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Abstract

As bat (Chiroptera) populations continue to decline in the eastern United States due to threats such as white-nose
syndrome and interactions with wind facilities, capturing already rare species such as the federally endangered Indiana
bat Myotis sodalis to assess health and demographics has become increasingly difficult. Mist-nets are a standard
method for capturing and studying bats, but bats have the ability to escape from or avoid mist-nets. Past research has
shown that the use of acoustic lures may increase mist-net capture success. Using prerecorded Indiana bat social calls,
we tested the effectiveness of acoustic lures on capture rates across 24 nights at 37 sites in summers 2013 and 2014 in
north-central Kentucky. Each site consisted of two nets (treatment and control) placed .35 m apart: we placed an
acoustic lure set 1 m in front of the treatment net, whereas the control net received no lure. At the species level, we
recorded significantly more captures in treatment nets (n¼ 262) than in control nets [n¼ 128; t(36)¼ 5.08, P , 0.001].
However, although we found a trend toward higher Indiana bat captures, the only species’ with significant positive
responses were evening bats Nycticeius humeralis [t(15)¼6.25, P , 0.001] and eastern red bats Lasiurus borealis [t(36)¼
3.60, P , 0.001]. Further study is required to determine whether modifications to lure settings or call types result in
increased Indiana bat captures.

Keywords: acoustic lure; bats; capture techniques; Chiroptera; Indiana bat; Myotis sodalis

Received: December 21, 2017; Accepted: September 17, 2018; Published Online Early: December 2018; Published: June
2019

Citation: Samoray ST, Gumbert MW, Roby PL, Janos GA, Borthwick RR. 2018. Effectiveness of acoustic lures for
increasing Indiana bat captures in mist-nets. Journal of Fish and Wildlife Management 10(1):206–212; e1944-687X.
https://doi.org/10.3996/122017-JFWM-101

Copyright: All material appearing in the Journal of Fish and Wildlife Management is in the public domain and may be
reproduced or copied without permission unless specifically noted with the copyright symbol &. Citation of the
source, as given above, is requested.

The findings and conclusions in this article are those of the author(s) and do not necessarily represent the views of the
U.S. Fish and Wildlife Service.

* Corresponding author: ssamoray@copperheadconsulting.com

Introduction

Bat populations are declining in the eastern United
States due to threats such as white-nose syndrome (Frick
et al. 2010; Thogmartin et al. 2013) and negative
interactions with wind facilities such as collisions and
barotrauma (Arnett et al. 2008; Baerwald and Barclay
2011; Erickson et al. 2016). As a result, documenting
species presence or probable absence is increasingly
important, especially for federally endangered species
pursuant to the US Endangered Species Act (ESA 1973, as
amended) such as the Indiana bat Myotis sodalis. Mist-
nets are a commonly used tool, but studies show that
bats are often able to elude capture in mist-nets (Kunz et

al. 1996; Waldien and Hayes 1999; Hill and Greenaway
2005, 2008). As a result, several studies recommend the
use of acoustic bat detectors to supplement mist-netting
efforts (Fenton et al. 1987; Kuenzi and Morrison 1998;
O’Farrell and Gannon 1999; Murray et al. 1999; Flaquer et
al. 2007). However, call sequences from many bats,
particularly members of the genus Myotis, are difficult to
detect and identify acoustically, especially when collect-
ed in cluttered environments such as interior forests
(Schnitzler and Kalko 2001; Hill and Greenaway 2005).
Furthermore, acoustic documentation may not be
sufficient; many studies require the capture of individuals
to record biometric data or to fit captured bats with
identifying bands or radio transmitters.
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Acoustic lures have been used to increase capture
rates for taxa such as birds (Sydeman et al. 1998; Schaub
et al. 1999), and there is growing literature on their use
for bats (Gillam 2007; Lintott et al. 2014; Quackenbush et
al. 2016; Braun de Torrez et al. 2017). Hill and Greenaway
(2005, 2008) reported that even in areas where
Bechstein’s bat Myotis bechsteinii is known to occur in
large numbers, individuals are rarely captured in nets.
However, the authors were able to increase capture rates
for this species by using ultrasonic playback of synthe-
sized Bechstein’s bat calls. Loeb and Britzke (2010) tested
the response of Rafinesque’s big-eared bat Corynorhinus
rafinesquii to recorded social calls (Wilkinson 1995) of
conspecifics and examined whether these recordings
increase capture success at nearby mist-nets. Although
their study suggests that Rafinesque’s big-eared bat may
not be attracted to, but rather repulsed by, conspecific
calls, they did find that the capture rate of other bat
species increased. Recently, Braun de Torrez et al. (2017)
found that Florida bonneted bats Eumops floridanus
responded positively to acoustic lures, and Quackenbush
et al. (2016) developed models that suggest the use of an
acoustic lure increased captures of Myotis species.
Results from these studies show that it is possible to
increase capture rates through the use of acoustic lures.

We sought to build on past research by specifically
testing the ability of Indiana bat calls to increase
conspecific captures in mist-nets. We placed acoustic
lures at mist-net sets throughout Fort Knox, Kentucky,
and hypothesized that broadcasting an Indiana bat roost
call through an acoustic lure would increase captures of
this species. We further hypothesized that playback of an
Indiana bat distress call would increase captures across
all species (Russ et al. 1998, 2004). We tested these
hypotheses in field trials during summers 2013 and 2014.

Study Site

Field tests took place at Fort Knox, Kentucky, a military
installation that spans portions of Meade, Bullitt, and
Hardin counties and is divided across the level IV
subdivisions of Mitchell Plain and Knobs-Norman Upland
within the Interior Low Plateaus physiographic region
(Woods et al. 2002). The area is characterized by rolling
hills, flat wide bottomlands, entrenched streams, plenti-
ful sinkholes, springs, wetlands, and underground
drainage due to extensive karst topography. All of Fort
Knox lies within the mesophytic forest region as
described by Dyer (2006) and is adjacent the Beech-
Maple-Basswood region. The mesophytic forest region is
a combination of three regions described by Braun
(1950): mixed mesophytic, western mesophytic, and oak-
chestnut. The study site falls within the known range of
13 bat species.

Methods

We recorded two social call files at a known Indiana
bat maternity colony at Fort Knox for use in this study.
We collected full-spectrum, ultrasonic recordings using
D240X ultrasound detectors (Pettersson Elektronik,

Uppsala, Sweden). We examined calls visually using
SonoBat software for bat call analysis (SonoBat, Arcata,
CA). Bat communication can include a broad range of call
types and behavioral responses (Fenton and Bell 1979;
Fenton and Barclay 1980; Russ et al. 1998; Fenton 2003);
due to our known collection method, we refer to our
recordings as a roost call and a distress call. We acquired
the roost call recording by placing the detector and a
Zoom H2 sound recorder (Samson Technologies,
Hauppauge, NY) on a pole approximately 2 m beneath
the roost. We collected calls as bats exited the roost on
the evening of 7 May 2012. We collected the distress call
from an Indiana bat in-hand during processing on 18
May 2012. We identified the roost call by the long, low-
frequency sweeps found in pulses 6–11 of the call
sequence (Russ et al. 1998; Pfalzer and Kusch 2003)
(Figure 1); we defined the distress call by the high
amplitude of the call sequence, combined with the large
frequency spread dropping close to 25 kHz (Russ et al.
1998) (Figure 2).

Recorded calls were broadcast through AT100 ultra-
sonic wide-bandwidth transmitters (Binary Acoustic
Technology, Tucson, AZ) that had been modified with
a conical diffuser and power boost unit. These modifi-
cations provide a 3608 broadcast field, eliminating the
need to rotate the transmitters during trials (Hill and
Greenaway 2005; Loeb and Britzke 2010), while main-
taining a 100-dB sound pressure level at 1 m (M. Jensen,
Binary Acoustic Technology, personal communication).
We used the GTools software program PLAY’R (Binary
Acoustic Technology) to play back the prerecorded calls.
Based on amplitude levels used in other studies
(Lawrence and Simmons 1981; Gillam 2007), we set the
volume levels in PLAY’R for each call to average 100 dB
during playback. We then tested the range of the AT100
transmitter using these settings and our collected calls
with an AnaBat SD2 bat detector (Titley Electronics Pty.
Ltd., Ballina, NSW, Australia) and found broadcast
distances up to 35 m in an open, uncluttered environ-
ment.

A power test using preliminary lure response data
indicated that we required approximately 23 (n ¼ 22.7)
sample sites to capture experimental variation (Champ-
ley 2016). Therefore, we sampled 37 sites in an effort to
detect significant differences. Each site was a minimum
of 200 m apart when sampled on the same evening to
maintain independence. The study took place over 24
calendar nights during summers 2013 (June and August)
and 2014 (July and August). Each sample event started at
sunset and lasted for 5 h. We only conducted a sample
event in favorable weather as dictated by survey
guidelines for Indiana bats (U.S. Fish and Wildlife Service
[USFWS] 2013). We captured bats under USFWS permit
TE94849B-0 and following the American Society of
Mammalogists guidelines for the safe/proper handling
of wild animals (Sikes et al. 2011).

At each site, we filled corridors side to side with two,
5.2-m-high mist-nets positioned to maximize bat cap-
tures (i.e., over road ruts or near canopy closures). Based
on our broadcast range tests, we spaced nets within a
site more than 55 m apart to ensure independence. We
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set an acoustic lure 1 m in front of a treatment net on a
1-m-high tripod, whereas the control net received no
lure. To limit the influence of microsite habitat advan-
tages from one net to the other, we randomly assigned a
lure to either net A or net B at each site by way of coin
toss. We also used a coin toss to determine which of the
two call types would be used at that net. Because we did
not sample both call types at a net, direct comparisons at
a single net based on call type were not possible with
these data. To determine whether each call type
produced varied results in general, we tested differences
in capture distributions between roost and distress calls
by using a chi-squared test and found no significant
difference (v2¼ 2.23, df¼ 1, P¼ 0.14) when we expected
equal capture probabilities. Consequently, we combined
our call types for subsequent analysis.

We compared counts of bat captures in control versus
treatment nets by using a series of zero-inflated
generalized linear models for a Poisson distribution in
the R software environment (R Core Team 2017) using
package ‘‘pscl’’ (Jackman 2017). We determined model
selection and weighting by using a small-sample
corrected Akaike Information Criterion (AICc), calculated
in the ‘‘AICcmodavg’’ package in the R environment
(Mazerolle 2017). We calculated weights for AICc scores
using the ‘‘MuMIn’’ package (Barton 2018). These models
compared the influence of lure and sex on capture rates
for overall bat captures and by species. We captured nine
species and we modeled all species with more than 10
captures, resulting in species-specific exclusions of little
brown bats Myotis lucifugus, hoary bats Lasiurus cinereus,
and gray bats Myotis grisescens. We further modeled
capture heights by lure or nonlure by using a generalized
linear model for binomial distributions in R base
package. Finally, we descriptively evaluated the number
of species-specific captures by site and net (treatment or
control) to ensure that if we captured more individuals in
a specific net type, it was not the consequence of one
site. This process is clarified in the Results and presented
in Figure 3. Means are reported as 6SE and tests were
significant at a ¼ 0.05, unless otherwise noted.

Results

In total, we captured 390 individual bats of nine
species during the study (see Supplemental Material,
Data S1). We found no significant difference in Indiana

bat captures during playback of either the Indiana bat
roost call or distress call. However, when we combined
all species captures, treatment nets, playing either call
type, yielded significantly more captures (n ¼ 262) than
control nets [n¼128; t(36)¼5.08, P , 0.001; Table 1]. Bat
species with high capture rates at treatment nets were
also commonly captured across sites (Figure 3). We
consistently observed higher treatment-net captures
across sites than control-net captures, indicating that
increases in capture rates were a universal phenomenon
(Figure 3). We compared counts of individual species
captures across treatment and control sites. On average,
we captured 10.9 6 0.5 bats per night at treatment nets
and 5.3 6 0.4 bats per night at control nets. Overall, we
captured more males than females [t(36) ¼ 2.86, P ¼
0.004]. Differences in average capture height were not
significant between treatment and control nets [2.0 and
2.2 m respectively; t(192) ¼ 1.25, P ¼ 0.22]. Zero-inflated
generalized linear models consisted of models exploring
the influence of lure, sex, and an interaction between
lure and sex. Models including bat lure and sex
consistently produced the lowest AICc scores, but not
an interaction (Table 2). Big brown bats Eptesicus fuscus,
northern long-eared bats Myotis septentrionalis, evening
bats Nycticeius humeralis, and Indiana bat captures were
best modeled using only lures (Table 2). The model with
the lowest AICc score was run for all bat species
combined and each bat species individually (Table 3).
We observed significant differences in capture rates for
treatment nets when we combined all bat captures and
for eastern red bats Lasiurus borealis and evening bats
specifically (Table 3).

In addition to Indiana bats, captures also included the
federally endangered gray bat (USFWS 1976) and the
threatened northern long-eared bat (USFWS 2016), but
there was no significant difference between the captures
of these species in treatment nets versus control nets
(Table 1). Of the nine species caught, only two species
had significant positive responses to lures: evening bats
and eastern red bats. Evening bats made up only 5% of
total captures, but we caught 18 individuals of this
species in treatment nets, whereas only one was caught
in a control net (Table 1). These captures in treatment
nets were distributed across multiple sites (Figure 3).
Eastern red bats comprised 49% of captures, with 124
captured in treatment nets compared to 57 captured in
control nets (Table 1). When we removed this species,

Figure 2. Indiana bat Myotis sodalis distress call sonogram
recorded from a bat in-hand during field surveys on 18 May
2012 in Fort Knox, Kentucky, and used for playbacks.

Figure 1. Indiana bat Myotis sodalis roost call sonogram
recorded from bats exiting a maternity roost on 7 May 2012 in
Fort Knox, Kentucky, and used for playbacks.
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overall bat captures for the remaining species were still
significantly higher in treatment nets compared to
control nets.

Discussion

We hypothesized that broadcasting Indiana bat roost
calls through an acoustic lure would increase capture
success of this species. We further hypothesized that
playback of a distress call would increase captures across
all species (Russ et al. 1998, 2004). However, we found no
difference between the call type and the number of
captures for conspecifics or heterospecifics. This sug-
gests that our particular roost call did not have
characteristics that Indiana bats find attractive and that
further study is needed to determine whether such a call
type exists.

Although we found no significant difference in capture
rates for Indiana bats, we did observe increased capture

rate trends when an acoustic lure was present (Table 1).
Our results support past studies that have shown an
increased number of captures with the use of lures
during bat mist-netting studies (Hill and Greenaway
2005, 2008; Loeb and Britzke 2010; Lintott et al. 2014;
Braun de Torrez et al. 2017). Our results differ from those
of Quackenbush et al. (2016), who found the use of a lure
increased capture rates for Myotis species while decreas-
ing rates in big brown bats and had no effect on eastern
red bat capture rates. Quackenbush et al. (2016)
suggested that the lack of impact on Lasiurus species
may be tied to their solitary nature. By contrast, our
results align more closely with those of Loeb and Britzke
(2010), who found that big brown bats and eastern red
bats were the most common species captured overall
and had slightly higher captures at lure nets. Although
we recognize that eastern red bats are likely the most
common species in the Fort Knox study area, when we
removed these bats from the analyses, the overall

Table 1. Species-specific bat captures at 37 sites on Fort Knox, Kentucky, in treatment nets (with lure) and control nets (no lure)
sampled in summers 2013 and 2014.

Species Scientific name Treatment Control t-value P

Big brown bat Eptesicus fuscus 43 24 1.64 0.10

Eastern red bat Lasiurus borealis 124 57 3.60 ,0.001

Hoary bat Lasiurus cinereus 2 0 NA NA

Gray bat Myotis grisescens 1 1 NA NA

Little brown bat Myotis lucifugus 4 3 0.33 0.74

Northern long-eared bat Myotis septentrionalis 16 8 1.74 0.08

Indiana bat Myotis sodalis 37 25 1.58 0.13

Evening bat Nycticeius humeralis 18 1 6.25 ,0.001

Tricolored bat Perimyotis subflavus 17 9 1.68 0.09

Total without eastern red bats 138 71 2.61 0.003

Grand total 262 128 5.08 ,0.001

NA = insufficient captures for comparisons.

Figure 3. Number of sites at which we captured species in mist-nets across 37 sites at Fort Knox, Kentucky, in summers 2013 and
2014. Total¼ the number of sites where the species was caught. Lure¼ the number of sites the species was caught using an acoustic
lure. No lure ¼ the number of sites the species was caught without acoustic lures.
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capture rates were still significantly higher in lure nets for
all other species.

Although Loeb and Britzke (2010) found that conspe-
cifics associated with the broadcasted call were repelled
by their lures, our study indicated a trend toward
increased capture rates, even for conspecifics. We agree
with their suggestion that the higher capture rates they
observed may be due to species’ reliance on ephemeral
insect swarms, and that an acoustic lure, regardless of
which species call is broadcast, may indicate food
availability (Loeb and Britzke 2010). Because acoustic
lures do not broadcast over a long distance, they likely
only help increase capture success of bats already in the
vicinity of the net site, as suggested by Loeb and Britzke
(2010).

The inherent variability of mist-net studies makes
comparisons between capture results difficult. Many
factors at the site level (e.g., canopy cover, vegetative
clutter, presence of water) and landscape level (e.g.,
distance to water, distance to roosts, distance to open
fields) can influence capture success (Brigham et al. 1997;
Yates and Muzika 2006; Duff and Morrell 2007) as can
Julian day (Quackenbush et al. 2016). We limited the
influence of these variables by sampling more sites than
any previously published study and more than the
minimum necessary indicated in a power test.

Comparisons between acoustic lure studies are also
complicated by study design variations. This is especially
true when considering the types of prerecorded calls
used. All lure studies cited (Hill and Greenaway 2005,
2008; Loeb and Britzke 2010; Lintott et al. 2014;
Quackenbush et al. 2016; Braun de Torrez et al. 2017)
used a variety of call types, species, and methods.
Although our data showed no difference in capture rates
between lures playing an Indiana bat roost call or a

Table 3. Model outputs using the most parsimonious of a series of zero-inflated generalized linear models to test the effectiveness
of acoustic lures to increase bat captures at Ft. Knox, Kentucky, sampled in summers 2013 and 2014.

Species Covariate Beta SE P

All bats Intercept �0.6

Lure 0.6 0.13 ,0.001***

Sex �0.3 0.13 0.007**

All bats except eastern red bat Intercept �1

Lure 0.53 0.17 0.003**

Sex �0.4 0.17 0.02*

Big brown bat Eptesicus fuscus Intercept �4.3

Lure 0.58 0.25 0.2

Eastern red bat Lasiurus borealis Intercept �0.3

Lure 0.79 0.2 ,0.001***

Sex �0.4 0.18 0.04*

Northern long-eared bat Myotis septentrionalis Intercept �2.2

Lure 0.71 0.46 0.13

Indiana bat Myotis sodalis Intercept �0.1

Lure 0.03 0.34 0.93

Evening bat Nycticeius humeralis Intercept �3.7

Lure 2.9 1.05 0.006**

Sex �1.7 0.67 0.011*

Tricolored bat Perimyotis subflavus Intercept �2.3

Lure 0.65 0.44 0.14

*Significant at the a¼ 0.05 level.

**Significant at the a¼ 0.01 level.

***Significant at the a¼ 0.001 level.

Table 2. Zero-inflated generalized linear model outputs for bat
captures, both combined and by species, on Fort Knox,
Kentucky, sampled in summers 2013 and 2014. The model
with the lowest small-sample corrected Akaike’s Information
Criteria (AICc) is listed first and bolded.

Species Model AICc DAICc wi

All bats LureþSex 3626 0 0.66

LureþSexþLure:Sex 3628 1.6 0.3

Lure 3631 5.2 0.05

All bats except eastern

red bat

LureþSex 2238 0 0.52

LureþSexþLure:Sex 2239 0.5 0.4

Lure 2242 3.8 0.08

Big brown bat

Eptesicus fuscus

Lure 608 0 0.97

LureþSexþLure:Sex 616.1 8.1 0.02

LureþSex 616.3 8.3 0.02

Eastern red bat

Lasiurus borealis

LureþSex 1216 0 0.59

LureþSexþLure:Sex 1218 2 0.22

Lure 1218 2.2 0.2

Hoary bat

Lasiurus cinereus

Too few captures

Gray bat

Myotis grisescens

Too few captures

Little brown bat

Myotis lucifugus

Too few captures

Northern long-eared

bat

Myotis septentrionalis

Lure 284.8 0 0.65

LureþSex 286.8 2 0.24

LureþSexþLure:Sex 288.2 3.4 0.11

Indiana bat

Myotis sodalis

Lure 535 0 0.66

LureþSex 537 2 0.24

LureþSexþLure:Sex 538.8 3.8 0.1

Evening bat

Nycticeius humeralis

LureþSex 206.1 0 0.67

LureþSexþLure:Sex 207.7 1.6 0.3

Lure 211.9 5.8 0.04

Tricolored bat

Perimyotis subflavus

Lure 305.4 0 0.53

LureþSex 306.3 0.9 0.34

LureþSexþLure:Sex 308.1 2.7 0.14

wi = relative likelihood of a model (compared with other tested

models).
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distress call, we only tested one example of each of these
call types. Given the variety of calls this species produces,
further research is needed to determine whether other
call types produce similar results.

Our results support the use of acoustic lures as a tool
to increase overall bat captures and, possibly, to increase
captures of less common species. We are confident that
acoustic lures will play an increasingly important role in
bat research and may be used to supplement existing
survey efforts in industry-based baseline wildlife surveys.
Finding the most effective ways to use this new tool is
essential for success.

Supplemental Material

Please note: The Journal of Fish and Wildlife Manage-
ment is not responsible for the content or functionality of
any supplemental material. Queries should be directed
to the corresponding author for the article.

Data S1. Raw bat capture data from acoustic lure trials
in summers 2013 and 2014 at Fort Knox, Kentucky.

Found at DOI: https://doi.org/10.3996/122017-JFWM-
101.S1.
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