ɀ8 
second duration at 3 second intervals). Transects within a 60-m radius around 
each turbine were searched daily for bat carcasses during each trial in Augustɀ
October 2014ɀ2016. Carcass counts were adjusted to account for searcher 
efficiency and removal by scavengers. 

A replicated, randomized, controlled study in 2017ɀ2018 at a wind energy 
facility in an area of dry shrubland in Texas, USA (4) found that using ultrasonic 
deterrents on turbines reduced the number of fatalities of hoary bats Lasiurus 
cinereus and Brazilian free-tailed bats Tadarida brasiliensis but not northern 
yellow bats Lasiurus intermedius. On average, fewer bat carcasses were found at 
turbines with active ultrasonic deterrents than at those with inactive deterrents 
for hoary bats (active: 0.006 carcasses/night; inactive: 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 5ɀ6 speakers emitting continuous sounds at 20ɀ50 kHz) 
were installed on the nacelles of 16 wind turbines. During each night in Julyɀ
October 2017 and 2018, eight randomly selected turbines ÈÁÄ ȬÁÃÔÉÖÅȭ ÕÌÔÒÁÓÏÎÉÃ 
deterrents (turned on), and eight control turbines ÈÁÄ ȬÉÎÁÃÔÉÖÅȭ deterrents 
(turn ed off). Carcass searches were conducted daily along transects in circular 
plots (100-m radius) around each of the 16 turbines. 
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(1) Horn J.W., Arnett E.B., Jensen M. & Kunz T.H. (2008) Testing the effectiveness of an 
experimental bat deterrent at the Maple Ridge wind farm. A report submitted to The Bats and Wind 
Energy Cooperative. Bat Conservation International, Austin, Texas, USA. 
(2) Arnett E.B., Hein C.D., Schirmacher M.R., Huso M.M.P. & Szewczak J.M. (2013) Evaluating 
the effectiveness of an ultrasonic acoustic deterrent for reducing bat fatalities at wind turbines. 
PLOS ONE, 8, e65794. 
(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 Illinois wind farm. Wildlife 
Society Bulletin, 43, 608ɀ618. 
(4) Weaver S.P. (2019) Understanding wind energy impacts on bats and testing reduction 
strategies in South Texas. PhD thesis. Texas State University. 

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

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

It has been suggested that bats may approach wind turbines because they 
misidentify them as trees (Cryan et al. 2014). Illuminating turbines with 
ultraviolet light may help bats to differentiate between wind turbines and trees. A 
study in the USA found that the activity of Hawaiian hoary bats Lasiurus cinereus 
semotus was lower at trees lit with dim flickering ultraviolet lights than at unlit 
trees (Gorresen et al. 2015). However, this has yet to be tested at wind turbines.  
Cryan P.M., Gorresen P.M., Hein C.D., Schirmacher M.R., Diehl R.H., Huso M.M., Hayman D.T.S., 

Fricker P.D., Bonaccorso F.J., Johnson D.H., Heist K. & Dalton D.C. (2014) Behavior of bats at 
wind turbines. Proceedings of the National Academy of Sciences, 111, 15126ɀ15131. 

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 bat Lasiurus 
cinereus semotus. Endangered Species Research, 28, 249ɀ257. 

4.5.  Remove turbine lighting to reduce bat and insect 

attraction  

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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 wind turbines may attract insects and foraging bats, increasing 
the risk of collision. However, one study in the USA found fewer bat fatalities at 
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turbines lit with flashing red aviation lights than at unlit turbines (Bennett & Hale 
2014), and three other studies in the USA found no difference (Johnson et al. 2004, 
Jain et al. 2010, Baerwald & Barclay 2011).  
Baerwald E.F. & Barclay R.M.R. (2011) Patterns of activity and fatality of migratory bats at a wind 

energy facility in Alberta, Canada. The Journal of Wildlife Management, 75, 1103ɀ1114. 
Bennett V.J. & Hale A.M. (2014) Red aviation lights on wind turbines do not increase bat-turbine 

collisions. Animal Conservation, 17, 354ɀ358. 
Jain A.A., Koford R.R., Hancock A.W. & Zenner G.G. (2010) Bat mortality and activity at a northern 

Iowa wind resource area. The American Midland Naturalist, 165, 185ɀ200. 
Johnson G.D., Perlik M.K., Erickson W.P. & Strickland M.D. (2004) Bat activity, composition, and 

collision mortality at a large wind plant in Minnesota. Wildlife Society Bulletin, 32, 1278ɀ1288. 

4.6.  Paint turbines to reduce insect attraction  

¶ We found no studies that evaluated the effects of painting turbines to reduce insect attraction 
on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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 bats actively feed on 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 purple (Long et al. 2011). Painting 
turbines in colours that are less attractive to insects could reduce bat foraging 
activity and subsequent fatalities. 
Foo C.F., Bennett V.J., Hale A.M., Korstian J.M., Schildt A.J. & Williams D.A. (2017) Increasing 

evidence that bats actively forage at wind turbines. PeerJ, 5, e3985. 
Long C.V., Flint J.A. & Lepper P.A. (2011) Insect attraction to wind turbines: does colour play a role? 

European Journal of Wildlife Research, 57, 323ɀ331. 

4.7.  Close off potential access points  on  turbines to prevent 

roosting bats  

¶ We found no studies that evaluated the effects of closing off potential access points on 
turbines to prevent roosting bats on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Bats have been observed roosting in the nacelles of wind turbines (Ahlén et al. 
2009), as well as in turbine door slats, stairwells and between the gills of the 
transformer (Bennett et al. 2017). Closing off potential access points on wind 
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turbines to prevent bats from roosting may reduce the risk of bat collisions with 
turbine blades. 
Ahlén I., Baagøe H.J. & Bach L. (2009) Behavior of Scandinavian bats during migration and foraging 

at sea. Journal of Mammalogy, 90, 1318ɀ1323. 
Bennett V.J., Hale A.M. & Williams D.A. (2017) When the excrement hits the fan: fecal surveys reveal 

species-specific bat activity at wind turbines. Mammalian Biology, 87, 125ɀ129. 

4.8.  Modify turbine placement to reduce bat fatalities  

¶ We found no studies that evaluated the effects of modifying turbine placement to reduce bat 
fatalities. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

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 & 
/ȭ#ÏÎÎÅÌÌ ςπρπɊȢ ! ÒÅÖÉÅ× ÏÆ ÒÅÐÏÒÔÓ ÉÎ ÎÏÒÔÈ×ÅÓÔ %ÕÒÏÐÅ ÆÏÕÎÄ ÈÉÇÈÅÒ ÆÁÔÁÌÉÔÙ 
rates at wind farms located on forested hills than in flat, open farmland (Rydell et 
al. 2010). Spatial patterns of bat fatalities within wind farms in Europe and the 
USA have been found in some studies (Arnett et al. 2008, Baerwald & Barclay 
2011, Georgiakakis et al. 2012) but not others (Arnett et al. 2008, Piorkowski & 
/ȭ#ÏÎÎÅÌÌ ςπρπɊȢ  
Arnett E.B., Brown W.K., Erickson 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 facilities in North America. The Journal of Wildlife 
Management, 72, 61ɀ78.  

Baerwald E.F. & Barclay R.M.R. (2009) Geographic variation in activity and fatality of migratory 
bats at wind energy facilities. Journal of Mammalogy, 90, 1341ɀ1349. 

Baerwald E.F. & Barclay R.M.R. (2011) Patterns of activity and fatality of migratory bats at a wind 
energy facility in Alberta, Canada. The Journal of Wildlife Management, 75, 1103ɀ1114. 

Georgiakakis P., Kret E., Carcamo B., Doutau B., Kafkaletou-Diez A., Vasilakis D. & Papadatou E. 
(2012) Bat fatalities at wind farms in north-eastern Greece. Acta Chiropterologica, 14, 459ɀ468. 

Piorkowski M.D. & O'Connell T.J. (2010) Spatial pattern of summer bat mortality from collisions 
with wind turbines in mixed-grass prairie. The American Midland Naturalist, 164, 260ɀ269.  

Rydell J., Bach L., Dubourg-Savage M.-J., Green M., Rodrigues L. & Hedenström A. (2010) Bat 
mortality at wind turbines in n orthwestern Europe. Acta Chiropterologica, 12, 261ɀ274.  

4.9.  Retain a buffer  between turbines and habitat features 

used by bats  

¶ We found no studies that evaluated the effects of retaining a buffer between turbines and 
habitat features used by bats on bat populations. 
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óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

This intervention involves leaving a minimum distance between wind turbines 
and bat roosts or habitat features to create a buffer zone. The EUROBAT guidance 
on bats and wind turbines recommends a minimum distance of 200 m between 
wind turbines and important bat habitats (Rodrigues et al. 2014). Natural 
England, UK recommends a minimum distance of 50 m from the turbine blade tip 
to the nearest bat habitat feature (Mitchell-Jones & Carlin 2012), and for micro 
turbines a minimum distance of 20 m has been recommended (Minderman et al. 
2012). However, reduced bat activity has been recorded up to 1,000 m from wind 
turbines (Barré et al. 2018). This action may not protect migratory bat species. 
Bennet & Hale (2018) found high fatalities of migratory bats at wind turbines 
without bat habitat features nearby (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 bats: implications for European siting guidance. Biological Conservation, 
226, 205ɀ214. 

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

Mitchell-Jones T. & Carlin C. (2012) Bats and onshore wind turbines interim guidance. Natural 
England Technical Information Note TIN051. 

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

4.10.  Prevent turbine blades from turning  at low wind speeds 

(ôfeatheringõ) 

¶ Six studies evaluated the effects of preventing turbine blades from turning at low wind 
speeds on bat populations. Five studies were in the USA2ï6 and one was in Canada1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (6 STUDIES) 

¶ Survival (6 studies): Five of six studies (including five replicated, controlled studies and 
one before-and-after study) in the USA2ï6 and Canada1 found that preventing turbine blades 
from turning at low wind speeds (ófeatheringô)1,2, or feathering along with increasing the wind 
speed at which turbines become operational (ócut-in speedô)3,5,6 resulted in fewer bat 
fatalities than at conventionally operated turbines. The other study4 found that automatically 
feathering turbine blades at low wind speeds did not reduce bat fatalities.  

BEHAVIOUR (0 STUDIES) 
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Background  

-ÏÓÔ ×ÉÎÄ ÔÕÒÂÉÎÅÓ ÏÐÅÒÁÔÅ ÂÙ Á ȬÃÕÔ-ÉÎȭ ×ÉÎÄ ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÈÅ ÔÕÒÂÉÎÅ ÂÅÇÉÎÓ 
to generate electricity and the blades can move at a maximum rotation speed. 
However, the blades can still rotate below cut-in speeds when electricity is not 
being generated. Preventing wind turbine blades from turning when they are not 
operational ɉËÎÏ×Î ÁÓ ȬÆÅÁÔÈÅÒÉÎÇȭɊ may reduce bat fatalities, which have been 
found to be higher at low wind speeds (e.g. Horn et al. 2008, Rydell et al. 2010, 
Wellig et al. 2018). Turbine blades may be locked or the angle of the blades may 
be changed to be parallel to the wind. In some cases, the blades may still move a 
minimal amount (e.g. 1ɀ2 rotations/minute). The cut-in speed of wind turbines is 
often ÉÎÃÒÅÁÓÅÄ ÉÎ ÃÏÍÂÉÎÁÔÉÏÎ ×ÉÔÈ ÔÈÉÓ ÉÎÔÅÒÖÅÎÔÉÏÎȢ 3ÅÅ ȬIncrease the wind speed 
at which turbines become operationaÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊȭȢ 
Horn J.W., Arnett E.B. & Kunz T.H. (2008) Behavioral responses of bats to operating wind turbines. 

The Journal of Wildlife Management, 72, 123ɀ132. 
Rydell J., Bach L., Dubourg-Savage M.-J., Green M., Rodrigues L. & Hedenström A. (2010) Bat 

mortality at wind turbines in n orthwestern Europe. Acta Chiropterologica, 12, 261ɀ274. 
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 bats: vertical activity profiles and 
relationships to wind speed. PLOS ONE, 13, e0192493. 

 

A replicated, controlled study in 2005 at a wind farm in an agricultural area 
of Alberta, Canada (1) found that preventing turbine blades from turning at low 
wind speeds ɉȬÆÅÁÔÈÅÒÉÎÇȭɊ resulted in fewer bat fatalities than at conventional 
turbines. The total number of bat carcasses recovered by searchers was lower at 
experimental turbines shut down at low wind speeds (64 bats, 40% of total) than 
at conventional control turbines (95 bats, 60% of total). The number of bat 
carcasses did not differ significantly  between turbines before the experiment 
ɉȬÅØÐÅÒÉÍÅÎÔÁÌȭ ÔÕÒÂÉÎÅÓȡ 157 bats, 49% of totalȠ ȬÃÏÎÔÒÏÌȭ ÔÕÒÂÉÎÅÓȡ 164 bats, 51% 
of total). Five bat species were found, although 97% of bat carcasses were 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 
September 2005, 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 transects in circular 
plots (40-m radius) around each turbine in AugustɀSeptember 2005. 

A replicated, randomized, controlled study in 2010 at a wind energy facility 
in a forested area of West Virginia, USA (2; same site as 4) found that preventing 
turbine blades from turning at low wind speeds ɉȬÆÅÁÔÈÅÒÉÎÇȭɊ in the first or second 
half of the night resulted in fewer bat fatalities than at conventional turbines. 
Average bat fatality estimates were lower when turbine blades were feathered in 
the first half of the night (0.05 bats/turbine) or the second half (0.09 bats/turbine) 
compared to conventional 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 were found, although 86% of bat carcasses were 
hoary bats Lasiurus cinereus and eastern red bats Lasiurus borealis (see original 



 

 

 

96 

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 rotated freely 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 JulyɀOctober 2010. Daily 
carcass searches were conducted along transects in plots up to 100 m around each 
of the 24 turbines. Carcass counts were corrected to account for searcher 
efficiency, removal by scavengers, and unsearchable areas within plots . 

A replicated, randomized, controlled study in 2011 at a wind farm in an 
agricultural area of Indiana, USA (3) found that preventing turbine blades from 
ÔÕÒÎÉÎÇ ÁÔ ÌÏ× ×ÉÎÄ ÓÐÅÅÄÓ ɉȬÆÅÁÔÈÅÒÉÎÇȭɊȟ and feathering along with increasing the 
speed at which turbiÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊȟ ÒÅÓÕÌÔÅÄ ÉÎ ÆÅ×ÅÒ ÂÁÔ 
fatalities than at conventional control turbines. Total bat fatalities were 36% 
lower when turbine blades were feathered below the conventional cut-in speed 
(66 fatalities) compared to control turbines without feathering (105 fatalities). 
Total bat fatalities were 59% and 75% lower when blades were feathered and cut-
in speeds increased to 4.5 and 5.5 m/s respectively (42 and 25 fatalities). 
Differences in total bat fatalities between treatments were significant. Seven bat 
species were found, although 81% of bat carcasses were eastern red bats Lasiurus 
borealis and hoary bats Lasiurus cinereus (see original report  for data). Three 
treatments (turbine blades feathered below cut-in speeds of 3.5, 4.5 and 5.5 m/s) 
were each randomly assigned to a group of 42 turbines. Two control groups of 
nine and 42 turbines were left unaltered (blades rotated freely below cut-in speed 
of 3.5 m/s). Treatments were rotated between turbine groups nightly in Julyɀ
October 2011. Carcass searches were conducted every 1ɀ2 days along transects in 
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 of West Virginia, USA (4; same site as 2) found that automatically 
preventing turbine blades from turning at low wind speeds ɉȬÆÅÁÔÈÅÒÉÎÇȭɊ did not 
result in fewer bat fatalities than at conventional turbines. Average bat fatality 
estimates did not differ significantly between turbines with automatically 
feathered blades (6.5 bats/turbine) and conventional control turbines (7.4 
bats/turbine). Five bat species were found across the site (see original report  for 
details). Twelve turbines were assigned with the treatment (blades automatically 
feathered when wind speeds dropped below 4 m/s for at least 6 minutes). Twelve 
control turbines were left unaltered (blades rotated freely at wind speeds <4 m/s). 
The treatment was rotated between turbines weekly for 12 weeks in JulyɀOctober 
2011. Daily carcass searches were conducted along transects in plots up to 100 m 
around each of the 24 turbines. Carcass counts were corrected to account for 
searcher efficiency, removal by scavengers, and unsearchable areas within plots. 

A before-and-after study in 2011ɀ2012 at a wind energy facility in a forested 
area of Maryland, USA (5) found that preventing turbine blades from turning at 
ÌÏ× ×ÉÎÄ ÓÐÅÅÄÓ ɉȬÆÅÁÔÈÅÒÉÎÇȭɊȟ ÁÌÏÎÇ ×ÉÔÈ ÉÎÃÒÅÁÓÉÎÇ ÔÈÅ ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÕÒÂÉÎÅÓ 
become operationaÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ, resulted in fewer bat fatalities than before the 
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operational changes. Average bat fatality estimates were 62% lower after turbine 
blades were feathered below an increased cut-in speed of 5 m/s (11 bats/turbine) 
compared to the previous year without operational changes (29 bats/turbine). 
The difference was not tested for statistical significance. Five bat species were 
found across the site (see original report  for details). In JulyɀOctober 2012, all of 
28 turbines at the facility were operated with feathering below an increased cut-
in speed of 5 m/s. Weekly carcass searches were conducted along transects in 
circular plots (40-m radius) around 14 of the 28 turbines. Data for before the 
operational changes (blades rotated freely below a cut-in speed of 4 m/s) were 
collected in a previous study in JulyɀOctober 2011. Carcass counts in both years 
were corrected to account for searcher efficiency and removal by scavengers. 

A replicated, randomized, controlled study in 2012ɀ2013 at a wind farm in a 
forested area in Vermont, USA (6) found that preventing turbine blades from 
ÔÕÒÎÉÎÇ ÁÔ ÌÏ× ×ÉÎÄ ÓÐÅÅÄÓ ɉȬÆÅÁÔÈÅÒÉÎÇȭɊ, along with increasing the wind speed at 
×ÈÉÃÈ ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÁÔ ÔÅÍÐÅÒÁÔÕÒÅÓ ÁÂÏÖÅ ωȢυЈ#, 
resulted in fewer bat fatalities than at conventional turbines. The average number 
of bat fatalities was 62% lower at wind turbines when cut-in 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 details). In 
JuneɀSeptember 2012 and 2013, eight 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) for a total of 60 nights. The other eight turbines were 
unaltered (cut-in speed of 4 m/s without feathering). Daily carcass searches were 
conducted along transects in rectangular plots (3,629ɀ5,746 m2) 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 B.L. (2006) Monitoring of bird and bat collisions with wind turbines 
at the Summerview Wind Power Project, Alberta, 2005ɀ2006. Vision Quest Windelectric. Calgary, 
Alberta, Canada. 
(2) Young D.P. Jr., Nomani S., Tidhar W.L & Bay K. (2011) NedPower Mount Storm Wind Energy 
Facility post-construction avian and bat monitoring: JulyɀOctober 2010. 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 C. (2012) Bat 
monitoring studies at the Fowler Ridge Wind Energy Facility, Benton County, Indiana: April 1 ɀ 
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. (2012) NedPower Mount Storm Wind Energy 
Facility post-construction avian and bat monitoring: JulyɀOctober 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. (2013) Post-construction monitoring study, 
Criterion Wind Project, Garrett County, Maryland: AprilɀNovember 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., Stevens R.D. & Wallace M.C. (2017) Reducing bat fatalities at wind 
facilities while improving the economic efficiency of operational mitigation. Journal of Mammalogy, 
98, 378ɀ385. 

4.11.  Slow rotation of turbine blades at low wind speeds  

¶ One study evaluated the effects of slowing the rotation of turbine blades at low wind speeds 
on bat populations. The study was in Canada1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (1 STUDY) 

¶ Survival (1 study): One replicated, randomized, controlled study in Canada1 found that bat 
fatalities were reduced when turbine blades were slowed at low wind speeds. 

BEHAVIOUR (0 STUDIES) 

Background  

-ÏÓÔ ×ÉÎÄ ÔÕÒÂÉÎÅÓ ÏÐÅÒÁÔÅ ÂÙ Á ȬÃÕÔ-ÉÎȭ ×ÉÎÄ ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÈÅ ÔÕÒÂÉÎÅ ÂÅÇÉÎÓ 
to generate electricity and the blades can move at a maximum rotation speed. 
However, the blades can still rotate below cut-in speeds when electricity is not 
being generated. Slowing the rotation of turbine blades below the cut-in speed 
may reduce bat fatalities, which have been found to be higher at low wind speeds 
(e.g. Horn et al. 2008, Rydell et al. 2010, Wellig et al. 2018).  
 
For studies that prevent turbine blades from turning below the cut-in speed, see 
ȬPrevent turbine blades from turning at low wind speeds ɉȬÆÅÁÔÈÅÒÉÎÇȭɊȭȢ #ÕÔ-in 
speeds may also be ÉÎÃÒÅÁÓÅÄ ÉÎ ÃÏÍÂÉÎÁÔÉÏÎ ×ÉÔÈ ÔÈÉÓ ÉÎÔÅÒÖÅÎÔÉÏÎȢ 3ÅÅ ȬIncrease 
ÔÈÅ ×ÉÎÄ ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊȭȢ 
Horn J.W., Arnett E.B. & Kunz T.H. (2008) Behavioral responses of bats to operating wind turbines. 

The Journal of Wildlife Management, 72, 123ɀ132. 
Rydell J., Bach L., Dubourg-Savage M.-J., Green M., Rodrigues L. & Hedenström A. (2010) Bat 

mortality at wind turbines in n orthwestern Europe. Acta Chiropterologica, 12, 261ɀ274. 
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 bats: vertical activity profiles and 
relationships to wind speed. PLOS ONE, 13, e0192493. 

 

A replicated, randomized, controlled study in 2006ɀ2007 at a wind farm in an 
agricultural area of Alberta, Canada (1) found that slowing the rotation of turbine 
blades at low wind speeds resulted in fewer bat fatalities than at conventional 
turbines. Average bat fatality estimates were lower at experimental turbines with 
altered blade angles (8 bats/turbine) than at conventional control turbines (19 
bats/turbine). Average bat fatality estimates did not differ significantly between 
ÔÕÒÂÉÎÅÓ ÂÅÆÏÒÅ ÔÈÅ ÅØÐÅÒÉÍÅÎÔ ɉȬÅØÐÅÒÉÍÅÎÔÁÌȭ ÔÕÒÂÉÎÅÓȡ ρω ÂÁÔÓȾÔÕÒÂÉÎÅȠ 
ȬÃÏÎÔÒÏÌȭ ÔÕÒÂÉÎÅÓȡ ςτ ÂÁÔÓȾÔÕÒÂÉÎÅɊȢ Most bats identified during carcass searches 
were hoary bats Lasiurus cinerus and silver-haired bats Lasionycteris 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 



 

 

 

99 

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 each of the 14 turbines in JulyɀSeptember 2006 and 2007. Carcass 
counts were corrected to account for searcher efficiency and removal by 
scavengers. 

(1) Baerwald E.F., Edworthy J., Holder M. & Barclay R.M.R. (2009) A large-scale mitigation 
experiment to reduce bat fatalities at wind energy facilities. The Journal of Wildlife Management, 
73, 1077ɀ1081. 

4.12.  Increase the wind speed at which turbines become 

operational (ôcut-in speedõ) 

¶ Twelve studies evaluated the effects of increasing the wind speed at which turbines 
become operational (ócut-in speedô) on bat populations. Ten studies were in the USA2ï5,7ï11 
and two were in Canada1,6. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (12 STUDIES) 

¶ Survival (12 studies): Ten of 12 studies (including 10 replicated, randomized, controlled 
studies and one before-and-after study) in the USA2ï5,7ï11 and Canada1,6 found that 
increasing the wind speed at which turbines become operational (ócut-in speedô)1,2,3a,4,6,9,11, 
or increasing the cut-in speed along with preventing turbine blades from turning at low wind 
speeds (ófeatheringô)5,8,10 resulted in fewer bat fatalities than at conventionally operated 
turbines. The other two studies3b,7 found that increasing cut-in speeds did not reduce bat 
fatalities, but sample sizes were small3a or treatments were applied for short periods only7. 

BEHAVIOUR (0 STUDIES) 

Background  

-ÏÓÔ ×ÉÎÄ ÔÕÒÂÉÎÅÓ ÏÐÅÒÁÔÅ ÂÙ Á ȬÃÕÔ-ÉÎȭ ×ÉÎÄ ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÈÅ ÔÕÒÂÉÎÅ ÂÅÇÉÎÓ 
to generate electricity and the blades can move at a maximum rotation speed. 
Increasing turbine cut-in speeds (known as Ȭcurtailmentȭ) may reduce bat 
fatalities, which have been found to be high at low wind speeds (e.g. Horn et al. 
2008, Rydell et al. 2010, Wellig et al. 2018). Wind turbines may also be slowed or 
prevented from turning below the cut-in speed. See ȬSlow rotation of turbine blades 
at low wind speedsȭ ÁÎÄ ȬPrevent turbine blades from turning at low wind speeds 
ɉȬÆÅÁÔÈÅÒÉÎÇȭɊȭȢ 
Horn J.W., Arnett E.B. & Kunz T.H. (2008) Behavioral responses of bats to operating wind turbines. 

The Journal of Wildlife Management, 72, 123ɀ132. 
Rydell J., Bach L., Dubourg-Savage M.-J., Green M., Rodrigues L. & Hedenström A. (2010) Bat 

mortality at wind turbines in n orthwestern Europe. Acta Chiropterologica, 12, 261ɀ274. 
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 bats: vertical activity profiles and 
relationships to wind speed. PLOS ONE, 13, e0192493. 
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A replicated, randomized, controlled study in 2006ɀ2007 at a wind farm in an 
agricultural area of Alberta, Canada (1) found that increasing the wind speed at 
×ÈÉÃÈ ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÒÅÓÕÌÔÅÄ ÉÎ ÆÅ×ÅÒ ÂÁÔ ÆÁÔÁÌÉÔÉÅÓ 
than at conventional turbines. Average bat fatality estimates were lower at 
experimental turbines with increased cut-in speeds (8 bats/turbine) than at 
conventional control turbines (19 bats/turbine). Average bat fatality estimates 
did not differ significantly between turbines before the experiment 
ɉȬÅØÐÅÒÉÍÅÎÔÁÌȭ ÔÕÒÂÉÎÅÓȡ 23 ÂÁÔÓȾÔÕÒÂÉÎÅȠ ȬÃÏÎÔÒÏÌȭ ÔÕÒÂÉÎÅÓȡ ς4 bats/turbine).  
Most bats identified during carcass searches were hoary bats Lasiurus cinerus and 
silver-haired bats Lasionycteris noctivagans (see original paper for data). In 2006, 
all of 23 turbines were operated using conventional methods. In 2007, fifteen 
randomly chosen turbines were altered by increasing the cut-in wind speed to 5.5 
m/s . Eight control turbines were left unaltered (cut-in speed of 4 m/s). Carcass 
searches were conducted weekly along spiral transects up to 52 m around each of 
the 23 turbines in JulyɀSeptember 2006 and 2007. Carcass counts were corrected 
to account for searcher efficiency and removal by scavengers. 

A replicated, randomized, controlled study in 2008ɀ2009 at a wind farm in a 
forested area of Pennsylvania, USA (2) found that increasing the wind speed at 
which ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÒÅÓÕÌÔÅÄ ÉÎ ÆÅ×ÅÒ ÂÁÔ ÆÁÔÁÌÉÔÉÅÓ 
than at conventional turbines. Average bat fatality estimates were lower at 
turbines with cut-in speeds increased to 5 m/s (0.3ɀ0.7 bats/turbine) and 6.5 m/s 
(0.5ɀ0.6 bats/turbine) than at turbines with conventional cut-in speeds (3.5 m/s: 
2.0ɀ2.3 bats/turbine).  Fatality estimates did not differ significantly between the 
two treatments. In JulyɀOctober 2008 and 2009, two treatments (cut-in speed 
increased to 5 or 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/treatment. All 
12 turbines were prevented from turning ɉȬÆÅÁÔÈÅÒÅÄȭɊ below cut-in wind speeds. 
Daily carcass searches were conducted along transects in plots (126 x 120 m) 
centred on each of the 12 turbines. Carcass counts were corrected to account for 
unsearchable areas within plots. If applied to the entire wind farm (23 turbines), 
annual power output losses were projected to be 0.3% with cut-in speeds 
increased to 5 m/s, and 1% with cut-in speeds increased to 6.5 m/s. 

A replicated, randomized, controlled study in 2010 at a wind energy facility 
in an agricultural area in the Midwest region, USA (3a) found that increasing the 
wind sÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÒÅÓÕÌÔÅÄ ÉÎ 
fewer bat fatalities than at conventional turbines. Bat fatalities were estimated to 
be 47% and 72% lower at turbines with cut-in speeds increased to 4.5 and 5.5 m/s 
respectively compared to control turbines with conventional cut-in 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 turbines. Two treatments (cut-in 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 turbines over nine weeks in 
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AugustɀOctober 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 Southwest region, USA (3b) found that 
ÉÎÃÒÅÁÓÉÎÇ ÔÈÅ ×ÉÎÄ ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ 
did not result in fewer bat fatalities compared to conventional turbines. Total 
numbers of bat fatalities were reported to be 20ɀ38% lower for four different 
treatments with increased cut-in speeds than 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% of bat 
carcasses were Brazilian free-tailed bats Tadarida brasiliensis (see original paper 
for details). Four treatments (cut-in speed increased to 4, 5 or 6 m/s for 4 h after 
sunset, or cut-in speed increased to 5 m/s all night) and a control (conventional 
cut-in speed of 3 m/s) were randomly rotated each night between four groups of 
10 turbines in AugustɀSeptember 2012. Daily carcass searches were conducted 
along transects in plots (126 x 126 m) centred on each of the 40 turbines. 

A replicated, randomized, controlled study in 2010 at a wind farm in an 
agricultural area of Indiana, USA (4; same site as 5) found that increasing the wind 
ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÒÅÓÕÌÔÅÄ ÉÎ ÆÅ×ÅÒ ÂÁÔ 
fatalities than at conventional turbines. Average bat fatality estimates were 50% 
and 78% lower when cut-in 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 carcasses were 
eastern red bats Lasiurus borealis (see original report  for data). Two treatments 
(cut-in speed increased to 5 or 6 m/s) and a control (conventional cut-in speed of 
3.5 m/s) were each randomly assigned to a group of nine turbines. Treatments 
were rotated between the three turbine  groups weekly in AugustɀOctober 2010. 
Nine control turbines were left unaltered. Daily carcass searches were conducted 
along transects in plots (80 x 80 m) centred on each of the 36 turbines. Carcass 
counts were corrected for searcher efficiency and removal by scavengers. 

A replicated, randomized, controlled study in 2011 at a wind farm in an 
agricultural area of Indiana, USA (5; same site as 4) found that increasing the wind 
speed at which turbines become operatiÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊȟ ÁÌÏÎÇ ×ÉÔÈ 
ÐÒÅÖÅÎÔÉÎÇ ÔÕÒÂÉÎÅ ÂÌÁÄÅÓ ÆÒÏÍ ÔÕÒÎÉÎÇ ÁÔ ÌÏ× ×ÉÎÄ ÓÐÅÅÄÓ ɉȬÆÅÁÔÈÅÒÉÎÇȭɊȟ ÒÅÓÕÌÔÅÄ 
in fewer bat fatalities compared to conventional turbines. Total bat fatalities were 
59% and 75% lower (42 and 25 fatalities) when cut-in 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 between the two treatments were significant. Six bat species were found, 
although 80% of bat carcasses were eastern red bats Lasiurus borealis and hoary 
bats Lasiurus cinereus (see original report  for data). Two treatments (cut-in 
speeds increased to 4.5 and 5.5 m/s and blades feathered below these speeds) 
were each assigned to a group of 42 turbines. Two control groups of nine and 42 
turbines were left unaltered (blades rotated freely below cut-in speed of 3.5 m/s). 
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Treatments were rotated between turbine groups nightly in JulyɀOctober 2011. 
Carcass searches were conducted every 1ɀ2 days along transects in circular plots 
(80-m radius) around each of the 135 turbines. 

A replicated, randomized, controlled study in 2011 at a wind farm on an island 
in Ontario, Canada (6) found that increasing the wind speed at which turbines 
ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÒÅÓÕÌÔÅÄ ÉÎ ÆÅ×ÅÒ ÂÁÔ ÆÁÔÁÌÉÔÉÅÓ ÔÈÁÎ ÁÔ 
conventional turbines. Average bat fatality estimates were lower at turbines with 
cut-in speeds increased to 4.5 m/s (2.7 bats/turbines) 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 original report  for details). In JulyɀSeptember 2011, fourteen turbines were 
randomly assigned to each of two treatments (increased cut-in speed of 4.5 or 5.5 
m/s from sunset to sunrise) or as controls (conventional cut-in 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 scavengers, and the percentage of 
plot areas searched. 

A replicated, randomized, controlled study in 2012 at a wind farm in a 
forested area of West Virginia, USA (7; same site as 9) found that increasing the 
×ÉÎÄ ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÆÏÒ ÁÌÌ ÏÒ ÐÁÒÔ ÏÆ 
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 3ɀ5 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 original report  for details). Each of 12 turbines was randomly 
assigned to one of two treatments (cut-in speed increased to 5 m/s from sunset to 
sunrise or for the first 4 h after sunset) or as a control (conventional cut-in speed 
of 3 m/s). Treatments were rotated between turbines nightly over 75 nights in 
JulyɀSeptember 2012. All 12 ÔÕÒÂÉÎÅÓ ×ÅÒÅ ÐÒÅÖÅÎÔÅÄ ÆÒÏÍ ÔÕÒÎÉÎÇ ɉȬÆÅÁÔÈÅÒÅÄȭɊ 
below the cut-in speed. Daily carcass searches were conducted along transects in 
plots (126 x 120 m) centred on each of the 12 turbines. 

A before-and-after study in 2011ɀ2012 at a wind energy facility in a forested 
area of Maryland, USA (8) found that increasing the speed at which turbines 
ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊȟ ÁÌÏÎÇ ×ÉÔÈ ÐÒÅÖÅÎÔÉÎÇ ÔÕÒÂÉÎÅ ÂÌÁÄÅÓ ÆÒÏÍ 
ÔÕÒÎÉÎÇ ÁÔ ÌÏ× ×ÉÎÄ ÓÐÅÅÄÓ ɉȬÆÅÁÔÈÅÒÉÎÇȭɊȟ ÒÅÓÕÌÔÅÄ ÉÎ ÆÅ×ÅÒ ÂÁÔ ÆÁÔÁÌÉÔÉÅÓ ÔÈÁÎ 
before the operational changes. Average bat 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 bat species were found across the site (see original 
report  for details). In JulyɀOctober 2012, all of 28 turbines at the facility were 
operated with an increased cut-in speed of 5 m/s with blades feathered below this 
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speed. Weekly carcass searches were conducted along transects in circular plots 
(40-m radius) around 14 of the 28 turbines. Data for before the operational 
changes (blades rotated freely below a cut-in speed of 4 m/s) were collected in a 
previous study in JulyɀOctober 2011. Carcass counts in both years were corrected 
to account for searcher efficiency and removal by scavengers. 

A replicated, randomized, controlled study in 2013 at a wind farm in a 
forested area of West Virginia, USA (9; same site as 7) found that increasing the 
×ÉÎÄ ÓÐÅÅÄ ÁÔ ×ÈÉÃÈ ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÒÅÓÕÌÔÅÄ ÉÎ 
fewer bat fatalities than at conventional turbines. Average bat fatality estimates 
were 54% and 76% lower when cut-in speeds were increased to 5 and 6.5 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 original report  
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 cut-in speed 
of 3 m/s). Treatments were rotated between turbines nightly over 72 nights in 
JulyɀSeptember 2013. Turbines started/stopped operating when the average 
wind speed over 10 minutes (measured at a weather tower) was above or below 
the cut-ÉÎ ÓÐÅÅÄȢ !ÌÌ ÔÕÒÂÉÎÅÓ ×ÅÒÅ ÐÒÅÖÅÎÔÅÄ ÆÒÏÍ ÔÕÒÎÉÎÇ ɉȬÆÅÁÔÈÅÒÅÄȭɊ ÂÅÌÏ× ÔÈÅ 
cut-in speed. Daily carcass searches were conducted along transects in plots (126 
x 120 m) centred on each of the 12 turbines. Carcass counts were corrected to 
account for searcher efficiency, removal by scavengers, and unsearchable areas 
within plots . 

A replicated, randomized, controlled study in 2012ɀ2013 at a wind farm in a 
forested area in Vermont USA (10) found that increasing the wind speed at which 
ÔÕÒÂÉÎÅÓ ÂÅÃÏÍÅ ÏÐÅÒÁÔÉÏÎÁÌ ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÁÔ ÔÅÍÐÅÒÁÔÕÒÅÓ ÁÂÏÖÅ ωȢυЈ#, along 
with preventing turbine blades from turning at low wind speeds ɉȬÆÅÁÔÈÅÒÉÎÇȭɊ, 
resulted in fewer bat fatalities than at conventional turbines. The average number 
of bat fatalities was 62% lower at wind turbines when cut-in 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 details). In 
JuneɀSeptember 2012 and 2013, eight 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) for a total of 60 nights. The other eight turbines were 
unaltered (cut-in speed of 4 m/s without feathering). Daily carcass searches were 
conducted along transects in rectangular plots (3,629ɀ5,746 m2) 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%. 

A study in 2013ɀ2017 at a wind farm in an agricultural area of Indiana, USA 
(11) found that increasing the wind speed at which turbines become operational 
ɉȬÃÕÔ-ÉÎ ÓÐÅÅÄȭɊ ÒÅÓÕÌÔÅÄ ÉÎ ÆÅ×ÅÒ ÂÁÔ ÆÁÔÁÌÉÔÉÅÓ ÉÎ ÂÏÔÈ ÔÈÅ ÓÐÒÉÎÇ ÁÎÄ ÁÕÔÕÍÎ 
migration periods. During spring, average bat fatality estimates were lower during 
one year in which the cut-in speed was increased to 5 m/s (0.3 bats/turbine) 
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ÃÏÍÐÁÒÅÄ ÔÏ ÔÈÒÅÅ ÙÅÁÒÓ ÉÎ ×ÈÉÃÈ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÃÕÔ-in speed was used (3.5 
m/s; 0.7ɀ1.4 bats/turbine). During autumn, average bat fatality estimates were 
lower during three years with an increased cut-in speed of 6.9 m/s (0.7ɀ1.5 
bats/turbine) compared to one year with a cut-in speed of 5 m/s (2.2. 
bats/turbine). The differences were not tested for statistical significance. Five bat 
species were found across the site (see original report  for details). During spring 
(AprilɀMay), all of 125 turbines were operated at a cut-in speed of 5 m/s for one 
year (2016) and 3.5 m/s for four years (2013ɀ2015, 2017). During autumn 
(AugustɀOctober), all of 125 turbines were operated at a cut-in speed of 6.9 m/s 
for three years (2013ɀ2015) and 5 m/s for one year (2017). Carcass searches 
were conducted 1ɀ2 times/week along transects up to 80 m around each of the 
125 turbines in AprilɀMay and AugustɀOctober 2017. Data for 2013ɀ2016 were 
collected during previous studies. All carcass counts were corrected for searcher 
efficiency, removal by scavengers, and unsearchable areas within plots . 

(1) Baerwald E.F., Edworthy J., Holder M. & Barclay R.M.R. (2009) A large-scale mitigation 
experiment to reduce bat fatalities at wind energy facilities. The Journal of Wildlife Management, 
73, 1077ɀ1081. 
(2) Arnett E.B., Huso M.M.P., Schirmacher M.R. & Hayes J.P. (2011) Altering turbine speed 
reduces bat mortality at wind-energy facilities. Frontiers in Ecology and the Environment, 9, 209ɀ
214. 
(3) Arnett E.B., Johnson G.D., Erickson W.P. & Hein C.D. (2013) A synthesis of operational 
mitigation studies to reduce bat fatalities at wind energy facilities in North America. A report 
submitted to the National Renewable Energy Laboratory. Bat Conservation International. Austin, 
Texas, USA. 
(4) Good R.E., Erickson W., Merrill A., Simon S., Murray K., Bay K. & Fritchman C. (2011) Bat 
monitoring studies at the Fowler Ridge Wind Energy Facility, Benton County, Indiana: April 13 ɀ 
October 15, 2010. Report prepared for Fowler Ridge Wind Farm by Western EcoSystems 
Technology, Inc. (WEST), Cheyenne, Wyoming. 
(5) Good R.E., Erickson W., Merrill A., Simon S., Murray K., Bay K., & Fritchman C. (2012) Bat 
monitoring studies at the Fowler Ridge Wind Energy Facility, Benton County, Indiana: April 1 ɀ 
October 31, 2011. Report prepared for Fowler Ridge Wind Farm by Western EcoSystems 
Technology, Inc. (WEST), Cheyenne, Wyoming. 
(6) Stantec Consulting Ltd. (2012) Wolfe Island Wind Plant post-construction follow-up plan 
bird and bat resources monitoring report No. 6, JulyɀDecember 2011. Prepared for TransAlta 
#ÏÒÐÏÒÁÔÉÏÎȭÓ ×ÈÏÌÌÙ Ï×ÎÅÄ ÓÕÂÓÉÄÉÁÒÙ #Ánadian Renewable Energy Corporation by Stantec 
Consulting Ltd., Guelph, Ontario. 
(7) Hein C.D., Prichard A., Mabee T. & Schirmacher M.R. (2013) Effectiveness of an operational 
mitigation experiment to reduce bat fatalities at the Pinnacle Wind Farm, Mineral 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. (2013) Post-construction monitoring study, 
Criterion Wind Project, Garrett County, Maryland: AprilɀNovember 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 M.R. (2014) 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 Conservation 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 mitigation. Journal of Mammalogy, 
98, 378ɀ385. 
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(11) Stantec Consulting Services Inc. (2018) Post-construction bat mortality monitoring report 
Wildcat Wind Farm, Madison and Tipton Counties, Indiana 2017. Report prepared for Wildcat Wind 
Farm LLC by Stantec Consulting Services Inc. Independence, Iowa. 

4.13.  Automatically  reduce  turbine blade rotation  when bat 

activity is high  

¶ Two studies evaluated the effects of automatically reducing turbine blade rotation when bat 
activity is high on bat populations. One study was in Germany1 and one in the USA2. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (2 STUDIES) 

¶ Survival (2 studies): Two replicated studies (one randomized, controlled and one paired 
sites study) in Germany1 and the USA2 found that automatically reducing the rotation speed 
of wind turbine blades when bat activity is predicted to be high resulted in fewer bat fatalities 
for all bat species combined1 and for five bat species2. 

BEHAVIOUR (0 STUDIES) 

Background  

This intervention involves the use of automatic bat registration systems to 
monitor bat activity and shut down operation of wind turbines when bat activity 
ÒÅÁÃÈÅÓ Á ÐÒÅÄÅÔÅÒÍÉÎÅÄ ȬÈÉÇÈȭ ÌÅÖÅÌȢ 

A replicated, paired sites study in 2012 at eight pairs of wind turbines in 
Germany (1Ɋ ÆÏÕÎÄ ÔÈÁÔ ÕÓÉÎÇ ÁÕÔÏÍÁÔÅÄ ȬÂÁÔ-ÆÒÉÅÎÄÌÙȭ operating systems that 
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. During these periods, rotor blades were moved parallel to the 
wind to reduce rotation speed according to a target bat fatality rate (0.012 
fatalities/turbine/night). Conventionally operated turbines rotated freely. At each 
of eight sites, automated and conventional operating modes were alternated 
weekly between two paired turbines over 14 weeks in JulyɀOctober 2012. Carcass 
searches were carried out daily. Carcass counts were corrected to account for 
searcher efficiency and removal by scavengers. If 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 at a wind energy facility 
in an agricultural area of Wisconsin, USA (2Ɋ ÆÏÕÎÄ ÔÈÁÔ ÕÓÉÎÇ ÁÕÔÏÍÁÔÅÄ Ȭ3Íart 
#ÕÒÔÁÉÌÍÅÎÔȭ operating systems that reduced turbine blade rotation speed 
resulted in 74ɀ91% fewer fatalities of five bat species compared to conventionally 
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 (10 
operated by automated systems, 10 conventionally operated). At automated 
turbines, fatality risk was calculated by a predictive model using real-time bat 
activity and wind speed data every 10 minutes. If fatality risk was high (wind 
speed <8 m/s and >1 bat call detected in the previous 10 minutes), rotor blades 
were rotated out of the wind and slowed (to Ѕ1 rpm) for 30 minutes. 
Conventionally operated turbines ×ÅÒÅ ȬÆÅÁÔÈÅÒÅÄȭ ÔÏ ÒÏÔÁÔÅ ÓÌÏ×ÌÙ ÂÅÌÏ× Á ÃÕÔ-in 
speed of 3.5 m/s. Daily carcass searches were conducted along transects in  plots 
(80 x 80 m) centred on each of the 20 turbines in JulyɀSeptember 2015. Carcass 
counts were corrected to account for searcher efficiency and removal by 
scavengers. Electricity generation was reduced by 90 MWh/turbine at automated 
turbines during the study period. 

(1) Behr O., Brinkmann R., Korner-Nievergelt F., Nagy M., Niermann I., Reich M. & Simon R. 
(2016) Reducing the Collision Risk for Bats at Onshore Wind Turbines (RENEBAT II). Reduktion des 
Kollisionsrisikos von Fledermäusen an Onshore-Windenergieanlagen (RENEBAT II). Umwelt und 
Raum Bd. 7, 368 S., Institut für 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. & Goodrich-Mahoney J. (2019) A smart curtailment 
approach for reducing bat fatalities and curtailment time at wind energy facilities. Ecological 
Applications, 29, e01881. 

Mining  

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

4.14.  Provide artificial subterranean bat roosts  to replace 

roosts in reclaimed mines  

¶ We found no studies that evaluated the effects of providing artificial subterranean bat roosts 
to replace roosts in reclaimed mines on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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 roosts. Similar intervention s are described in ȬThreat: Human 
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intrusions and disturbance ɀ Caving and tourism ɀ Provide artificial subterranean 
bat roosts to replace roosts in disturbed cavesȭ ÁÎÄ ȬHabitat restoration and creation 
ɀ Create artificial caves or hibernacula for batsȭ. 

4.15.  Exclude bats from roosts prior to mine reclamation  

¶ We found no studies that evaluated the effects of excluding bats from roosts prior to mine 
reclamation on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

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

4.16.  Relocate bats from reclaimed mines to alternative 

subterranean roost  sites  

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

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  

¶ We found no studies that evaluated the effects of retaining access points for bats following 
mine closures on bat populations. 

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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  

Access points for bats may be retained following mine closures to prevent 
entombment and to allow continued use by roosting bats. For a similar 
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ÉÎÔÅÒÖÅÎÔÉÏÎȟ ÓÅÅ ȬThreat: Human intrusions and disturbance ɀ Caving and tourism 
ɀ Retain bat access points to cavesȭȢ 

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

public access  

¶ Nine studies evaluated the effects of installing gates at mine entrances on bat populations. 
Eight studies were in the USA1ï3,5ï7c and one in Australia4. 

COMMUNITY RESPONSE (1 STUDY) 

¶ Richness/diversity (1 study): One replicated, before-and-after study in the USA5 found 
that fewer bat species entered mines after gates were installed. 

POPULATION RESPONSE (3 STUDIES) 

¶ Abundance (3 studies): Two replicated, site comparison or before-and-after studies in the 
USA3 and Australia4 found fewer bats in mines4 or at mine entrances3 after gates were 
installed. One replicated, controlled, before-and-after study in the USA7a found that bat 
activity (relative abundance) remained stable or increased at five of seven gated mines, and 
decreased at two gated mines. 

BEHAVIOUR (6 STUDIES)  

¶ Use (2 studies): One before-and-after study in the USA1 found that 43 of 47 mines 
continued to be used 12 years after gates were installed, however bats abandoned four 
mines with óladderô design gates. One replicated study in the USA7c found that gate design 
and time since gate installation had varied effects on the presence of four bat species. 

¶ Behaviour change (4 studies): Four replicated, before-and-after or site comparison 
studies in the USA2,6,7b and Australia4 found that bats at mine entrances circled more2,4,6,7b 
and entered mines less2,6 after gates were installed.  

OTHER (2 STUDIES) 

¶ Collisions with gates (1 study): One replicated, controlled, before-and-after study in the 
USA6 found that up to 7% of bats at mine entrances collided with mine gates. 

Background  

Gates may be installed at mine entrances to restrict public access and reduce 
human disturbance. However, gates can also impede access by bats and early 
installation attempts from the 1950s to the 1970s often resulted in roost 
abandonment (Tuttle 1977). For evidence relating to cave gaÔÅÓȟ ÓÅÅ ȬThreat: 
Human intrusions and disturbance ɀ Caving and tourism ɀ Install and maintain cave 
gates to restrict public accessȭȢ 
Tuttle M.D. (1977) Gating as a means of protecting cave dwelling bats. Pages 77ɀ82 in: T. Aley & D. 

Rhodes (eds.) 1976 National Cave Management Symposium Proceedings, Speleobooks, 
Albuquerque, USA. 

 

A before-and-after study in 1991ɀ2004 at 47 gated abandoned mines in 
forested areas of Colorado, USA (1) 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 mine with a culvert ladder gate were 
abandoned by bats. Four types of gate were evaluated, all with bar spacings of 150 
mm. Traditional gates allowed access to bats across the whole gate, ladder gates 
allowed access to bats at the centre only, and both types of gate were also 
constructed in metal culverts where mine entrances were too unstable to anchor 
the gate itself. Each of 47 mines were surveyed 2ɀ10 times in 1991ɀ2004 using 
multiple methods (catching, visual counts and infrared motion detectors).  

A replicated, controlled, before-and-after and site comparison study in 2003 
at 28 mine and cave sites between Ontario, Canada and Tennessee, USA (2) found 
that at mine and cave entrances with gates, bats circled, retreated more and 
passed through less often than at ungated entrances. Bats circled and retreated 
more and passed through less at entrances with existing mine or cave gates (37% 
of bats circled and retreated, 50% passed through) or newly installed mock gates 
(60% circled and retreated, 25% passed through) than at ungated entrances (23% 
circled and retreated, 68% passed through). Separate results for mines and caves 
were not provided. Seven mines or caves had existing gates (of various designs), 
twelve mines or caves were ungated and had mock wooden gates installed 
(horizontal bars 25 mm diameter with 146 mm spacing). Ungated entrances were 
surveyed before and after mock gates were installed. At each of 28 sites, 
observations of behaviour were made during 3ɀ4 x 5-minute periods during 1ɀ2 
nights in JulyɀOctober 2003. 

A replicated, site comparison study in 2002 of 24 gated and 23 ungated 
abandoned mines in West Virginia, USA (3) 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 distance to other entrances were more important 
than gates for predicting the presence of bats (see original paper for detailed 
results). Twenty-ÆÏÕÒ ÍÉÎÅ ÅÎÔÒÁÎÃÅÓ ×ÅÒÅ ÇÁÔÅÄ ɉÏÎÅ ÈÁÄ Á ȬÂÁÔ-ÆÒÉÅÎÄÌÙȭ ÁÎÇÌÅ-
iron design, 23 had a round-bar design with 1.5 cm bars 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 JuneɀJuly 2002 and at all 47 mines in AugustɀSeptember 2002. 

A replicated, controlled, before-and-after study in 2003 at four derelict mines 
in a forested area of south-eastern Australia (4) found that installing gates with 
125 mm horizontal spacing resulted in fewer eastern horseshoe bats Rhinolophus 
megaphyllus aÎÄ 3ÃÈÒÅÉÂÅÒȭÓ ÂÁÔÓ Miniopterus schreibersii using the mines and 
more bats aborted exit and entry flights, whereas gates with horizontal spacings 
of 450 mm and 300 mm did not affect bat numbers or behaviour. Fewer bats used 
two mines after gates with a 125 mm horizontal spacing were installed (before: 
120 and 540 bats; after: 30 and 290 bats). The number of bats aborting exit and 
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entry flights also increased (data reported as standardized results). Gates with 
horizontal spacings of 450 mm and 300 mm did not affect bat numbers or 
behaviour. Bat numbers at two similar control mines either remained constant or 
increased. Two mines were fitted with gates (made from 20 mm plastic tubing), 
and two were left ungated (controls). In MarchɀApril 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 night-vision video cameras recorded flight behaviour for 30 minutes 
at dusk and dawn. 

A replicated, before-and-after study in 2002ɀ2004 at five pairs of abandoned 
mines in northern Idaho, USA (5) found that installing gates resulted in fewer bats 
and fewer bat species entering the mines. Fewer bats entered mines after gates 
were installed with an overall decrease of 65% across all gated mines (before: 
average 29 bat entries; after: 10 bat entries). The number of bats entering five 
ungated mines ÉÎÃÒÅÁÓÅÄ ÂÙ τυϷ ÏÖÅÒ ÔÈÅ ÓÁÍÅ ÐÅÒÉÏÄ ɉȬÂÅÆÏÒÅȭȡ ςπ ÂÁÔ ÅÎÔÒÉÅÓȠ 
ȬÁÆÔÅÒȭ σς ÂÁÔ ÅÎÔÒÉÅÓɊȢ Fewer bat species entered the mines after gates were 
installed (before: average 2.3 bat species; after: 1 bat species), but no change was 
ÏÂÓÅÒÖÅÄ ÁÔ ÕÎÇÁÔÅÄ ÍÉÎÅÓ ɉȬÂÅÆÏÒÅȭȡ ς ÂÁÔ ÓÐÅÃÉÅÓȠ ȬÁÆÔÅÒȭȡ ρȢψ ÂÁÔ ÓÐÅÃÉÅÓɊȢ 'ÁÔÅÓ 
were installed at five of 10 mines in 2002 and 2003. Gates had vertical supports 
(10 x 10 x 1 cm iron) and horizontal bars (10 x 10 cm angle iron) with gaps of 
<14.6 cm. Each of five pairs of mines was surveyed twice in JulyɀAugust in two 
consecutive years in 2002ɀ2004 (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, before-and-after study in 2003ɀ2004 at four 
abandoned mines in western Utah, USA (6) found that gated mines had more 
4Ï×ÎÓÅÎÄȭÓ ÂÉÇ-eared bats Corynorhinus townsendii circling at entrances than 
entering or exiting them, and 2ɀ7% of bats flying through the entrances collided 
with the gates. MÏÒÅ 4Ï×ÎÓÅÎÄȭÓ ÂÉÇ-eared bats circled at 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 all four gated mines (2ɀ7 % of bats entering or 
exiting/night, total <5ɀ50 bats/gate). All of four mines had maternity colonies of 
4Ï×ÎÓÅÎÄȭÓ ÂÉÇ-eared bats (average 84ɀ112 bats). Two mines were gated before 
the study in 1998 and 2000 and two had gates installed during the study in 2004. 
!ÌÌ ÇÁÔÅ ÄÅÓÉÇÎÓ ×ÅÒÅ ȬÂÁÔ-ÃÏÍÐÁÔÉÂÌÅȭ ɉÒÏÕÎÄ ÓÔÅÅÌ ÂÁÒÓ ×ÉÔÈ ÈÏÒÉÚÏÎÔÁÌ ÂÁÒÓ 
spaced 10ɀ14 cm apart). Each of the four mines was surveyed with infrared video 
cameras at the entrances during two consecutive mornings and a single night each 
month in MayɀJuly 2003 (before gating) and in May and JulyɀSeptember 2004 
(after gating). 

A replicated, controlled, before-and-after study in 2014ɀ2015 at 11 
abandoned mines in southern Arizona and New Mexico, USA (7a) found that after 
gates were installed bat activity levels remained stable or increased at five of 
seven gated mines and three of four ungated control mines. After gating, bat 
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activity levels decreased at two of seven gated mines and one 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 (4ɀ200 m long) with similar characteristics (bat use, mine features, number 
of entrances) were surveyed. Seven mines had gates (standard square-tube bar 
gates or corrugated metal culverts with rectangle-tube bar gates, both with 14.6 
cm horizontal spacing) installed in winter 2014 or spring 2015. Four control 
mines were left ungated. Visual observations and bat logger surveys were carried 
out in JuneɀSeptember 2014 (before gating) and 2015 (after gating).  

A replicated, before-and-after study in 2015 at two abandoned mines in 
Arizona, USA (7b) found that bats performed more flight manoeuvres at mine 
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 non-corrugated high-density 
polyethylene) or two gate heights (0.15 m and 1.15 m above the ground). Both 
mines (60ɀ80 m long) had single ungated entrances and were occupied by winter 
colonies (>100 individuals) of California leaf-nosed bats Macrotus 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 entrances. In MarchɀApril 
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 41 abandoned gated mines in Arizona, Colorado, 
Nevada, New Mexico and Utah, USA (7c) found that gate age and design had varied 
effects on the presence of four bat species, but mine features were more important 
ÔÈÁÎ ÇÁÔÅÓ ÆÏÒ ÐÒÅÄÉÃÔÉÎÇ ÐÒÅÓÅÎÃÅȢ 4Ï×ÎÓÅÎÄȭÓ big-eared bats Corynorhinus 
townsendii were found more often in mines with narrower horizontal bar spacing 
(12ɀ15 cm) than wider spacing (18 cm; data reported as statistical model results). 
California myotis Myotis californicus and western small-footed myotis Myotis 
ciliolabrum were found more often in mines with older gates (>10 years old) and 
less often in mines with angle-iron bar gates than mines with four other gate 
designs. Cave myotis Myotis velifer were found more often in mines with newer 
gates (<9 years old) and less often in mines with culvert gates than mines with 
four other gate designs. Fringed myotis Myotis thysanodes were found more often 
in mines with gates closer to the entrance (<2 m) with smaller gate areas (<2.5 
m2) and wider vertical bar spacing (>0.9 m). Mine features (e.g. elevation, number 
of levels or entrances) were more important than gate age, location, or design for 
predicting the presence of all four bat species. Each of 41 mines had one of five 
gate designs installed: standard round bar (8 mines); standard angle-iron bar (15 
mines); standard square-tube 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 JuneɀDecember 2015 for 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 News, 46, 1ɀ8. 
(2) Spanjer G.R. & Fenton M.B. (2005) Behavioral responses of bats to gates at caves and 
mines. Wildlife Society Bulletin, 33, 1101ɀ1112.  
(3)  Johnson J.B., Wood P.B. & Edwards J.W. (2006) Are external mine entrance characteristics 
related to bat use? Wildlife Society Bulletin, 34, 1368ɀ1375. 
(4) Slade C. & Law B. (2008) An experimental test of gating derelict mines to conserve bat 
roost habitat in southeastern Australia. Acta Chiropterologica, 10, 367ɀ376. 
(5) Derusseau S.N. & Huntly N.J. (2012) Effects of gates on the nighttime use of mines by bats 
in northern Idaho. Northwestern Naturalist, 93, 60ɀ66. 
(6) Diamond G.F. & Diamond J.M. ɉςπρτɊ "ÁÔÓ ÁÎÄ ÍÉÎÅÓȡ ÅÖÁÌÕÁÔÉÎÇ 4Ï×ÎÓÅÎÄȭÓ ÂÉÇ-eared 
bat (Corynorhinus townsendii) maternity colony behavioral response to gating. Western North 
American Naturalist, 74, 416ɀ426. 
(7) Tobin A., Corbett R.J.M., Walker F.M. & Chambers C.L. (2018) Acceptance of bats to gates 
at abandoned mines. The Journal of Wildlife Management, 82, 1345ɀ1358. 

4.19.  Maintain microclimate in closed/abandoned mines  

¶ One study evaluated the effects of maintaining the microclimate in an abandoned mine on 
bat populations. The study was in the USA1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (1 STUDY) 

¶ Abundance (1 study): One before-and-after study in the USA1 found that modifying the 
microclimate of an abandoned mine by closing a human-made entrance resulted in a greater 
number of bats hibernating within the mine. 

BEHAVIOUR (0 STUDIES)  

Background  

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

 A before-and-after study in 2004ɀ2007 at one mine in Southern Illinois, USA 
(1) found that modifying the microclimate within an abandoned mine by closing a 
human-made entrance resulted in an increase in the number of hibernating bats, 
including Indiana bats Myotis sodalis. Before the entrance was closed, <500 bats 
were counted hibernating in the mine and internal temperatures varied widely 
during the hibernation period (-2ɀ18°C). After the entrance was closed, internal 
temperatures were more stable (11-13°C), and more bats hibernated within the 
mine (one year after: 1,500 bats; two years after: 2,500 bats). In summer 2005, a 
culvert with a door (1.2 m wide) was built into the horizontal 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 2006 and 2007 after the entrance was 
closed. 

(1) Carter T.C. & Steffen B.J. (2010) Converting abandoned mines to suitable hibernacula for 
endangered Indiana bats. Pages 205ɀ213 in: Vories K.C., Caswell A.H. & Price T.M. (eds.) Protecting 
threatened bats at coal mines: A technical interactive forum. Department of Interior, Office of 
Surface Mining, Coal Research Center, Southern Illinois University Carbondale. 

4.20.  Reopen entrances to clo sed mines and make suitable 

for roosting bats  

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

óWe found no studiesô means that we have not yet found any studies that have directly evaluated this 
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 been closed and sealed may be reopened to provide 
roosting sites for bats. Modifications may be required to create access points and 
a suitable microclimate for bats. 

4.21.  Restore bat foraging habitat at ex -quarry sites  

¶ One study evaluated the effects of restoring bat foraging habitat at ex-quarry sites on bat 
populations. The study was in France1. 

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (1 STUDY) 

¶ Abundance (1 study): One replicated, site comparison study in France1 found that gravel-
sand pits had higher overall bat activity (relative abundance) 10 years after restoration than 
gravel-sand pit sites before or during quarrying. 

BEHAVIOUR (0 STUDIES) 

Background  

Abandoned mining sites, such as quarries, may be rehabilitated to provide 
foraging habitat for bats, e.g. through the restoration of grassland, trees, and 
wetlands. 
 
For general interventions relating to the restoration of specific habitat types, see 
ÔÈÅ ȬHabitat restoration & creationȭ ÃÈÁÐÔÅÒȢ 
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 A replicated, site comparison study in 2009ɀ2013 of 21 gravel-sand pit sites 
in France (1) found that restored gravel-sand pits had higher overall bat activity 
10 years after restoration than gravel-sand pit sites before or during quarrying, 
but there was no difference for gravel-sand pits less than 10 years after 
restoration. Overall bat activity was higher at gravel-sand pits that had been 
restored more than 10 years previously (average 0.8 bat passes/six minute 
interval) than at gravel-sand pit sites before or during quarrying (both 0.3 bat 
passes). However, there was no significant difference between gravel-sand pits 
restored 5ɀ10 years previously (0.5 bat passes) or less than five years previously 
(0.4 bat passes) and gravel-sand pit sites before or during quarrying. Twelve bat 
species were recorded in total (see original paper for data for individual species). 
Gravel-sand pit sites (average 4 ha) consisted of bare soil and were restored to 
water, wooded vegetation and meadows after quarrying ceased. At each of 21 
sites, 1ɀ5 points (18ɀ37 points/treatment in total across all sites) were sampled 
with bat detectors during two visits/year in JuneɀSeptember 2009ɀ2013. 

(1) Kerbiriou C., Parisot-Laprun M. & Julien J.F. (2018) Potential of restoration of gravel-sand 
pits for bats. Ecological Engineering, 110, 137ɀ145. 
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5. Threat: Transportation and service corridors 

Threats from transportation and service corridors tend to be from the destruction 
of habitat and pollution. Interventions in response to these threats are described 
in ȬHabitat protectionȭȟ ȬHabitat restoration and creationȭ ÁÎÄ ȬThreat: PollutionȭȢ 
 
For interventions relating to bat boxes, which are often used in response to a wide 
ÒÁÎÇÅ ÏÆ ÔÈÒÅÁÔÓȟ ÓÅÅ ÔÈÅ ȬSpecies managementȭ ÃÈÁÐÔÅÒȢ 
 
Roads have been shown to have a negative impact on bats, acting as a barrier to 
movement and causing direct mortality due to collisions with vehicles (e.g. see 
Altringham & Kerth 2016, Fensome & Mathews 2016). The habitat surrounding 
roads may also become unsuitable for bats due to light, noise, and chemical 
pollution. 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 (Vandevelde et al. 2014). Utility 
and service corridors (e.g. carrying 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 increasing road/rail  permeability and 
reducing mortality so as to maintain bat populations. We found no evidence to 
show that crossing structures either increase permeability or maintain bat 
populations in proximity to roads or railways. We found evidence that some 
crossing structures over and under roads are used by bats. However, few crossing 
structures were used by a sufficient proportion of crossing bats to suggest they 
would be effective at maintaining bat populations, e.g. Berthinussen & Altringham 
(2015) suggest >90% of bats must cross safely for structures to be considered 
effective. 
Altringham J. & Kerth G. (2016) Bats and roads. Pages 35ɀ62 in: Voigt C.C. & Kingston T. (eds.) Bats 

in the Anthropocene: Conservation of Bats in a Changing World. Springer International 
Publishing, Cham. 

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

Fensome A.G. & Mathews F. (2016) Roads and bats: a meta-analysis and review of the evidence on 
vehicle collisions and barrier effects. Mammal Review, 46, 311ɀ323. 

Vandevelde J.-C., Bouhours A., Julien J.-F., Couvet D. & Kerbiriou C. (2014) Activity of European 
common bats along railway verges. Ecological Engineering, 64, 49ɀ56. 
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Roads & Railroads  

5.1.  Install underpasses or culverts as road /railway crossing 

structures for bats  

¶ Eight studies evaluated the effects of installing underpasses or culverts as road crossing 
structures for bats. Seven studies were in Europe1ï5,7,8 and one in Australia6.  

COMMUNITY RESPONSE (0 STUDIES) 

POPULATION RESPONSE (0 STUDIES) 

BEHAVIOUR (8 STUDIES)  

¶ Use (8 studies): Eight studies (including six replicated studies) in Germany1, Ireland2,3, the 
UK4,5,7, Australia6 and France8 found that bats used underpasses and culverts below roads, 
and crossed over the roads above them, in varying proportions. One replicated, site 
comparison study in Australia6 found that bat species adapted to cluttered habitats used 
small culverts and underpasses more than bat species adapted to open or edge habitats6. 
One replicated, site comparison study in France8 found that the use of underpasses by five 
bat species was influenced by underpass type and height, road width, and the amount of 
forest and hedgerows in the surrounding landscape. 

Background  

Underpasses may guide bats safely under roads or 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 underpasses below roads (e.g. Bach et 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 effectiveness, such as a control or the 
proportion of bats that are or are not using the underpasses. The studies described 
below report the proportion of bats that are either using underpasses to cross 
roads safely, or are crossing the road above them at risk of collisions with traffic.  
We did not find any studies that assessed underpasses below railways as crossing 
structures for bats.  
Bach L., Burkhardt P. & Limpens H. (2004) Tunnels as a possibility to connect bat habitats. 

Mammalia, 68, 411ɀ420. 
Barros P. (2014) Agricultural underpasses: their importance for bats as roosts and role in 

facilitating movement across roads. Pasos agrícolas inferiores de carreteras: su importancia 
para los murciélagos como refugio y lugar para cruzar la vía. Barbastella, Journal of Bat Research 
& Conservation, 7, 22ɀ31. 

Boonman M. (2011) Factors determining the use of culverts underneath highways and railway 
tracks by bats in lowland areas. Lutra, 54, 3ɀ16. 

 

A study in 2004ɀ2007 of an underpass below a motorway in a forested area 
of northern Bavaria, Germany (1) found that a cluttered habitat bat species rarely 
crossed the motorway and only crossed through the underpass, whereas an open 


















































































































































































































































































































































































































