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Listen but do not touch: using a smartphone acoustic device to investigate
bat activity, with implications for community-based monitoring
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The monitoring of bats across the world is mostly conducted using invasive mist-netting, whereby vertical nets are placed to capture
bats mid-flight. Many studies have demonstrated how this approach causes sampling bias, is labor-intensive and increases the risk
of white-nose syndrome fungus, Pseudogymnoascus destructans, transmission among bats. Increasingly, acoustic devices are being
employed to collect data on bat activity and richness. Community-based monitoring is an important data collection source for bat
monitoring programs in countries such as the UK (National Bat Monitoring Program), whereby walking bat transects are conducted
using bat detectors. Since the launch of smartphone devices to record and auto-identify bat echolocation calls, the quality of data
collection that community members can collect has increased significantly, however, this approach is seldom used to generate data
in scientific studies. In our study, we have showcased how our study design paired with state of the art acoustic monitoring devices,
can be applied to community-based monitoring of bats across the world. Through employing smartphone acoustic devices, we have
determined how primary and secondary vegetation cover are predictors of bat species occurrence and identified the importance of
riverine and deciduous swamp habitats for rare bat species in southwestern Ontario.

Key words: acoustic monitoring, Echo Meter Touch 2, bat foraging, primary vegetation, secondary vegetation, Myotis lucifugus,

Lasiurus borealis

INTRODUCTION

Insectivorous bats worldwide are renowned for
the ecosystem services that they provide, in the form
of agricultural insect control (Boyles et al., 2011;
Maine and Boyles, 2015; Kemp et al., 2019; Linden
et al., 2019; Puig-Montserrat et al., 2020). Through
providing biocontrol, bats in the cotton-dominated
agroecosystem alone are valued at $22.9 billion/
year for the pest services they provide in the US
(Boyles et al., 2011; Morningstar et al., 2019). In
addition, bats are important consumers of mosqui-
toes, families of which are known to transmit dis-
case to humans (Clare et al., 2011; Wray et al.,
2018; Morningstar et al., 2019). The North Amer-
ican decline of particular insectivorous bat species,
such as Myotis lucifugus, Perimyotis subflavus
and Myotis septentrionalis (Ministry of Natural Re-
sources and Forestry, 2018), combined with the
negative perceptions of bats (particularly consider-
ing the current COVID-19 pandemic — Maxmen,
2017), has large implications for food sustainability,
human health and the long-term persistence of bat
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species (Boyles ef al., 2011; Tuttle, 2017; Wray et
al., 2018).

The surveillance of bats to monitor changes in
population, roost locations, population demograph-
ics and to identify key foraging areas, is currently
conducted using a range of methods. The main ap-
proaches (among others) are hibernation counts,
mist netting and employing ultrasonic acoustic sen-
sors (Constantine, 1958; Kuenzi and Morrison,
1998; van Schaik et al., 2015). Mist netting involves
deployment of numerous nets throughout habitats of
interest, designed to capture bats mid-flight (Carroll
et al., 2002). There are many known drawbacks of
mist netting, including labor intensity (Coleman,
2013), species capture bias (Carroll et al., 2002;
Larsen et al., 2007; Geluso and Geluso, 2012; Mar-
ques et al., 2013; Loeb et al., 2015), high risk of
Pseudogymnoascus destructans transmission (Cole-
man, 2013) and inaccessibility to members of the
general public to participate (Loeb et al., 2015).
Species avoidance and long-term behavioural ef-
fects of physically trapping bats in mist nets, leads
to issues with repeatability and representativeness of
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mist net surveys (Freyman et al., 2008; MacSwiney
et al., 2008; Marques et al., 2013; Trevelin et al.,
2017).

Conversely, acoustic transects are deemed the
non-invasive approach for generating data on bat oc-
currence, richness and activity patterns (Flaquer et
al., 2007; Rodhouse et al., 2011; Skalak et al.,
2012). This approach can either be passive (i.e. sta-
tionary recording stations) or active (i.e. vehicle- or
walking-based transects with acoustic detectors)
(Johnson et al., 2002; Coleman et al., 2014; Faure-
Lacroix et al., 2019), and involves recording ultra-
sonic calls of bats and identifying species from re-
sulting spectrograms. With the advancement of
technology, companies have developed sophisti-
cated devices and software to enable the automated
identification of bat calls (Christmann, 2014). This
development has resulted in an increase in studies
applying acoustic devices for monitoring bat occur-
rence (Jung et al., 2012; Banner et al., 2018; Klotz
et al., 2019), species richness (Wickramasinghe et
al., 2003; Skalak et al., 2012; Blackburn and Unger,
2019), roost sites (Revilla-Martin et al., 2020) and
foraging activity (Menzel et al., 2005; Krauel and
LeBuhn, 2016). With the often lower cost associated
with smartphone acoustic devices versus passive
recorders (Hill et al, 2018), a major result of
acoustic technology advancement for bat research is
the possibility of public inclusion for collecting
data (Buckman-Sewald et al., 2014; Barlow ef al.,
2015; Newson et al., 2015, 2017; Ceccaroni et al.,
2019). Despite the year-round benefits of using
passive acoustic recorders, using smartphone de-
vices enables both seasonal bat data collection and
local community engagement, which is important
for achieving long-term community bat steward-
ship (Beeker et al., 2013; Kellner, 2020). The
National Bat Monitoring Program (NBMP) employs
community-based monitoring of bats, using acoustic
bat detectors in active walking transects across
Great Britain (Barlow et al., 2015). The NBMP is
one of very few examples where community-based
monitoring is being directly utilized to generate
much-needed long-term data on bat population
trends.

Similar to mist netting, acoustic monitoring is
not without its drawbacks. Passive versus active
acoustic transects can result in different patterns of
bat activity (Faure-Lacroix et al., 2019) and species-
specific differences in detection (Johnson et al.,
2002; Coleman et al., 2014; Torrez et al., 2017,
Teets et al., 2019). Acoustic monitoring does have
however significant benefits over mist netting,
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including the non-invasive nature of sampling and
opportunity for non-specialists to contribute to data
collection. Whilst some data can only currently be
attained using mist netting, including sex and life
stage of the bat (Weller and Lee, 2007), due to the
previously mentioned shortcomings of mist netting,
it has been suggested that invasive mist netting is
unsuitable for large-scale long-term bat monitoring
programs (Frick, 2013; Loeb et al., 2015).

Monitoring of bat populations across Canada has
become particularly important following outbreaks
of white-nose syndrome (hereafter WNS), particu-
larly across southern Ontario (Morningstar et al.,
2019). WNS, caused by the fungus Pseudogymno-
ascus destructans, has caused catastrophic popula-
tion declines of certain bat species across Canada
(Davy et al., 2017). In southern Ontario, M. lucifu-
gus, P. subflavus and M. septentrionalis are the three
species most affected by WNS, caused by the fungus
Pseudogymnoascus destructans, which led to the
three species being listed as ‘Endangered’ and in-
cluded on the Species at Risk in Ontario list (Min-
istry of Natural Resources and Forestry, 2018). As
part of Ontario’s White-nose Syndrome Response
Plan and the specific recovery strategies for each
species (Ministry of Natural Resources and Forestry,
2015), research goals including the filling of knowl-
edge gaps on species distribution and identification
of critical foraging habitat are listed as priority
(Ministry of the Environment, Conservation and
Parks, 2019). The cost of investigating post-WNS
effects on bat populations in the US was estimated at
$45 billion USD (Beeker et al., 2013), therefore
partnering with community-based monitoring
groups to collect bat data will ultimately reduce fi-
nancial costs of post-WNS monitoring.

In areas of southwestern Ontario, including
Guelph, there are significant data deficiencies for
the eight Ontario bat species, particularly the endan-
gered species. The City of Guelph is situated within
the Mixedwood Plains Ecozone and is characterized
by diverse mixed, deciduous and coniferous forests
(Rowe, 1972). Guelph is dominated by agricultural
landscapes with forest fragments (woodlands) with
an estimated 12 types of vegetation communities
(Puric-Mladenovic and Baird, 2017). All eight
Ontario bat species are considered to exist within the
Guelph region, however there is next to no data on
bat occurrence in this city.

In this study, our primary aim is to assess
bat species occurrence and richness across four sites
in Guelph using a smartphone acoustic device.
Secondly, we aim to investigate species-specific
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associations with habitat type (riverine versus
forested) and vegetation type of site transect.
Overall, we aim to demonstrate the importance and
potential of involvement of non-specialists in urban
bat data collection.

MATERIALS AND METHODS

Site Determination

To identify suitable sites to conduct transects, we searched
iNaturalist (www.iNaturalist.org) for ‘Chiroptera’ observations
limited to Guelph (iNaturalist, 2020). Out of the 10 obser-
vations, four were our previous casual observations and the re-
maining six were casual observations; five of which were obser-
vations of grounded/injured bats. Based off of these observa-
tions and consultation with a local ecologist from Dougan
& Associates, we identified four forested natural and parkland
areas (Riverside Park; Eramosa River Trail; Hanlon Creek Park;
Mitchell -Ellis Creek Park), owned by the City of Guelph to tar-
get for our transects (Supplementary Table S1). In June 2020,
we visited the four sites and conducted a casual transect with
a Magenta 4 heterodyne bat detector (Magenta Electronics Ltd,
UK) to determine any presence of bats and the most suitable
transect route.

Study Sites

Once we had confirmed that bats were present at all four
sites, we identified primary and secondary land cover for each
site and classified vegetation into Ecological Land Classifica-
tion (ELC) classes (Puric-Mladenovic and Baird, 2017). Two of
the four sites were river systems, with the other two sites being
forested areas (Supplementary Fig. S1). We determined a tran-
sect route along existing paths at each site based on existing
field and waterway transect protocols from Bat Conservation
Trust (Bat Conservation Trust, 2020a, 20205b), with modifica-
tions including omission of stop points. We ensured each tran-
sect route duration was a minimum for 45 minutes and a maxi-
mum of 60 minutes.

Each site was surveyed ten times from 6th July 2020-24th
September 2020. These months fall within the optimal sampling
period identified by the North American Bat Monitoring Pro-
gram (Loeb et al., 2015) and is the season where peak foraging
occurs (Furlonger ef al., 1987; Kunz et al., 2011), due to diverse
prey availability and high metabolic demands of female bats
(Clare et al., 2014a, 2014b). Throughout the sampling period,
prey availability was expected to be consistent based on bat diet
studies (Henry et al., 2002; Clare et al., 2011, 2014a, 2014b).
Each week, we selected days of the week to conduct transects
using a randomizer (https://www.getrandomthings.com/random-
day-of-the-week.php) and a list randomizer (https:/www.
random.org/lists/) to assign transects to days of the week. We al-
tered transect days only if storms were forecast (four occasions).
All acoustic transects were conduced the same and began 1015
minutes after sunset. To inform bat call recordings, we obtained
wind speed (mph), wind direction, ambient temperature (°C),
cloud cover (%) and humidity (%) from the AccuWeather web-
site (AccuWeather) and reported moon phase (with percentage
luminosity; Prugh and Golden, 2014) for each evening we con-
ducted a transect.
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Bat Species Identification

An Echo Meter Touch 2 (Wildlife Acoustics, MA) and cor-
responding smartphone application was used to listen, record,
and identify bats while in flight at our study sites. This ultra-
sonic module, which can capture frequencies up to 192 kHz, is
designed to transform the echolocation calls produced by bats
into human-audible sounds audio that humans can hear in real
time. The associated smartphone application enables the user to
identify bat species by their call without the need to physic-
ally catch and handle individuals (as it conducted when using
mist-netting (Kunz and Brock, 1975; Larsen et al., 2007). The
Wildlife Acoustics smartphone application facilitates recording
and automatic identification of echolocation calls, using the
Auto ID Selection tab (North American database), with 8 possi-
ble species found in Ontario. All Echo Meter Touch 2 parame-
ters remained at default settings. Recordings which resembled
noise (i.e. no clear spectrogram produced) were removed auto-
matically. All recorded calls were analyzed for number of calls
per recording, pulse ratio (percentage of individual calls or
pulses positively used to identify species), time, GPS location,
and date of echolocation recordings. Considering the uncer-
tainty surrounding reliability of automatic identification of bat
calls (Russo and Voigt, 2016), all recorded calls were manually
examined using Kaleidoscope software (v5.2.1; Wildlife
Acoustics), to ensure spectrograms from identified bats were
consistent with known spectrograms for the species. After con-
firming bat identifications, we filtered the recordings by number
of calls (minimum of 5) and, following a previous study
(Blackburn and Unger, 2019), we excluded any echolocation
recordings with low pulse ratios (below 50%), to increase like-
lihood of correct echolocation call species identification.

Statistical Analyses

For this study, we conducted a variety of diversity analyses
in Rstudio (version 1.1.456) using R (version 3.5.1). Firstly, we
checked the normality of the data using visual methods with the
ggdensity and ggqqplot functions from the ggpubr package
(Kassambara, 2020) followed by testing for normality using the
Shapiro-Wilk test (Shapiro and Wilk, 1965). Because our data
were not normally distributed (W = 0.915, P < 0.01), we used
a conservative approach (i.e. statistics that do not depend on
the assumption of equal variance), for the remainder of our
analysis.

Using the vegan package (Oksanen ef al., 2019), we inves-
tigated bat species richness per transect across the four sites. To
assess if any bat species were represented more in particular
sites, we visualized the abundance of recordings for each bat
species using a heatmap generated from the ‘geom_tile’ func-
tion in the ggplot package (Wickham, 2016).

To determine bat species assemblages from the recordings,
we used non-metric multi-dimensional scaling (NMDS) on
Bray-Curtis dissimilarities using the metaMDS function in the
vegan package. In addition, we calculated a Shephard’s plot and
goodness of fit for the NMDS ordination using the stressplot
and goodness functions. To assess differences among groups
(site, survey month, habitat type), we used the ‘vegdist’ function
to generate a Bray-Curtis dissimilarity matrix, the betadisper
function to check for heterogeneous distribution of dissimilari-
ties, and the adonis function to perform a permutational analysis
of variance (PERMANOVA) to check for interactions between
groups (site, survey month, habitat type) in the dissimilarity
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matrix. In addition, we conducted a fitted NMDS using the
‘env.fit’ function (Oksanen et al., 2019) in the vegan package,
plotting significant variables only.

To identify the environmental and/or physical parameters
that could explain the bat species diversity across the 40 tran-
sects, we used a redundancy analysis (RDA) in the vegan pack-
age (Oksanen et al., 2019). We used the ‘ordi.step’ function for
forward stepwise selection of model variables and to test the
significance of the RDA axes, we ran a permutation ANOVA.
To assess for multicollinearity in the explanatory variables,
which can be problematic when using RDA (Liu, 1997), the
variance inflation factors (VIF) of all explanatory variables
were assessed using the “vif.cca’ function in the vegan package.
All explanatory variables had VIF values of < 3, therefore all
were retained for RDA analysis. Only explanatory variables
with a P-value of <0.05 were plotted on the RDA (Supplemen-
tary Table S2).

RESULTS

In total, from the 40 transects conducted, we col-
lected 1043 recordings across the four sites. Only
one of the 40 transects resulted in no bat recordings
(Hanlon Creek Park, 9th September). After filtering
(for match ratio and number of calls), we retained
849 recordings for analysis (194 recordings re-
moved). Myotis septentrionalis was not identified in
any calls.

Overall, we collected the most calls from Hanlon
Creek Park (n = 233) and the fewest calls from
Mitchell-Ellis Creek Park (n = 175 — Table 1 and
Fig. 1). In terms of bat species richness, we recorded
from three bat species in Eramosa River Trail to six
species at the other three transect sites (Table 1).
Eptesicus fuscus was the most abundant bat species
detected across all four sites, with a total of 522
recordings and Myotis leibii was by far the species
with the fewest recordings (n = 4 — Table 2). In
terms of site-specificity, we mostly detected
Lasiurus borealis at Hanlon Creek Park, M. lucifu-
gus at Riverside Park and P. subflavus at Mitchell-
Ellis Creek park (Fig. 2). Eptesicus fuscus was com-
mon across all sites, with Lasionycteris noctivagans
and Lasiurus cinereus present at all transect sites
(Fig. 2).

Incidentally, we observed L. borealis emerging
from the same Acer spp. tree roost on two consecu-
tive occasions at the end of August at Hanlon Creek
Park but failed to detect the species prior to or after
these observations at this site. In addition, we de-
tected (via bat detector and visually) both M. luci-
fugus and P. subflavus emerging from a roost under
a road bridge each time we completed a transect at
Riverside Park.

NMDS plots showed that there was overlap be-
tween species detected across sites, months and

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 15 Jul 2021
Terms of Use: https://bioone.org/terms-of-uselAccess provided by University of California Santa Cruz

TABLE 1. Summary table of bat transects conducted between 6th July—24th September 2020, including number of transects conducted, minimum and maximum transect lengths, total

minutes surveyed, number of recordings and number of bat species

Total no
bat species

Relative no.
recordings per hour

Total no.
recordings

Total minutes
surveyed

Maximum

transect length

Minimum

transect length

Average transect
length (min)

No. transects
conducted

Site name

Site
code

H

27

233
227

516
519
529
531

45 59
59
60
60

51.6

10

Hanlon Creek Park

AN

26
24
20

51.9 45

10
10

Eramosa River Trail
Riverside Park

ERT
RSP

214
175

45

52.9

Mitchell-Ellis Creek Park 10 53.1 45

MEC
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»
o

Number of recordings

N
o

Mitchell-Ellis Creek Park Hanlon Creek Park

Riverside Park Eramosa River Trail

Survey site

FiG. 1. Richness of bat recordings for each transect across the four sites

habitats (Fig. 3). The most clustering was observed
at the site level (Fig. 3A). PERMANOVA of the bat
species recording matrix, shows that habitat type ex-
plains 10.5% of the variation in Bray-Curtis dissim-
ilarities (P = 1.000), site explains 31.7% of the vari-
ation (P < 0.01) and month sampled explains 10.9%
of the variation (P < 0.05; Supplementary Table S3).
Primary (P < 0.01) and secondary vegetation
(P < 0.01) were the only significant explanatory
variables in the fitted NMDS (Fig. 3D).

The first gradient in environmental parameters
(RDA1 — Fig. 4), which was positively loaded with
primary vegetation (biplot score = 0.861), explained
variation in M. lucifugus and P. subflavus recordings
(loadings = 0.676 and 0.177, respectively). The sec-
ond gradient in environmental parameters (RDA2
— Fig. 4) was negatively loaded with secondary
vegetation (biplot score = -0.542) and explained
variation in E. fuscus and L. borealis record-
ings (loadings = -0.371 and -0.160, respectively —
Fig. 4).

DiscussioNn

We expected to observe different bat species as-
semblages across the four transect sites, based on
knowledge that North American bat species exhibit
habitat preferences for both foraging and roosting
(Furlonger et al., 1987). E. fuscus are foraging gen-
eralists which have been observed feeding in a mix
of urban and rural settings in Ontario (Geggie and
Fenton, 1985), which corresponds with the high
recordings abundance across the four sites in our
study. Based on a recent study (Morningstar et al.,
2019), the home range for this species in southwest-
ern Ontario is considered to be ca. 3 km, meaning it
is not likely that the same individuals are foraging in
more than one of the sites transected. This species is
strongly associated with residential areas, particu-
larly near water and open fields, due to the reliance
on manmade structures for roosting and optimal for-
aging, which could account for the hotspot of activ-
ity at the Eramosa River Trail site (Geggie and

TABLE 2. Bat species detected in this study for each of the four sites. Included here are species common name, Latin name, Echo
Meter Touch 2 species code, total number of recordings, average call duration (in seconds) and pulse ratio percentages

Species code Common name Latin name Total no- Averag§ call Average pulse ratio
recordings duration
EPTFUS Big brown bat Eptesicus fuscus 552 5.77 0.80
LASBOR Eastern red bat Lasiurus borealis 74 6.42 0.75
LASCIN Hoary bat Lasiurus cinereus 39 7.98 0.77
LASNOC Silver-haired bat Lasionycteris noctivagans 47 7.55 0.76
MYOLEI Eastern small-footed bat ~ Myotis leibii 4 2.54 0.76
MYOLUC Little brown bat Mpyotis lucifugus 84 3.59 0.70
PERSUB Tricolored bat Perimyotis subflavus 49 6.25 0.80
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No. Recordings

EPTFUS

LASBOR

LASCIN

LASNOC

Species

MYOLEI

MYOLUC

PERSUB

o [ 50 M 100 W 150 [l 200

Sites

FiG. 2. Total number of recordings for each bat species varies between sites. EPTFUS = E. fuscus; LASBOR = L. borealis;
LASCIN = L. cinereus; LASNOC = L. noctivagans; MYOLEI = M. leibii; MYOLUC = M. lucifugus; PERSUB = P. subflavus

Fenton, 1985; Soper and Fenton, 2007; Layng et al.,
2019). In contrast, M. lucifugus relies heavily on
aquatic habitats such as rivers, river edges and
wetlands in which to forage and roost (Fenton and
Bell, 1979; Fenton and Barclay, 1980). A significant
portion of their diet is aquatic insects (Clare ef al.,
2011; Morningstar et al., 2019) and it is suggested
this species uses rivers for navigation also (Shively
and Barboza, 2017). Female little brown bats are
known to roost-switch during summer months, with
some female bats occupying home ranges of ~6 km
(Slough and Jung, 2020), meaning some of the same
females may have been recorded in both River-
side Park and Mitchell-Ellis Creek Park. Primary
vegetation cover was a strong explanatory variable
for occurrence of M. lucifugus. At both sites where
this species was detected (Riverside Park and
Mitchell-Ellis Creek Park), deciduous swamp was
the dominant vegetation class, suggesting this type
of ecosystem is pivotal for the occurrence of this
species. In addition, the detection and foraging
recordings of M. [lucifugus at Riverside Park,
suggest the Speed River system is a key habitat for
this species in Guelph. Incidental discovery of
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a M. lucifugus and P. subflavus roost at this site
highlights the benefit of conducting walking-based
active acoustic transects, as it is likely this roost
would not have been identified via passive and/or
vehicle-based transects (Froidevaux et al., 2020).
Tree-roosting bat species, consisting of L. cine-
reus, L. noctivagans and L. borealis, were mostly
detected across the two forested sites in our study.
L. cinereus and L. borealis are both typically associ-
ated with habitats where there is a high density of
foliated trees for roosting (Jung et al., 1999). For all
three species, open canopies with multiple layers or
habitat edges are likely most important for foraging
(Jung et al., 1999; Walters et al., 2007; Ethier and
Fahrig, 2011; Mills et al., 2013). Forest fragments,
similar to those observed in Guelph, are key hab-
itat for L. cinereus, L. noctivagans and L. borealis
(Ethier and Fahrig, 2011; Jantzen and Fenton, 2013).
L. borealis in particular is known to associate with
open park areas on the edges of woodland, where
they commonly roost in Quercus spp. or Acer spp.
trees (Mager and Nelson, 2001). There is lack of
information on the summer home ranges of tree-
dwelling bat species, L. borealis, L. cinereus and
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F1G. 3. Non-metric multidimensional scaling (NMDS) plots based on Bray-Curtis dissimilarities for the bat species detected across
the four sites. All plots display overlap of dissimilarities for A — site; B — month surveyed (July, August, September); C — habitat
type (forest or waterway); D — habitat type (forest or waterway) with significant (P < 0.05) environmental variables plotted

L. noctivagans, however L. borealis are known to
roost-switch frequently during summer months
(every 1-3 days), which could explain the lack of
detection at Hanlon Creek roost location prior and
after (Mager and Nelson, 2001; Monarchino ef al.,
2020), however this also could be the result of
L. borealis temporarily roosting at this location on
a migratory stopover on way to winter grounds
(McGuire et al., 2012).

For the rarer forest-dwelling P. subflavus, detec-
tions were positively associated with primary vege-
tation cover similar to M. lucifugus, suggesting de-
ciduous swamp is an important vegetation class for
activity of this species (Layng et al., 2019). We vi-
sually observed this species foraging in a canopy
opening at Mitchell-Ellis Creek Park, which corre-
sponds with their known feeding ecology(Loeb and
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O’Keefe, 2011). Home range for this species is
mostly unknown, however some research from the
US states individuals have be captured between
300-5000 m from roosting location (Schaefer,
2017). Mitchell-Ellis Creek Park was also one of
two locations where M. leibii was detected. This
rarest, least known species is largely undescribed in
terms of foraging, home ranges, hibernation and ma-
ternity sites (Johnson and Gates, 2007; O’Keefe and
LaVoie, 2011; Ministry of Natural Resources and
Forestry, 2017). Lepidoptera however are consid-
ered to be an important prey group in US M. leibii,
and we detected feeding buzzes on one location at
Mitchell-Ellis Creek Park. In spite of suitable habi-
tat types being present at some of the sites, we failed
to confirm calls from M. septentrionalis (Broders et
al., 2006). We did detect the species at Riverside
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FIG. 4. Redundancy analysis (RDA) showing bat species metrics constrained by physical environmental variables across the four

sites. Both axes were found to be statistically significant following a permutation ANOVA test (P=0.001 and P = 0.008 for RDA1

and RDA2, respectively). EPTFUS = E. fuscus; LASBOR = L. borealis; LASCIN = L. cinereus; LASNOC = L. noctivagans;
MYOLEI = M. leibii; MYOLUC = M. lucifugus; PERSUB = P. subflavus

Park; however, the call ratio was often < 0.5 and
therefore calls were not processed. The likely expla-
nation for this low call ratio is that this species was
not present at all and instead the low call ratio
M. septentrionalis calls were a mis-identification of
poor-quality M. lucifugus calls, which are similar
(Ratcliffe and Dawson, 2003).

This study demonstrates the data which has the
potential to be collected by non-specialists using
smartphone acoustic devices. Despite this only
being an exploratory study, we have detected com-
mon and rare Ontario bat species, determined two
roost locations and identified associations between
particular species and existing primary and second-
ary vegetation classes. This information is particu-
larly valuable for investigating activity of bat
species post-WNS introduction, which is of interest
both in and beyond Canada. Although we didn’t
specifically isolate and statistically analyse number
of feeding buzzes, this is most definitely a possibil-
ity for future studies. In addition, long-term studies
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(i.e. year-round) of these locations would be greatly
beneficial to understand seasonal differences in
habitat use. We have highlighted the importance of
particular vegetation classes for rare Ontario bat
species, which is information crucial to successful
recovery strategies for WNS-threatened species.
Our study shows the potential for applying commu-
nity-based monitoring to bat research, through the
use of smartphone acoustic devices with auto-ID
features at easy to access, city-owned sites.

SUPPLEMENTARY INFORMATION

Contents: Supplementary Tables: Table S1. Information re-
garding the GPS coordinates, primary and secondary vegetation
coverage for the transect route using Ecological Land
Classification (ELC) classes for vegetation classifications, num-
ber of days sampled and overall number of effort hours for the
four sites used in this study. Table S2. Explanatory vari-
ables from the metadata with their associated variance inflation
factors (VIF) and P-values. Variables in bold were plotted on
the Redundancy Analysis (RDA) plot. Table S3. Number of
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recordings for bat species detected are not significantly different
between habitat type (riverine versus forested) but are signifi-
cantly different between sites. No significant beta dispersion
was detected within groups (site, habitat, month). The signifi-
cant difference detected was recordings between sites and
month. Summary of PERMANOVA results based on a Bray-
Curtis dissimilarity matrix of bat species recordings. Supple-
mentary Fig. S1. Map of the four transect locations in Guelph
(Ontario) included in this study. Supplementary Information is
available exclusively on BioOne.

ACKNOWLEDGEMENTS

We would like to acknowledge Christina Myrdal from
Dougan & Associates for her assistance determining ideal sur-
vey sites and Dr. Benjamin Whittaker for their support during
fieldwork. This work was conducted under Ministry of Natural
Resources and Forestry project registration number: M-102-
6370143847. Acoustic recordings and metadata, along with R
scripts can be found on GitHub: https://github.com/chloerobin-
son1992/Robinson-Robinson-2021.

LITERATURE CITED

BANNER, K. M., K. M. IrRVINE, T. J. RODHOUSE, W. J. WRIGHT,
R. M. RODRIGUEZ, and A. R. LitT. 2018. Improving geo-
graphically extensive acoustic survey designs for modeling
species occurrence with imperfect detection and misidenti-
fication. Ecology and Evolution, 8: 6144-6156.

Barrow, K. E., P. A. BriGges, K. A. HAysom, A. M. HUTSON, N.
L. LECHIARA, P. A. RACEY, A. L. WALSH, and S. D. LANG-
TON. 2015. Citizen science reveals trends in bat populations:
The National Bat Monitoring Programme in Great Britain.
Biological Conservation, 182: 14-26.

BAT CONSERVATION TRUST. 2020a. Bat Conservation Trust Na-
tional Bat Monitoring Programme Field Survey Instruc-
tions. Available from: https://www.bats.org.uk/our-work/na-
tional-bat-monitoring-programme/surveys/field-survey.

BAT CONSERVATION TRUST. 2020b. Bat Conservation Trust
National Bat Monitoring Programme Waterway Survey In-
structions. Available from: https://www.bats.org.uk/our-
work/national-bat-monitoring-programme/surveys/water
way-survey.

BEEKER, T. A., K. F. MILLENBAH, M. L. GORE, and B. L. LunD-
RIGAN. 2013. Guidelines for creating a bat-specific citizen
science acoustic monitoring program. Human Dimensions
of Wildlife, 18: 58-67.

BLACKBURN, A.-J., and S. UNGER. 2019. Smartphones as a non-
invasive surveying tool to monitor bats. Journal of Young
Investigators, 37: 24-30.

BovLEs, J. G., P. M. CryaN, G. F. MCCRACKEN, and T. H. Kunz.
2011. Economic importance of bats in agriculture. Science,
332: 41-42.

Bropers, H. G., G. J. ForBes, S. WOODLEY, and 1. D.
THOMPSON. 2006. Range extent and stand selection for
roosting and foraging in forest-dwelling northern long-eared
bats and little brown bats in the Greater Fundy ecosystem,
New Brunswick. Journal of Wildlife Management, 70:
1174-1184.

BUCKMAN-SEWALD, J., C. R. WHORTON, and K. V. RooT. 2014.
Developing macrohabitat models for bats in parks using
maxent and testing them with data collected by citizen

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 15 Jul 2021
Terms of Use: https://bioone.org/terms-of-uselAccess provided by University of California Santa Cruz

scientists. International Journal of Biodiversity and Con-
servation, 6: 171-183.

CARROLL, S., K., T. CARTER C., and G. FELDHAMER A. 2002.
Placement of nets for bats: effects on perceived fauna.
Southeastern Naturalist, 1: 193—198.

CECCARONI, L., J. BIBBY, E. ROGER, P. FLEMONS, K. MICHAEL, L.
FAGAN, and J. L. OLIVER. 2019. Opportunities and risks for
citizen science in the age of artificial intelligence. Citizen
Science: Theory and Practice, 4: 29.

CHRISTMANN, E. P. 2014. Echo Meter Touch. Science Teacher,
80: 8.

CLARE, E. L., B. R. BARBER, B. W. SWEENEY, P. D. N. HEBERT,
and M. B. FENTON. 2011. Eating local: influences of habitat
on the diet of little brown bats (Myotis lucifugus). Molecular
Ecology, 20: 1772—-1780.

CLARE, E. L., W. O. C. SYMONDSON, and M. B. FENTON. 2014a.
An inordinate fondness for beetles? Variation in seasonal di-
etary preferences of night-roosting big brown bats (Epte-
sicus fuscus). Molecular Ecology, 23: 3633-3647.

CLArg, E. L., W. O. C. SymMONDSON, H. BRODERS, F. FABIA-
NEK, E. E. FRASER, A. MACKENZIE, A. BOUGHEN, R. HAMIL-
ToN, C. K. R. WILLIS, F. MARTINEZ-NUNEZ, et al. 2014b.
The diet of Myotis lucifugus across Canada: assessing for-
aging quality and diet variability. Molecular Ecology, 23:
3618-3632.

COLEMAN, L. S. 2013. Assessing the impacts of white-nose syn-
drome induced mortality on the monitoring of a bat commu-
nity at Fort Drum Military Installation. Thesis, Virginia
Tech, xi + 117 pp.

CoLEMAN, L. S., W. M. Forp, C. A. DOBONY, and E. R. BRITZKE.
2014. A comparison of passive and active acoustic sampling
for a bat community impacted by white-nose syndrome.
Journal of Fish and Wildlife Management, 5: 217-226.

CONSTANTINE, D. G. 1958. An automatic bat-collecting device.
Journal of Wildlife Management, 22: 17-22.

Davy, C. M., M. E. DONALDSON, C. K. R. WILLIS, B. J. SAVILLE,
L. P. McGUIRE, H. MAYBERRY, A. WILcOX, G. WIBBELT, V.
MISRA, T. BOLLINGER, et al. 2017. The other white-nose syn-
drome transcriptome: tolerant and susceptible hosts respond
differently to the pathogen Pseudogymnoascus destructans.
Ecology and Evolution, 7: 7161-7170.

ETHIER, K., and L. FAHRIG. 2011. Positive effects of forest frag-
mentation, independent of forest amount, on bat abundance
in eastern Ontario, Canada. Landscape Ecology, 26:
865-876.

FAURE-LACROIX, J., A. DESROCHERS, L. IMBEAU, and A. SIMARD.
2019. Going beyond a leap of faith when choosing between
active and passive bat monitoring methods. Acta Chiropte-
rologica, 21: 215-228.

FENTON, M. B., and R. M. R. BARCLAY. 1980. Myotis lucifugus.
Mammalian Species, 142: 1-8.

FENTON, M. B., and G. P. BELL. 1979. Echolocation and feeding
behaviour in four species of Myotis (Chiroptera). Canadian
Journal of Zoology. 57: 1271-1277.

FLAQUER, C., I. TORRE, and A. ARRIZABALAGA. 2007. Compar-
ison of sampling methods for inventory of bat communities.
Journal of Mammalogy, 88: 526—533.

FrEYMAN, L., S. Livingston, D. T. K. HoriucHi, D. P. S.
KRISHNAPRASAD, and D. C. F. Moss. 2008. Obstacle avoid-
ance and boundary following behavior of the echolocating
bat. MERIT BIEN Program,University of Maryland, Col-
lege Park, 11 pp. Available at http://laurafick.com/.

Frick, W. F. 2013. Acoustic monitoring of bats, considerations



256 C. V. Robinson and J. M. Robinson

of options for long-term monitoring. Associacion Mexicana
de Mastozoologia, 4: 69-78.

Froipevaux, J. S. P, K. L. BOUGHEY, C. L. HAWKINS, G. JONES,
and J. CoLLINS. 2020. Evaluating survey methods for bat
roost detection in ecological impact assessment. Animal
Conservation, 23: 597-606.

FURLONGER, C. L., H. J. DEwWAR, and M. B. FENTON. 1987.
Habitat use by foraging insectivorous bats. Canadian
Journal of Zoology, 65: 284-288.

GEGGIE, J. F., and M. B. FENTON. 1985. A comparison of forag-
ing by Eptesicus fuscus (Chiroptera: Vespertilionidae) in
urban and rural environments. Canadian Journal of Zoology,
63: 263-266.

GELUsO, K. N., and K. GELUSo0. 2012. Effects of environmental
factors on capture rates of insectivorous bats, 1971-2005.
Journal of Mammalogy, 93: 161-169.

HENRY, M., D. W. THOMAS, R. VAUDRY, and M. CARRIER. 2002.
Foraging distances and home range of pregnant and lactat-
ing little brown bats (Myotis lucifugus). Journal of Mam-
malogy, 83: 767-774.

HiLL, A. P., P. PRINCE, E. P. COVARRUBIAS, C. P. DONCASTER, J.
L. SNADDON, and A. ROGERS. 2018. AudioMoth: evaluation
of a smart open acoustic device for monitoring biodiversity
and the environment. Methods in Ecology and Evolution, 9:
1199-1211.

INATURALIST. 2020. iNaturalist observations-97246. Available
from: https://www.inaturalist.org/observations?taxon_id=
40268.

JaNTZEN, M. K., and M. B. FENTON. 2013. The depth of edge in-
fluence among insectivorous bats at forest—field interfaces.
Canadian Journal of Zoology, 91: 287-292.

Jounson, J. B., and J. E. GATES. 2007. Food habits of Myotis
leibii during fall swarming in west Virginia. Northeastern
Naturalist, 14: 317-322.

JOHNSON, J. B., M. A. MENZEL, J. W. EDWARDS, and W. M. FORD.
2002. A comparison of 2 acoustical bat survey techniques.
Wildlife Society Bulletin, 30: 931-936.

Jung, K., S. KaAISER, S. BOHM, J. NIEscHULZE, and E. K. V.
KaLko. 2012. Moving in three dimensions: effects of struc-
tural complexity on occurrence and activity of insectivorous
bats in managed forest stands. Journal of Applied Ecology,
49: 523-531.

Jung, T. S., 1. D. THoMPSON, R. D. TITMAN, and A. P. APPLE-
JOHN. 1999. Habitat selection by forest bats in relation to
mixed-wood stand types and structure in central Ontario.
Journal of Wildlife Management, 63: 1306—1319.

KassamBAarA, A. 2020. Ggpubr: ‘ggplot2’ based publication
ready plots. Available from: https://cran.r-project.org/web/
packages/ggpubr/index.html.

KELLNER, M. 2020. British Columbia community bat program:
Bat Count 2012-2019. Available from: https://www.bcbats.
cal.

KEewmp, J., A. LOPEZ-BAUCELLS, R. RoCcHA, O. S. WANGENSTEEN,
7. ANDRIATAFIKA, A. NAIR, and M. CABEzA. 2019. Bats as
potential suppressors of multiple agricultural pests: a case
study from Madagascar. Agriculture, Ecosystems & Envi-
ronment, 269: 88-96.

Krotz, P., V. LUNDSTEN, N. MORAT, and K. SHERMAN. 2019.
Habitat partitioning of bat communities in Northern
California. CEC Research, Spring 2019: 1-9.

KRAUEL, J. J., and G. LEBUHN. 2016. Patterns of bat distribution
and foraging activity in a highly urbanized temperate envi-
ronment. PLoS ONE, 11: e0168927.

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 15 Jul 2021
Terms of Use: https://bioone.org/terms-of-uselAccess provided by University of California Santa Cruz

KuUeNzL, A. J., and M. L. MORRISON. 1998. Detection of bats by
mist-nets and ultrasonic sensors. Wildlife Society Bulletin
(1973-2006), 26: 307-311.

Kunz, T. H., and C. E. BROCK. 1975. A comparison of mist nets
and ultrasonic detectors for monitoring flight activity of
bats. Journal of Mammalogy, 56: 907-911.

Kunz, T. H., E. BRAUN DE TORREZ, D. BAUER, T. LOBOVA,
and T. H. FLEMING. 2011. Ecosystem services provided by
bats. Annals of the New York Academy of Sciences, 1223:
1-38.

LARseN, R. J., K. A. BOEGLER, H. H. GENOwAYS, W. P. MASE-
FIELD, R. A. KIRsCH, and S. C. PEDERSEN. 2007. Mist netting
bias, species accumulation curves, and the rediscovery of
two bats on Montserrat (Lesser Antilles). Acta Chiroptero-
logica, 9: 423-435.

LAYNG, A. M., A. M. Apawms, D. E. GoerTz, K. W. MORRISON,
B. A. PonD, and R. D. PHOENIX. 2019. Bat species distribu-
tion and habitat associations in northern Ontario, Canada.
Journal of Mammalogy, 100: 249-260.

LINDEN, V. M. G, I. Grass, E. JOUBERT, T. TSCHARNTKE, S. M.
WEIER, and P. J. TAYLOR. 2019. Ecosystem services and dis-
services by birds, bats and monkeys change with macada-
mia landscape heterogeneity. Journal of Applied Ecology,
56: 2069-2078.

Liu, Q. 1997. Variation partitioning by partial redundancy
analysis (rda). Environmetrics, 8: 75-85.

LoEs, S. C., and J. M. O’KEEerE. 2011. Bats and gaps: the role
of early successional patches in the roosting and foraging
ecology of bats. Pp. 167-189, in Sustaining young forest
communities: ecology and management of early succes-
sional habitats in the central hardwood region, USA (C.
GREENBERG, B. CoLLINs, and F. THompsoN III, eds.).
Springer, Dordrecht, Netherlands, viii + 312 pp.

Lok, S. C., T. J. RopHOUSE, L. E. ELLISON, C. L. LAUSEN, J. D.
REICHARD, K. M. IRVINE, T. E. INGERSOLL, J. T. H. COLEMAN,
W. E. THOGMARTIN, J. R. SAUER, et al. 2015. A Plan for the
North American Bat Monitoring Program (NABat). General
Technical Report SRS-208. U.S. Department of Agriculture
Forest Service, Southern Research Station, Asheville, NC.

MacSwINEY, M. C., F. M. CLARKE, and P. A. Racey. 2008.
What you see is not what you get: the role of ultrasonic de-
tectors in increasing inventory completeness in Neotropical
bat assemblages. Journal of Applied Ecology, 45: 1364—
1371.

MAGER, K. J., and T. A. NELSON. 2001. Roost-site selection by
Eastern red bats (Lasiurus borealis). American Midland
Naturalist, 145: 120-126.

MAINE, J. J., and J. G. BoYLES. 2015. Bats initiate vital agroeco-
logical interactions in corn. Proceedings of the National
Academy of Sciences of the USA, 112: 12438-12443.

MARQUES, J. T., M. J. R. PEREIRA, T. A. MARQUES, C. D.
SANTOS, J. SANTANA, P. BEJA, and J. M. PALMEIRIM. 2013.
Optimizing sampling design to deal with mist-net avoidance
in Amazonian birds and bats. PLoS ONE, 8: €74505.

MAXMEN, A. 2017. Bats are global reservoir for deadly coron-
aviruses. Nature News, 546: 340.

MCcGUIRE, L. P., C. G. GUGLIELMO, S. A. MACKENZIE, and P. D.
TAYLOR. 2012. Migratory stopover in the long-distance mi-
grant silver-haired bat, Lasionycteris noctivagans. Journal
of Animal Ecology, 81: 377-385.

MENZEL, J. M., M. A. MENZEL, J. C. KiLGo, W. M. ForD, J. W.
EpwARDS, and G. F. McCRACKEN. 2005. Effect of habitat
and foraging height on bat activity in the coastal plain



Smartphone acoustic monitoring of bat activity 257

of South Carolina. Journal of Wildlife Management, 69:
235-245.

MiLLs, S. C., A. M. Apawms, and R. D. PHOENIX. 2013. Bat
species diversity in the boreal forest of northeastern
Ontario, Canada. Northeastern Naturalist, 20: 309-324.

MINISTRY OF NATURAL RESOURCES AND FORESTRY. 2015.
Ontario’s white-nose syndrome response plan. Available
from: https://dr6j45jk9xcmk.cloudfront.net/documents/
4614/ontario-wns-response-plan-final-april-14-2015.pdf.

MINISTRY OF NATURAL RESOURCES AND FORESTRY. 2017. Ontario
recovery strategy series: Eastern small-footed myotis.
Available from: https://files.ontario.ca/mnrf sar rs_esfm
final accessible.pdf.

MINISTRY OF NATURAL RESOURCES AND FORESTRY. 2018. O. Reg.
230/08: Species at risk in Ontario. Available at https://
www.ontario.ca/page/species-risk-ontario.

MINISTRY OF THE ENVIRONMENT, CONSERVATION AND PARKS.
2019. Ontario recovery strategy series: little brown myotis
(Myotis lucifugus), northern myotis (Myotis septentriona-
lis), tri-colored bat (Perimyotis subflavus). Available from:
https://files.ontario.ca/mecp-rs-bats-2019-12-05.pdf.

MONARCHINO, M. N., M. L. BEHAN, and J. S. JoHNsON. 2020.
Summer day-roost selection by eastern red bats varies be-
tween areas with different land-use histories. PLoS ONE,
15: e0237103.

MORNINGSTAR, D. E., C. V. ROBINSON, S. SHOKRALLA, and M.
HansABAEIL 2019. Interspecific competition in bats and diet
shifts in response to white-nose syndrome. Ecosphere, 10:
e02916.

NEWwsON, S. E., H. E. Evans, and S. GILLINGS. 2015. A novel cit-
izen science approach for large-scale standardised monitor-
ing of bat activity and distribution, evaluated in eastern
England. Biological Conservation, 191: 38—49.

NewsoNn, S. E., H. E. Evans, S. GILLINGS, D. JARRETT, R.
RAYNOR, and M. W. WILSON. 2017. Large-scale citizen sci-
ence improves assessment of risk posed by wind farms to
bats in southern Scotland. Biological Conservation, 215:
61-71.

O’KEEFE, J. M., and M. LAVOIE. 2011. Maternity colony of east-
ern small-footed myotis (Myotis leibii) in a historic build-
ing. Southeastern Naturalist, 10: 381-383.

OKSANEN, J., F. G. BrLancHET, M. FrienpLY, R. KiNnDT, P.
LEGENDRE, D. MCcGLINN, P. R. MINCHIN, R. B. O’HaARrA, G.
L. Sivpson, P. SoLymos, et al. 2019. Vegan: community
ecology package. Available from: https://cran.r-project.org
/web/packages/vegan/index.html.

PrRUGH, L. R., and C. D. GOLDEN. 2014. Does moonlight in-
crease predation risk? Meta-analysis reveals divergent re-
sponses of nocturnal mammals to lunar cycles. Journal of
Animal Ecology, 83: 504-514.

PuIG-MONTSERRAT, X., C. FLAQUER, N. GOMEZ-AGUILERA,
A. BURGAS, M. Mas, C. TuNEu, E. MARQUES, and A. LOPEZ-
BAUCELLS. 2020. Bats actively prey on mosquitoes and
other deleterious insects in rice paddies: potential impact on
human health and agriculture. Pest Management Science,
76: 3759-3769.

Puric-MLADENOVIC, D., and K. BAIRD. 2017. Natural areas
monitoring in the City of Guelph: Emerald ash borer impact
on ash populations in natural areas. VSP Guelph Report,
March 2017, 75 pp. Available from: https://guelph.ca/wp-
content/uploads/VSPGuelphReport March3 2017.pdf.

RATCLIFFE, J. M., and J. W. DAwsoN. 2003. Behavioural flexibil-
ity: the little brown bat, Myotis lucifugus, and the northern

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 15 Jul 2021
Terms of Use: https://bioone.org/terms-of-uselAccess provided by University of California Santa Cruz

long-eared bat, M. septentrionalis, both glean and hawk
prey. Animal Behaviour, 66: 847-856.

REVILLA-MARTIN, N., I. BubpiNski, X. PUIG-MONTSERRAT, C.
FLAQUER, and A. LOPEZ-BAUCELLS. 2020. Monitoring cave-
dwelling bats using remote passive acoustic detectors:
a new approach for cave monitoring. Bioacoustics, doi:
10.1080/09524622.2020.1816492.

RopnHousk, T. J., K. T. VIERLING, and K. M. IRVINE. 2011.
A practical sampling design for acoustic surveys of bats.
Journal of Wildlife Management, 75: 1094-1102.

RoWE, J. S. 1972. Forest Regions of Canada. . Fisheries and En-
vironment Canada, Canadian Forest Service, Headquarters,
Ottawa, 172 pp.

Russo, D., and C. C. VoIGT. 2016. The use of automated iden-
tification of bat echolocation calls in acoustic monitoring:
A cautionary note for a sound analysis. Ecological Indi-
cators, 66: 598-602.

SCHAEFER, K. 2017. Habitat usage of tri-colored bats (Peri-
myotis subflavus) in western Kentucky and Tennessee post-
white nose syndrome. M.Sci Thesis, Murray State Univer-
sity, Murray, viii + 64 pp.

SHAPIRO, S. S., and M. B. WIiLK. 1965. An analysis of variance
test for normality (complete samples). Biometrika, 52:
591-611.

SHIVELY, R., and P. BARBOZA. 2017. Range and roosting ecology
of the little brown bat, Myotis lucifugus, in interior and
northern Alaska. Northwestern Naturalist, 98: 122—131.

SkaLAK, S. L., R. E. SHERWIN, and R. M. BRriGHAM. 2012.
Sampling period, size and duration influence measures of
bat species richness from acoustic surveys. Methods in
Ecology and Evolution, 3: 490-502.

SctoucH, B. G., and T. S. JuNG. 2020. Little brown bats utilize
multiple maternity roosts within foraging areas: Implica-
tions for identifying summer habitat. Journal of Fish and
Wildlife Management, 11: 311-320.

SoPER, K. D., and M. B. FENTON. 2007. Availability of building
roosts for bats in four towns in southwestern Ontario,
Canada. Acta Chiropterologica, 9: 542-546.

TEeETS, K. D., S. C. LOEB, and D. S. JaAcHOWSKI. 2019. Detection
probability of bats using active versus passive monitoring.
Acta Chiropterologica, 21: 205-213.

TorrEz, E. C. B. de, M. A. WALLRICHS, H. K. OBER, and R. A.
McCLEERY. 2017. Mobile acoustic transects miss rare bat
species: implications of survey method and spatio-temporal
sampling for monitoring bats. PeerJ, 5: €3940.

TREVELIN, L. C., R. L. M. NovAEs, P. F. CoLas-Rosas, T. C. M.
BENATHAR, and C. A. PERES. 2017. Enhancing sampling de-
sign in mist-net bat surveys by accounting for sample size
optimization. PLOS ONE, 12: e0174067.

TuTTLE, M. D. 2017. Give bats a break. Issues in Science and
Technology, 33: 41-50.

VAN SCHAIK, J., R. JANSSEN, T. BoscH, A.-J. HAARSMA, J. J. A.
DEKKER, and B. KRANSTAUBER. 2015. Bats swarm where
they hibernate: compositional similarity between autumn
swarming and winter hibernation assemblages at five under-
ground sites. PLoS ONE, 10: e0130850.

WALTERS, B. L., C. M. Ritzi, D. W. SPARKS, and J. O. WHIT-
AKER. 2007. Foraging behavior of eastern red bats (Lasiurus
borealis) at an urban-rural interface. American Midland
Naturalist, 157: 365-373.

WELLER, T. J., and D. C. LEt. 2007. Mist net effort required to
inventory a forest bat species assemblage. Journal of Wild-
life Management, 71: 251-257.



258 C. V. Robinson and J. M. Robinson

WickHAM, H. 2016. Ggplot2: elegant graphics for data analysis

. WraAY, A. K., M. A. Jusino, M. T. BaNIK, J. M. PALMER, H.
Springer International Publishing, New York, xvi + 260 pp

. KAARAKKA, J. P. WHITE, D. L. LINDNER, C. GRATTON, and
WICKRAMASINGHE, L. P., S. HARRIS, G. JONES, and N. VAUGHAN. M. Z. PEery. 2018. Incidence and taxonomic richness of
2003. Bat activity and species richness on organic and con-

mosquitoes in the diets of little brown and big brown bats.
ventional farms: impact of agricultural intensification. Jour- Journal of Mammalogy, 99: 668—674.
nal of Applied Ecology, 40: 984-993.

Received 05 October 2020, accepted 13 April 2021

Associate Editor: Wiestaw Bogdanowicz

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 15 Jul 2021
Terms of Use: https://bioone.org/terms-of-uselAccess provided by University of California Santa Cruz




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [2551.181 4249.134]
>> setpagedevice


