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Abstract

This report presents the results of an acoustic survey of bats in four habitat types to
compare them with those of previous years as an indicator of long-term population trends. It also
examines the possible association between levels of foraging activity at different recording
stations and their proximity to occupied bat houses. Surveys were conducted between May 25-
September 24, 2024 in the Beaverhill Natural Area (BNA) in association with the Beaverhill
Bird Observatory’s (BBO) long term bat monitoring program following procedures previously
established. Seasonally, bat foraging activity (all habitats) followed a unimodal pattern, with
most activity between June 16 and July 28 and peaking on July 5 (n=106 recorded call
sequences). Among habitats however, the timing of peak activity varied. The forest interior,
including the BBO station’s location, held the most activity throughout the season, with a peak at
the end of July. The edge and riparian habitats reached their peak earlier in the season, with a
rapid decline in activity by the end of July. Bat house counts followed similar temporal trends by
habitat. The area in the forest interior where the three most active acoustic recording stations
were located also included the highest roosting bat counts, suggesting an association between bat
roost choice and bat foraging activity. Overall, areas where bat houses had high occupancy also
record high foraging activity. Acoustic activity between 2021-2024 fluctuated annually but does
not appear to follow a particular directional trend, indicating that overall the bat population may
have remained relatively stable.

Introduction

Bats have a long history of acting as nature’s pesticide. Each night, they consume copious
amounts of insects, therefore interfering with the negative effects of agricultural pests. This
relationship aids the agriculture sector each year and saves billions of dollars to farmers (Slough
et al., 2023). Regardless of their economic and ecological importance, North American bat
populations have been steadily decreasing due to habitat destruction, White Nose Syndrome
(WNS), and mortality due to wind energy structures (Boyles et al., 2011).

Human driven impacts, which include converting natural habitats into agricultural lands,
forestry, mining operations and other industrial developments, have actively contributed to the
loss of habitats for bats (Environment Canada, 2015). In Canada alone, there has been a 70%
decrease in wetland area, with the boreal forest receding 0.82% yearly in Alberta (Environment
Canada, 2015). A 2008 study found that forest elimination may have negative effects on bats
species, limiting their abilities to move through microhabitats to meet reproductive needs and
torpor conditions (Henderson and Broders, 2008). Moreover, bats tend to show preference for
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forested areas for feeding and roosting (Hogberg et al., 2002). The losses of Canada’s wetlands
and the receding of the Boreal Forest edge in Alberta poses threats to natural bat habitats,
effectively causing loss to foraging sites and roosting sites.

Habitat loss in combination with the discovery of WNS in Alberta poses imminent risks
to Little Brown Myotis populations (Environment Canada, 2015). White nose syndrome is a
fungal infection caused by the fungus Pseudogymnoascus destructans (Slough et al., 2023). The
fungus is found in roosts of hibernating bats, where the spores can spread between individuals
and cause devastating effects (White-nose Syndrome | Alberta.ca 2024 Oct 4). Furthermore,
hibernating bats rely exclusively on fat reserves during hibernation. Infected bats arouse from
deep torpor during winter, resulting in starvation. The fungal spores were first identified in
Alberta in 2022, and two short years later, two Little Brown Myotis were found infected with the
illness (White-nose Syndrome | Alberta.ca 2024 Oct 4). The discovery of White Nose Syndrome
in combination with loss of vital habitat poses considerable risks to Alberta’s bat populations. To
better implement plausible conservation strategies for bat populations, understanding their
roosting and feeding behaviours, as well as the interactions between those factors is critical.

Bat houses are often implemented as a conservation strategy and understanding what
makes a suitable roost is important. Factors that include the age of bat boxes, their distance to the
ground, proximity to other bat boxes, and type of bat box affect the occupancy rates of the
houses, revealing older boxes higher from the ground tended to result in higher occupancy
(Pschonny et al., 2022).

Understanding bats’ foraging habitat preferences is a way in which compiling acoustic
monitoring data may help researchers better understand behaviours of bat populations. While
foraging, bats locate food via echolocation by emitting a call through their mouth and nose
(Schnitzler et al., 2003; Russo et al., 2018). Measuring the frequency of various calls, as well as
analyzing call types emitted, opens the potential to identify individual species in association with
feeding habitats and behaviour (Fenton and Bell, 1981; Holloway and Barclay, 2000; Lear and
Torrez, 2010). Studies have shown that some bats located in Alberta preferred foraging in
forested riparian habitats as opposed to open spaces (Holloway and Barclay, 2000) while others
noticed a strong relationship between bats foraging away from and close to artificial bat houses
or roosts (Lear and Torrez, 2010). Better understanding of foraging preferences in bats may help
conservationists in better utilizing placements of bat boxes in habitats better suited to foraging
preferences in combination with house preference.

In 2022, a study at Beaverhill Bird Observatory found evidence that bat roosts occupancy
rates have a strong relationship with proximity to water, suggesting that higher occupancy rates
tended to result in closer proximity to water for many houses (Lewicki, 2022). It was also
suggested this may be due to foraging behaviours, suggesting bats rely on aquatic insects for
food sources. The studies conducted in 2021 and 2022 revealed the treed interior habitat with the
highest calls, and in 2021, the edge habitat and water habitats peaked in the early season (June-
early July), with a sudden decline in late July (Wagram 2022; Burke and Waldron 2021).
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In this study, we conducted acoustic monitoring at the Beaverhill Natural Area as part of
their long-term monitoring of local bat populations. Species found here might include Myotis
lucifugus (little brown bat), M. septentrionalis (Northern Myotis), Eptesicus fuscus (big brown
bat), Lasionycteris noctivagans (silver-haired bat), Lasiurus cinereus (Hoary bat), and Lasiurus
borealis (Eastern red bat) (Low, 2024). In this report, I present the results of the acoustic survey
in four habitat types and compare them with those of previous years as an indicator of population
trends. Additionally, I examine the possible association between levels of foraging activity by
Mpyotis at different recording stations and their proximity to occupied bat houses. Higher foraging
activity recorded in some habitat types could be explained in part by the number of Myotis spp.
bats roosting in proximity.

Methods
Study site

Data collection was conducted at the Beaverhill Natural Area (BNA), a 1,013.10 Acre
Ecological Reserve located in the Central Parkland Natural Region (Alberta Parks, 2024). This is
a protected area, housing a variety of habitats including wetlands and aspen groves, as well as the
south side of the Beaverhill Lake. The area is used for recreational hiking as well as maintaining
important habitat for 270 migrating bird species, and 145 bird species with local breeding (About
BBO | Beaverhill Bird Observatory). Within the BNA is the Beaverhill Bird Observatory (BBO),
the nonprofit migration monitoring organization responsible for the deployment and maintenance
of the bat boxes used in this study. The bat boxes can be found along various paths within the
BBO area, including Harrier Highway, Flicker Freeway, Duck Drive, BBO Boulevard, Weasel
Wynd, and Robin’s Route leading to the grasslands.

Acoustic survey

Weekly acoustic surveys took place between May 25-September 24, 2024 (except for
June 29 and August 11 due to equipment malfunction and poor weather). Monitoring occurred at
16 previously established stations (Low, 2024), including four stations in each of the following
habitats: grassland, treed interior, edge (habitat transitionary zone), and riparian (water edge)
(Figures 1 and 2). Additionally, we recorded echolocation calls outside the BBO Station
building.
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Figure 1. Examples of the habitat types for acoustic stations are as listed: A) Grasslands, B) Water, C) Interior
Forest, D) Edge. (Adapted from Figure 4. Burke and Waldron 2021).

Before beginning surveys, environmental variables were collected including temperature,
wind speeds (Beaufort wind scale), moon illumination (%), sunset time (24h), cloud coverage
(%), and moon phase. Local weather data was collected at the BBO Station using the weather
station there. This data was also collected at the end of the survey, along with start and end
times. Surveys began at least forty-five minutes after sunset, after bats had left their roosts to
forage, following procedures described in Low (2024). Recordings were collected with the
EchoMeter Touch 2 (Wildlife Acoustics) UltraSonic Module and saved onto an Amazon Fire
HD 8 (8 generation) tablet. Upon arriving at each station, the start time of recording was noted
and the Echometer Touch 2 was used to record bat echolocation calls for a total of three minutes.
Identification was made live and directly entered on a data sheet. Saved acoustic files were used
to verify call identification when necessary. Data collected included bat species (or group),
number of calls, number of feeding buzzes, and any noise pollution in the area at the time of
recording.
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Roost occupancy

Bat boxes were surveyed between May 17 and September 24, 2024, following the
procedures described in Uy (2024). When possible, these surveys took place on the same day as
the acoustic surveys. To visually analyze the relationship between roost occupancy (roosting bat
counts) and echolocation activity, bat boxes and acoustic stations were geolocated using a
Garmin GPS and the data transferred to Google Maps. Cumulative roost counts and habitat type
of the acoustic monitoring stations were also included in the file and served to create the map.
For this analysis, habitat type for each house was assigned according to the habitat type of the
nearest acoustic station (Figure 2). The relationship between roost occupancy and foraging
activity was also explored descriptively by comparing temporal trends in these two variables
across habitat types. The likelihood of spatial overlap between acoustic stations and the
proximity of bat boxes from each other precluded statistical analyses for these comparisons.

Beaverhill

el |

Figure 2. Map of the study area at the BNA including the location of bat boxes bat boxes (pins), acoustic sampling
(microphones) stations and survey routes (lines). Habitat type in the analysis is represented by colours: Grassland in
yellow, forest interior in green, and the edge+water in blue. The BBO acoustic station is included with the interior
forest stations, as it represents the same habitat type. Acoustic stations in edge habitat and those in proximity to
water were combined due to strong overlap in habitat. Houses were classified by habitat according to that of their
nearest acoustic station.
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Inter-annual comparisons in bat acoustic activity

Historic data from the BBO was used to make interannual comparisons of bat populations
at BBO between 2021 and 2024. To standardize the results of acoustic activity between years, |
calculated an activity index for each year, considering sampling effort. Sampling effort per year
represents the sum of all sampling units (= samples) for that year. Each time a station was
monitored represented a sample. The activity index (calls per sample) was derived by dividing
the total number of calls recorded in a year by the sampling effort. Grassland stations and
recordings at the BBO station were excluded from this analysis because they were not always
monitored (grassland was not surveyed during weeks around summer solstice and the BBO
station was monitored starting only in 2024). Therefore, in the analysis, each weekly session
included a possible twelve sampling units, one for each station.

Results
Echolocation activity and bat box occupancy in 2024

We conducted 16 acoustic surveys from May 25-September 24, 2024, for a total of 220
three-minute samples (all habitats). In total 581 bat calls were recorded, of which 547 (94%)
were identifiable (Appendix 1). Sampling was conducted through changing weather conditions,
including a heat wave in July.

Most identifiable calls (94.5%) were from Myotis species, which were detected from the
first sampling night until September 9. The Eptesicus/Lasionycteris group (big brown bats or
silver-haired bats), were detected on 6 nights and represented 2.6% of the identifiable calls.
Lasiurus cinereus (hoary bat), the only species detected after September 9, was recorded on 4
nights and represented 2.9% of identifiable calls. Seventy-seven call sequences, all from Myotis
contained a terminal feeding buzz.

Seasonally, bat acoustic activity followed a unimodal pattern (Figure 3a) with the highest
number of bat calls recorded in early July (n=106) and declining thereafter, with a sudden drop
on August 3, immediately after a heat wave in late July. In contrast, data for the bat house counts
was bimodal (Figure 3b), with a peak on June 16 and a second one on July 12. As for the
acoustic data, house occupancy declined rapidly in late July.
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Figure 3. Bat echolocation activity (a) and bat boxes (b) occupancy at BBO through the sampling season.

Bat acoustic activity in relation to bat house counts

Overall, the forest interior acoustic stations, which included the BBO station had the
highest levels of acoustic activity (Figure 4, red shaded area). Compared to any other station, the
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BBO acoustic sampling station recorded the largest cumulative number of calls (16% of all calls
recorded for the season). Bat houses in its surrounding also had the highest counts of roosting
bats. This area also includes the three acoustic stations with the highest cumulative recordings, as
well as three of the five multi-chamber houses with the highest counts and all six of the single
chamber houses with the highest counts.

Additionally, the edge and riparian habitats, indicated by the yellow shaded area on the
map (Figure 4), represents another notable area, as it included two acoustic stations with notably
high activity (indicated by the red microphones in Figure 4), as well as two of the five multi-
chamber houses with the highest counts and three of the five houses with notably elevated house
counts.

Beaverhill

N.]lur;)! Area

Figure 4. Bat acoustic activity and roost occupancy. Microphones indicate the location of acoustic stations. Red
represents acoustic stations and houses with the highest overall counts throughout the entire season (May 17-
September 24) and orange reveals the second highest groupings of activity rates for acoustics and house counts. The
blue indicates single chamber houses with notably higher counts. The red shaded area reveals a section with higher
overall activity and is found in the treed interior habitat. The yellow shaded area represents an area with elevated
activity as well and is found in both the edge and water habitats.

To further examine whether acoustic activity and roost occupancy are linked, I explored
the temporal trends of those two variables across habitat types. Edge and riparian stations
(edgetwater) were combined as they are located along a single corridor where Flicker Freeway
continues into Harrier Highway and there was a high degree of overlap between these two
categories. Most of the acoustic activity occurred in edge+water habitat in the early season (June
22- July12), peaking on July 5 with 73 recordings (Figure 5a), and dropped July 21 during a heat
wave. This coincided with increasing acoustic activity in the forest interior on July 21, which
peaked in this habitat with 48 recordings (Figure 5a). The forest interior maintained the highest
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levels of activity for the remainder of the sampling season. In contrast, the edge+water habitat
peaked earlier in the season, whilst activity declined sharply after July 21 (Figure 5a).

House counts followed similar trends, with treed interior house counts peaking June 16 at
161 bats (Figure 5b), making it the highest populated habitat. The following week, the counts for
the treed interior dropped to 74 (Figure 5b), and did not peak again until July 12. The
edge+water habitat remained at its highest counts from June 22- July 12, the highest recorded
number being 182 on June 22 (Figure 5b). Following July 28, the edge+water habitat maintained
low counts for the remainder of the sampling season.
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Figure 5. Total weekly counts of bat activity by habitat (a) BBO station included with the forest interior total,
equating five stations. Edge + water included 8 stations and grassland 4 stations (b) Houses were divided into habitat
types by acoustic stations closest to them. Edge and water habitats have been combined to account for overlap, as
they are along the same corridor. Sampling was not conducted on July 21, 2024.
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Interannual comparison of bat acoustic activity

From 2021-2024, sampling effort varied between years. After standardizing the bat
acoustic counts for comparison, 2022 recorded the highest activity index and 2023 the lowest
(Table 1). In contrast, counts of roosting bats recorded the largest number in 2023.

Table 1. Overview of interannual population trends of bats in Beaverhill Natural Area (BNA) from acoustic
monitoring and roost counts. Sampling effort was used to calculate the acoustic activity index to make interannual
comparisons. For roosting bats, the largest number counted in a weekly survey (highest roosting bat count) was used
as estimate of population size.

Year 2021 2022 2023 2024
Surveys Conducted 14 16 11 16
Sampling Effort (n

samples) 148 180 127 192
Calls recorded 291 719 237 505
Activity Index

(calls/sample) 1.97 3.99 1.87 2.63
Highest roosting bat

count 227 241 364 344
Discussion

Overall, in the 2024 season higher roost occupancy coincided with proximity to areas of
high foraging activity, as reported in other studies (e.g. Lear and Torrez, 2010). In the early
season, both high bat house counts, and high foraging activity were encountered in edge and
riparian habitats. Because of the high energy costs of reproduction for adult female bats (Balzer
et al. 2023; Wilcox and Willis 2016) it may be advantageous to roost on forest edges and near
bodies of water where insects are abundant (Olson and Barclay 2013; Belwood and Fenton 1976;
Clare et al. 2011).

In Alberta, high levels of bat foraging activity were observed in treed areas near
waterways, as trees offer protection and shelter from weather variables, resulting in larger insect
abundance and less disturbance to foraging bats (Holloway and Barclay, 2000). This could
account for the consistent levels of foraging within the treed environment of the BNA. In this
study area, all houses are within one kilometer of the water edge. Since little brown bats can fly
anywhere between 6-34 kilometres per hour (Saunders, 1988), the distance between roosts and
foraging sites is a relatively short one for bats.

As the maternity roosts dispersed in late July, there was a sudden influx in bats occupying
bat houses in the forest interior that coincided with higher foraging activity in this habitat. A
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similar pattern was observed in 2021 (Burke and Waldron, 2021) when activity in edge and
water habitats peaked in the early season (June-early July) with a sudden drop in late July,
followed by an influx in forest interior activity. This shift in the location of foraging activity may
reflect the bats” movement to new roosts, consistent with the hypothesis that bats forage near
their roosts. As temperatures increased at the end of July, bats may seek forest interiors for
thermoregulation.

Several studies reported a negative effect of overheating in bat boxes on bat health with
rising temperatures (Griffiths, 2021; Flaquer et al., 2014; Martin Bideguren et al. 2019). On July
21, 2024, during a heat wave, there was a shift in foraging behaviour from edge and water
habitats to interior treed habitats. Although data is missing for bat house counts for July 21, from
trends in the data we can infer that house occupancy followed foraging behaviour. More
importantly, on July 21, according to our collected weather data, the Beaverhill Natural Area was
experiencing elevated temperatures during a heat wave. Treed environments are often much
cooler than adjacent areas (Kim et al., 2024), making it likely that bats moved for
thermoregulatory purposes. Furthermore, studies show that bat houses receiving less sunlight, bat
houses with proper insulation, and multi-chambered bat houses experience greater
thermoregulatory effects, which can mitigate the effects of heat waves (Crawford et al., 2022).

Overall, bat acoustic activity fluctuated annually and did not appear to follow a particular
directional trend. Dates of survey may contribute to the differences observed between years. For
instance, in 2024, acoustic sampling started in late May and was carried out until late September.
In contrast, surveys in 2022, began earlier and ended in the first week of September, resulting in
more surveys during times of higher bat activity, and fewer near the end of the season when
activity is lower (Figure 3). Although the activity index is higher for 2022 than that of 2024, the
difference is likely due to the timing of sampling in 2022 that coincided more closely with peak
activity.

Conclusion and recommendations

This study highlights the importance of considering both roosting and foraging habitat
preferences in the placement of artificial bat roosts. With climate change, studies investigating
temperature effects on bat behaviour is particularly important. As reproductive females tend to
roost on forest edges near water, investigation into bat house criteria necessary to mitigate the
effects of rising temperatures should be conducted to determine factors such as insulation needs,
bat house aspect, and proper shade needed for the success of reproducing bats. Monitoring
temperature in bat houses in upcoming years would be an important next step. Acoustic activity
between 2021-2024 fluctuated annually but does not appear to follow a particular directional
trend, indicating that overall, the bat population may have remained relatively stable. With the
arrival of WNS in Alberta these 4-year results provide an important baseline for long-term
assessments of the local population.

Gilfillan 2024 p.12



Acknowledgements

I am extremely grateful to everyone at the Beaverhill Bird Observatory for being so warm and
welcoming, and both founding this study and helping. A big thank you to Jana Teefy for being
available to answer questions and have wonderful chats about squirrels and muskrats. I thank
Carole and Gary Dodd, and the Alberta Conservation Association for funding the internship bursary for
this study. and Glen Hvengaard and Geoff Holroyd for creating this wonderful research
opportunity for budding biologists and assisting so many students in gaining valuable
experience. | feel extremely blessed to have had the opportunity to work with Doris Audet. She
is kind and patient, and extremely knowledgeable in her field. Her passion is very contagious. I
thank her for exercising her patience with me and consistently meeting and offering guidance as
I continued to press through.

Thank you so much to my research partner, Cheska (Francesca) Uy, for travelling
through the dark forest, marvelling over fireflies, and expressing so much excitement at every
opportunity to learn. She truly made this experience enjoyable and was such a delight to work
with.

And finally, thank you to my wonderful partner, Shaun Seecharan, for driving out to the
BBO weekly so I could sleep in the car on the way home. He was, and always is, so supportive
and encouraging as I take on different challenges, and I am so grateful for his insights and
patience.

References
About BBO | Beaverhill Bird Observatory. [accessed 2024 Dec 12].

https://beaverhillbirds.com/welcome/about-bbo/.

Balzer EW, McBurney TS, Broders HG. 2023. Little brown Myotis roosts are spatially
associated with foraging resources on Prince Edward Island. Wildlife Society Bulletin.
47(1):¢1405. doi:10.1002/wsb.1405. [accessed 2024 Dec 12].
https://wildlife.onlinelibrary.wiley.com/doi/10.1002/wsb.1405.

Belwood JJ, Fenton MB. 1976. Variation in the diet of Myotis lucifugus (Chiroptera:
Vespertilionidae). Can J Zool. 54(10):1674—1678. doi:10.1139/z76-194. [accessed 2024
Dec 12]. http://www.nrcresearchpress.com/doi/10.1139/z76-194.

Boyles JG, Cryan PM, McCracken GF, Kunz TH. 2011. Economic Importance of Bats in
Agriculture. Science. 332(6025):41-42. doi:10.1126/science.1201366. [accessed 2024
Oct 8]. https://www.science.org/doi/10.1126/science.1201366.

Burke K, Waldron C. Habitat preferences and acoustic behaviours of bats in the Beaverhill

Natural Area in 2021. 2021.[accessed 2024 Dec 11].

Gilfillan 2024 p.13


https://beaverhillbirds.com/welcome/about-bbo/
http://www.nrcresearchpress.com/doi/10.1139/z76-194
https://www.science.org/doi/10.1126/science.1201366

https://beaverhillbirds.com/media/2215/2021-acoustics-research-report-final-

formatted.pdf
Clare EL, Barber BR, Sweeney BW, Hebert PDN, Fenton MB. 2011. Eating local: influences of

habitat on the diet of little brown bats (Myotis lucifugus): molecular detection of variation
in diet. Molecular Ecology. 20(8):1772—1780. doi:10.1111/1.1365-294X.2011.05040.x.
[accessed 2024 Dec 12]. https://onlinelibrary.wiley.com/doi/10.1111/j.1365-
294X.2011.05040.x.

Crawford RD, Dodd LE, Tillman FE, O’Keefe JM. 2022. Evaluating bat boxes: design and
placement alter bioenergetic costs and overheating risk. Cooke S, editor. Conservation
Physiology. 10(1):coac027. doi:10.1093/conphys/coac027. [accessed 2024 Dec 12].
https://academic.oup.com/conphys/article/doi/10.1093/conphys/coac027/6574068.

Environment Canada. 2015. Recovery Strategy for Little Brown Myotis (Myotis lucifugus),
Northern Myotis (Myotis septentrionalis), and Tri-colored Bat (Perimyotis subflavus) in
Canada [Proposed]. Species at Risk Act Recovery Strategy Series. Environment Canada,
Ottawa. ix + 110 pp.

Fenton MB, Bell GP. 1981. Recognition of Species of Insectivorous Bats by Their Echolocation
Calls. Journal of Mammalogy. 62(2):233-243. doi:10.2307/1380701. [accessed 2024 Dec
12]. https://academic.oup.com/jmammal/article-lookup/doi/10.2307/1380701.

Flaquer C, Puig X, Lopez-Baucells A, Torre I, Freixas L, Mas M, Porres X, Arrizabalaga A.
2014. Could overheating turn bat boxes into death traps? Barb. 7(1).
doi:10.14709/BarbJ.7.1.2014.08. [accessed 2024 Dec 12]. https://secemu.org/wp-
content/uploads/2022/05/Flaquer_2014.pdf.

Griffiths SR. 2021. Overheating turns a bat box into a death trap. Pacific Conserv Biol.
28(1):97-98. doi:10.1071/PC20083. [accessed 2024 Dec 12].
https://www.publish.csiro.au/PC/PC20083.

Henderson LE, Broders HG. 2008. Movements and Resource Selection of the Northern Long-

Eared Myotis (Myotis septentrionalis) in a Forest—Agriculture Landscape. Journal of
Mammalogy. 89(4):952-963. doi:10.1644/07-MAMM-A-214.1. [accessed 2024 Aug 11].
https://doi.org/10.1644/07-MAMM-A-214.1.

Hogberg LK, Patriquin KJ, Barclay RMR. 2002. Use by Bats of Patches of Residual Trees in
Logged Areas of the Boreal Forest. Am Midl Nat. 148(2):282. doi:10.1674/0003-
0031(2002)148[0282:UBBOPO]2.0.CO;2. [accessed 2024 Oct 8].

Gilfillan 2024 p.14


https://beaverhillbirds.com/media/2215/2021-acoustics-research-report-final-formatted.pdf
https://beaverhillbirds.com/media/2215/2021-acoustics-research-report-final-formatted.pdf
https://www.publish.csiro.au/PC/PC20083

http://www.bioone.org/perlserv/?request=get-abstract&doi=10.1674%2F0003-
0031(2002)148%5B0282%3AUBBOPO%5D2.0.CO%3B2.

Holloway GL, Barclay RMR. 2000. Importance of prairie riparian zones to bats in southeastern
Alberta. Ecoscience. 7(2):115-122. [accessed 2024 Dec 12].
https://www.jstor.org/stable/42902481.

Kim J, Khouakhi A, Corstanje R, Johnston ASA. 2024. Greater local cooling effects of trees
across globally distributed urban green spaces. Science of The Total Environment.
911:168494. doi:10.1016/j.scitotenv.2023.168494. [accessed 2024 Dec 12].
https://linkinghub.elsevier.com/retrieve/pii/S004896972307122X.

Lear KM, Braun de Torres E. 2010. Bat Foraging Activity Increases Near Bat Houses. Poster
session presented at: Ohio Academy of Science 119th Annual Meeting; Ada, OH.
Lewicki HM. Impact of Weather Conditions and Proximity to Water on Bat House Occupancy in
the Beaverhill Natural Area. Beaverhill Bird Observatory. 2022 Oct 15 [accessed 2024

Oct 8]. https://beaverhillbirds.com/media/2302/impact-of-weather-conditions-and-
proximity-to-water-on-bat-house-occupancy-in-the-beaverhill-natural-area.pdf

Low E. Bat Internship. Internship Information Packet, Beaverhill Bird Observatory
(Contributions by BBO staff & board members). 2024.

Martin Bideguren G, Lopez-Baucells A, Puig-Montserrat X, Mas M, Porres X, Flaquer C. 2019.
Bat boxes and climate change: testing the risk of over-heating in the Mediterranean
region. Biodivers Conserv. 28(1):21-35. doi:10.1007/s10531-018-1634-7. [accessed
2024 Dec 12]. http://link.springer.com/10.1007/s10531-018-1634-7.

Olson CR, Barclay RMR. 2013. Concurrent changes in group size and roost use by reproductive
female little brown bats (Myotis lucifugus ). Can J Zool. 91(3):149-155. doi:10.1139/cjz-
2012-0267. [accessed 2024 Dec 12]. http://www.nrcresearchpress.com/doi/10.1139/cjz-
2012-0267.

Pschonny S, Leidinger J, Leitl R, Weisser WW. 2022. What makes a good bat box? How box
occupancy depends on box characteristics and landscape-level variables. Ecol Sol and
Evidence. 3(1):¢12136. doi:10.1002/2688-8319.12136. [accessed 2024 Oct 8].
https://besjournals.onlinelibrary.wiley.com/doi/10.1002/2688-8319.12136.

Russo D, Ancillotto L, Jones G. 2018. Bats are still not birds in the digital era: echolocation call

variation and why it matters for bat species identification. Can J Zool. 96(2):63-78.
doi:10.1139/¢jz-2017-0089. [accessed 2024 Oct 8].
http://www.nrcresearchpress.com/doi/10.1139/cjz-2017-0089.

Gilfillan 2024 p.15


http://link.springer.com/10.1007/s10531-018-1634-7
https://besjournals.onlinelibrary.wiley.com/doi/10.1002/2688-8319.12136
http://www.nrcresearchpress.com/doi/10.1139/cjz-2017-0089

Saunders, D. A. 1988. Little Brown Bat. Adirondack Mammals. State University of New
York,College of Environmental Science and Forestry. 216pp [accessed 2024 Dec 12].
https://www.esf.edu/aec/adks/mammals/littlebrownbat.php.

Schnitzler H-U, Moss CF, Denzinger A. 2003. From spatial orientation to food acquisition in

echolocating bats. Trends in Ecology & Evolution. 18(8):386—394. d0i:10.1016/S0169-
5347(03)00185-X. [accessed 2024 Oct §].
https://www.sciencedirect.com/science/article/pii/S016953470300185X.

Slough BG, Reid DG, Schultz DS, Leung MC -Y. 2023. Little brown bat activity patterns and
conservation implications in agricultural landscapes in boreal Yukon, Canada. Ecosphere.
14(3):e4446. doi:10.1002/ecs2.4446. [accessed 2024 Oct 8].
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.4446.

Uy F. Status of bat box occupancy at the Beaverhill Natural Area and temporal variations in
relation to roost characteristics and weather conditions. 2024 November [accessed 2024
Dec 11]. https://beaverhillbirds.com/media/2532/bat-monitoring-14-house-occupancy.pdf
Wagram G. The Effect of Construction-Related Disturbances on the Spatial Distribution of Bats
in the Beaverhill Natural Area. 2022. [accessed 2024 Dec 11].
https://beaverhillbirds.com/media/2308/bbo_report 2022 wagram_revised-1.pdf
White-nose Syndrome | Alberta.ca. 2024 Oct 4. [accessed 2024 Oct 8].

https://www.alberta.ca/white-nose-syndrome.

Wilcox A, Willis CKR. 2016. Energetic benefits of enhanced summer roosting habitat for little
brown bats (Myotis lucifugus) recovering from white-nose syndrome. Conserv Physiol.
4(1):cov070. doi:10.1093/conphys/cov070. [accessed 2024 Dec 12].
https://academic.oup.com/conphys/article-lookup/doi/10.1093/conphys/cov070.

Gilfillan 2024 p.16


https://beaverhillbirds.com/media/2532/bat-monitoring-14-house-occupancy.pdf
https://beaverhillbirds.com/media/2308/bbo_report_2022_wagram_revised-1.pdf

APPENDIX 1-

Summary of acoustic detections at BBO from May 25-September 24, 2024, by sampling date and
species. Numbers include the total number of sequences recorded and in parentheses, the number of
those sequences that contained a terminal feeding buzz. ‘NOID’ were echolocation calls that were too
faint to be assigned to a species with certainty.

Date 25.05 31.05 16.06 2206 29.06 05.07 12.07 21.07 28.07 03.08 11.08 18.08 04.09 09.09 17.09 24.09
N. stations 12 12 13 12 12 13 13 13 13 13 13 13 17 17 17 17
MYOTS G0 0 o o aa ey an s @ @ o o & ° O
EPFULANO ?0) (10) ?0) 0 0 0 0 ?0) 0 (60) 0 0 (10) 0 0 0
LACI 0 0 0 0 0 0 ?0) 0 (10) 0 ?0) 0 0 0 0 ?0)
NOID o O 0 " 9 0 o o _©0 O _© @ ° 0o o
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