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Introduction
Bats, as we would recognize them today, have been around since the early Eocene
(Simmons et al., 2008) and have since evolved into over one thousand different species
(Schipper et al., 2008). Bats have a number of distinct attributes and have been classified based
on feeding strategies (McNab 1971), a collection of multiple factors such as wing-shape and
echolocation behaviours (Norberg and Rayner 1987), and habitat use (Neuweiler 1984).
Echolocation is an important sensory tool used by bats, which can have highly influential
effects on their ecology. The ecomorphology of an individual species will constrain what habitat
types they will use. This occurs as a consequence of the number of objects (vegetation) within a
habitat which influences how the bat is receiving and perceiving the returning vocal signal
(Findlay and Barclay 2020). This means that species occupying more densely forested areas will
try to minimize overlap between their call and its own echo by producing shorter echolocation
vocalizations (Schumm and Neuweiler 1991, Schnitzler and Kalko 2001, Jung et al., 2007). The
degree of openness in a habitat will also alter the relative advantage in having echolocation
vocalizations that are able to travel further distances. This means that bats occupying more open
habitats will use longer echolocations at lower frequencies to increase the possible distance the
signal can travel (Fenton 1990).
Habitat selection can be influenced by two main factors: how well suited a species is to
coping with numerous objects in their environment, and how different habitats influence prey
distribution (Fenton 1990). Focusing on the first point, certain echolocation characteristics and
the wing morphologies are better adapted to different degrees of clutter in an environment. Open
habitats are more likely to be occupied by high wing-loading species such as Lasiurus cinereus
whereas more dense forest habitats are more likely to be occupied by low wing-loading bats such
as Myotis species (McGowan et al. 2016). This means that acoustic traits can be a major
contributor in habitat selection in addition to wing shape adaptations.
There are some instances where echolocation is not explicitly important for navigation as
bats are capable of navigating in open areas without the use of echolocation (Fenton 1990).
However, they could be using information acquired through previous echolocation vocalizations
to form spatial memory (Verboom et al., 1999), further stressing the importance of echolocation,
and the broad scope of information we can gain by collecting and analyzing it.
Bats that pursue and catch their prey mid-flight typically use three distinct types of
echolocation calls: the search phase, approach phase and feeding buzzes. The search phase is
used while commuting and consists of using short bursts of vocalizations followed by relatively
long pauses that allows them to process the information contained in the echo (Russo et al. 2018)
(Fig. 1a). The approach phase allows the bat to improve signal resolution as they begin to
approach the target by increasing the pulse rate of the vocalization (Russo et al. 2018). The last
phase is the feeding or terminal buzz which allows for the greatest accuracy of signal
information as the bat moves closest to the prey item (Russo et al. 2018) (Fig. 1b).

Figure 1. A) Sonogram of a high frequency bat search phase call. B) Sonogram of a bat feeding
buzz phase.
There are several stages of vocalization leading up to a feeding buzz: search (pulses have
even spacing), approach (pulses become closer together), and then the feeding buzz
(vocalizations are very compact and drop in frequency (Low, 2017; Waldron, 2021b).
Acoustic monitoring of species can provide insight about many factors of bat biology.
Recording and interpreting echolocation vocalizations can aid in the identification of species
(O’Farrell and Miller 1997, Fenton and Bell 1981, Jones et al., 2000). Additionally, phylogenetic
relationships between species can be better understood through investigating bat echolocation
vocalizations (Kingston et al., 2001). Since echolocation can be used for hunting, acoustic
monitoring can also allow us to better understand the foraging behaviours of bats (Faure and
Barclay 1994).
Investigating echolocation vocalizations in bats can give us insight into many aspects of
their biology, however, collecting acoustic data on bats can be challenging due to the
considerable variation in their behaviours over time (Hayes 1997). Furthermore, physical,
geographical, and temporal differences in species can lead to variation in bat call signals (Russo
et al., 2018). On the opposite side of the spectrum, interpreting echolocation vocalizations can be
challenging due to similarities between species since echolocation call characteristics can be
convergent due to adaptive pressures from similar habitat types resulting in much species overlap
(Obirst 1995).

Public opinion of bats has traditionally been misunderstood (Kunz et al., 2011); however,
they can play vital roles within their respective ecosystems. Additionally within the agricultural
industry bats can play a major role in controlling harmful insect populations. The resulting insect
control can be conservatively estimated to provide over three billion dollars a year in ecosystem
services (Boyles et al., 2011). Beyond their direct functional importance to humans, bats are also
significant species occupying both predator and prey roles in many ecosystems (Kunz et al.,
2011) and decreases in their abundance, or extirpation could alter the community structure and
have cascading effects on the system as a whole (Schmitt, et al., 2021).
This study focused on collecting acoustic data from the bat populations within the
Beaverhill Natural Area (BNA). This was done through the acoustic monitoring of the bats
species, Myotis lucifugus (Little Brown Myotis), M. septentrionalis (Northern Myotis), Lasiurus
cinereus (Hoary bat), L. borealis (Eastern Red Bat), Lasionycteris noctivagans (Silver-haired
Bat), and Eptesivus fuscus (Big Brown Bat) which all occur within the BNA. Gathering these
data will provide insight into the habitat use by each of these bat species, which can ultimately be
used to inform decisions of habitat protection and restoration in the future. Collecting these
acoustic data will also increase our understanding of acoustic behaviours of these species as the
data will be compiled into the long-term monitoring that is ongoing at the Beaverhill Bird
Observatory (BBO).
Methods
Study area
This study was conducted within the BNA (Figure 2) approximately 60 km east of Edmonton,
Alberta. The BNA is located in the Central Parkland subregion of the Parkland region of Alberta.
The region is dominated by Populus tremuloides (Trembling Aspen), Populus balsamifera
(Balsam Poplar), understory shrubs and forbs, and cultivated and native grasses (Downing &
Pettapiece, 2006). A primary feature adjacent to the BNA is the large, shallow Beaverhill Lake,
which provides valuable habitat for migratory birds and wildlife (Beaverhill Bird Observatory,
2021a). Various habitat types in the natural area were surveyed during this study consisting of
grasslands, riparian, forest, and transition habitats.
Acoustic monitoring experimental design
Sixteen stations located along a designated route were monitored from May 16, 2021 to
September 14, 2021. Monitoring was performed weekly to maintain consistency; however, due
to technology failures, surveys were not performed during the weeks of July 18, 2021 and
August 22, 2021. As well, incomplete surveys occurred on August 3, 2021 due to stormy
weather and August 17, 2021 due to technology failure. The route was approximately 3 km in
length and began at the Observatory. Each week the route was completed in the opposite
direction to prevent one habitat type from being only surveyed early or late in the evening every
week. Four stations each of four habitat types were surveyed including grasslands, riparian,

forested, and transition habitats (Figure 3). See Appendix A. for precise coordinates of each
station.

Figure 2. Map of the Beaverhill Natural Area and location of the Beaverhill Bird
Observatory which is located approximately 60 km east of Edmonton, Alberta (Beaverhill Bird
Observatory, 2021b).
The grassland stations were located in the upland area south of Beaverhill Lake; the
riparian stations represented several wetland sites in the BNA; the forest stations were located
along the trails of BNA; the transition (edge) stations represented areas where forested areas
opened to clearings. Examples of each habitat type can be seen in Figure 4.

Figure 3. The acoustic bat survey route in the Beaverhill Natural Area is about 3 km in length
and consists of 16 stations, 4 in each of four different habitat types including: grasslands (Grass
1-4), forested (Tree 1-4), transition (Edge 1-4), and riparian (Water 1-4) (Low, 2021a).

Figure 4. A) Example of acoustic survey location ‘Grass 4’, located in the open grasslands of the
Beaverhill Natural Area, dominated by Phleum pratense (Timothy Grass) and Phalaris
arundiacea (Reed Canary Grass). B) Example of acoustic survey location ‘Water 3’ located in
the riparian zone at the Weir. C) Example of acoustic survey location ‘Tree 1’ located along
Weasel Wind in the Beaverhill Natural Area, dominated by Populus tremuloides (Trembling
Aspen) and Populus balsamifera (Balsam Poplar). D) Example of acoustic survey location ‘Edge
4’ located along Harrier Highway in the transition habitat in which forest transitions to clearings
or wetlands. (Waldron, 2021a).
The surveys began no earlier than 45 minutes after sunset when there was neither
moderate to high winds or precipitation. At the beginning and end of the survey, environmental
conditions were recorded including precipitation (mm), cloud cover (%), wind speed (Beaufort
scale) and direction, and temperature (°C). Start, end, and sunset times were also recorded. See
Appendix B. for sample datasheet. Surveys were performed with an Echo Meter Touch 2
Handheld Detector, on an Amazon Kindle Fire HDX 3rd Generation tablet. Detector settings that
were used can be found in Appendix C. The Echo Meter contains a semi-unidirectional
microphone and therefore the device was pointed in the direction of the habitat type being
surveyed. The Echo Meter was used to record for three minutes at each station. Data were
recorded live; however, recordings were saved to the tablet for later verification if required. If

bats were detected at the station, the species, number of passes, and call type (search phase or
feeding buzz) were recorded on the datasheet (Table 1).

Table 1. The bat species detected in the Beaverhill Natural Area and their corresponding
echolocation frequency, mass, diet and types of roosts they occupy. (Anthony et al. 1981, Black
1974, Fenton and Barclay 1980, Burnett and August 1981, van Zyll de Jong 1985, Barclay at al.
1988, Reimer et al. 2010, Clair et al. 2014)
Approximate
frequency
(kHz)

Species

Species
Code
Recorded in
Datasheet

Mass
(g)

Diet

Roost
Type

18

Lasiurus
cinereus
(Hoary Bat)

LACI

25-30

Lepidoptera,
Coleoptera,
Odonata,
Hymenoptera, and
Diptera

open
foliage

25

Eptesicus
fuscus (Big
Brown Bat),
Lasionycteris
noctivagans
(Silver-haired
Bat)

EPFULANO

12-15

Lepidoptera,
Diptera, Homoptera,
Hemiptera,
Hymenoptera,
Coleoptera, and
Neuroptera

tree
crevices

<30

Low frequency
bat

LowF

NA

NA

NA

>30

High
frequency

HighF

NA

NA

NA

40

Myotis species

Myotis

5–13

Lepidoptera,
Diptera,
Ephemeroptera,
Trichoptera, and
Coleoptera

Anthropogenic
structures,
tree
cavities

Statistical Analysis
A Chi-square Goodness-of-fit test was conducted in Microsoft Excel (ver. 2108) to
determine if there was a significant difference in habitat use across four habitat types, by each of
the bat species found in the BNA. The habitat types included in the analysis were grass, water,
tree, and edge (Fig. 3). Only the species (E. fuscus, L. noctivagans, L. cinereus, Myotis sp. and
unidentifiable high frequency vocalization within the range of >30 kHz) detected over the course
of the survey period (May 16- September 14, 2021) were included in the analysis. The analysis
investigated the effect of habitat type and species on the habitat selection using the sums of
overall acoustic activity for each species within each habitat type.
A one-way Analysis of Variance was conducted in Microsoft Excel (ver. 2108) to test for
significant differences in the mean number of Myotis calls identified between all four habitat
types (Edge, Grass, Tree, Water; Fig. 3); as well as for testing for differences in calls identified
across all species between all four habitat types (Edge, Grass, Tree, Water; Fig. 3).

Results

Figure 5. Acoustic activity refers to the sum of the identifiable acoustic signals collected from
May 16-September 14, 2021(combining search phase echolocations and feeding buzzes) for a
specific species within a specific habitat type collected weekly over the course of 5 months for 4
categories of bats (Table 1.) EPFULANO (E. fuscus, L. noctivagans) HighF (unidentifiable high
frequency vocalization within the range of >30 kHz), LACI (L. cinereus), and Myotis (Myotis
sp.) across four habitat types (Fig. 3).

Myotis species had the highest number of detections with 264, followed by LACI (L.
cinereus) with 25, EPFULANO (Eptesicus fuscus, Lasionycteris noctivagans) with 10, and lastly
HighF (Unidentifiable High frequency vocalization within the range of >30 kHz) with 3 total
detections. There was a significant difference in the total number of identifiable acoustic signals
for each species within each of the four habitat types using a p-value of 0.05 (Goodness-of-fit
Chi-square x2= 38.29, df= 9, p= 1.55E-05). Strictly looking at the raw counts, the tree sites had
the highest acoustic activity when considering all four species combined with 129 detections,
followed by edge sites with 93, water sites with 64 and finally grass sites with 16, and the results
of the ANOVA show there is a significant difference in the total identifiable acoustic signals
within the four habitat types when all four bat species are pooled (F(3,52)= 3.79, p=0.02).
L.cinereus were never detected at the water sites over the course of the survey period. Myotis
species had a fairly similar number of detections at the tree, edge, and water sites (111, 83, and
62 respectively) but were seldom detected at the grass sites (only 8 detections over the course of
the whole survey period). The ANOVA results found that there was no significant difference for
habitat preference within Myotis species (F(3,29)=1.82, p=0.17) .

Figure 6. The sum of the identifiable acoustic signals collected weekly for all bat species
collected (Table 1.) over the survey period (from May 16-September 14, 2021) within four
different habitat types (Edge, Grass, Tree, Water; Fig. 4).

Table 2. Acoustic detections (combining search calls and feeding buzzes) within each of the four
habitat types: edge, grass, tree, and water for the four bat species detected over the course of the
survey period from mid May- mid September 2021. The acoustic surveys took place along the
survey transects within the Beaverhill Natural Area.
EPFULANO

HighF

LACI

Myotis

Total

Edge

2

3

5

83

93

Grass

2

0

6

8

16

Tree

4

0

14

111

129

Water

2

0

0

62

64

Total

10

3

25

264

302

Table 3. Total number of feeding buzzes within each of the four habitat types: edge, grass, tree,
and water for the four bat species detected over the course of the survey period from mid Maymid September 2021. The acoustic surveys took place along the survey transects within the
Beaverhill Natural Area.
EPFULANO

HighF

LACI

Myotis

Total

Edge

0

0

0

12

12

Grass

1

0

0

1

2

Tree

0

0

2

12

14

Water

0

0

0

5

5

Total

1

0

2

30

33

A higher number of search calls were detected compared to the number of feeding buzzes
detected (269:33 respectively). This pattern is true for each of the four bat species encountered in
the BNA. For more rarely detected species like the EPFULANO and HighF categories, no
feeding buzzes were detected (Table 3.). The tree sites had the highest number of recorded
feeding buzzes with 14 filled by edge habitat with 12, water with 5, and lastly grass with 2.

Figure 7. Overall counts (combining search calls and feeding buzzes) of acoustic activity
detected at each of the four habitat types (Fig. 3) over the course of the data collection period
from mid May-mid September for all species of bats.

Figure 8. Scatter plot of overall bat acoustic activity plotted against the recorded temperature
(°C) at the beginning of each acoustic survey. The percentage of bat activity being explained by
the temperature variable is represented by the R2 value (2E-07).

In order to address potential confounding variables such as nightly weather conditions,
the overall activity during each of the survey dates was compared to the temperatures recorded at
the start of each of the acoustic surveys. The low R2 value (2E-07), and nearly flat slope in the
regression (Fig. 7) indicates no confounds associated with temperature.
We also inspected the data for confounds arising from site order (Fig. 9). There was a
switch between acoustic activity levels that occurred sometime between June and July. Higher
activity was recorded when surveys were carried out in a counterclockwise direction in the first
half of the data collection period (mid May to the end of June). Acoustic activity was higher in
the second half of the data collection period (July to mid September) when surveys were carried
out in a clockwise direction. We also inspected these results within the context of the four habitat
types (Fig. 10, 11) and found that bats were never observed in the grass sites when surveys were
conducted in a clockwise direction.

Figure 9. Comparison of the overall counts (combining search calls and feeding buzzes) of the
total number of identifiable acoustic signals for all species of bats summed across all four habitat
types between surveys moving in counterclockwise direction (grass, water, edge, and tree)
against clockwise direction (tree, edge, water, grass) over the course of the data collection period
from mid May-mid September 2021.

Figure. 10 Overall counts (combining search calls and feeding buzzes) of the total number of
identifiable acoustic signals for all species of bats within each of the four habitat types for
surveys moving in clockwise direction (grass, water, edge, and tree) over the course of the data
collection period from mid May-mid September.

Figure 11. Overall counts (combining search calls and feeding buzzes) of the total number of
identifiable acoustic signals for all species of bats within each of the four habitat types for
surveys moving in counter clockwise direction (tree, edge, water, grass) over the course of the
data collection period from mid May-mid September 2021.

Discussion
Our results show that Myotis species had the highest level of detection compared to the
other species found in the BNA. This points to a larger Myotis population in this area which
could arise from the number of bat houses located in the BNA. Since Myotis are the primary
users of the bat boxes (Anthony et al. 1981) this provides a greater number of optimized roosting
opportunities compared to other species such as LACI which typically prefer to roost in trees
(Burnett and August 1981). Investigation into whether the higher proportion of Myotis in the
BNA is exclusively occurring due to the roosting opportunities found there or a combination of
prey availability, vegetation density, in addition to roosting opportunities would need to be the
topic of future studies. We found a significant difference in the habitat use when looking at all
bat species combined, which points to a preference for the forested areas compared to the more
open grass type habitats (Fig. 6). This preference could be arising due to the bat boxes along the
transects which are primarily located in forest or edge of forested areas (The BBO has 38 bat
boxes, 27 of which are located in forested or bordering on forested areas) which are ideal roosts
for Myotis species. However this pattern does not arise solely from the Myotis data because the
ANOVA results investigating the differences in habitat use only looking within Myotis showed
no significant differences; meaning that the significant difference in the habitat use is being
driven by the other species.
One interesting pattern in our data is the bats in the LACI category were never detected at
the water habitat type. This seems to go against other results which state that they should have a
preference for open areas (Jantzen and Fenton 2013, McGowan and Hogue 2016). The
differences in results could be due to the smaller number of LACI detections. The lower
detection probability for this species category does not allow us to make meaningful
interpretations of their habitat preference (i.e., since we are less likely to detect LACI in general,
they may actually be occupying the more open habitat types, but we are simply not detecting
them).
The results of the acoustic survey conducted at the BBO in 2019 share some similarities
and some differences with our own data (Halajian and Gualter, 2019). Their methodology
involved gathering acoustic data at two bat house locations within each of the four bat box
habitat types (clearing, interior, edge, and open) rather than at four sites within each of our four
habitat types (edge, grass, tree, water) (Fig. 3). They found Myotis species had the highest
number of detections (likely due to the fact that acoustic data was collected at the bat boxes
which are only used by Myotis species (Anthony et al. 1981) which matches the pattern in this
study (Fig. 5). However, the patterns for habitat preference were quite different as their data
showed the “clearing” habitat type had highest preference by a large margin; our study design
did not have a direct comparison to this habitat type, but some of the water sites had a similar
make-up (open space surrounded by trees). Where our data showed a high number of detections
in the tree habitat type, the analogous “interior” sites in the 2019 study showed a much lower
number of detections.

The results of Fig. 7 show the existence of a relationship between high activity nights and
the direction of the survey which is further explored in Fig 9 where we see a switch in rates of
acoustic activity depending on the time of year, and direction the surveys are carried out. The
grass sites (Fig 3.) had zero bat activity recorded when surveys were conducted in a clockwise
direction (Fig 10.), which could be due to the bats preferring the cover of the forest until it
becomes fully dark later in the night. In terms of the counterclockwise surveys (Fig 11.). The tree
sites (Fig. 3) show the same general pattern of switching from high to low activity between June
and July seen in (Fig. 9) which makes sense considering tree sites had the highest activity,
meaning they will have more influence on the overall shape of the curves (Fig 9.). We
recommend that future interns should carry out the surveys in a counter-clockwise direction as
grassland sites appear to be used later in the evening.
The results of Fig. 7 also illustrate the differences in habitat preferences on a week to
week basis. For example some nights the Edge sites had more activity than the other sites
(6/6/2021) or Water sites had the highest activity for a particular night (6/13/2021), despite being
less popular overall. Although there are broad patterns like “tree sites show higher activity across
all species overall” there are still instances where other sites have higher activity on certain
nights. This graph is a nice visualization of the relatively low detections during the beginning
and end of the survey period due to the spring and fall migrations, hibernation periods, and
population growth due to births.
It was an unusually hot summer this year, with very little precipitation, however, this did
not seem to affect the bats (Fig. 8) This could be due to the fact that the acoustic surveys are
conducted 45 minutes after sunset which allows the temperatures to begin to cool off to a more
reasonable range even if there were above average temperatures during the day.
There was a great horned owl frequently occupying the area around one of the large
brown maternity boxes (M22) towards the second half of the survey period. It is possible that the
owl was picking them off as they emerged from the bat boxes during sunset, which would
ultimately make the acoustic detections lower as the survey period continued. We were unable to
find pellets to determine if the bats were being preyed upon by the owl, or if the owl was altering
their behaviour in any other ways. However, it does not look like there is a trend in our data that
would point to this occurring (Fig. 7).
One of the limitations of this study comes from the acoustic recording equipment, as the
recording device only captures sounds in a single direction which would inherently decrease the
likelihood of detecting a bat (i.e bats can be missed unless they fly across where the detector is
pointing). This issue arises again with the limited range of the detector also decreasing the
likelihood of detection. Another limitation comes from the fact that humans are designating
boundaries between different habitats, and that these designations may not be at the same scale at
which a bat experiences them (Gannon et al., 2003). It is important to keep this idea in mind as
we discuss the preferences between the different habitat types investigated in this study. Being
unable to definitively measure whether a bat is intentionally occupying a space, or if they just

happen to be moving through a space can provide challenges with interpreting the data, however
with a large enough sample size this problem should be minimized.
Conclusions
To summarize our results, Myotis species had the highest detection rates by far among all
bat species found over the course of our acoustic surveys conducted from May 16 through
September 14, 2021. When all bats species were pooled we found a preference for the tree sites,
however there were no significant preferences when only looking at Myotis. These results point
to a large population of Myotis species found in the Beaverhill Natural Area, and a preference for
densely forested habitat types among the larger bodied bat species. Future studies should explore
this preference in greater detail, distinguishing which specific characteristics of the tree habitat
type create this preference, so that this information can be used to make more informed decisions
regarding bat conservation strategies in the future.
Acknowledgements
We would like to thank the Beaverhill Bird Observatory for the opportunity to participate
in the bat monitoring internships, Laurie Hunt for assisting in organizing the program, the
biologists at BBO for all their kindness and support, including Geoff Holroyd and Sara Pearce
Meijerink for editing our reports, and the volunteers and other interns that shared their bat
observations with us. We thank Carole and Gary Dodd for funding our internship and Spencer
Environmental Management Services Ltd. and Alberta Conservation Association for the
equipment. We are especially grateful for our mentor, Erin Low, for the guidance and support
she offered throughout the summer and the time she took to edit our papers.
Celina would also like to thank her husband, William Waldron, and her friend Justin
Andrade, for keeping her company and assisting her on her late night surveys. She is incredibly
grateful for her instructors from the NAIT Conservation Biology Program as they prepared her
so well for opportunities like this. Lastly, she would like to thank Kayley Burke, her incredible
internship partner, for all her hard work and sharing this experience with her.
Kayley would like to thank her phenomenal friends Toni Sparks, Breanna Haugen,
Caitlin Morganson, and Gabrielle Bonin for venturing out with into the woods late at night to
collect bat data, and for her University of Alberta instructors who have given her the knowledge
and experience to participate in this opportunity. She would also like to extend thanks to her
wonderful partner, Celina Gerlich for all her hard work and company on surveys.

References
Anthony, E. L. P., Stack, M. H. & Kunz, T. H. (1981). Night roosting and the nocturnal time
budget of the little brown Myotis lucifugus: effects of reproductive status, prey density,
and environmental conditions. Oecologia 51: 151-156.
Barclay, R. M. R., Faure, P. A., & Farr, D. R. (1988). Roosting behaviour and roost selection by
migrating silver-haired bats (Lasionycteris noctivagans). Journal of Mammalogy 69(4):
821-825.
Beaverhill Bird Observatory. (2021a). Beaverhill Lake. Retrieved from:
http://beaverhillbirds.com/welcome/beaverhill-lake/
Beaverhill Bird Observatory. (2021b). Beaverhill Natural Area trail map. Retrieved from:
http://beaverhillbirds.com/media/2052/natural-area-map-2020.jpg
Boyles, J. G., Cryan, P. M., McCracken, & G. F., Kunz, T. H. (2011). Economic importance of
bats in agriculture. Science 332: 41-42.
Burnett, C. D., & August, P.V. (1981) Time and energy budgets for day roosting in a maternity
colony of Myotis lucifugus. Journal of Mammalogy 62(4): 758-766.
Clair, E. L., Symondson, W. O. C., Broders, H., Fabianek, F., Fraser, E. E, Mackenzie, A.,
Boughen, A., Hamilton, R., Willis, C. K. R., Martinez-Nunez, F., Menzies, A. K.,
Norquay, K. J. O., Brigham, M., Poissant, J., Rintoul, J., Barclay, R. M. R., & Reimer J.
P. (2014). The diet of Myotis lucifugus across Canada: assessing foraging quality and diet
variability. Molecular Ecology 23: 3618-3632.
Downing, D.J., & Pettapiece, W.W. (2006). Natural regions and subregions of Alberta.
Edmonton, AB: Government of Alberta.
Faure, P. A , Barclay, R. M. R. (1994). Substrate-gleaning versus aerial-hawking – plasticity in
the foraging and echolocation behaviour of the long-eared bat, Myotis evotis. Journal of
Comparative Physiology 174: 651-660.
Fenton, M. B., & Barclay, R. M. R. (1980). "Myotis lucifugus". Mammalian Species (142): 1–8
Fenton, M. B. (1990). The foraging behaviour and ecology of animal-eating bats. Canadian
Journal of Zoology 68: 411-422.
Fenton, M. B., & Bell, G.P. (1981). Recognition of species of insectivorous bats by their
echolocation calls. Journal of Mammalogy 62: 233-243.
Findlay, S. V., Barclay, R. M. R. (2020). Acoustic surveys for bats are improved by taking
habitat into account. Wildlife Society Bulletin 44: 86-93.
Gannon, W. L. , Sherwin, R. E., & Haymond, S. (2003). On the importance of articulating
assumptions when conducting acoustic studies of habitat use by bats. Wildlife Society
Bulletin 31: 45-61.
Gannon, W. L., Sherwin, R. E., DeCarvalho, T. N., & O’Farrell, M. J. (2001). Pinnae and
echolocation call differences between Myotis californicus and M. ciliolabrum
(Chiroptera: Vespertilionidae). Acta Chiropterologica 3: 77-91.
Halajian, E., & Gualter, J. (2019). Activity and habitat use of Myotis, Eptesicus, Lasiurus, and
Lasionycteris species by ultrasonic acoustic detectors at the Beaverhill Bird Observatory.

Student Interns Publications. beaverhillbirds.com.
http://beaverhillbirds.com/publications/student-interns/
Hayes, J. P. (1997). Temporal variation in activity of bats and the design of echolocationmonitoring studies. Journal of Mammology 78: 514-524.
Jones, G. N., Vaughan, N., & Parsons, S. (2000). Acoustic identification of bats from directly
sampled and time expanded recordings of vocalizations. Acta Chiropterologica 2: 155170.
Jung, K., Kalko, E. K. V., & Helversen, O. V. (2007). Echolocation calls in Central America
emballonurid bats: signal design and call frequency alteration. Journal of Zoology. 272:
125-137.
Kingston, T., Lara, M., Jones, G., Schneider, C., Zubaid, A., & Kunz, T. H. (2001). Acoustic
divergence in two cryptic Hipposideros species: a role for social selection. Proceedings
of the Royal Society of London 268: 1381-1386.
Kunz, T. H., Braun de Torrez, E., Bauer, D., Lobova, T., & Fleming, T. H. (2011). Ecosystem
services provided by bats. Annals of the New York Academy of Sciences 1223: 1-38.
Low, E. (2021a). Acoustic Route [Image]. Retrieved from: Google Earth
Low, E. (2021b). Bat internship: Internship information packet Beaverhill Bird Observatory.
McGowan, A. T., & Hogue, A. S. (2016) Bat occurrence and habitat preference on the Delmarva
Peninsula. Northeastern Naturalist 23(2) 259-276.
McNab, B. K. (1971). The structure of tropical bat faunas. Ecology. 52: 353-358.
Neuweiler, G. (1984). Foraging, echolocation and audition in bats. Naturwissenschaften 71: 446455.
Norberg, U. M., & Rayner, J. M. V. (1987). Ecological morphology and flight in bats
(Mammalia; Chiroptera): wing adaptations, flight performance, foraging strategy and
echolocation. Philosophical Transactions of the Royal Society B-Biological Sciences 316:
335-427.
Obirst, M. K. (1995) Flexible bat echolocation: the influence of individual, habitat, and
conspecifics on sonar design. Behavioural Ecology and Sociobiology 36: 207-219.
O’Farrell, M. J., & Miller, B. W. (1997). A new examination of echolocation calls of some
neotropical bats (Emballonuridae and Mormoopidae). Journal of Mammalogy 78: 954963.
Reimer, J. P., Baerwald, E. F., & Barclay, R. M. R. (2010) Diet of hoary (Lasiurus cinereus) and
silver-haired (Lasionycteris noctivagans) bats while migrating through Southwestern
Alberta in late summer and autumn. American Midland Naturalist 164(2): 230-237.
Russo. D., Ancillotto, L., & Gareth, J. (2018). Bats are still not birds in the digital era:
echolocation call variation and why it matters for bat species identification. Canadian
Journal of Zoology 96: 63-78.
Simmons, N. B., Seymour, K. L., Habersetzer, J., & Gunnall, G. F. (2008). Primitive Early
Eocene bat from Wyoming and the evolution of flight and echolocation. Nature 451: 818816.

Schipper, J., Chanson, J. S., Chiozza, F., et al. (2008). The status of the world’s land and marine
mammals: diversity, threat, and knowledge. Science 322: 225-230.
Schnitzler, H. U., & Kalko, E. K. V. (2001). Echolocation by insect-eating bats. Bioscience. 51:
557-569.
Schmitt, L., Greenberg, R., Ibarra-Nunez, G., Bichier, P., Gordon, C. E., & Perfecto, I. (2021).
Cascading Effects of Birds and Bats in a Shaded Coffee Agroforestry System. Frontiers
in Sustainable Food Systems 1-9.
Schumm, D. K., & Neuweiler, G. (1991). Echolocation in the notch-eared bat, Myotis
emarginatus. Behavioural Ecology and Sociobiology 28: 255-261.
van Zyll DE Jong, C. G. (1985). Handbook of Canadian mammals: Bats. National Museum of
Natural Science, Ottawa.
Verboom, B., Boonman, A. M., Limpens, H. J. G. A. (1999). Acoustic perception of landscape
elements by the pond bat (Myotis dasycneme). The Zoological Society of London. 248:
59-66.
Waldron, C. A. (2021a). Habitat types for acoustic bat surveys in the Beaverhill Natural Area
[Photographs].
Waldron, C.A. (2021b). Sonograms of high frequency bat species depicting search and feeding
phases [Photographs].

Appendix
Appendix A. Coordinates of each acoustic survey location.
Bat Acoustic Stations

Latitude

Longitude

Edge1
Edge2
Edge3
Edge4
Grass1
Grass2
Grass3
Grass4
Tree1
Tree2
Tree3
Tree4
Water1
Water2
Water3
Water4

53.377336
53.377899
53.378588
53.379366
53.382789
53.383051
53.383051
53.382997
53.380699
53.379907
53.379493
53.378475
53.37846
53.379942
53.381407
53.38149

-112.524331
-112.522864
-112.521335
-112.519192
-112.519249
-112.522911
-112.524498
-112.526349
-112.526129
-112.527069
-112.525806
-112.525126
-112.519579
-112.517331
-112.515157
-112.519084

Appendix B. Sample datasheet for acoustic surveys (Low, 2021b).

Appendix C. Settings used with the Echo Meter Touch 2 Handheld Detector and Echo Meter
Touch Bat Detector, Recorder & Analyzer App from Wildlife Acoustics on an Amazon Kindle
Fire HDX 3rd Generation tablet (Low, 2021b).

