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ABSTRACT

RILEY SETH MCCORMICK. Comparison of acoustic monitoring strategies for
determining bat populations throughout Land Between the Lakes National Recreation
Area (under the direction of DR. ANDREW N. BARRASS).

The use of ultrasonic acoustic bat detectors, used to detect echolocation calls, has
increased our knowledge on bats and has provided new techniques for species
monitoring. The acoustic monitoring of bats in the U.S. Forest Service, Land Between the
Lakes began summer 2009-2011. The sampling includes a total of three driven transects
and five stationary monitoring sites. Acoustic monitoring of bats was performed during
June and July. Each transect was driven for approximately 30 miles at 15-20 miles/hr
using an ANABATO high frequency recording unit attached to the roof of each vehicle.
Acoustic monitoring of bats was also performed at stationary sites after transects were
recorded using two recording units, Avisoft Ultrasound© gate and ANABAT®O. The
transects and stationary sites were entered into a GPS project map for further
investigation. Field acoustic samples were analyzed and identified in the lab using
proprietary software. The total number of calls, or sounds, collected for all three
transects were 4350 and for all five stationary sites equaled 622. A total of nine species
were recorded and identified throughout Land Between the Lakes during the three years
of study. The number of bat calls and species identified for each year varied among each
stationary and transect site.
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CHAPTER 1

INTRODUCTION

Successful conservation and preservation of bat populations depends on the
different techniques used to monitor bat populations (Lewis, 1995). It is important to
determine what techniques are most appropriate for surveying bat communities,
especially since a newly discovered fungal disease, called the White-nose Syndrome
(WNS), is killing millions (>5.5) of bats in the Eastern United States (U.S. Fish and

wildlife, 2012).

The WNS is linked to a newly described fungus, Geomyces destructans (Gargas
et al., 2009). The scientific community has little information on this fungus, but the
fungus is associated with the death of cave dwelling bats during their winter hibernation.
The disease is termed WNS because the white fungus appears around the muzzle of the
bat and on its soft tissue membranes (Blehert et al., 2008). The disease was first
recognized in 2006 at Howe’s Cave, New York, and has since spread throughout the
Eastern United States (Blehert et al., 2008; USGS National Wildlife Health Center,
2010). In response to the increasing encroachment of WNS, the U.S. Fish and Wildlife
(USFWS) prompted the state of Tennessee (TN) to create the White-nose Syndrome
Cooperative Monitoring and Response Plan for TN in 2009 to brace for WNS (Arnold
Air Force Base, 2009). The USFWS decided to monitor bat populations by developing

acoustic transects throughout TN during each summer (Armold Air Force Base, 2009).

These transects are driven once in June, using acoustic monitoring devices, at a time



before females give birth to their young, and once in July when pups have left roost sites
for the first time (Arnold Air Force Base, 2010). The purpose of the acoustic monitoring
transects 1s to acquire data on densities of various bat populations each summer during
the bats normal feeding activities or flight patterns within varying habitat conditions
(Arnold Air Force Base, 2009; Russ et al., 2003). The data collected are used to compare
survey years and assess any patterns of potential decline. If density numbers for bat
populations decline from year to year, then other means of monitoring will most likely be
implemented to determine the cause for the decline. This data also will give researchers a
history of what the bat densities were in the past if WNS kills an entire population.
Simply the presence of WNS in TN (Figure 1) demands that questions regarding
population status for various bats be answered, and the White-nose Syndrome

Cooperative Monitoring and Response Plan for acoustic monitoring creates opportunities

for research on bat populations.



Figure 1. The Land Between the Lakes study area, counties represented by yellow. The
counties represented by dark blue are confirmed cases of WNS and the counties
represented by light blue with hashes are suspected of having the WNS fungus infected
bats.

Austin Peay State University’s (APSU) involvement in the pre-exposure TN State
Plan has led to many opportunities for acoustic monitoring of bats, bat echolocation
studies, as with this study to develop acoustic transect dataset and stationary site data for
Land Between the Lakes (LBL). Acoustic monitoring has been a common practice for bat
biologists for many years (Lance et al., 1999). Incorporating Anabat recorders (Titley
Electronics, Queensland, Australia; www.titley.com.au), modular microphone units,
which record ultrasonic bat frequencies, into population density surveys has greatly

increased knowledge about bats. The drawback of this system however, is frequent

improper identification of bat vocalizations or “calls” as these vocalizations are collected.
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It is common that species are misidentified during acoustic monitoring (Lance et al.,
1999: Parsons et al., 2000). Results of this misidentification of species vocalizations
within an area and a lack of species richness data, confounds vital information when
surveying for endangered species. The most accurate sampling of a bat population is hand
collection or mist-netting (Thomas and West, 1989). Because of WNS, this accurate but
intrusive way of collecting data has recently been under heavy scrutiny in the states of
Kentucky and Tennessee. This is due to the fear of cross-contamination of individuals
during handling or entanglement in netting, especially between tree and cave species. At
this time studies report that only bats that use caves to hibernate have shown signs of
WNS. Decontamination protocols must be followed at all times to ensure that spores of
WNS that do come in contact with equipment are removed. The decontamination
protocols suggest that all equipment be cleaned before transporting to another site
(USFWS, 2011). These decontamination protocols ensure that humans minimize the
spread of WNS when surveying bats at different locations. Also, the required

decontamination of mist-nets and survey equipment has made surveying bat population

more expensive and time consuming.

Debate among scientists evaluating the two methods of sampling for bats,
acoustic or hand sampling, frequently arises in the literature. Some studies have shown
that Anabat acoustic detectors have collected and identified more species diversity within
a given area (O’Farrell and Gannon, 1999). Other studies maintain that mist-net surveys
captured more species (Kuenzi and Morrison, 1998). Barclay (1999) however, suggested

that O"Farrell et al. (1999) lacked proper understanding on how to approach the

identification of bats by their acoustic signature. Therefore, whether or not acoustic



monitoring can sufficiently replace hand sampling or mist-netting should be studied. It
would be beneficial to determine if acoustic transects can produce accurate data
concerning bat species identification and population densities over large areas. In order to
accomplish this, historical stationary monitoring data, which include both mist-netting
and acoustic sampling, of LBL were used to compare data collected during this study.
This historical data is a reliable representation of the true composition of the bat
populations at LBL, and can therefore be used to determine if the data collected from

the acoustic transects can accurately represent the bat population in a large area as well,

but without having to conduct time-consuming surveys.

Therefore, the primary goal of this study was to determine if transects are a useful
means to survey bat populations throughout a large area; comparing consecutive surveys
completed each season. The study also investigated whether acoustic monitoring
transects can be used to accurately discern bat species, bat populations, or if active hand
sampling monitoring techniques still need to be done when assessing bat species density

and various population richness studies.

In order to capture and assess individual bats and assess their populations,
biologists have developed different techniques and strategies to help collect individuals.
Mist-netting has been popular with ornithologists and bat biologists to catch birds or bats.

A mist-net is a fine mesh net that is placed in heavily used flyways to capture bats while

they forage or travel (Hourigan et al., 2008; Murray et al., 1999). This method is

intrusive and can potentially injure the bat without employing proper removal techniques

(Hoffman et. al, 2010). Also, it takes many nights to capture significant amount of bats

and requires many volunteers to help run the nets (Murray et al., 1999). The benefits of
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mist-netting are that the bat can be banded with an identification band for recapture
studies, the status of the individual health can be checked (for WNS using Reichard
Scarring Index (Reichard, 2009; Reichard and Kunz, 2009), tears in wing, female
lactating, etc.), and to determine a sex ratio of the population in an area. Another popular
but less intrusive way to collect bats is harp-trapping. A harp-trap is designed to capture
bats by using fishing line strung vertically with a bag below. The bats cannot detect the
fishing line of the trap and fall into the bag set below the trap. This system is less
intrusive than the mist-net because the individuals are not tangled in a net and are safe
inside the bag until researchers retrieve them (Duffy et al., 2000). Both of these methods
can be used when the appropriate setting is needed. The other technique is to record bats

by using ultrasonic bat detectors.
Ultrasonic acoustic bat detectors

Over the last five decades the use of echolocation to study bats has evolved to
become an important learning tool for biologists. The use of ultrasonic acoustic bat
detectors, used to detect echolocation calls, has increased our knowledge on bats and has
provided new techniques for species monitoring. The concept of using bat vocalizations
to study bats originally was used to understand how they navigate and catch prey
(Grinnel and Griffin, 1958; Galambos and Griffin 1942). Through the development of
more advanced acoustic detectors, biologists have started to use this technology to
identify bats species by their vocalizations (Ahlen and Baagee, 1999; Brizke, 2003;

Fenton and Bell, 1981; O’Farrell and Miller, 1999; O’Farrell et al., 1999).



Advancements in digital technology have made it more practical to use acoustic
detectors in the field. In the past ultrasonic recorders used metallic tape to store data.
Studies have shown that recording on metallic tape decreased the quality of calls
recorded when the data was placed onto the computer for further analysis (White and
Gehrt, 2001). Now all acoustic detectors use some form of compact memory to digitally
record all the data, which allows users to store more information and leave the detector in
the field longer. The classes of ultrasonic bat detectors depend on how the bat call is
recorded and analyzed. The class of ultrasonic bat detector used in this study uses zero-
crossing analysis and is called Anabat (Titley Electronics, Queensland, Australia;
www.titley.com.au). The Anabat system records ultrasonic frequencies produced by bats
that normally the human ear cannot hear (> 20,000 kHz). The data recorded is then
analyzed with a program called AnaLookW v. 4.8q (Titley Electronics, Queensland,
Australia; www.titley.com.au) which allows the user to see each echolocation
vocalization. Anabat is considered a passive bat detector, which is smaller than active
acoustic detectors, and can be left in the field over many nights without the user actually
being present or the use of a computer attached to the device. The detector records
echolocations as bats fly over the microphone. Since the Anabat system is passive it
allows the user to program the detector to desired settings before placing it on trees,
mounted on poles, or on the roof of the vehicles. The Anabat like other detectors on the
market has drawbacks. The detector was developed to record only certain parts of bat
calls without recording other important portions or attributes of the call. The drawbacks
0ssing system are that it does not record the harmonics of the call and only

of the zero-cr

records the loudest intensity of the call at the time it was recorded (Corben, 2002). This



means that if insects are the loudest call component during a segment of recording in the
area per night, it is more likely some bats will not be recorded. The device as mentioned
above does not record all the call characteristics such as structure, harmonics, or

amplitude which could lead to misidentification of recorded data.

Avisoft bioacoustic UltraSoundGate 116 (Avisoft Bioacoustics, Berlin, Germany;
www.avisoft.com) is another type of detector used to record ultrasonic frequencies
produced by bats. While both the Anabat and Avisoft detectors are designed to perform
similar functions, there are some differences between them. For example, the Avisoft
detector needs to be connected to a computer to record and store the files, which can be
cumbersome when in the field. Both types of detectors record the frequency and time of
bat calls, but the Avisoft detector also records the amplitude. This means that Avisoft
detectors will record all ultrasonic sounds present within the parameter set, while the
Anabat detector will only record the loudest bat at the time of detection. The parameters
can be set within a program called RECORDER v. 4.2.9 (Avisoft Bioacoustics, Berlin,
Germany; www.avisoft.com), which allows the Avisoft detector to record at those
particular settings or parameters (frequencies, amplitude, and time). Most importantly the
Avisoft detector produces .wav files that can be used to playback each individual sound
that was produced by the bat. The downside to this is that more memory and more power
are required. Also, the Avisoft detector records call files sequences to a computer, so
there will be a slight delay between each file while it writes to the hard drive of the
computer. Avisoft detector like the Anabat detector has software used to analyze each file
Avisoft-SASLab Pro v. 5.2.04 (Avisoft Bioacoustics, Berlin, Germany;

recorded called

www.avisoft.com). This software is used to playback .wav files and displays the bat call



sequences collected by the Avisoft detector. The Avisoft detector records all parts of the

call structure including the harmonics, which provides better resolution that can be used

in identification.
Identifying bats by their call or vocalization structure

Like human dialects and languages, bats have a unique social structure to their
species specific echolocation vocalizations. Each bat species can be identified by their
call sequence or call pattern. There are many types of calls that bats make that include
social (audible to human hearing), foraging, which includes buzz calls, search calls or
scan calls, and then there are maneuvering calls. Each of these calls types are placed in
two main types of categories: broadband frequency modulated (FM) or narrowband
constant frequency (CF). Frequency modulated calls can be used for precise prey
localization during feeding but the range at which the FM calls can travel is short unlike
CF calls that travel far but cannot localize prey, just detect the prey (Schnitzler and
Kalko, 2001; Schnitzler et al., 2003). These two types of calls are unique for different
species of bats and can be used in species identification. Frequency modulated and CF
calls of bats can have distinct frequency ranges in which they are produced. These
individual calls can range as high as 100 kHz and as low as 25 kHz. Some species stay in
a frequency range that makes them unique among the rest which makes them easy to
identify. Some species like in the genus Mpyotis overlap in frequencies that make it
impossible to identify them to species, although they can be identified to their genus
(Krusic and Neefus, 1996). The drawback to recording ultrasonic frequencies of bat calls,
is that the average user cannot identify many of the calls they record. Also, one must
develop a reference call library of known bat calls (Britzke, 2003; Barclay, 1999) either

9



by collecting individual bats and recording them or use another call library someone has

already developed.

There has been much debate on the accuracy of the identification of bat calls. Bat
calls can be identified using either qualitative or quantitative techniques. The qualitative
technique used to identify bat calls is visual identification using a call library to compare
calls collected. This technique works well if the user has a large database of calls to
compare. Quantitative techniques include discriminant function analysis (DFA) and
artificial neural networks (ANN). Discriminant function analysis uses a multivariate
statistics program to analyze each call file by calculating the probability of a given file
being produced by a particular species, based on call shape characteristics. Some of the
characteristics include the top of call frequency (Fyy ) and the bottom of the frequency
(Fmin ) that when combined make the call, and the slope (A) represents the curve of the
call (Parsons and Jones, 2000). Artificial neural networks help the user to identify the bat
calls recorded by extracting call characteristics or attributes that the user can train the
computer to recognize (Parsons and Jones, 2000). Although there are different types of
qualitative and quantitative techniques used to identify bats, studies have shown that
discriminative functional analysis, ANN, and human visual identification all produce the
same results in terms of number of correct calls identified (Jennings et al., 2008). This
shows that there are many options to use when identifying bat calls, but to maintain
accurate identification, one must use complete call sequences to correctly identify calls to
species. It is important to realize when using the types of techniques that not all calls can

be indentified and thus must be placed in some type of unidentified category when the

10



call sequences are incompletely recorded or the quality of the call is poorly recorded

(Corben, 2002).
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CHAPTER It

MATERIALS AND METHODS

Study Sites

The United States Department of Agriculture, Forest Service, Land Between the
Lakes (LBL) is a national recreational area that encompasses >170,000 acres with 300
miles of undeveloped shoreline. The park resides in three counties: Stewart County in
Tennessee, and Trigg County and Lyon County in Kentucky (Figure 2). Land Between
the Lakes is delineated by two main rivers, Tennessee River to the West and Cumberland
River to the North and East. Both of these rivers are impounded, Kentucky Lake from the
Tennessee River and Lake Barkley from the Cumberland River (Figure 2). Land Between
the Lakes was managed and maintained by Tennessee Valley Authority until 1998 when
the U.S. Forest Service took over ownership. The national recreational park contains
various habitats ranging from recreational areas, such as ATV mobile tracks and camping
sites, to many distinctive habitats, such as old growth forest, streams, rivers and various

grassland habitats. Land Between the Lakes also contracts out small parcels of land to

farmers to plant various agricultural products.

Identification of species of bats considered for the study

The bats species that reside within LBL are the Little Brown (Myotis lucifugus),

Gray Bat (Myotis grisescens), Northern Long-eared (Myotis septentrionalis), Tri-colored

(Perimyotis subflavus), Big Brown (Ep[esiCllSﬁlSCllS), Eastern Red Bat (Lasiurus

borealis), Hoary (Lasiurus cinereus), Silver-haired (Lasionycteris noctivagans) and

Evening (Nycticeius humeralis) (U.S. Forest Service, Personal Communication). One out

12



of the 10 species that resjde in LBL is considered endangered, which is the Gray bat. The
Gray bat is considered by U.§ Fish and Wildlife an endangered species since 1976 due to
habitat degradation and Joss (Fish and Wildlife Service, 1997). On the Cumberland River
side of LBL there is a significant Gray bat summer roost site at Tobacco Port cave. To
date there has not been any record of the other endangered species that occurs in the

southeast the Indiana Bat, Myotis sodalis.

Stewart

Figure 2. A map of LBL (shaded in dark green). The map shows the two rivers,
Tennessee and Cumberland, which encompasses LBL and the three counties it resides

within, Stewart county TN, Trigg and Lyon, counties KY.
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Acoustic Collection of Bat Calls

Acoustic methods of sampling were used to record bat vocalizations throughout
various habitats in LBL during the months of June and July 2009-2011. The acoustic
sampling of bat vocalizations was done driving north-to south along three separate
transects and at five stationary sites. The Anabat detector was strapped on the roof by a
homemade protective container (Figure 3) made by Steralite©. The survey vehicle, Ford
Sport Trac, was driven between 15-20 mph to record individual bats that flew above the

vehicle while driving along each transect.

x with the Anabat Microphone

Figure 3. Photograph of the homemade protective bo
protruding from the surface.
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Driven transects

The three driven transects (approximately 20-30 miles each) were as follows: the
Lake Barkley sid¢ of LBL, the Tennessee River side of LBL, and the North side of LBL
in Kentucky. Each transect traversed different parts of LBL, which included multiple
habitats (Figure 4). The research was conducted with the assistance of other researchers
from the university and supported by a contract with the U.S. Forest Service. The
acoustic routes were driven over the course of three days. On the first day, transects one
and two were done using two separate vehicles. On the second day, transect three was
completed, while also sampling the stationary points with the assistance of other

researchers.

The transect sampling began each night at sunset. Both vehicles met to prepare
the vehicles for the survey at the Forest Service’s administrative building. The transects
were driven at an average of 15-20 mph for a distance of 30 miles. The Tennessee White-
nose guidelines (Fish and Wildlife, 2009 and 2010) were followed for the speed and
distance. The microphone sensitivity of the detectors was adjusted accordingly, based on
amount of insect noise being recorded versus the number of bats being recorded during
the designated time period. As an example, the microphone sensitivity began at setting of
7 each night and was never lowered below 3, regardless of how much insect noise
occurred, in order to assure proper continuous recording. During the first night both

vehicles surveyed Eastern route (Lake Barkley side) and Western (Tennessee River side).

During the second night one vehicle drove the north side of LBL, while the other group

surveyed the five stationary points using the Anabat acoustic sampling devices.
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Stationary sites

The five stati :
1ve stationary sites that were surveyed include many habitat types, some are

natural and others have been disturbed by human activities. The stationary sites were
EHBEER DRI By encompassed the most likely diverse foraging habitats for bats. The
first stationary site is Wrangler’s Camp that has been heavily impacted by humans. This
area is used for recreational activity specifically used as a horse camp. The second
stationary site is Prior Bay that is one of many LBL embayments of Barkley Lake. This
inlet is filled with water from the Cumberland River and dries completely during fall and
winter. The third stationary site is Agricultural Field. These field habitats rotate between
two agricultural crops, soy beans one season and corn another. The fourth stationary site
is Logging Site. Before the study this site was heavily forested but the ice storm of 2009
destroyed most of the forest, which led to a salvage logging operation to thin the
damaged forest. The fifth stationary site is Baird’s Lake. Baird’s Lake is another
embayment of LBL but contains water all year around from the Cumberland River. This
site also contains a gravel boat ramp to access the water. At each stationary site, the
Anabat and Avisoft detectors were set out side by side to record for 10 minutes. Both
were angled towards the same direction, straight up, at the same settings. These settings
were between 15 kHz and 200 kHz, which will begin recording when the bat with that
specific signature is detected, and will continue recording until no bats are in the area.

Each site was surveyed in this order during each survey period, Wrangler’s Camp, Prior

Bay, Corn Field, Logging Site, and Baird’s Lake. All appropriate Field Notes were

recorded for each area in a notebook for later reference.
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Geographic Information System mapping

A Geographic Information System (GIS) map was developed for the study area

(Figure 4). The map contains transect routes, stationary locations and other useful
information when analyzing the data collected. Each location was assigned attributes
(Latitude, Longitude, Habitat type etc.) based on that area and placed in a Microsoft
Excel file. The GIS map helped assess the habitats that were surveyed and to determine
approximate driving similarity of each transects (Jaberb and Antione 2001). Also, the
GIS map assisted with defining the study area and spatially locating the stationary

sampling sites at varying habitat types.
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Land Between the Lakes Forest Service Acoustic Bat Survey Map
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Analysis of acoustic data

The Anabat detector acoustic data was analyzed using the AnaLookW v. 4.8q
software that is included with the detectors. AnaLookW v. 4.8q was used to display all
call sequences recorded. Pre-made species labels in AnaLook v. 4.8q were used to assign
various bat species identification tags so they could be sorted for when identified. Filters
removed unwanted noise lower than 14 kHz so that high frequency bat calls were left to
analyze. The frequency sweeps, the degree of the sweep and the frequency range, are
used to identify each bat call sequence to species using visual identification. Known call

sequence references were used to compare and identify call sequences recorded.

Avisoft-SASLab Pro v. 5.2.04 was used to view each call sequence via
spectrographs and listen to each recorded file from each survey. The program also
removed unwanted noise lower than 14 kHz. Sonobat v. 3.03 (Sonobat.com, 2011) was
used to analyze all Avisoft .wav files recorded for each stationary site. Sonobat v. 3.03
extrapolated the .wav files that contained the frequency, amplitude, and time length to
identify the files to species. Also, known call reference files from Sonobat v. 3.03 were
visually compared to survey call files. After all files were identified to species for
Anabat and Avisoft unit the data then were placed into a Microsoft Excel table for further

evaluation. An ANOVA was used to compare means of normally distributed data. A

Wilcoxon test was performed to compare means of non-normal distributed data.

Refer to the Appendix A for more information on equipment and software

settings. Refer to the Appendix B for more information on how each call file sequence

was identified by using both AnaLookW v. 4.8q and Sonobat v. 3.03.
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CHAPTER 111

RESULTS

During the course of three years a tota] of 4,350 Anabat call sequence files were
recorded for all transects. A combined total of 622 for Anabat and Avisoft call sequence
files were recorded for all stationary sites. Each of the ca]l sequence files were identified
to species with specific labels: Big Brown bat (EPFU), Red bat (LABO), Silver-haired
bat (LANO), Hoary bat (LACI), Grey bat (MYGR), Little Brown bat (MYLU), Northern
Long-eared bat (MYSE), Myotis species (MYsp), Evening bat (NYHU), Tri-colored bat
(PESU), unidentified, and noise. Unidentified, noise and MYsp are the only labels that
contain multiple meanings. Unidentified means that a bat call was recorded but not
enough information (quality of call, .wav files or number of calls) was collected for
identification. Noise is any unwanted sound, abiotic (car, wind, etc.) or biotic (insect,
etc.), that was recorded at ultrasonic frequencies. Myotis species are bats of the Myotis
genus. Myotis received their own label because this genus can be particularly difficult to
indentify sometimes unless specific known characteristics are recorded on that individual
file, such as MYGR’s abrupt tapering off of frequency at 45 kHz. When the identifying

sound characteristics of Myotis call sequences were not recorded, the file was labeled as a

Mpyotis type call because of the frequency range in which the genus occurs, classifying it

as MYsp. Each file recorded by both recording devices, for each species, does not

necessarily represent one individual bat of that species, but a call sequence collected that

is produced by that species. Individual bats produce numerous calls per millisecond, B

the number displayed in the data tables should therefore not be confused with number of
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bats present at a given site or trans
g sect. For exampl
¢, one EPFU could have produced

»ight of the recorded call :
eig Séquences for transect 3 of June 6”‘, 2009.

The call totals for each of the transects over the course of each year were
compared to see if there was a difference among the amount of calls recorded in each
transect. The data was non-normal and was therefore transformed by taking the Log of
the original dataset. Also, unidentified calls and noise were excluded from the analysis.
For 2009-2011 the call totals by transects were compared using a one-way ANOVA. For
2009 the call totals among transects 1-3 were not significantly different (p > F = .9050 at
.05 alpha level). For 2010 the call totals among transects 1-3 were not significantly
different (p > F = .1360 at .05 alpha level). For 2011 the call totals between transects 1-3
were not significantly different (p > F = .9216 at .05 alpha level). For all years combined
the call totals were compared among transects 1-3. When call totals for all years were

compared among each of the transects they were not significantly different (p > F =.7754

at .05 alpha level).

The call totals for each of the stationary sites over the course of each year were
compared to see if there was a difference among the amount of calls recorded in each

transect. Also, unidentified calls and noise were excluded from the analysis. For 2009-

2011 the call totals by transects were compared using Wilcoxon test. For 2009 the call

totals among the five stationary were not significantly different (p > F =.1620 at .03

alpha level). For 2010 the call totals among the stationary sites were not significantly

different (p > F = .0596 at .05 alpha level). For 2011 the call totals between transects 1-3

were not significantly different (p>F= 2898 at .05 alpha level). For all years combined

) : 11 years
the call totals were compared among all stationary sltes. When call totals for all ye
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were compared among each of the stationary sites they were significantly different (p > F

0122 at .05 alpha level).

In 2009 the total for transect call sequence files recorded was 1,315 and for
stationary files was 158. Table 1 shows the total number of all files recorded and what
files were most abundant for 2009 transects. In table 2 are the totals of all files recorded
for each stationary site for 2009. The 2009 survey was done a total of three times, once in
June and twice in July, and all other surveys were done a total of two times due to

contract agreements.
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Table 1. In 2009 a total of 1,315 files were recorded for all three transects. The totals for species calls and other files are represented
in this table for each sample period and for each transect. The LABO, PESU, unidentified and noise were the most abundant files
recorded during 2009. For 2009 the call totals (excluding unidentified and noise) among transects 1-3 were not significantly different
(p > F =.9050 at .05 alpha level).

Area Date EPFU [LABO [LANO |LACI |MYGR (MYLU [MYSE [MYsp |NYHU |[PESU |Unidentified [Noise |Total
Transect 1 | 6/24/2009 of 1 0 0 2 0 0 4 4 1 18| 14 54
Transect2 | 62412009 f 1B 0 0 0 0 0 1 1 9 1] 63
Transectd | 6/25/2009 0| 0 0 0 0 0 of 1l 18 8 1 1
Transect 1| 7/1/2009 1 15 0 2 1 0 0 2 9 5 9 I 8
[Transect2 | 7/12009 6 0 0 0 1 0 3 4 16 gl 1]
Transect3 | 77212009 0 5 0 2 0 2 0 0 1 4@ 6] 25
Transect 1| 772009 1 1w 1 1 0 1 0 3 | 5 120]
Transect2 | 71772009 f M 0 0 1 0 0 1 16 68 60| 238
Transect3 | 7/82009 S 0 0 0 0 0 ) ul 6 o 219
|Total 16| 286 1 5 4 4 of 17 56| 248 | 256 1315
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Table 2. In 2009 a total of 158 files were recorded for all five stationary sites. The totals for species and other files are represented in
this table for each sample period and for each individual stationary site. The LABO, PESU, and unidentified were the most abundant
files recorded during 2009. For 2009 the call totals (excluding unidentified and noise) among the five stationary were not significantly
different (p > F = .1620 at .05 alpha level).

Area Date EPFU [LABO [LANO |[LACI |MYGR |[MYLU [MYSE [MYsp |[NYHU [PESU |Unidentified |Noise |Total
Wrangler's Camp | 6/25/2009 0 9 0 0 0 0 0 0 3 2 10 of 24
Prior Bay 6/25/2009 0 2 0 0 0 0 0 0 1 6 7 of 16
Corn Field 6/25/2009 0 3 0 0 0 0 0 0 0 0 2 of 3
Logging site 6/25/2009 0 0 0 0 0 0 0 0 0 1 0 1 7’
Baird's Lake 6/25/2009 0 0 of o 0 0 0 0 0 0 3 o 3
|Wrangler's Camp | 7/2/2009 0 0 of o 0 0 0 0 0 0 2 ol 2
|Prior Bay 7/2/2009 0 6 0 0 0 0 0 3 1 4 11 o 24
|Corn Field 7/2/2009 0 0 0 0 0 0 0 0 0 0 I 1| 2]
|Logging site 7/2/2009 0 0 0 0 0 0 0 0 0 0 1 1| 2
|Baird's Lake 7/2/2009 0 0 0 0 0 0 0 1 0 0 0 1| 2
Wrangler's Camp | 7/8/2009 0 5 0 0 0 0 0 0 0 14 5 0f 24
Prior Bay 7/8/2009 0 7 0 ! 0 0 0 I 0 18 11 o 38
Corn Field 7/8/2009 0 2 0 0 0 I 0 I 0 0 2 | 7
Logging site 7/8/2009 0 1 0 0 0 0 0 0 1 3 2 of 7
Baird's Lake 7/8/2009 0 0 0 0 0 0 0 0 0 0 0 0
Total o] 35 0 1 0 1 0 5 6 48 57 5| 158
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In 2010 the total number of call sequence files recorded for each of the transects

was 680 and 149 for all stationary sites. Table 3 shows the total number of all files

rccordcd and what files were most abundant for each of the 2010 transects. Table 4 shows

the totals of all files recorded for each stationary site for 2010. The total data collected for

7010’s transects were the lowest out of the three years surveyed.



Table 3. In 2010 a total of 680 files were recorded for all three transects. The totals for species and other files are represented in this
table for each sample period and for each transect. The LABO, PESU, unidentified and noise were the most abundant files recorded
during 2010. For 2010 the call totals (excluding unidentified and noise) among transects 1-3 were not significantly different (p > F
.1360 at .05 alpha level).

Area Date EPFU  |LABO [LANO |LACI |[MYGR |MYLU [MYSE |MYsp (NYHU (PESU |Unidentified [Noise |Total

Transect1| 62920000 ol ol o ol ol o o o o 0 1 a
Transect2 | 60900100 1 4 o o a2 o o e M 51| sy 200
Mransectd | 6302000 10 50 o ol o o o A v 1w
Mransect 1| 703n0000  of 4 ol ol o ol o o o 8 w4 1
Mramsect2 | 70300000 20 s ol of  f o o ] o M NI
Mransectd | 70420000 o0 w ol ol il ol o 2 a4 W 1
Total | D s o) o 3 o 3wl w ] e )
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Table 4. In 2010 a total of 149 files were recorded for all five stationary sites. The totals for species and other files are represented in
this table for each sample period and for each individual stationary site. The PESU and unidentified were the most abundant files
recorded during 2010. For 2010 the call totals (excluding unidentified and noise) among the stationary sites were not significantly
different (p > F = .0596 at .05 alpha level).

\Area Date EPFU{LABO [LANO |LACI|{MYGR [MYLU [MYSE [MYsp NYHU [PESU (Unidentified [Noise Totm
\Wrangler's Camp 63020100 o o o o o o o o o o 1 K
|Prior Bay 6020000 of a1l ol ol of of of of ¢ 00 0 sl
|Corn Field 6/30/20100 o o[ o o o o o o o 0 1 | 2
|Logging site 6300100 ol o o ol of ol ol o o o0 of o o
Baird's Lake 63020000 of 4 o of o o o o o 2 0 | g
|Wrangler's Camp manotol o ol o o o o o o o 0 f 2 1
|Prior Bay manotol 1 8 o o o o o 2o 5| 2 8 of 51
|Corn Field manoto] o o o o o ol o o o 4 of 0 10
|Logging site manotol o 1 o of o o o o 0o 3 3 | 8
|Baird's Lake manotol o ol o of ol o o 1 o 3 3 IHE
|Total | o) o o of o o 3 1l 8 2 15 149
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In 2011 the
for stationary it w total number of files recorded for each of the transects was 2,3
b as 355. Table 5 shows the totals of all files recorded e
most abundant for each of the 2010 transects. Table 6 shows the total i
rded for : : otals of all file
each stationary site for 2010. The total data collected for 2011°s tr:n t
sects

reco

were the highest out of
the three
years surveyed
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Table 5. In 2011 a total of 2,355 files were recorded for all three transects. The totals for species and other files are represented in this
table for cach sample period and for each transect. The LABO, PESU, NYHU, unidentified and noise were the most abundant files
recorded during 2011. For 2011 the call totals (excluding unidentified and noise) between transects 1-3 were not significantly different
(p > F =.9216 at .05 alpha level).

Area Date EPFU [LABO |LANO [LACI |MYGR |MYLU [MYSE [MYsp (NYHU [PESU |Unidentified [Noise |Tota
Transect I | 6/2212011 ) 2 0 0 0 0 0 0 4 3 2] Bl 106
Transect | 6p220010 2 ] o o R I
Mranseetd | on320n]  1f 0 ol o0 of o o o 1 of 3 i
Mransect 1| n2000) 4w o o 4 w ws s o8 898
Mensect2 | 70220]  of 2 o o o 4 o o o ¢ o w1 6
eamsect3 | 7m3nont] ) ] o o o o o o oy W o 4y
To | Lol s ol o o u[ o] u] w5 1399 153
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Table 6. In 2011 a total of 355 files were recorded for all three transects. The totals for species and other files are represented in this
table for each sample period and for each transect. The LABO, PESU, unidentified and noise were the most abundant files recorded
during 2011. For 2011 the call totals (excluding unidentified and noise) between transects 1-3 were not significantly different (p > F =

.2898 at .05 alpha level).

Area Date EPFU [LABO [LANO [LACI|MYGR |[MYLU [MYSE [MYsp |[NYHU |PESU |Unidentified |Noise lTotal’
Wrangler's Camp |6/23/2011 0 0 0 0 0 0 0 0 0 0 0 1|1
|Prior Bay 6/23/2011 1 1 0 0 0 0 0 0 0 6 I 2l 11
|Corn Field 6/23/2011 0 0 0 0 0 0 0 0 0 0 0 o] o
\L%ging site 6/23/2011 0 0 0 0 0 0 0 0 I 3 3 of 7]
Baird's Lake 6/23/2011 0 0 0 0 0 0 0 I 0 0 1 3] 5]
[Wrangler's Camp [7/13/2011 0 0 0 0 0 0 0 0 0 0 0 1Rl
[Prior Bay 7/13/2011 0 0 0 0 0 0 0 0 5 40 I of 46
Corn Field 7/13/2011 0 0 0 0 0 0 0 0 1 10 2 of 13
Logging site 7/13/2011 0 1 0 0 0 0 0 0 4 8 3 95| 113
Baird's Lake 7/13/2011 0 1 0 0 0 0 0 0 1 0 4 12| 118
[Total 1 3 0 0 0 0 0 1 12| 67 17]  214] 315
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. ]‘hc, total number of files recorded during the three year course of this study for
transects Was 435‘0 and for stationary sites 622. In figure 6 the totals were compiled fo
each transect {0 display what species specific call files were recorded the most f r
transect during the entire study. Like the individual year data the most abund e

ost abu
sequences recorded are displayed from largest to smallest: noise, unide t': :n;lciau
. ; ntified, PESU,
LABO, and NYHU. Figure 7 represents the same data that figure 6 displayed but for

stationary sites.
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Total number of call sequences recorded for each species in each
transects throughout years 2009-2011
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Figure 5. The data collected for each Anabat file recorded was compiled for each transect to illustrate for the entire study what files

were most abundantly recorded. When call totals (excluding unidentified and noise) for all years were compared among each of the
transects they were not significantly different (ANOVA, p > F = .7754 at .05 alpha level).
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Total number of call sequences recorded for each species in each
stationary site throughout years 2009-2011
140 ) :

120 L —— A — _— — - S S - - s
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@ Corn Field

m [ ogging Site
® Baird's Lake

Figure 6. The data collected for each Anabat and Avisoft call sequence file recorded was compiled for each stationary site to illustrate
for the entire study what files were most abundantly recorded. When call totals (excluding unidentified and noise) for all years were

compared among each of the stationary sites they were significantly different (Kruskal-Wallis test, p > F = .0122 at .05 alpha level).
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During the course i .
¢ of this study a majority of species call sequences were recorded

but there was also an abundance of recorded files that could not be used for species

identification. These type of files (unidentified and noise) could contain bat calls but not

sequences that could be led to genus or species identification and these files are called
unidentifiable. Table 7 shows the total files collected for both transects and stationary

sites that indicates out of the grand total for the study what percentage of files were bat

calls recorded or unidentifiable.

Table 7. The total numbe? of files recorded for the entire study was accessed for usability
for both transects and stationary sites. Unidentifiable was more that 50% for both.

Transects Stationary Sites
Unidentifiable |Bat calls recorded |Unidentifiable |Bat calls recorded
2830 1520 350 272
65.06% 34.94% 56.27% 43.73%

The presence or absence of species was determined between the two types of

recording methods, transects and stationary sites (Table 8). Only transects 1 and 2 were

compared to the stationary sites since those sites were along the two adjacent to transects.

Stationary sites could not be placed along transect 3 due to inaccessibility of some of the

roads during the beginning of the study.
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i pecies specific calls for transects and stationary
@ecies Transects m
EPFU Yes Yes
LABO Yes Yes
LANO Yes No

LACI Yes Yes
MYGR Yes No
MYLU Yes Yes
MYSE No No
Mysp Yes Yes
NYHU Yes Yes
PESU Yes Yes

The presence or absence of bat species using transects versus mist-netting was
assessed. The mist-netting sites are historical records that were set up along all three

transects. Each transect location was compared with the corresponding mist-net locations.

Table 9. Transect 1 for 2009-2011 was compared to historical mist-netting data. Mist-
netting captured one more bat species that the acoustical transects, the MY SE.

Species | Transects [Mist-netting
EPFU |Yes Yes
LABO |Yes Yes
LACI |Yes Yes
LANO |Yes Yes
MYGR |Yes Yes
MYLU |Yes Yes
MYSE |No Yes
NYHU |Yes Yes
PESU |Yes Yes
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etting captured all spec pared to historical mist-netting data. Mist-
ILANé ;m}d NIV pecies except EPFU. The acoustic transects did not reéjord LACI,
rS_pekcies Transects Mist-netting

EPFU |Yes No

LABO |Yes Yes ]

LACI [No Yes

LANO [No Yes

MYGR [Yes Yes

MYLU |[Yes Yes

MYSE |No Yes

NYHU |Yes Yes

PESU |Yes Yes

Table 11. Transect 3 for 2009-2011 was compared to historical mist-netting data. Mist-

netting captured all species except EPFU, LACI, and LANO. The acoustic transects did
not record LANO and MYSE.

Species | Transects | Mist-netting
EPFU | Yes No

LABO | Yes Yes

LACI | Yes No

LANO | No No

MYGR | Yes Yes

MYLU | Yes Yes

MYSE | No Yes

NYHU | Yes Yes

PESU | Yes Yes

The comparison of species presence or absence was assessed between two

recording devices, Anabat and Avisoft. The two recording devices recorded various bat

species but neither technique recorded MYSE. Also, some species wWere never recorded at

) n both
specific sites. Table 12 represents the comparison of presence or absence betwee

detectors.
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Table 12. Each stationary site was surveyed by using two detectors. Anabat and Avisoft both detected various bat species. Names
indicate which recording technique recorded a particular bat species

Species Wrangler's Camp Prior Bay Corn Field Logging Site Baird's Lake j
EPFU Neither Both Neither Neither Avisoft J
LABO Anabat Both Anabat Anabat Both 7
LACI Neither Anabat Neither Neither Neither 7
LANO l Neither Neither Neither Neither , Avisoft 7
MYGR \ Neither Neither Neither Neither l Neither /
\ MYLU \ Neither Neither Anabat Neither ( Neither 7
\ MYSE \ Neither Neither Neither Neither I Neither }
\ NYHU \ Anabat Both Anabat Anabat [ Anabat }
[ PESU \ Anabat Both Both Anabat ’ Both /
\ Anabat/Avisoft Anabat/Avisoft Anabat/Avisoft Anabat/Avisoft 1 Anabat/Avisoft )

37



CHAPTER 1v

DISCUSSION

The driving transects and Stationary sites surveyed during this study recorded a
diversity of bat species throughout LBL. Other studies have successfully used these types
of acoustic surveys to assess unknown populations of bats over large areas (Walsh and

Harris, 1996; Russ et al., 2003). Transects can also be surveyed while walking, and this

study method has shown that similar types of data can be gathered when dealing with a
large-scale area and varying habitats (Ellison et al., 2005). The ability to use these types
of techniques to define bat populations over large-scale areas is important when outlining

and implementing management techniques.

Transects and Stationary Sites species occurrence

The data collected during the three years of this study included many of the
species known to occur at LBL. During each year of study the number of each species
recorded varied, and this was especially true for the species that were not as abundant.
Each transect collectively sampled developed bat records for each of the following

species: EPFU, LABO, MYGR, MYLU, MYsp, NYHU, and PESU, with LANO and

LACI only being sampled on transects 1 and 2. Comparing the three years of data, MYSE

was never recorded during any survey (Table 8). The most abundant speces found for

each of the transects, 2009-2011, were LABO and PESU. Comparing the three years of

: i d did not
data for the stationary sites, the amount of bat species recorded varied as well an

! i 6).
record as much variety of species as did the bat recordings by transects (Figures 5 and 6)
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Important to note. the stationary sites were only surveyed for 10 minutes at specific sites.
Transects went through a variety of sites with different habitats and were longer in terms
of time and distance than the stationary sites. The stationary sites did not record any of
the following species at all during the three years of study: LANO, MYGR, and MYSE
(Table 8). The placement of the stationary sites might not have allowed for the recording
of those species. Another factor could be related to the overall abundance of bat species
in LBL, since the call sequences recorded for the transects were also low for certain
species. The low abundance of different Myotis species may be due to the fact that their
calls are similar in terms of call structure (Max/Min frequency, same call slopes, etc.) and
are not easily identified by visual identification, which placed all call sequences of that
genus into the category MYsp (Jung et al., 1999; Russo and Jones, 2003). This might
lower the number of individual Myotis species call sequences recorded when placed in a

group as a whole (Ellison et al., 2005).

Transects versus Mist-netting

The historical mist-netting data that was set up along the three transects indicated

a few differences in presence or absence of bat species (Figures 9-11). Both bat sampling

methods, acoustic sampling by driven transects and historical field mist-netting data

collected different species. When one sampling method did not collecta species, the

other one had recorded it. Transect 3 was the only sampling data set where neither

method collected a particular bat species, which was LANO. Both methods did not seem

to have a specific preference for a specific bat species. All acoustic transects together

detected almost all bat species throughout the arca of LBL similarly to the historic netting

ist-netting did in every area.
data. The acoustic transects did not record any MYSE, but mist-netting y
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This suggests that acoustic monitoring j
g INg In general mj
ght not be an effective meth
od to

detect MYSE. Also,

establishing species assemblage.

Anabat versus Avisoft detectors

The acoustic data collected for each stationary site was collected by two different
types of detectors. Each detector, Anabat and Avisoft, detected bat species for each of the
stationary sites. The total species recorded for each detector varied among site, with
neither detecting MYGR nor MYSE. Over the five stationary sites Avisoft was the only
detector to record LANO and Anabat was the only detector to record LACI and MYLU.
The sites over water, Prior Bay and Baird’s Lake, had Avisoft detect more species versus
when the device was recording over land. Anabat detected species at every stationary site
regardless if near water or all land. The amount of calls recorded for stationary sites with

these two techniques was still less when compared with the amount of calls recorded for

transects.

Bat calls recorded and Unidentifiable files

During the course of this study many files were recorded for both transect and

stationary site sampling methods. Both of these methods followed the same pattern for

the amount of unidentifiable data files collected. For transects 1-3 more than half of the

L - identified
files collected (65%) were unidentifiable, with noise making up 42%. Unidentifie

. 0
category made up the other percentage of unidentifiable files, which was 13%. For all of

i ifiable. The
the stationary sites more than half of the files as well (56%) were unidentifiable
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poise category made up 37

% and unidenti _
nidentified comprised the other 19% of file sequences

that were unidentifiable. Unidentified fi
iles recorded on]
y fragments of bat calls (< 2 call

.quences or half which w
sequences or half of a call), which were not enough to positively identify th i
e species

producing the calls (OFarrell et al., 1999). This type of data collected could have been

caused by a number of possibilities. The detector might have been recording passing bats
that were not travelling through the entire zone of reception, creating only partial
sequences and causing low call quality. This may have also been caused by the driving
speed of the vehicle, which may have passed the bats before the file could finish
recording. The percentage of unidentifiable files in this study affects the number of bats
call sequences that were detected. Since the detector only records the loudest sounds that
pass by, bats calls may have been drowned out by other louder, unwanted noises that

were recorded instead.

Transects and Stationary Sites

The state of TN has volunteers which survey transects one to three times a year.
Most of the acoustic data recorded in this study were sporadic and small. The data

collected tended to be the same type of species each time. This could mean that either the

density of those species present in LBL could be high, or that the Anabat could be

particularly sensitive for calls produced by those species. The large amount of

unidentifiable data resulted in a small amount of bat call sequences recorded, but the

techniques used in this study make it impossible to avoid. Insect, car and terrain noise

could be some of the many factors contributing to the abundance of noise collected. Each

of these noises produced some type of ultrasonic frequency which the Anabat could

detect, but cannot filter out due to the detectors capabilities. The only way to get enough
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un transects and stationary <itoc
dataiston ary sites more frequent]
Y throughout the season. This
. This

, since bats use
different feeding areas and some of those Species Might not haye S
during

the transect or stationary survey (Ellison etal, 2005). Driving the transects more

frequently and leaving the detectors at stationary sites longer will get all the events in that

area overtime, which will give a better understanding of activities in those specific areas

especially areas of higher use or even higher species presence,

Acoustic monitoring of bats is cost effective and not time consuming. The two
types of monitoring in this study both have pros and cons that should be taken into
consideration when surveying bat populations. Transect monitoring provides large
amounts of data quickly over a large-area and requires only one detector to collect the
data. Although you can collect data over a large-area with transects this method of survey
is dependent on which areas are accessible by roads. Stationary sites cannot collect data
over a large-area unless you have multiple detectors, which can be costly, and multiple
sites to conduct the survey. Stationary surveys are always confined to a specific area but
can be left out passively for many nights of recording. Also, if an area is less developed

I ing data
then multiple stationary sites and multiple nights are the best method of recording

over large-scale areas.

i ionary, can be used
Both of these acoustic monitoring techniques, transect and stationary

n the data
ies i ea, however, ofte
for determining the presence or absence of species in an ar

the
collected represent
Cooper, 2009). The misconception that the call sequence files
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pumber of individuals is a COmmon mistake Each file recorq d
! ccorded should be i
considered

when portraying the ¢

methods then the data collected can only show the presence or absence of a speci
ies on
that particular night. Past netting surveys, Jike the historical mist-netting data, should also

be consulted in order to determine what species haye been historically documented in that

area.
White-nose syndrome and long-term management for bat species

The current status of bat populations are at an all time low with species numbers
continuing to dwindle, with loses already >5.5 million (U.S. Fish and Wildlife, 2012). A
hands-off approach to studying bat populations, such as acoustic monitoring, would be
the best solution to conduct field surveys with the least possible disturbance to
individuals and bat roost sites. Continuous use of acoustic monitoring can establish
presence or absence of bat species, especially with increased regulations for
decontamination of mist-nets or devices that come in physical contact with bat species.
The use of acoustic monitoring should not be restricted to a set number of times during

the year, but performed consistently throughout the year to insure that all species are

, N . -
identified. In addition, other activities such as feeding migration and mating that rely

' i umented
bat vocalizations should be incorporated into the sampling so they can be doc

' i itori iques to just
within an area. It is also important to not restrict acoustic monitoring techniq j

different recording devices.
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For example, techniques in this study recorded a variety of species, but neither

ollected MYSE but mist-netting collected tpj species. Krusic et a]. (1996) suggested
(hat the MY SE were

too low for the Anabat to detect. Faure e a] (1993) suggested that
MY SE were less audible out of al| the MYsp. This could suggest that another technique
or picce of equipment should be used to record MYSE. The comparison between the
Anabat and Avisoft indicated that one detector dig better over water than the other but
one was generally suitable across the habitats. In general the techniques used in this study
caused an underrepresentation of MYsp and one may consider alternate techniques when
working with Myotis since the species in this genera are sympatric (Weller et al., 2007).
Also, the transects used in this study recorded Grey bats, which are an S
species and Myotis. The stationary sites unfortunately did not collect this endangered

Sp

absence of a particular species.
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APPENDIX A

Equipment Settings for Transect

Transect [Unit Microphone Detection Range |Angle of Microphone [Sensivity Ranges |Data Division |[Audio Division
Transect 1|[Anabat SD2 |Standard Black Mic 30 meters 90° Between 7-4 8 8
Transect 2 |Anabat SD2 |Green Mic 30 meters 90° Between 7-4 8 8
Hansect 3 |Anabat SD2 |Green Mic 30 meters 90° Between 7-4 8 8

Equipment Settings for Stationary Sites

Etationary Site Anabat/Avisoft Frequencies |Anabat/Avisoft Division Ratios |Time at each location |Angle of Detectors
\Wrangler‘s Camp 15-200 kHz 8 10 minutes 45°
\Prior Bay 15-200 kHz 8 10 minutes 45°
\(:om Field 15-200 kHz 8 10 minutes 45°
\Logging Site 15-200 kHz 8 10 minutes 45°
|Baird's Lake 15-200 kHz 8 10 minutes 45°
Software Settings
Erogram Noise Filters Display Type |File Type Data Extractor
\AnaLookW 4.8q Removed unwanted noise <14 kHz [Spectrograph [Anabat specificfiles [CFCread 4.3r
\SASLab—Pro v. 5.2.04 |Removed unwanted noise <14 kHz |Spectrograph |.wav file RECORDER v. 4.2.9
\Sonobat v. 3.03 Removed unwanted noise <14 kHz |Spectrograph |.wav file Sonobat v. 3.03
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APPENDIX B

Characteristics Used for Identification of Anabat Call Sequence Files with AnaLookW v. 4.8q.
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APPENDIX B CONTINUED

Characteristics Used for Identification of Avisoft Call Sequence Files with Sonobat v. 3.04.

Sweep in frequency

Sweep in frequency

Amplitude (Coloration)
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APPENDIX B CONTINUED

Diagram of how Sonobat analysis survey call files against known call reference files, in this example below is a Red bat
Lasiurus borealis. The left call sequence is the unknown survey calls and the right sequence is the known comparison

noBat 3.05 Ozark.vi

rewmto | append |FUp
full view {reference view | gown

~ |[1) Labe_MoshannonPA3 wav
) Labo_MoshannonPA1. veav
) Labo_MoshannonPA2 wav

715} Labo_WontgomeryColC1 wav
15) Labo_Ouachial. way
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