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Executive Summary

Bat houses are artificial structures providing shelter for building-roosting bats. Here we provide
guidance on use of bat boxes (small wooden boxes replacing natural tree cavities for crevice roosting
bats), bat condos (large structures constructed to house thousands of bats), and mini-condos (smaller
versions of condos).

Roost microclimate (temperature and humidity) affects bat reproductive success. Bats need suitable
microclimates for pup rearing, and their energy budgets vary with prey availability and ambient
temperatures. A special physiological process called torpor helps bats conserve energy during lean
times. Reproductive female bats must select appropriate microclimates to successfully raise a pup. In
some situations they need to select cool microclimates to make extensive use of torpor, lowering their
body temperatures to save energy. But to successfully develop a fetus, nurse a pup and have that pup
grow, their roost must warm a bat’s body.

In buildings, spaces such as attics offer diverse microclimates for bats. Because bats can find most if not
all of the microclimates they need throughout the reproductive season, bats in buildings typically show
high site fidelity. In contrast, bats roosting in natural cavities switch roosts often, locating appropriate
microclimates while simultaneously lowering predation risk and parasite loads.

Bats seek out optimal roost microclimate, but their selection may be limited. With the effects of climate
change, there is increasing concern over potentially detrimental effects of overheating roosts. Similarly,
loss of roosts such as through eviction or exclusion may result in few microclimate options and lower
reproductive success or even mortality if lethal temperatures are encountered in occupied roosts. When
managing roosting habitats for bats, one must consider the "Goldilocks Effect": Bats need the right
temperature. This means providing options for roost switching. The ability of a bat to switch roosts
safely, especially mid-day if roost temperatures become inhospitable, can be limited by the proximity of
suitable alternative roosts.

It is unknown how local bat species diversity may be affected by installation of a bat house in an area
where no building colonies were previously known. As such, construction of bat house structures is best
done in areas with existing building-roosting colonies. When mitigating for loss of these types of roosts
we recommend taking into consideration the roost area. Does there appear to be other suitable roost
structures close by? If not, more extensive supplementation will be needed (e.g., multiple bat boxes).
When deciding on type (i.e., condo, bat box) and size of replacement structure(s) consider cost, logistics
of construction, and colony size (i.e., how much roost surface area may be needed). Provide multiple
options and microclimates by varying the placements relative to solar exposure and insulating mounting
surfaces such as sides of buildings. Styles and designs may also be varied, such as number of chambers
and box dimensions. For most situations we recommend multiple standard 4 chamber maternity bat
boxes. Boxes mounted back-to-back on a pole with adjoining access can provide a wider range of
microclimates than individual bat boxes. New technologies such as thermally advanced building
materials may continue to improve bat house construction.

Creating roosting habitat for bats is a long-term commitment, as these are long-lived mammals with
high site fidelity. This means regularly maintaining bat houses and monitoring their use. Monitoring and
reporting occupancy rates will help answer fundamental questions such as how effective are artificial



roosting structures. Many knowledge gaps exist: Most urgently needed is a better understanding of how
well bat boxes and bat condos perform as mitigation structures.

This document outlines best practices for use of bat houses, and describes management practices for 3
species of North American building-roosting bat species: Little Brown Myotis (Myotis lucifugus), Yuma
Myotis (M. yumanensis) and Big Brown Bat (Eptesicus fuscus).

Overview

This guidance document summarizes the best available data on bat houses. Section 1 introduces why
this document is needed and Section 2 highlights the issues concerning bat specialists regarding the use
of bat houses. Section 3 provides the best management practices for the use of bat houses for the most
common building-roosting bats in North America. Section 4 identifies knowledge gaps in our
understanding of how to provision artificial roost habitat for bats. Section 5 summarizes reporting,
maintenance and monitoring practices, lists states/provinces/territories that have current programs and
provides suggestions for those that are without.

This document is a current synthesis of the available information on use of bat houses in North America.
The review of history and literature provides critical background information on bat energetics,
physiology and behaviour that must be considered when designing and erecting artificial roosts and
making decisions regarding roosting habitat for building-roosting bats (most applicable to Yuma and
Little Brown Myotis, and Big Brown Bat).

This material may benefit future researchers and managers and act as a summary resource document.
Appendix One (Literature Review) should not be considered simply supplemental but rather it is critical
detailed information for understanding the subtleties of managing bats in bat houses. The guidance
provided is meant to help any landowner, institution, development proponent or land manager tasked
with managing or providing artificial roosting habitat for bat-house using bat species in North America.

This document is intended to be a living document, with periodic updates with revisions as on-going
research and monitoring fills knowledge gaps.

Section 1: Introduction and Objectives

1.1. Introduction
What is a bat house?

For the purposes of this document, any artificial structure built to provide shelter for bats will be
referred to as a bat house. Small wooden boxes (often with multiple, narrow, vertical, internal
chambers) used to replace tree cavities and cracks which would naturally be used by most crevice-
roosting bats will be referred to as “bat boxes” (Figure 1). The largest type of structure built to shelter
bats that can house thousands of bats will be referred to as a “bat condo” (Figure 2). Smaller versions of
the condo that meet certain size specifications will be considered a “mini-condo.” Standard bat boxes
mounted back-to-back (e.g., on poles) or immediately adjacent to each other (e.g., on the wall of a
building or other structure) will be called a “bat box array” (Figure 1b). Artificial structures that aim to
mimic natural “under-bark” type roosts used by bats include material that “wraps” around poles or are
attached in sections (such as Brandenbark®) or may include human-created cuts into tree trunks (e.g.,
using chainsaws) to create a similar type “gap.” These “crevice creations” (under-bark mimic-type



artificial roosts and associated tree modifications) for roosting bats will not be included in these BMPs
but will be part of the literature review (see Appendix A.1.8. Other types of artificial roosting habitat:
bark mimics).

A. B.

Figure 1. A bat box is a small type of bat house. A. A bat box is a small wooden box, often subdivided inside as “roosting
chambers.” The extension of wood below the box is a landing platform where bats land, and then using their claws, they climb
on the roughened wood up into the box. This particular installation has 2 bat boxes mounted on opposite sides of a pole; photo
by J. Saremba. B. Bat boxes installed in an "array" on a building wall; photo by C. Olson.

What does a bat house provide and are there concerns?

Bat houses provide shelter from predators, and protection from weather elements such as rain, wind,
and direct sunlight. Pregnant and lactating (nursing) adult females using these sites often return to the
same location year after year and are joined by their female offspring. Because many bat species exhibit
long lifespan (Little Brown Myotis have been recorded living up to 39 years — pers. comm. D. Hobson,
Alberta Environment and Parks) and high site fidelity to maternity roosts, stewardship and monitoring
must also be an important consideration for bat maternity roosts.
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Figure 2. A bat condo, the largest type of bat house. This
particular structure, built in southeastern British Columbia,
uses hopper doors to enclose the roosting chambers to
reduce airflow and thus increase internal temperatures.
Although guano does fall onto the concrete base throughout
the season, a thorough cleaning is done annually by opening
the doors and sweeping out the guano deposited on the
doors. Photo by J. Hobbs.

Species that commonly use bat houses are colonial, with colony size varying among species. Bat houses,
consisting of internal roosting chambers, allow bats to cluster together in a small volume of air. Groups
of bats clustering together in a small space can create a warm, moist microclimate conducive to
retention of body heat and water, physiologically important for these small mammals with huge surface
area to volume ratios (attribute of small body with large wings made of skin). By mediating the
temperature and humidity within a roost, female bats create ideal conditions for raising offspring,
known as pups. Depending on the construction material, bat houses can also retain heat, creating warm
spaces that maximize pup growth (Kurta 1985). Ideally, mother bats want to keep their pups at
temperatures typical of the upper range of their thermoneutral zone to maximize growth.

The thermoneutral zone (TNZ) is the natural range of temperatures at which bats expend the least
amount of energy (Lyman 1970). The TNZ has an upper and lower critical limit, is species-specific and
relative to body size, and may vary seasonally (i.e., different TNZ range in summer versus winter). Large
bats have a wider TNZ temperature range (e.g., Brazilian Free-tailed Bat, Tadarida brasiliensis, 26 to
33°Cor 79 to 91°F; Soriano et al. 2002) but lower tolerance for high ambient temperatures (Stones and
Wiebers 1965). Small bats have a much narrower TNZ range (often <5°C span) but may have greater
tolerance for higher temperatures (Stones and Wiebers 1965). When bats roost in conditions above or
below the TNZ critical limits, several options exist: 1. The bat may enter into torpor when ambient
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conditions fall below the lower critical of the TNZ (i.e., a bat box that is too cool). This saves the bat
energy to simply conform to the cooler surroundings, reducing its cellular metabolism (Reeder and
Cowles 1951). 2. If the bat instead tries to maintain a warm body in ambient conditions below their TNZ,
body fat is burned so that metabolism can remain high. The bat will die if fat reserves become
exhausted. 3. If ambient conditions exceed the upper critical, the bat will change behaviours to try to
dump body heat. These behaviours include spreading out so as to not cluster too closely to another
individual (this can be very difficult in overcrowded bat boxes!), moving closer to a vent or roost
entrance where there is airflow, fanning of wings, licking of fur, urinating on themselves to increase
evaporation and thus dissipate heat (in lieu of sweating — bats do not have sweat glands, Burbank and
Young 1934), or even fleeing a roost mid-day to find cooler conditions. Bats crowding the opening of a
bat box on a hot day is a sign of bats undergoing heat stress (as seen on Cover Page of BMP, bottom left
photo). Bats have also been observed flying during hot days to obtain a drink of water (e.g., Hendricks
and Hendricks 2010, Jung 2013). Bats will die of overheating if the temperature exceeds an ‘upper
lethal’. The difference between heat stress and mortality can be as little as a degree or two and often
depends on the duration of exposure (Licht and Leitner 1967).

Thermal neutral zones may vary among and within species, but much has yet to be learned. One study
found that the summer TNZ for Little Brown Myotis was 32 to 36.26°C (89.6 to 97.16°F, summarized in
Speakman and Thomas 2003), and it may be that the summer TNZ for Yuma Myotis is comparable given
their similar morphology and tendency to roost in the same structures. Upper lethal temperatures for
both species were determined by Licht and Leitner (1967) to be 44.5°C (112.1°F). Little Brown Myotis
have been observed in anthropogenic roosts where temperatures exceed the upper limit of the TNZ
(Henshaw and Folk 1966; Licht and Leitner 1967; unpublished data from authors); however, Licht and
Leitner (1967) observed behavioural signs of heat stress are observed as a bat’s surrounding
temperature neared 40°C (104°F) and generally, this value is considered the upper safe tolerable limit
for bats in bat houses (Crawford et al. 2021APPENDIX FOUR: Bat Species’ Thermal
Preferences/Tolerancesiss).

In summary, bat box suitability and resulting roosting behaviour is directly related to bat thermoneutral
zones. Most often, it is likely that roost selection and roost switching behaviour by bats is primarily in
response to temperature. Concerns over bat house design and placement arose after several
observations of bats dying after extreme heat events. Following best management practices for bat
houses may serve to reduce this risk.

What factors are driving the demand for bat houses by people?

Bat boxes are typically used to replace or enhance habitats where bats are knowingly, or presumed to
have been, displaced from natural or other anthropogenic roosts (Griffiths et al. 2017, Rueegger et al.
2019). When evictions of bat colonies from human-built structures must occur, replacement of roosting
habitat may be provided to facilitate long term persistence of the evicted maternity colony. Exclusions
and evictions are often the outcome of conflict between building owners and bats. Conflict typically
results from an aversion to piles of guano, urine odour, hearing the noisy communication of a colony,
and/or wandering offspring entering human living quarters.

Exclusions should be conducted outside of the maternity/nursery period and success is only possible if
all access points are well-sealed. Alternately, bats and humans can coexist safely in the same building if
colonies can be maintained in a separate, yet human-accessible space. Within bat-occupied buildings
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that are very “porous” (e.g., old buildings with many cracks and openings that are impossible to seal up
completely), building managers can create a state of safe co-occupancy if care is taken to regularly clean
up / maintain the site and follow best practices for managing a colony within a building (See Appendix
Five : Citizen Science-based Bat Roost Monitoring Programs for a list of programs that both have bat
monitoring programs and provide guidance on management of bats in buildings).

With increasing observations of bat population declines (e.g., Little Brown Myotis, Myotis lucifugus),
there is increasing demand for better management of colonies in buildings, better methods for exclusion
and better options for supplementing roost habitat with artificial roosts like bat boxes. In North
America, the surge in research and monitoring reflects widespread motivation to conserve, recover or
build resiliency into populations being impacted by white-nose syndrome (USFWS 2022, Cheng et al.
2021, Environment Canada 2015). This monitoring is being facilitated by recent advancements and cost
reduction in technologies, including temperature and acoustic loggers, high quality affordable game
cameras/video (Figure 3), pit tags and break-beam/infra-red/thermal-imaging tools.

Figure 3. Monitoring occupancy at bat boxes using cameras. Infrared sensor on this game camera captures close-up imagery as
bats emerge, triggered by motion. Susan Dulc (A) installs the camera off to the side of the landing platform just below the
chamber openings (B). Blunt-tipped bird spikes are visible on gear to discourage perching birds that may harm bats. Photos
contributed by S. Dulc.
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Growing public involvement in bat conservation is being driven by outreach initiatives such as
community bat programs that recruit citizen scientists to participate in bat monitoring and the public
continues to build and install bat houses at a growing rate (see Appendix Five : Citizen Science-based
Bat Roost Monitoring Programs). There is also a growing proportion of the public that are simply
interested in bats and want to support bat conservation. Installing bat houses is a way to help bats, but
only if bat house design and installation locations are appropriate for the intended species in a particular
area.

Do bats in North America use bat houses?

Canada and the United States are home to forty-seven species of bats and of these sixteen species have
been observed using bat houses (Appendix Two: List of bat species of Canada and the USA). Big Brown
bats and Little Brown Myotis (both found continent-wide,) and Yuma Myotis (western-only; Figure 4),
are bat species commonly found using bat houses and buildings, and this document generically refers to
these as “the common building-roosting bats.”

It is beyond the scope of this document to describe every North American bat species that uses human-
built structures, however, the general roost preferences of these three focal species (Appendix Three:
Species Accounts for Little Brown Myotis, Yuma Myotis and Big Brown Bat) should reflect the needs of
other colony-roosting bat species and life cycles will be comparable. There are, however, some notable
exceptions to the general patterns (e.g., colonies of Townsend’s Big-eared Bat which select relatively
cooler and more voluminous nursery roosts; Firman 2003, Betts 2010). For species that show some
flexibility in roost use and include the use of buildings in their range of behaviours, it may be that a
“type” of artificial roost structure could be constructed for them but may need to be tailored to meet
both their physiological and behavioural needs. Research remains to be conducted, and the pattern
reported in the literature of boxes being dominated by one or a few species may not actually reflect the
range of species that will utilize boxes (e.g., Baranauskas 2007), and instead may reflect the narrow
range of box designs and placements usually deployed.

The types of structures used as roosts by bats will vary depending on sex, age, reproductive condition,
and other factors (Table 1). Large aggregations of bats during warm months are almost always
maternity, or nursery roosts and these sites have very specific requirements. Timing of use may vary
with geographic region, regional variation in weather, and other environmental factors. Some roosts are
used for reproduction and will be occupied by adult females to raise young, while other roosts may be
used by males or non-reproductive females. Roosts may also be used seasonally by bats making long-
distance movements between summer and winter habitats. In some areas bats can make significant
movements between habitat types for purposes of mating and/or hibernation (Kunz 1982). Bat houses
are not typically used as winter habitat and do not provide the appropriate conditions for hibernation.
However, in areas of North America with warm year-round temperatures, bat houses may have some
level of use year-round.
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Table 1. Types of roosts used by bats.

Roost Type

Ephemeral roost

Permanent roost

Night-roost

Day-roost

Maternity roost

Nursery roost

Bachelor roost

Fall migratory rest
stop

Winter hibernation
roost

Definition

A bat roost in a feature where the characteristics important to bats (e.g.,
microclimate) may change quickly and/or unpredictably; for example, an
area under sloughing tree bark.

A roost that is available for bat use over many years and has suitable
characteristics (e.g., microclimate, access) that remain stable over time.
Examples of permanent roosts include caves, cliffs, mines, bridges,
buildings, and large hollow trees of a slow-decaying species that may
remain standing several decades or more.

A roost where bats rest at night between foraging bouts. Bats may roost
singly or congregate.

A roost where bats rest during the day in spring/summer/autumn. Day-
roost types include maternity roosts, bachelor roosts, and mixed
male/non-reproductive female/yearling groups. Use of a specific day-roost
may be seasonal or variable within a season.

A roost used outside the winter period by adult females that are capable of
reproduction.

A roost where females congregate to give birth and raise their young
(adapted from Knight and Jones 2009). A nursery roost is a type of
maternity roost.

A roost used by one or more males during the day.

A roost used by bats during migration between summer and winter
habitats.

A site where one or more bats hibernate in winter (hibernacula [plural]). A
given hibernaculum may be used by bats for only part of the winter and
may not be used every winter
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Figure 4. Bats commonly found using human-built structures. From left to right: Little Brown Myotis (Photo: J. Headley), Yuma
Myotis (Photo: J. Hobbs), Big Brown Bat (Photo: C. Olson).

A critical feature of roost selection is roost microclimate. Temperature and humidity shape the
ecophysiology of these small-bodied flying mammals (Kunz 1982, Lausen and Barclay 2003, Ellison et al
2007). Many of the best management practices suggested in this document will directly relate to how to
create artificial roosts with the best microclimatic characteristics. Other factors influencing roost choice
by bats are accessibility, stability, size, safety, parasite load, light, noise, or other disturbance or
contextual factors (Kunz 1982, Lewis 1995). The suite of factors that influence choice will vary depending
on the bat’s needs during different stages of its lifecycle.

It is important to keep in mind that there are large gaps in even basic knowledge for many species.
General information about species identity, and general habitat associations may be the entire extent of
the data for some species. Other more well-known bats like Little Brown Myotis and Big Brown bats
have had extensive study of their physiology, reproductive ecology, distribution, and summer behaviour,
albeit often skewed to studies of eastern North American populations. Interestingly, winter ecology of,
and selection of hibernacula by, these species is still poorly understood, particularly in the western part
of the continent where hibernating individuals have been found in caves, rock crevices, mines, and
buildings. Research continues to examine the appropriateness of bat house design, materials used,
colours for bat house exteriors, size of the box and spacing of crevices by species, inadvertent hazards,
and appropriate installation (site, aspect, height).
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Are there standards for bat houses?

Currently, there are no official standards for bat house use, and few blueprints for designs. Bat boxes
have been in use for several decades (Tuttle and Hensley 1993, Tuttle et al. 2013, Tuttle and Cordani
2022), but only recently has there been a widespread push to understand occupancy, health, and
reproductive success in relation to designs and placement of these structures, particularly in reference
to their microclimatic conditions (Flaquer et al. 2014, Rueegger 2016, Lopez-Baucells et al. 2017,
Bideguren et al. 2019, Brouwer and Henrard 2020, Crawford and O’Keefe 2021a, Crawford et al. 2022).
Recent studies assessing suitability and safety of bat boxes have attempted to control for potential
sources of variation like solar incidence, presence/absence of bats, surrounding habitats, bat box styles
and colours (e.g., Hoeh et al. 2018, Tillman et al. 2021). These studies will help inform best practices.

1.2. Objectives for this document:

1. Identify the issues of concern with regards to bat houses.

2. Provide best management practices for the use of bat boxes for bats based on energetics,
physiology, roost availability, and social interactions (using current research and expert opinion).

3. Identify knowledge gaps in our understanding of how bats use bat houses and how these
structures can be effective mitigation tools for habitat loss.

4. Summarize the history of bat house development, design and deployment and provide a
literature review of the current research focused on bat roosting ecology in artificial structures.

5. Provide resources in the form of appendices covering background information underpinning this
BMP (physiology, ecology, behaviour, species), new technologies, case studies, citizen science
and monitoring initiatives in US and Canada, and details of bat house installations.

Section 2: Identifying the Issues

Concern for the welfare of bats who have become dependent on our human-built structures is not
unique to North America. World-wide there is growing concern for the effects of climate change on bats
roosting in bat boxes that can overheat (Flaquer et al. 2014, Bideguren et al. 2019). Bats with small body
sizes and large surface-area to volume ratios, as well as exhibiting high roost fidelity, may be particularly
vulnerable to climate change (Adams and Hayes 2008, Welbergen et al. 2008, Adams 2010). Some of
the other ongoing threats for bats across the globe include habitat loss (e.g., deforestation, timber
harvesting), effects of pesticide use on prey availability, and direct mortality (reviewed by Frick et al.
2020, this includes the massive loss of bats from white-nose syndrome across North America).

Bat houses (boxes, mini-condos, condos) are increasingly becoming a tool to mitigate habitat loss for
crevice-roosting bats. Extensive loss of natural habitat, such as old trees with appropriate crevices,
hollows, or sheets of peeling bark, may be a result of urbanization, resource extraction, and industrial
development (Frick et al. 2020). In our human-manipulated environments, natural roosts become either
unavailable or fail to offer the same benefits as artificial structures (Lausen and Barclay 2006; Kurta
2010; summarized in Voigt et al. 2016). Loss of bat roosting habitat can be somewhat mitigated for
some species through use of bat houses.

In North America, the common building-roosting bats roost colonially in summer, with clusters of
females congregating often at the same roosts year after year to raise young. Reproductive success of
individuals in these maternity colonies depends on the quality of roosting and foraging habitats.
Reproductive females depend on warm, stable temperatures that expedite gestation, promote milk
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production, and maximize growth rates of young bats (Kunz 1982). Temperatures offered by roosts will
vary temporarily based on weather, geographic location, micro-site properties (e.g., solar incidence),
and structural properties including the substrate’s thermal properties, volume of internal space, vents or
holes creating airflow (e.g., Fontaine et al. 2021); microclimate largely underpins roost selection by bats
(Boyles 2007, but see Willis and Brigham 2007, Bartoni¢ka and Rehak, 2007).

Specifically, there are several issues that are a concern for bats that may be ameliorated through
adherence to a set of best practices. These issues are discussed in greater detail below, and best
practices addressing each issue are provided in Section 3.

2.1. Threats to Bats and Impacts from Human Activities

Bats face unprecedented and cumulative threats (Frick et al. 2020), far more than we can review here.
However, below we list some key threats in the context of building-roosting bats, and specifically those
using bat houses.

2.1.1. Extermination and/or exclusions from buildings; transient bats

Little Brown Myotis, Yuma Myotis and Big Brown Bat are impacted by eradication activities conducted
by homeowners or hired pest/wildlife control professionals during evictions from homes (Barclay et al.
1980). Additionally, during migration between summer and winter hibernation sites, transient bats often
roost exposed on the outsides of human structures (Kunz et al. 2007, Frick et al. 2010a) and risk
mortality and harassment when discovered.

2.1.2. Habitat loss and degradation; impacts from industry

Bats are impacted by habitat loss and degradation (e.g., destruction or degradation of hibernacula,
maternity roosts, and foraging areas), disturbance or harm (e.g., collisions with or barotrauma from
wind turbines, intentional harm to individuals, recreational or scientific disturbance, and industrial
disturbance), pollution, and climate change (Evelyn et al. 2004, Arnett et al. 2008, Adams 2010, Tuttle
2013, Environment Canada 2015).

2.1.3. Disturbance/Mortality at hibernation and maternity roost sites

Bats are vulnerable to mortality and disturbance while roosting. This is of critical concern when bats are
hibernating, using deep torpor that inhibits movement, but this also applies to nursery and maternity
roosts during the season of use. Torpid bats (whether in winter hibernation, or deep torpor during
inclement spring/summer/fall weather) cannot rouse quickly to respond to threats, and arousing can
use up valuable fat reserves, putting them at risk of starvation prior to availability of sufficient supplies
of available insect prey (Thomas et al. 1990; Thomas 1995). It is estimated that only 40-50% of young
bats survive their first winter (Humphrey 1975), emphasising the importance of early births and optimal
microclimates which may expedite pup growth and fledging (e.g., Lausen and Barclay 2006). Arousal
during winter can negatively influence population growth rates because females emerging from
hibernation with severely depleted fat reserves may not be able to support successful implantation and
gestation of pups (Holroyd 1993, Barclay 2012). Because of their slow reactions and inability to take
flight, torpid bats are vulnerable to many sources of mortality, such as predation and roost destruction
(building demolition, tree harvest, mudslides over rock crevices, etc.)
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2.1.4. Other anthropogenic threats, noise, lighting at night, air quality issues, entrapment

Anthropogenic threats are real and pervasive for bats globally (Voigt et al. 2016). Light, noise, dust, and
smoke can disturb roosting bats and humans can inadvertently create environments that can entrap
bats. Disturbance of bats at summer roost sites repeatedly, and/or at critical times, can cause roost
abandonment and can result in population decline if reproductive rates are reduced (Brigham and
Fenton 1986).

Anthropogenic noise, whether due to traffic, construction, or human entry into a roost have all been
shown to affect bats and can cause roost abandonment (e.g., Humphrey and Kunz 1976; Siemers and
Shaub 2011; review in California Department of Transportation, Caltrans 2016). There are observations
of bats using sites under bridges or in other areas where noise levels could potentially be disruptive but
bats exhibit tolerance. There may be site-specific responses for certain colonies with regards to
tolerance; there may be variation depending on species, reproductive stage or simply a particular group
has learned to adapt. Noise and associated vibrations that can be sources of disturbance can include:

e Blasting and the use of construction tools which may create noise louder than most natural
noise, even thunder or a thunderclap (Caltrans 2016). Vibration and ground movement from any
source should be considered a potential source of disturbance, however, impacts on bats may
be site specific (Summers et al. 2022).

e High intensity (above 80dB), high frequency (between 20-200kHz) broad-band noise inaudible to
humans can be especially disturbing for bats, which operate using ultrasound, and may cause
roost abandonment (Johnston 2018).

e Loud noise (audible and/or inaudible to humans) from various sources can interfere with bat
echolocation and their ability to hunt for prey, but the effect may vary depending on the type of
noise and the species of bat (Schaub et al. 2008; Bunkley et al. 2015). Some bats may avoid
foraging along highways as traffic noise may mask their acoustic signals and interfere with
hunting (Siemers and Schaub 2011); however, additional research is required on this issue
(Caltrans 2016).

Artificial lighting at night (ALAN) can affect bats directly and indirectly in several ways. Lighting directed
at bat access points to roosts or on roosts can:

e disturb bats and delay emergence time, causing bat to miss peak feeding periods (Bat
Conservation Trust 2014).
e cause roost abandonment by bats (Bat Conservation Trust 2014).

Lighting at night may also affect bat foraging.

e Light can create patches of insect prey around intense lights like streetlamps (Hickey et al.
1996, Rydell 2006). This may benefit some bat species (such as high-flying Big Brown Bat, Silver-
haired Bat, Red Bat and Hoary Bat; Hickey et al. 1996) or open area flyers (such as Yuma or Little
Brown Myotis). But this may also make them vulnerable to night type predators (Rydell 2006,
Bat Conservation Trust 2014).
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Some colours of light can affect insect prey. Light fixtures emitting white, blue-white, or
ultraviolet spectrum wavelengths may be highly attractive to moths with the end result a
change in the prey abundance and composition in an area (Stone 2013, Bat Conservation Trust
2014). Attracting prey to a single light source may reduce the habitat quality of adjacent dark
areas that may be preferred by some bat species that are shy of lights.

Light may also fragment habitats for bats. Some bat species perceive light, especially lines of
light from features like streetlamps, as barriers to movement (Stone et al. 2009, Bat
Conservation Trust 2014).

Artificial lighting at night may also interfere with migration patterns. This has been
demonstrated for some bat species in the UK (Bat Conservation Trust 2014), but this is not well
understood in North America.

Road building and/or dust kicked up from gravel roads adjacent to bat roosting habitat can impact bats;
smoke or other airborne particulates may have similar disturbance effects on bats (Davis 1970, Parsons
et al. 1986, Thomas et al. 1990, Dickinson et al. 2010). Disturbance of bats at summer roost sites
repeatedly and/or at critical times can cause roost abandonment and can result in population decline
(Brigham and Fenton 1986).

Bat house is installed at a site that is too noisy/too dusty/ too hazardous. Bat houses installed
over roads or other busy sites may represent a hazard to juvenile bats, falling pups or bats
leaving the roost may be vulnerable to collision; dust issues from traffic on road surfaces may
affect roosting bats.

Bat house is installed at a site that is too smoky. Bat houses installed near burn barrels or air
vents, and sites with smoke or poor air quality, strong blasts of air or effluent from industrial air
conditioners can deter bats from using the bat box or could negatively affect bat health.

Higher risk situations can arise during periods of cool weather when bats may be using torpor
which increases their vulnerability to fire or smoke or other particulates as it can take them up
to 40 minutes to rouse from this state upon which flight is possible (Thomas et al. 1990).
Preliminary research indicates that, if bats have enough time, they can flush from tree roosts to
avoid disturbance such as fire and smoke and can sometimes carry young pups before they
become too big to carry (Davis 1970; Parsons et al. 1986).

Entrapment and/or Drowning

Some artificial ponds, in-ground and above-ground swimming pools, cattle drinking troughs, and other
containers that hold water, should have some device that enables bats to escape if they happen to fall
into the water (Taylor and Tuttle 2007). If bats accidentally fall into water sources contained in areas
with steep, smooth sides, they may not be able to escape.
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2.2. Population Recovery from Losses due to White-nose Syndrome

Little Brown Myotis, Yuma Myotis and Big Brown Bat are all vulnerable to infection by
(Pseudogymnoascus destructans) Pd, the fungus that causes white-nose syndrome (WNS; Frick et al.
2010b, WNS 2021). Little Brown Myotis have been impacted severely with up to 90-95% mortality at
some hibernation sites in the eastern part of their range, leading to their listing as endangered by the
Canadian government (Environment Canada 2015).

It should be noted that while each of these bat species faces cumulative threats, the Little Brown and
Yuma Myotis are most impacted by WNS. Little Brown Myotis has already been devastated by WNS in its
eastern distribution (e.g., Frick et al. 2010b), and in Washington, the site of the only known western
WNS cases to date, Yuma and Little Brown Myotis are experiencing roughly equal WNS mortality rates
(A. Tobin, WNS Coordinator, Washington Department of Fish and Wildlife, pers. comm.). Also notable:
to date, all of the bat species that have had diagnostic symptoms of white-nose syndrome in Canada and
the USA are all potential bat house users (see www.whitenosesyndrome.org and Appendix Two: List of
bat species of Canada and the USA).

e Big brown bat (Eptesicus fuscus)
e Cave bat (Myotis velifer)

e Eastern small-footed bat (Myotis leibii)

e Fringed bat (Myotis thysanodes)

e Gray bat (Myotis grisescens) *endangered USA

e Indiana bat (Myotis sodalis) *endangered USA

e Little brown bat (Myotis lucifugus) *endangered Canada

e lLong-legged bat (Myotis volans)

e Northern long-eared bat (Myotis septentrionalis) *threatened USA, endangered Canada
e Western long-eared bat (Myotis evotis)

e Tricolored bat (Perimyotis subflavus) *endangered Canada

e Yuma bat (Myotis yumanensis)

The fungus that causes white-nose syndrome, (Pseudogymnoascus destructans or Pd), is spread via
spores. These spores can be present in bat guano and persist in soils or sediments of bat roosts such as
caves or mines (Reynolds et al. 2015). They will degrade in sunlight, and with heat, however, spores are
still viable at 24°C, 30°C and 37°C (75°F, 86°F, and 99°F) for 150, 60 and 15 days respectfully (Campbell
et al. 2020). Maternity roosts do not typically remain at a consistently high temperature, (temperatures
fluctuate with ambient temperatures and nights are often much cooler). This means that spores can
remain viable in summer on bats much longer than expected (Huebschman et al. 2019). The fungus is
not harmful to humans, it is only harmful to hibernating bats.

Bat house owners sometimes place bat guano in their bat houses in an attempt to attract bats. This
unproven practice may put bats at risk if bat guano contains Pd spores. There is potential for
accelerating white-nose syndrome spread, infecting bats that have until then avoided the disease.

Spores of Pd are found even late in summer under bridges (C. Olson, pers. comm.), and because
maternity colonies of some species have been discovered to roost under bridges during some or all
summer montbhs, this artificial roost structure type needs to be monitored cautiously as it may be a
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source of disease spread, especially during fall migration when bats are mating and moving to
hibernation roosts.

2.3. Thermal Suitability of Artificial Roost Structures for Bats

A solid understanding of bat energetics and thermoregulation is needed to understand roost properties
that are important for bats and an in-depth review has been provided in Appendix One: A literature
review of bat roosting ecology and physiology and use of bat houses.

If specific roost microclimate conditions are limiting in an area or if roosts are eliminated (e.g., through
roost destruction, colony eviction), reproductive success and survival of maternity colonies may be
negatively impacted. As climate change continues to result in hotter weather and more
frequent/extreme heatwaves in some areas (e.g., Bratu et al. 2022), particularly in western North
America (NatureServe 2022a,b), precautions should be taken, and bat boxes should be built and
installed to withstand these potential events. Additionally, extreme heat may not be just a southern
phenomenon -- even in northern climates, it is possible for bat boxes to reach and exceed upper
tolerable limits for bats (e.g., Leung et al. 2022).

Microclimate has recently been at the forefront of bat box research. Of the few studies currently
available, many have documented dangerously hot temperatures in bat boxes (e.g., Brittingham and
Williams 2000; Flaquer et al. 2014; Griffiths et al. 2017; Bideguren et al. 2019; Hoeh et al. 2018;
Rueegger 2019; Tillman et al. 2021). There are concerns that some bat houses may function as
ecological sinks (see Appendix A.1.7.6. Bat Houses as Ecological Sinks) and may represent a significant
threat to some bat species. Attention has been on features of bat houses that affect thermal stability,
specifically, design, colour, placement, and number of bat houses provided, and these features are the
focus here.

Bat houses may offer environments that are too cold or too hot for bats and this can be influenced by
four main factors:

e Bat house design.
Retailers across Canada and the USA offer a variety of simple bat houses for purchase and
there is a huge variation in terms of the number of chambers, the treatment of interior
roosting chambers (i.e., the use of metal or fibreglass screen materials, versus physically
roughening the roost boards), as well as the overall size of bat houses. Large single chamber
boxes (such as 89 cm x 46 cm or 35 in. x 18 in. or greater) may have issues with overheating
(i.e., regularly reaching temperatures over 40°C or 104°F) which is problematic if bats have
no cooler roost options (C. Olson, ACBP, unpublished data, Crawford et al. 2022). In Alberta
it has been discovered that large multi-chamber boxes can overheat but there will often be
at least one area of refuge in the box that is less than 40°C (C. Olson, ACBP, unpublished
data); this cooler area is typically at or near the opening/vents, and roosting in these more
exposed areas may pose predation risk to bats that would otherwise typically hide up inside
the box.

o Small bat houses (e.g., boxes that are approximately the size of typical bird houses),
even if they have two or more chambers, may not have enough height to produce a
gradient of temperatures inside, nor enough mass to retain heat to be suitable for
adult females with dependent young that remain in the box at night. Small bat
boxes may serve a purpose as non-maternity roosts.
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o Bat houses without any type of venting to create cool areas or escape zones can
overheat and trap bats. This can be an issue if bat houses are extremely full of bats
and environmental conditions are exceptionally warm.

o Large bat boxes (e.g., approximately the size of the standard 4-chamber BCI design
nursery box) are likely to be the best choice for maximizing temperature options,
however, these boxes must be taller than they are wide — taller is better, to produce
a temperature gradient of air. The more chambers, the more variation there will be
in temperatures and thus the greater selection of microclimates for reproductive
females. Passageways between chambers typically enable the bats to access the
various microclimates.

Bat house colour.

Several studies report bats preferring dark coloured boxes over light ones (e.g., Lourengo
and Palmeirim 2004, Doty et al. 2016). In the past, maps based on climate and solar
radiation were used as a coarse general guide to help decide on box colour
recommendations (e.g., Tuttle et al. 2005, 2013), but an appropriate colour for a bat house
should reflect the daily and seasonal temperatures determined on a local scale as well as
consideration of solar exposure.

Studies have found that bat houses painted black can overheat in warmer climates
(Bideguren et al. 2019). Overheating events at bat houses, leading to stress or death of pups
and adult bats, have been observed at sites across North America, both in southern and
northern regions (e.g., Brittingham and Williams 2000, Andrusiak and Sarell 2019, Lausen et
al. 2022, Lausen et al. 2023). In Yukon, Canada, researchers determined that the simple
exchange of the bat box roof to be black versus white can greatly expand the microclimates
available to bats (Leung et al. 2022).

Bat house placement.

Location of installed bat houses influences the internal microclimates. Boxes facing
directions that maximize solar exposure (typically south and west when exposure is
unobstructed) will be exceptionally warm, especially in the late afternoon if the boxes
capture the heat of the setting sun. East-facing boxes will capture the warmth of the
morning sun, heating the box during the coolest part of the day. North-facing boxes may
provide the coolest roost conditions and are unlikely to be used by maternity colonies in
areas where ambient temperatures remain cool but may provide important thermal refuge
during hot weather. However, in areas with very hot ambient temperatures, north-facing
boxes may be highly attractive to nursing female bats who are trying to escape the heat.

Bat boxes attached to buildings may capture more solar energy than bat boxes on poles.
Walls, or large flat areas function as solar collectors, and the mass of buildings will hold heat
energy over night (and release it back to the bat house) creating a warmer microclimate. Bat
boxes on poles may be cooler because of the lower mass to the structure (which is less likely
to retain heat) and may be more subject to convective cooling from wind. Bat houses
attached to trees can experience cooling if the tree shades the bat house for a significant
portion of the day. Trees can work well to support a bat box if the trunk is very “pole-like” as
installation is easier; varying degrees of shade from branches will affect the microclimate of
boxes, and this can be used to great advantage when trying to erect boxes with myriad of
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microclimates (Goldilocks Approach).

o Number of bat boxes.
Installing a single bat box may not provide the roost microclimates that bats need as
reproductive and environmental conditions change over the pup-rearing season. A single
bat box would ideally have a large enough range of temperatures available to facilitate
roosting for a 12-24-hour period (daily). A tall bat box provides a gradient of temperatures,
and if it is multichambered, there likely will be a greater range of microclimates to provide
suitable daily conditions for a colony. If cool enough options are not available within the
roost, overheating may become a problem and bats may need to flee the roost mid-day.
Hence the importance of having more than one bat box installed. If close-by options do not
exist, the colony may have no escape from an overheating box, and mortalities can occur.
Having more than one bat box to choose from is not only critical on a daily basis, but on a
seasonal basis, given that female bats need to shift around to temperatures that are
conducive to reproduction. A single large bat condo is less likely to overheat and more likely
to meet the needs of a colony for an entire season because the range of microclimates
within one structure is extensive and bats can shift around to stay within their TNZ.

2.4. Suitable Capacity of Bat Houses to Accommodate Bat Colonies

Although microclimate options are a critical consideration when designing artificial habitat for bats,
minimum capacity is also very important. Bat houses vary in size and design and the capacity to house
bats varies as well, although bats do tend to pack large numbers into small spaces (Figure 5). The typical
colony size varies with bat species. Some species can form colony sizes of up to 5,000 or more bats (e.g.,
Yuma Myotis). Little Brown Myotis can range up to 1,000 or more, while the largest colonies of Big
Brown Bats are usually less than 1,000. The size and number of bat houses available to bats will
influence the capacity to provide shelter for the colony being managed.

Figure 5. Large colony of Yuma Myotis in a bat box, British Columbia. Photo: J. Saremba.
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Cost of construction and installation will vary with design. Bat condos are the costliest type of bat house
to build, and while they may be useful for large colonies, they are not necessary for smaller colonies.
Smaller versions of bat condos (i.e., mini condos) have less capacity than the full-size condo and may be
a more affordable option. A bat box may be cost effective, but a single box will not be adequate to meet
the thermal needs of a reproductive colony and may not have the capacity to fit an entire colony at one
time. Multiple bat boxes installed approximately 100 metres of each other can form a roosting ‘area’
which may meet the needs of an entire colony for the reproductive season. This is often referred to as a
“bat box array.” There is no magic number of boxes that are needed for a colony, given that the decision
needs to be based not just on numbers of bats in relation to capacity of boxes, but on the availability of
additional suitable roosts in the area (other human-constructed roosts, or natural roosts) that will
provide the requisite variability of roost microclimates (as discussed in above sections). It is important to
provide adequate roosting space, especially for colonies that are being excluded from buildings or
colonies that have lost their building roost through some type of building loss.

Large condos are increasing in popularity as they more closely mimic the attic building roosts that they
typically replace, but cost and area of land needed to be secured can be impediments. Much research

has yet to be conducted on the use of these structures and how well bats fare in them relative to other
roosts.

Multiple roosting sites in one area will support roost switching, a behaviour that has been observed for
many temperate bat species using natural roosts (including Little Brown Myotis, Yuma Myotis and Big
Brown bats) and colony dynamics are often described as a fission-fusion system (Willis and Brigham
2004). During the maternity season colony members may move between roosts periodically, splitting
and merging into various sub-groups (Kerth and Konig 1999, Willis and Brigham 2004, Garroway and
Broders 2007, Abernethy et al. 2019). Switching between a primary roost and alternate roost(s) may
occur frequently, ranging from every 1.5 days in Little Brown Myotis (Olson and Barclay 2013) to every
4.8 days by Yuma Myotis (Evelyn et al. 2004). A study of Indiana Myotis found that their main roost trees
were in later decay stages and provided very warm roost temperatures; the alternate roosts were in
decay class 2 trees which were cooler, but water-tight (Callahan et al. 1997). Bats were observed using
the alternate roosts when it was raining or when temperatures got extremely high (i.e., greater than
40°C) which may explain why bats need a variety of roost trees (Callahan et al. 1997).

Fewer studies of roost-switching behaviour have been conducted on bats roosting in either buildings or
bat houses. Bats have been shown to use networks of human-built roosts (bat houses, buildings) in roost
areas just as they do when using natural roosts (Rensel 2021), but this remains to be more thoroughly
studied. Lausen and Barclay (2006) found Big Brown bats switched locations within a building roost,
presumably to exploit different microclimates. The extent and frequency of roost switching by bats
occupying bat boxes is currently under investigation. A pilot study of bats using bat boxes in British
Columbia found Yuma Myotis switched roosts every 2.5 days (S. Dulc, unpublished data).

Reasons for roost switching may be a response to one (or more) of the following:

1. Human disturbance (Brigham and Fenton 1986).

2. A predation event or as a predator avoidance strategy (Lausen and Barclay 2002).

3. Roost microclimate and the implications for energy strategies (e.g., extreme temperatures
(Lourengo and Palmeirin 2004, Ellison et al. 2007).

4. Precipitation (Vonhof and Barclay 1996, Patriquin et al. 2016).
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5. High parasite loads (Brittingham and Williams 2000, Reckardt and Kerth 2007, Bartonicka and
ROZiEkovd 2013).
6. Social affiliations (Kerth et al. 2011, Johnson et al. 2012).

2.5. Suitability of design features and materials (considerations other than thermal
suitability).

For a discussion of the solutions to these problems, see 3.5. Suitability of Construction Materials and
Design Features.

o Use of chemically treated materials to build a bat house could negatively affect bat health.
Bats roosting in bat houses are in close contact with the surfaces of roosting panels. Pups are
born pink and hairless and are left behind when mothers leave to forage. Pups will have bare
skin contact with roosting surfaces. Adults are furred but groom constantly, wings are cleaned
by licking, fur is combed and licked with their hind feet. Construction materials treated with
preservatives and/or adhesives (e.g., plywood), or stain or paint that contain chemicals or
volatile compounds could be easily transferred to bat fur and skin (Mitchell-Jones et al. 1989).
Grooming could lead to consumption of traces of chemicals or volatile compounds. Surface
treatments that heat up with solar exposure may release gases that are breathed in by roosting
bats.

e Crevices (chamber) spaces are too wide or too narrow.

Bats may not use a bat house with improper crevice spacing.

e Bat house is built with an unprotected roof surface or untreated exterior.

This can contribute to a more rapid deterioration of the bat house as materials are affected by
weathering. Potentially the interior of the box may become wet during rain events.

e Use of smooth interior roosting panels or use of window screen for climbing/roosting surfaces
may be unsuitable for roosting bats.

Bats grip interior roosting surfaces using the tiny claws on their hind feet and climb with the aid
of the claw on their thumbs. Smooth wood surfaces may not provide adequate footholds for
roosting bats (especially pups). Some bat house builders will use metal staples to attach
polycarbonate window screen to the interior roosting surfaces which does make a good climbing
surface but can detach from the roosting substrate over time, creating spaces where bats,
especially pups, and bat guano can get trapped. This can lead to pup death and unnecessary
amounts of maintenance to keep the box clean. Guano accumulations can lead to increased
numbers of parasites. Detached screens can also prevent proper entry/exit of bats in and out of
the box.

o Failure to provide a landing pad or the landing pad is smooth without ridged or rough surfaces
may deter bats from using a bat house.

Bats may not be able to access the bat house without a rough landing pad (see Figure 6).

26



Figure 6. Roughened landing pad visible at the base of
BClI style bat box. Photo by C. Currie.

Bat house is nailed together instead of using weatherproof screws.

Any warping of the wood will cause nails to pop and attachment points to separate, creating
gaps that may provide unwanted ventilation or exposure to rain.

Failure to use caulking to seal seams to ensure box is weather-tight.

Water and wind exposure during periods of bad weather can lead to less suitable conditions for
bats. Bats may not use a bat house that leaks or is drafty.

Bat house is not built to recommended design standards.

The internet is full of highly variable bat house designs and not all are appropriate or effective.
Similarly, stores/vendors do not typically know what makes a high-quality bat box.
Unfortunately, you cannot assume that just because the blueprint is posted online, or the box is
available for sale, that it is a good one. Often the boxes available for purchase can be far too
small to be useful to bats (i.e., anything the size of a typical bird house is too small to function as
a nursery roost for bats). These short height and often narrow boxes are cheap and easy to
install but likely will be too cold for female bats raising pups. Similarly, large single chamber
boxes are the most cost-effective boxes and relatively light, for easy installation, but these boxes
typically heat up quickly and cool down rapidly. This type of box installed in a south or west-
facing direction may get too hot in some sites putting pups at risk, and pups left behind at night
in these boxes would be too cold.

Parasites and other non-bat occupants. Large structures like condos can be problematic
because ectoparasites may build up due to continuous availability of hosts (Voigt et al. 2016).
While effects of ectoparasite loads are poorly understand, high loads can result in roost
switching by bats. Partly a design issue, bat houses that retain high loads of bat guano or
horizontal surfaces that collect materials may also support the retention of parasites and create
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environments unsuitable for bats. Bat houses with closed bottoms may accumulate guano and
result in high parasite loads. It should be noted that while bats can have large numbers of
ectoparasites, these mites, flies, and bugs are specific to bats and do not represent a concern for
humans (Figure 7). Wasps and spiders are just two examples of other life that may become
established in a bat box.

Figure 7. Bat with bat bugs (Cimex spp.) attached to forearm.
Although they look similar, these are not bed bugs and are specific
to bats. Photo by H. Gerlach.

2.6. Suitability of Access for Bats
For a discussion of the solutions to these problems, see 3.6. Suitability of Access for Bats Using
Roost Structures.

Accessibility of a roost to a bat will affect occupancy.

Flight ability varies with species, with some bats capable of more maneuverable flight than
others. Bat wings consist of elongated fingers with a special skin membrane between each finger
and extending along the body to the ankle. Wing shape varies depending on bat species. Wing
shape together with the size of the bat, determines speed, agility, and maneuverability (Norberg
and Rayner 1987). Small, maneuverable bats can navigate complex environments (e.g., sites
with trees, shrubs, or other objects) and are more likely to be able to exploit smaller and less
accessible roosts than bats that have less maneuverable flight. However, all bats have limits and
require clear flight paths for access.

Bats typically move around roosts by crawling using their clawed toes and their thumbs, the
small, clawed digit on each wing. Roost surfaces must be rough enough for the bat to move
around with their claws. These clawed digits are also important in landing. When bats approach
a roost some will roll in the air immediately prior to landing such that they grab the landing
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substrate with their toe claws and already in the upside-down position. Others will land head
up, and then maneuver to an upside-down roosting position (Norberg and Rayner 1987). Bats
with small thumbs will have difficulty crawling into or within a roost if there are barriers to
movement such as uneven boards or smooth surfaces.

Some bat species are able to take flight from the ground — despite it being energetically
demanding --while many are not well adapted for this type of take-off. Most bats typically take
flight with ease by dropping out of elevated positions, with the initial fall providing momentum
for flight (Norberg and Rayner 1987). This means that by nature, bats tend to climb upwards,
and thus artificial roosts built for bats should be designed for bats to climb upwards from an
entrance, rather than down.

e Access may be blocked for bats to enter bat houses where vegetation is immediately below or in
front of the bat house. Sites where vegetation has been allowed uncontrolled growth may block
access to bats attempting to enter or exit the bat house.

2.7. Accessibility for Predators to Bat Roosting Structures
For a discussion of the solutions to these problems, see 3.5. Suitability of Construction Materials
and Design Features3.7. Accessibility for Predators to Bat Roosting Structures.

e Bat house is installed too low or in a site with easy predator access. Low bat houses create
conditions where domestic cats hunting bats may easily jump into the air to capture exiting bats
that drop and fly as they leave. Domestic cats have been identified as a significant threat to bat
populations worldwide (Ancillotto et al. 2013, Kauhala et al. 2015, Khayat et al. 2020, Oedin et
al. 2021, Beattie et al. 2022) and have further been flagged as a risk for spreading zoonotic
disease because of their propensity to hunt bats (Salinas-Ramos et al. 2021). Other terrestrial
predators may attack colonies in bat houses. Boxes mounted on posts or other features that
can be climbed by rats, squirrels or other ground predators will leave a colony vulnerable to
predation.

e Large structures like condos can be problematic by creating exploitable concentrations of prey
for predators that may exploit the routine patterns of large numbers of emerging bats (Voigt
et al. 2016). Owls may prey upon bats as they exit bat houses, especially if there are nearby,
suitable perches where owls can sit and wait for exiting bats at dusk (Jung et al. 2011, Bergstrom
and Smith 2017, Figure 8).

29



Figure 8. Barred owl perches on bat box (Photo by: M. Evelyn, from BC
Building Homes for Bats Guidebook). Owls are predators of bats and owls
have been observed taking bats emerging from bat boxes (S. Dulc, pers. obs.).

2.8. Site Suitability and Potential Problems with Installations.

2.8.1.

For a discussion of the solutions to these problems, see 3.6. Suitability of Access for Bats Using
Roost Structures 3.8. Site Suitability for Bat Houses.

Physical features that affect site suitability

Sites with toxic drinking water sources, and/or contaminated food supply (e.g., insects
emerging from contaminated sediments in ponds/streams) may pose a threat to nearby bat
colonies.

Unsupervised sites with high levels of human traffic may leave bat colonies in bat houses
vulnerable to vandalism or harassment.

Consider local climate. In some areas, bat boxes may be too cold, too shady, or too windy to
ever be used by bats. Bat boxes placed in a location that is always shaded, cold or a site that
receives a lot of wind (and thus, experiences convective cooling or unstable and unpredictable
temperature fluctuations) may not be used by breeding females raising pups. This will be site-
dependent though, and as roost / ambient temperatures rise above the TNZ or approach lethal
limit, shady or windy boxes may be important if natural cooler rock crevice roost options are
limited.

Bat boxes built in areas where bats are less likely to overheat are likely to find that boxes in
constant shade may never see any use by bats. Bat houses mounted on poles may be
particularly susceptible to convective cooling. However, cooler sites might be used by solitary
bats (males, non-reproductive females), especially if the location receives at least some late
afternoon sun.
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Bat box is installed in a location that is too bright. Street or house lights shining on a box can
create an inhospitable environment if the bats perceive this as increasing their predation risk
when they enter or exit each night; reflective surfaces positioned underneath bat houses may
create bright interior light conditions that may deter bat use.

Bat house is installed at a site that is too cluttered/too hazardous. Bat houses installed over
thorny vegetation or sites where vegetation will eventually grow up around the bat house may
be a hazard for fledging bats and/or impede flight access. Invasive plants like Burdock (Arctium
spp.) can kill bats as they brush the vegetation during flight (Figure 9, Lausen et al. 2022).

Figure 9. Bat in burdock. This invasive
weed can present an entanglement
threat to bats. Photo by N. deBruyn.

Bat house is installed in disconnected habitat. Bats are highly mobile, but some species require
habitat connectivity to navigate landscapes. Or other features (such as brightly lit areas at night,
areas with high levels of air pollution or noise) may deter them from crossing geographic areas.
These isolated sites may not be used by some bat species.

2.8.2. Choosing sites that are suitable for the intended purpose of a bat house

Bat houses may be installed for different purposes. These may include mitigation, general interest,
education, integrated pest management or conservation purposes.

Mitigation is discussed further in Section 2.9.

The general public may wish to install bat houses simply out of interest. However inappropriately
situated boxes or poor design could attract bats with unintended consequences (see Appendix A.1.7.6.
Bat Houses as Potential Ecological Sinks).

Bat houses set up for education purposes are often in areas of high traffic for humans and may
be at a higher risk for vandalism. Installations should be effective for their purpose but be
mindful of risks to bats.
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e Bat houses used as part of an integrated pest management scheme should ensure that
installations are not set in areas where bats may be at risk.

e Bat houses may be used as part of conservation initiatives. There are ways of making these
initiatives effective for both bats and people.

2.9. Appropriate Use of Bat Houses for Mitigation

Bat houses, in the right location, can provide important, alternate roosting habitat in response to lost
roosting habitat. This is especially true in urban or developed areas that are unlikely to regenerate
natural roosting habitat. In urban parks or residential areas, trees may never be allowed to mature to
the point where they can offer suitable bat roosting habitat -- the trees that would provide bats with
roosting spaces are generally the oldest age class, and these may be deemed hazardous and be
removed.

Based on research and monitoring to date, bat houses do not provide roost features for all bats. Some
bat species prefer roosting under natural-type roosts such as under sheets of peeling bark. Artificial bark
materials wrapped around poles or trees may provide an alternative solution but the effectiveness of
these “bark mimic” artificial roosts remains to be proven. A discussion of bark mimic roosts can be found
in the Appendix A.1.8. Other types of artificial roosting habitat: bark mimics.

e Bat houses are not appropriate in areas where there is insufficient or lack of appropriate
foraging/drinking habitat, or near contaminated or toxic foraging or drinking habitats. Bats drink
on the wing and different sizes and shapes of bats with different flight capabilities have different
minimum diameters of drinking water ponds that they can approach and successfully drink.
Different species of bats also feed on different sizes and types of insect prey. Both Little Brown
and Yuma Myotis are known to be ‘water skimming’ bats, meaning that they typically feed on
insects immediately above or on the surface of water (Lausen et al. 2022). As such, bat house
success for these species depends on proximity to open water.

e Bat houses may not be appropriate in areas where there is an identified hazard for bats, such as
a busy roadway, or other flight hazards such as wind turbines.

e Provision of a large network of bat houses may cause a shift in composition of the local bat
community, with a bias towards species that successfully colonize artificial roosting structures.
Urbanization and landscape development have shifted community structure of bats and it has
been observed that it is often just a few bat species that dominate in many urban settings
(Russo and Ancillotto 2015). Bat house installations are most appropriate in urban areas.

Section 3: Best Management Practices

Overall, best practices when it comes to the use of bat houses as replacement roosting habitat for bats
is this: heterogeneity (Lausen et al. 2023; Czenze et al. 2022) -- more boxes, diversity in design and
installations, with a mix of solar exposures —the more choices the better chance that one will provide
enough roosts to meet the needs of these small mammals with highly specific thermal and physiological
needs that vary daily and seasonally. We like to refer to this as the “Goldilocks Approach” (Lausen 2021;
Lausen et al. 2023).
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3.1. Best Management Practices Re: Threats and Impacts from Human Activities
Best Practices for pest/wildlife control operators or situations of human conflict

Bat houses can be a primary mitigation tool when bat colonies are excluded from buildings or
other human-made structures. Whether colonies are excluded because they are unwanted or
because the structure is being removed or renovated, alternative roost(s) can replace lost
habitat as long as they are used effectively (Section 3.9 for further information on mitigation).
Bat exclusions should not occur during the season when females are raising pups. Delineating
specific timing windows during which exclusions should occur with minimal impact on roosting
bats is an effective way to protect bat colonies. Most importantly, exclusions should not occur
when there is likely to be dependent (non-flying) young present, as young may become trapped
or abandoned, or during times when bats may be hibernating in the human-built structure. It is
often difficult to know if a structure is used for hibernation, as bats are inactive and often hiding
in crevices or under insulation. Hibernating bats are unable to move and can be trapped or
injured.

Bat colonies can remain in buildings with no human health concerns, but this may require some
proactive measures to ensure bats and humans are separated appropriately. Best practices for
managing bats in buildings are encouraged. One example is Acceptable Management Practices
for Bat Control Activities in Structures: A Guide for Nuisance Wildlife Control Operators, available
at whitenosesyndrome.org

Bats found and reported roosting in unusual locations (such as on doors, on the sides of
buildings, or in public spaces), may be at risk.

o These bats should not be first considered a “risk to people” but “at risk” to harm (from
people or predators). However, appropriate protocols are required for found bats.

o Bats roosting in unusual locations in late summer may be juveniles learning to fly and
hunt. They often become stranded, hungry, and thirsty and do not represent a
significant risk to humans or pets.

o Late season and early season bats may be bats moving between winter and summer
roosting habitats that have not found a safe roosting place at dawn. These bats may stay
in one place for a few days before moving on and do not require intervention (however,
placing a simple bat house or shelter as a half-way house for them, may benefit these
bats).

When a bat is found exposed or downed.

o Ifthe batis out of reach of pets and children, and is hanging on a surface, leave the bat
alone and it should fly on its own at night within a few days. If the bat does not leave, is
found on the ground, or is low and accessible to pets/children, then:

=  Where possible, contact a local, qualified bat rehabilitator immediately.

* No handling bats with bare hands.

* No bare skin contact.

» Using thick gloves, scoop bats into a small box or container with a tight-fitting lid
and air holes.

* Do not feed or water the bat as this could inadvertently harm the bat.

= Contact and transport to a wildlife rehabilitation centre that takes bats or
contact your local wildlife department.
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» If bare skin contact has occurred, recommend immediate follow up with a
physician (for humans) or a vet (for pets and animals).
o Standard provincial/territorial or state practices should include providing easily
accessible information on what to do if a bat is found. This includes the above list.

Best Practices for habitat loss and degradation

Retain natural roosting habitat wherever possible (e.g., old trees/snags, rock features with
crevices). If a tree needs to be cut down, considering leaving the trunk, or part thereof, which
may become a wildlife tree as the bark peels or woodpeckers create cavities over time.
Actively retain trees for the purpose of creating older age class trees in the future to provide
habitat for wildlife tree users like bats (also known as green tree recruitment).

Protect wetlands, ponds, and other types of riparian habitats that could serve as foraging and
drinking areas for bats.

Best Practices for hibernation habitats

There are increasing numbers of reports of bats hibernating in buildings, even in extremely cold
regions (e.g., Alberta, Saskatchewan, New Brunswick).
Observations to date suggest that bats typically do not hibernate in bat houses (however it is
unclear if bats may use bat houses year-round in geographic areas that are generally warm year-
round, such as the Pacific Coast or southern USA).
Most hibernating bats leave bat houses in late summer and may fly long distances (hundreds of
kilometres in some areas) to hibernation sites, where they remain until the following spring.
Hibernation habitat has unique characteristics and tends to be limited in its availability.
Characterized by low stable temperatures (0-9°C) and high relative humidity, these sites are
critical habitat for wintering bats in North America.

o Hibernation sites should be fiercely protected from winter disturbances.

o Site integrity should be maintained.

Best Practices for limiting anthropogenic noise

During the season of use, noise levels around a roost should be minimized as bat hearing is
sensitive in a broad range of frequencies, including ultrasonic and audible, and this differs by
species (bats and noise considerations, see Caltrans 2016, BC MFLNRO 2014). Bat houses should
ideally be installed in quiet locations.

Human activities within 200 metres of bat foraging or roosting habitats that produce broadband
noise within the range of 10-100 kilohertz (kHz) and greater than 80 decibels (dB), that cannot
be moved, should reduce sound output either by using physical sound baffling methods or
changes in technology that would reduce the sound intensity to a range that will not disturb the
bat species in the area.

Anthropogenic noise issues can be complicated because some bat colonies may become
accustomed to very loud and constantly loud sounds. Not every loud site may represent an
issue, but it may be more of an issue when the sound is novel to the site. It is worth being aware
of potential disturbances from noise but monitoring bat behaviour may indicate that existing
loud noise is not an issue for certain populations.
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Best Practices for Lighting

e Do not directly shine light on or into bat roosts, especially at roost exit or entrance points.

e Avoid the installation of light fixtures in ecologically sensitive areas (e.g., near ponds, lakes,
rivers, wetlands, areas of high conservation value or in habitats known to support particularly
light-sensitive species of conservation concern). If installation in these types of areas is
unavoidable, use best practices to minimize the impact of light on the site.

o Do not use more lighting than necessary and minimize the amount of light shining
upwards into the sky where bats would be flying. Avoid the temptation to “over-
light” because of the higher luminous efficiency of LEDs.

o Avoid using light fixtures emitting wavelengths in the white, blue-white, or
ultraviolet spectrum. Red light is less disturbing to bats as most bats aren’t very
sensitive to light in the red spectrum (Fure 2006).

o Minimize the spread of light from each light source; keep light at or near horizontal,
direct light only at the task areas, use shields or accessories on lights to direct light
to the required areas, using fully-shielded fixtures that direct light downwards.
Avoid using reflective surfaces under lighting fixtures.

o Carefully evaluate the mounting height for lighting. Lower lights can result in more
light spilling outside of the task area or may require more lighting sites to meet
lighting needs; mounting heights for lights should balance light needs and mitigation
measures.

o Shield sensitive areas from lighting either by using vegetation or temporary close-
boarded fencing until vegetation matures.

e Consider other options than lighting to achieve goals: reflective paint, white lining, good
signage, reflectors, or low-light level solar-powered LED lights to manage roadways, possibly
limiting lighting to high-risk areas such as intersections or crossings.

e Use adaptive lighting strategies that can reflect the human occupational safety needs as well as
the needs of local wildlife. Cycle lighting schedules to provide dark periods; for example, sites
such as roadways and parking lots may be used less after midnight; vary the lighting levels to
reflect the changing levels of use at the site, either by reducing light levels or turning them off
completely for certain periods of time.

e Consider hiring a lighting specialist for the job (who will know the best place, use, and type of
lighting and lighting control system for each situation).

Best Practices for dust, smoke or other particulates affecting air quality

e Install bat houses in areas that do not typically experience low air quality (e.g., in areas with
significant smoke, dust or high concentrations of other particulates) while occupied by bats.
o e.g., Dusty gravel roads can kick up extreme amounts of dust, burn barrels or industrial
effluent can affect air quality.
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e Ensure that sites are chosen to avoid this kind of exposure for bats. If a planned activity will
generate particulates and may directly affect the roost site, plan to conduct that activity during
the part of the year when bats are not occupying the roost.

Best practices to avoid bat entrapment

e Rain barrels and pools should be covered to prevent bat access or equipped with escape terrain
(such as a ramp or simply a piece of wood that can be used by bats for climbing out to the edge
of the water containment and escaping).

e Entrapment can also occur if bats accidentally drop into open buckets or other smooth-walled
containers. These types of containers should be turned upside down when they are near bat
roosts, as young of year can occasionally drop into these types of containers, and distress calls
can lure other bats in, resulting in multiple bats becoming trapped and dying.

3.2. Best Practices to Mitigate White-Nose Syndrome

While prophylaxes may be on the horizon for disease management (e.g., vaccine Rocke et al. 2019;
probiotic; C. Lausen, N. Cheeptham and J.P. Xu, unpublished data), the most direct management
practice to reduce the threat of WNS to bats is to minimize the chance that humans spread it to
uninfected bats/areas. One should minimize the spread of Pd spores by limiting your contact with guano
(and bats).

e Do not apply bat guano to any part of bat houses in an attempt to encourage bat occupation.
This is not a proven method of attracting bats. Bat guano can harbour the fungal spores of
Pseudogymnoascus destructans (Pd) that causes white-nose syndrome. Transportation of guano
for any purpose out of a given area should be discouraged.

e Be aware of the potential for disease spread.

o Disinfect footwear with a 10% bleach solution if walking through areas underneath bat
houses where guano has accumulated. This will prevent the spread of Pd fungal spores
away from the roost. While the disease may be widespread, it can be patchy so even in
areas where the disease is endemic, limiting spread has benefits to bats that have not
yet contacted the fungus.

Ensure that wildlife or pest control operators that might interact with bats in roosts are
aware of the most up-to-date decontamination protocols for limiting the spread of
white-nose syndrome (see www.whitenosesyndrome.org).

3.3. Thermal Suitability of Artificial Roost Structures for Bats

Bat house owners need to consider whether their bat box(es) is(are) providing appropriate refuge from
temperatures extremes (both hot and cold) and make changes if microclimates are shown to be
deficient (i.e., either overheating or not providing a warm enough site; Carroll et al. 2017). Owners can
add more options for microclimates by installing additional bat boxes in more or less shaded / windy
locations, and/or changing paint colour. If existing boxes are not being used by bats after one or two
years, owners could consider changing aspect to a sunnier location, or moving a box to a less windswept
site — slight changes in siting may significantly alter the bat house internal temperature profile.

3.3.1. Best Practices for bat house design to increase thermal suitability

36



o Build large bat houses with multiple chambers. Consider the needs of the bat species, the local
climate and environmental site characteristics to determine the best design to support your
bats. Large, multi-chamber bat houses are more successful than other available bat house types,
and are commonly recommended (Dodds and Bilston 2013, De la Cruz et al. 2018). The large size
and multiple chambers offer a variety of internal temperatures to the bats and can host large
maternity colonies (Brittingham and Williams 2000). Any of the following designs may provide
suitable multichambered structures for bats, the best choice will depend on the situation.

o Four-chambered maternity box. The most recommended bat house design in North
America today is the BCI four-chambered maternity box (Figure 10), which comprises
four % inch (2 cm)-wide chambers and venting along the front and sides, typically in the
lower third of the bat house (Tuttle et al. 2005). The standard four-chamber bat house
(BCI design) is fairly large (H90 cm x W 46 cm x D 18.5 cm or H35.5in. x W 18 in. x D
7.25in.). Bat houses smaller/shorter than this may not retain enough heat to be useful
to bats in some areas (C. Olson, Alberta Community Bat Program, unpublished data).
Use multiple chambers and increase the height of the box to create a wider range of
internal microclimates within the vertically mounted bat box.

o Multichambered rocket box. The Rocket Box style of bat house is built around a central
mounting pole (Figure 11). It often consists of two chambers continuous around the
central post, thus bats can move around the chamber in all aspects (all four sides of a
square post), allowing bats exposure to more microclimates than a traditional bat house
with a single aspect.

=  One of the challenges with a Rocket-box style bat box is the box chambers are
built around the pole. The box should thus be built on a short pole that is then
attached to another pole that is dug into the ground. The joint where the 2
poles join can be of great advantage when it comes time to lowering the rocket
box for maintenance — it can pivot down on the joint so that it is closer to the
ground (similar to Figure 12). There is more challenge when the pole is metal. To
make such maintenance easier, consider putting in a metal sleeve device to
enable lowering of the Rocket-box without having to lift it off the pole. More
information about the ‘Easy-Up Swivel Pole Bracket’ installation can be found at
BatsBirdsYards.com (https://www.batsbirdsyard.com/bat-house-pole-
bracket.html) with details shown for this mounting with a swivel arm via this
link.

o Bat condos. Large bat condos (Figure 13) and mini condos (Figure 14) typically house
thousands of bats (Pennisi et al. 2004). These structures include multiple sets of roosting
baffles (Figure 13) and may include an interior flight space (Butchkoski and Hassinger
2002). Additional roosting space may be accommodated under the roof and/or siding.
These structures strive to replicate the conditions found in buildings by providing a large
range of roosting spaces; condos which also offer flight space inside more closely mimic
an attic. Bat condos offer a wider variety of microclimate opportunities than their
smaller counterparts (bat boxes) and can host extremely large maternity colonies (e.g.,
https://batwatch.ca/bathouse-list).

e Design modifications or new innovative bat boxes should be monitored to ensure appropriate
conditions are maintained for roosting bats. Successful modifications should be shared with the
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bat conservation community. (see APPENDIX SEVEN: Innovative New Bat Box Design — A Case
Study from Alberta by Northern Alberta Institute of Technology., for example of new
technology).

Figure 10. Standard four-chambered nursery box (BCl design —
Photo by C. Olson).

Figure 11. Multi-chambered rocket box mounted on a pole (Photo
by C. Lausen).
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Figure 12. A jointed sectional pole to strategically hoist a bat box or
rocket box. This swivel design allows one to pivot the box. It not only
assists with installation but makes long-term box maintenance easier. It
allows you to raise and lower the box, pivoting on the swivel point (at
arrow). This picture shows a standard 4 chamber maternity box but the
same approach is often used with rocket boxes. Rocket boxes are more
difficult to erect, given that the chambers are built around a section of
pole (see Figure 11). The section of pole that has the rocket box built
around it can be of any length, with the position of the swivel varying
accordingly. Photo by C. Olson.

A.

Figure 13. Large bat condo in Oregon. A. Looking up from underside. Sets of roosting baffles visible. B. The same bat condo
with doors installed on the underside to help retain heat within the structure. Photo by D. Taylor.
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Figure 14. A mini condo is installed in
late fall at Lillooet, British Columbia.
Photo contributed by V. Birch-Jones.
This structure is larger and offers
more roost microclimate options
than a standard multichambered bat
box. This particular design was
modified to contain a pillar of sand
in the middle to function as a heat
sink — stable and warm at night for
pups, but unlikely to overheat
despite the fact that this region is
typically the hottest location in
Canada (outdoor ambient
temperatures have reached 47°C or
117°F; Environment Canada 2021).
This site will continue to be
monitored for effectiveness.

3.3.2. Best Practices for bat house colour to ensure thermal suitability

Bat boxes need to be warm (or even hot — up to ~40-42°C) for a reproductive colony of bats to select a
roost site in a bat box (See Appendix A.1.6. Roosting Behaviour and Roost Habitat). However, in areas
where overheating may occur (i.e., extended periods of time with internal roost temperatures greater
than 40°C), bats may need multiple boxes with a variety of available choices of roost temperatures and
this may be especially important with a changing climate.

In the past, latitude has been used as a guide for colour of bat box (Tuttle et al. 2005, 2013):

e Insouthern latitudes, with consistent hot weather, bat houses should be painted or stained with
lighter tones of brown, with the very lightest shades (including white) used in exceptionally hot
areas (hues of green may be suitable, especially if attempting to camouflage the bat house into
a forested background).

e In northern latitudes with consistently cool temperatures, bat houses can be painted or stained
with darker shades of brown or black, but it is prudent to pair boxes with a cooler option as it is
possible a dark bat box could overheat in summer, though it is likely to be advantageous to bats
in the cool weather of spring as it will soak up the sun to provide warm roost conditions for
gestation (Leung et al. 2022).

However, because of the longitudinal differences in climate, and a changing climate, relying solely
on latitude may not be appropriate, careful evaluation of the site microclimate may be required.
Some areas can be high latitude yet very hot and dark boxes would not be recommended due to an
extreme risk of overheating (e.g., Lillooet, British Columbia, Canada is at a northern latitude of 50.7°
and yet summer temperatures here have exceeded that of Death Valley, California (Environment
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Canada 2021, Weather Archives). Bat boxes in Yukon, Canada (>60°) have been documented
overheating (Leung et al. 2022).

The best strategy, regardless of location, is to provide a number of bat houses within a roost area
that offer a variety of internal microclimates. In terms of external colour, this means providing bat
houses that range in colour from dark to lighter tones to either absorb or reflect solar radiation.

e Warning! External colour of the bat house can significantly influence internal microclimates.
Lighter coloured boxes, or natural wood stain colours are often cooler than boxes that are
stained dark brown or black. The combination of a dark coloured exterior and a hot aspect (e.g.,
south-facing) during periods of very hot weather can create conditions that can kill bats and
pups.

e Strategies for preventing overheating: Awnings can be built to shade bat boxes (e.g., Figures 15,
16, 17 and 18), and these awnings might be temporary and manually controlled by owners to
respond to high heat during hot days/heat waves, or permanent installations. In the latter
situation, a variety of boxes is encouraged, some with shade awnings and some without.

A. B.

Figure 15. Two types of awnings. A. A rollup blind shade that is manually released via string (seen by bat box, extending to
ground) with shade being applied by landowner only during periods of high heat (photo by Susan Dulc, design by Steve Latour,

BC). B. A permanent awning designed to cast shade on bat boxes when the sun is highest in the sky; inset shows top of awning
(photo and design by J. Saremba).

41



A. B.

Figure 16. Methods for temporarily providing shade to bat houses. A. Light coloured drape over a four-chamber nursery box
which worked well to lower the inside temperature of this monitored bat box by several degrees during a heat wave when bats
were seen fleeing to the nearby trees and crowding the exit (sunshade installation, observation and photo by S. Dulc); B.
temporary sunshade on a pole that could be moved to shade the bat box as needed (photo by M. McLaughlin).

Figure 17. White sheet used
as a temporary sunshade. It
was draped over an array of
four-chamber nursery boxes
in British Columbia during a
heat wave, in response to
more than 60 bats falling
out of the bat boxes as they
overheated. Based on the
temperature loggers that
were in several of the bat
boxes, the application of the
sheet quickly lowered the
inside temperatures of the
boxes below lethal
temperature (L. Rensel, J.
Saremba, pers. comm.;
Lausen et al. 2023). (Photo
by J. Saremba).

42



Figure 18. Landowner-installed sunshade -- insulated foam board
attached to roof flashing as a temporary sunshade to protect
bats during an extreme heat event. Photo by J. Thomson.

3.3.3. Best practices for bat house placement and installation to ensure overall suitability

In many cases, some bat houses are more likely to be used than other roosts. One might find one or a
couple of bat boxes are more often occupied and can be referred to as ‘main’ roosts. Other roosts that
are used less frequently or by less bats, can be referred to as alternate/satellite roosts. All roosts make
up the ‘roost area’ for a colony and each typically plays an important role during the active season. For
example, a shaded roost may be too cool throughout much of the reproductive season but is an
important refuge during a few hot days each summer. These satellite roosts may show low occupancy
but nonetheless play a critical role. Placement and installation can make significant differences to
microclimates and thus occupancy rates (main versus satellite roosts).

Mounting location can affect box suitability plus suggested methods for installation

Bat houses are typically mounted in three types of locations: on trees, on the sides of buildings, and on
poles or posts.

e Bat boxes mounted on trees.

o These sites may work well for some species; however, if it is shaded by branches, it is
unlikely to be a ‘main’ roost. In other words, conditions are likely to be too cold for the
bulk of the maternity season, but a shaded box may play a critical role as an
alternate/satellite roost in high heat summer days when bats may need to seek cooler
roosts.
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O

There should be open space around and below the bat house (i.e., few branches and
low or no understory vegetation that may impede flight access to the bat house). By
keeping branches away from the box, there is reduced risk of predatory birds perching
near the emergence opening. Regularly inspect the bat house to ensure that
overhanging limbs do not grow close to or overtop of the roost (limbs may block access
to the bat house and/or create easy perching conditions). If there is desire to make this
a ‘main’ bat box, ensure branches do not shade the box, facilitating solar warming.
Typically bat boxes mounted on trees are not ‘main’ roosts and this may be in part due
to the tendency for boxes to be shaded by branches, but also an inherently higher
predation risk that may come from terrestrial predators that can climb trees, or
predatory birds that can perch in proximity. Metal flashing around the base of a tree is
one method of reducing predation risk, but this applies to a dead tree.

e Bat houses mounted on buildings.

O

Bat houses mounted on buildings often successfully attract bats (White 2004). These bat
houses benefit from the heat that transfers back to the box from the building over night
plus the walls where boxes are mounted can act as large solar collectors (transferring
that energy to the box as heat).
Choose a suitable aspect (the direction the bat house will face; see below for
recommended orientations for bat houses).
Securely attach the bat box to the building. Suggestions for attachment:
= Use several 1" x 2" wooden rails placed either horizontally or vertically on the
rear of the bat house, slightly longer than the dimensions of the house. Bolt or
screw these directly into the exterior wall of the building.
» Use a French Cleat by adding 2-inch by 4-inch (5-cm by 10-cm) wooden boards
to the back of the box and on the exterior building wall.
If using some single-chamber and/or small bat boxes in the selection of bat boxes that
you are deploying to create a roost range for a colony, it is preferable to install these
types of boxes directly onto a building as the building structure will transfer heat back to
the box and buffer internal microclimates from rapid changes in air temperatures.

e Pole-mounted bat houses.

O

O

Pole mounted bat houses offer the greatest amount of flexibility for determining the
height and orientation of the bat houses and can be built to include considerations for
future maintenance. Bat houses affixed to poles may experience greater convective
cooling, especially at sites with persistent winds. This should be a consideration when
using poles or posts for mounting bat boxes.

Suggestion for installation:

» Use either a 6’ x 6’ pressure-treated post or a metal pole that is at least 6 - 8
meters (16 - 25 feet long to ensure the bat house is set at the right height after
the post has been sunk into the ground at the appropriate depth); determine
the appropriate depth required for your post height (this may vary depending
on the type of anchoring material used) and ensure that the type of pole used is
suitable to support the weight of your bat house set up.
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o Large bat boxes or back-to-back boxes can be mounted using two posts (one post at
each end of the box, Figure 19). Two bat houses (such as the standard BCI four-chamber
bat house) mounted back-to-back with a semi-enclosed space between the boxes that
can be used for roosting or simply moving safely from one box to the other without
having to fly, will offer a greater variation of microclimates for roosting bats. The boxes
may be joined using a single roof (roof materials can include galvanized steel or any
number of options) with partial walls (ensure it is not fully enclosed as guano will still
need to drop out of the bottom). Alternatively, having a rough passageway like a tube
running from one box to the other allows crawling from one box to the other.

A. B.

Figure 19. Two four-chamber nursery boxes (BCl design) mounted back-to-back on a post with a single roof and with side
coverings for the mid-section. A. side view. B. view from bottom -- note the box is still open from below. Photos by M. Kelly.

Boxes mounted on trees (Boyd and Stebbings 1989), buildings (White 2004, Long et al. 2006), and poles
(Flaguer et al. 2006) have all reported successful occupancy by bats. However, questions remain as to
whether different bat species or bats in different reproductive stages might use these structures
differently, and how this might equate to differential reproductive success. All three mounting options
may successfully attract bat colonies if the bat houses provide appropriate interior microclimates, have
good access for bats, are located in a site with tolerable levels of disturbance (which may vary
depending on the colony), and are located in places that can be discovered by bats.

Variation in reported occupancy rates by bats using bat boxes mounted in these three ways differ across
geographic location, the dominant type of roost typically available to local bat populations, roost
availability, or even differences in local microsites. For example, some northern populations of Little
Brown Myotis may choose bat boxes mounted on buildings over poles because of the temperature
stability offered by bat houses mounted on buildings and greater heat absorption capacity of buildings
which result in keeping bat houses warmer over cool night periods than pole-mounted boxes (Long et al.
2006, Fontaine et al. 2021, ACBP preliminary data [C. Olson, unpublished data]). Conversely, Little Brown
Myotis populations in extremely warm southern locations may choose pole-mounted boxes because
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daytime temperatures are cooler and more tolerable than those mounted on buildings (Flaquer et al.
2014).

Providing multiple bat boxes with differing amounts of shade is important (i.e., Goldilocks Approach,
Lausen 2021), with concern arising largely from overheating observations. Boxes that are continuously
cool may not be used for reproduction yet may be important for nonreproductive bats or bats after
weaning (post-lactating) in preparation for hibernation. And with increasing heat waves in some areas,
cool roosts may provide safe refuge mid-summer. Bat boxes mounted on trees, with the overlying
canopy restricting solar heating, may provide a cool roost (White 2004). In the hottest areas, or even in
northern areas during the hottest parts of the season, bat houses can be partially shaded by an
overhanging tin roof/awning or varying roof colour that protects them from the day's hottest sun
(Tillman et al. 2021, Leung et al. 2022). If you observe bats constantly occupying the lowest portions of a
bat box, it is probably too hot or overcrowded (Chenger 2021b), and additional bat boxes should be
deployed in the adjacent area that can provide more space and/or cooler roosting microclimates.

In any location, if there are consistently periods of very hot weather (even short period of a few days),
regardless of latitude, ensure that there is either a second bat house deployed within 100 metres
(ideally adjacent where possible) that offers cooler temperatures, or the site is managed with a
temporary shade screen to keep temperatures optimal for bats (Figures 16-18). If pole-mounting a bat
house, consider mounting two in tandem back-to-back with a gap in between the two that can also be
used for roosting (Figure 19). A single unified roof over both helps create a single roost structure with a
variety of internal roost temperatures (Figures 19). Placing bat boxes back-to-back and connecting them
via a central tunnel facilitates movement between boxes and can provide important refuge for bats if
temperature in one box exceed upper limits.

Recommended Installation Height for bat houses:

e Bat houses should be installed such that the exit is approximately three to five metres (10 to
16’) off the ground (measured from the ground to the bottom of the landing pad) (Tuttle et al.
2005).

e Ideally, the bat house is high enough that exiting bats that “drop and fly” can avoid leaping
ground predators, such as housecats.

e Height recommendations takes into consideration the airspace typically used by bats as they
exit the bat house, though this does vary by species.

o Bats may also require enough height to allow them to reach appropriate flight velocity
when they drop out of the bottom of the bat house (Powers et al. 1991). A clear flight
path for bats for entry and exit is important.

Recommended Orientation (Aspect) for bat houses:

Bat box orientation can also have an effect on internal temperature and should be selected depending
on local climate. In an open location, the sunniest aspect to face a bat house is south. However, this
does not mean you face a bat house in this direction. Considerations include obstacles that may create
shade (e.g., a building or tree), or landscape features which may alter the amount and/or timing of solar
exposure such as mountains, or cliffs. Depending on the sex and age or reproductive phase, bats may
prefer roosts that receive early morning sun, or late day sun. Generally, a minimum of three boxes is a
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useful strategy for one box of each orientation (East, West and South). In geographic locations that
typically experience very high heat, north-facing boxes may be preferred by nursing females. However, it
is still a good strategy to deploy multiple boxes in multiple directions.

Maternity or nursery colonies:

= East-facing bat houses benefit from warming with the heat of the rising sun
during the morning period that typically is the coolest part of the day, and
therefore may provide the most benefit for bats raising pups (Long et al. 2006,
Fontaine et al. 2021; see Appendix A.1.2. Differences in Roost Use by Age, Sex,
and Reproductive Condition).

*  Bats may prefer a site that combines early morning solar exposure and 6-7
hours of sunlight over the day (Brittingham and Williams 2000).

*  Boxes facing south typically have a warmer microclimate than those facing
north, and generally have a greater likelihood of occupancy (Brittingham and
Williams 2000, Kerth et al. 2001, Dillingham et al. 2003, Flaquer et al. 2006) but
may be more likely to overheat, especially in warmer regions (Bideguren et al.
2019). However, bat boxes mounted on western exposures have been found to
overheat during the mid-day hours in the hottest climates (Brittingham and
Williams 2000, Flaquer et al. 2006, Crawford et al. 2022).

= Bat boxes mounted with the warmest exposures may be used more during the
early part of the season when environmental temperatures are cooler and more
variable, however, this will depend on abundance of prey and use of torpor.
Bats may shift to bat houses mounted with cooler exposures during midsummer
when temperatures are peaking or during periods of prolonged high
temperatures.

e Bat houses not intended for maternity or nursery colonies:

* Individually roosting bats (such as males and non-reproductive females) prefer
cool sites where they can use torpor during the day (Riskin and Pybus 1998).

* Bat houses that may not be appropriate for maternity or nursery colonies (small
bat boxes or single chambered boxes) can be installed in shaded locations, and
cool aspects. Ideally, these boxes would experience an hour or two of late
afternoon sun to help bats passively rewarm in preparation for activity at dusk.

3.3.4. Best practices for providing the appropriate number of bat houses
To determine the number of bat boxes required for a site there are two aspects to consider:

1. The number of boxes required to meet the thermal needs of roosting bats (and other needs
such as predation avoidance)

2. The number of boxes needed to provide enough capacity or roosting space to house the colony
in need of roosting habitat (see Section 3.4 below).

Bats need roosts with different temperatures depending on their reproductive condition, sex, and age,
and these needs change with changing environmental conditions and temperatures. Installing several
bat boxes in close proximity with varying features (size, colour, design, location) can provide the
variability required to meet their needs. Generally, more is better, and variety is important.
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A network of bat boxes over an area can simulate a natural roosting range, such as a forest of trees with
cavities for roosting, and bats may switch between them regularly (e.g., Bartonitka and Rehdk 2007,
Hoeh et al. 2018).

First, consider fluctuating local environmental conditions and be prepared for adaptive management:

Climates are changing. Consider that for any given area, even short periods of extreme heat or
intense solar radiation may cause heat stress in bats in an overheating bat house. Geographic
areas with highly variable, local environmental temperatures may need to provide additional bat
houses. Be prepared to troubleshoot if you see bats in distress (e.g., use of temporary/make-
shift awnings like white sheets, corrugated plastic, or shade screens to offer relief from
intermittent periods of extreme temperatures [Figures 16-18]).

Adaptive management for bat houses with issues. When assessing a site that has experienced
an overheating event, typically one should aim to supplement, not remove, roosts that are being
used. In other words, expand the roost options within a colony’s ‘roost area’ but do not remove
or make significant modification of boxes that are used by bats (unless maintenance is required,
or predation risk has been deemed high). Immediate fixes should start with temporary
modifications that remedy the overheating risk. For example, during unusually hot weather,
installation of sunshades may be needed as a stop-gap measure until additional adjacent or
connected roosts can be installed, offering cooler temperature options. Awnings and white
sheets/coverings to reflect sun away from the bat box have been shown to provide some
immediate relief from the heat, lowering internal bat box temperatures even a few degrees
below lethal upper temperature tolerances of bats. These modifications do not involve direct,
long-term, or significant modification of the roost boxes, but are also not permanent and
require ongoing vigilance by people to add or remove sun-reflectors sometimes on an hourly
basis. While some landowners have diligently raised and lowered bat box awnings during
periods of extreme heat, this is not a long-term solution. The addition of adjacent or connecting
bat boxes that offer cooler conditions might be as simple as having one light-coloured bat box
next to the dark-coloured box. The new light-coloured box will provide refuge to bats that may
otherwise overheat in the dark-coloured box but keeping the dark coloured box in place is
critical to ensure that this warm box is available to bats outside of the peak summer heat (e.g.,
reproductive females may need these warm bat boxes early in the season when ambient
temperatures are cooler).

Second, determine the target bat species:

Know the species of bat being housed. While in theory, any bat that uses tree cavities might use
a bat box at some point if available, but the preference of type of openings, type of access,
dimensions of interior spaces, etc. may vary significantly between species, and in practice many
species of bats do not typically use bat boxes (see Appendix Two: List of bat species of Canada
and the USA) providing there are natural roosts available.

Gauge the size of the colony. Yuma Myotis in particular can form very large colonies (>1000
bats), Little Brown Myotis may also do this, and in some areas these species will form mixed
colonies with each other. If bat boxes are crowded and packed to the top with bats, it may cause

overheating issues due to increases in internal relative humidity and inability to cool on hot
days. A large colony of Big Brown Bats is usually only in the hundreds and sometimes just
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dozens. Colony size can be gauged by carefully watching bats emerge multiple times across the
active season.

Third, determine size, design, and placement of bat houses:

Even for the smallest of colonies, install multiple bat houses (at least two or three but assess
the size of the colony if more are needed), within 100 meters (< 300 feet) of each other. Choose
a variety of designs and sites for installation, increasing microclimate variation.

If possible, create an “array” of bat boxes that are adjacent to each other (back-to-back, or side-
by-side) to minimize the distance mother bats might have to move with heavy pups.

Preferably, use multi-chamber bat houses.

No single bat house is likely suitable to meet all the differing thermoregulatory requirements of
bats during the spring and summer, particularly reproductive females. Offering a variety of bat
houses with different microclimates will be far more effective than one single bat house and
lessens the chance of creating an ecological sink — this consideration is most important in the
case where bats are excluded from a significant (primary) building roost.

In some cases, variation in style (including single chamber, smaller bat boxes, condos, mini-condos etc.;
see section 3.3.1. discussing bat house designs), along with variation in exterior colours and aspect may
meet the needs of a larger number of bats and bat species in a particular location. Best options for
replacing primary/main maternity roosts include:

o Multiple multi-chamber and large (i.e., at least four-chamber nursery box such as the
BCl standard four-chamber nursery box design 44.5 cm (17.5 in.) wide x 78.75 cm (31
in.) long x 11.5 cm (4.5 in.) deep — plus the landing pad) boxes where possible to provide
temperature gradients.

o Mini-condos or full-size bat condos with multiple chambers -- requires only a single
roost structure be built.

3.4, Suitable Capacity of Bat Houses to Accommodate Bat Colonies

For colony sizes of approximately 1,000 bats or more — one could build a large number of bat
boxes, but less area is needed to build one large structure, called a “bat condo.” And because a
bat condo best mimics an attic roost, this is an especially suitable structure if a large colony is
experiencing loss of a building roost. A single, large condo can provide an array of roost
microclimates in one site and, depending on the size and design, can house thousands of bats
(Figure 13). A slightly smaller version of this can also be considered (mini-condo; Figures 14 and
20), but this is less likely to replace all microclimates that an attic roost could provide and does
not provide any room for bats to fly within the structure, unlike some bat condos which are
designed with internal flight space.

For colony sizes of under 1,000 bats - provide multiple large multi-chamber bat boxes or an
appropriately sized bat “mini-condo” (Figures 14 and 20). A BCl standard four-chambered bat
box can hold an estimated maximum of 350 bats (but many colonies are much smaller). General
advice is to keep bat boxes within at least 100 metres (< 300 feet) of each other to create a
network of roosts, however, side-by-side mounting on a wall (with boxes stained in contrasting
colours, light/dark to provide a cool/warm box) or back-to-back mounting of boxes on a pole
(with boxes facing opposite directions creating a cool/warm microclimate) may be especially
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effective as this reduces the effort required by females and risk associated with moving a large
pup -- minimizing the travel distance required between roosts.

For colony sizes of one hundred or less, provide at least three (or more) bat boxes (standard
four-chambered size). Again, choose a mix of installations and bat box designs that provide both
warm and cool microclimate options that consider the changing local seasonal climate.

Be especially vigilant when providing alternative roosting habitat for colonies in the process of
exclusion from a building or colonies that have lost a well-used roost site. In these cases, not
offering enough options or inappropriate ones could create a habitat sink if bats have no natural
or suitable artificial roosts available to them. Ensure that alternate roosts created to replace lost
habitat have large enough capacity to house displaced bats and provide ample choices with
different roost microclimates.

Understand that every situation is unique and that an effective solution to mitigating the loss of
a bat roost may also require a cost analysis. Bat condos can be effective and provide good
roosting options, but they can be very costly. A set of bat boxes installed strategically adjacent
to the area where a roost has been lost (or a colony excluded) may also provide good roosting
habitat at a lower cost. Evaluations should consider local environmental conditions, availability
of natural roosting habitat if it exists and the species of bat in question.

Avoid offering only a single bat box with no nearby or adjacent alternative roost options.
Monitor bat houses carefully before removing or relocating them. Keep in mind that a bat box
that is only used occasionally can still be an important roost. Even if used for just a few days in a
season, it might be playing an important role for the maternity colony of bats that use it. Bats
can take several years to start to use a new bat house, and relocation may result in a change in
use.

Bat boxes that may not be appropriate for maternity colonies (e.g., under-sized bat boxes or
single chamber designs), but may be effective for non-reproductive females, males, and juvenile

Figure 20. A variety of mini-condo styles. Photos: left and centre by C. Olson; right by J. O'Keefe.
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