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1.0 INTRODUCTION

1.1 Project Overview

Republic Wind,LLC proposes to develop the Republic Wind Farm (Project) near Belleview, Ohio (Figure 1-
1). The Project site is located in Seneca and Sandusky County in north central Ohio. Land use in the
proposed Project area comprises agricultural fields interspersed with forested riparian habitat that
follows streams and storm water drainage. This report presents baseline (pre-construction) bat acoustic
monitoring data collected during the spring, summer, and fall 2011 migration season at the Project’s
meteorological tower (met tower) (Figure 1.1).

1.2 Goals and Objectives

The goal of the bat acoustic monitoring survey was to assess bat phenology within the Project area, for
an extended period, between March 16 and November 16, 2011. The objectives of the bat survey were
to:

1) identify the peak activity periods for bats;

2) determine the bat species composition in the Project area (near the bat detectors); and,

3) determine an index of bat activity at different heights above ground level.
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Figure 1.1. Republic Bat Acoustic Monitoring Sites – 2011.
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2.0 METHODS

2.1 Data Collection

Tetra Tech conducted bat acoustic surveys at the Project area in the spring, summer, and fall of 2011.
The surveys conformed to the ODNR-On-shore Bird and Bat Pre-Construction Monitoring Protocol for

Commercial Wind Energy Facilities in Ohio (May 2004).

Bat activity was monitored using ultrasonic acoustic recorders (Anabat SD-2, Titley Scientific, Inc.) at the
Project’s met tower. The area around the met tower was an agricultural field, that was used to grow
corn. The nearest forested area was approximately 670 meters northeast of the met tower. This section
presents the cumulative results of 245 nights of bat activity monitoring during the spring migration,
summer residency period, and fall migration in 2011.

Two bat acoustic detectors were deployed at the met tower. The two detectors were suspended from
the tower on March 16, 2011, at heights of 45 meters (m) and 5 m above ground level; these detectors
will be referred to as the ‘High’ and ‘Low’ detectors, respectively (Figure 2.1 and 2.2). Each of the two
detectors remained in the same location throughout the survey period. To ensure that the greatest
period of bat activity was surveyed each night, detectors were programmed to begin recording 30
minutes before sunset and stop recording 30 minutes after sunrise. Each detector was calibrated to
detect a 40 kHz tone at a distance of 20 m using a Bat Chirp (Tony Messina, Nevada Bat Technology).
Acoustic monitoring at the met tower was continuous throughout the survey period.

Each detector station consisted of an Anabat SD-2 bat acoustic detector powered by a 10-watt solar
panel and a 12-volt battery encased in a waterproof housing (Figure 2.1 and 2.2). A pre-amped
microphone cable, pre-amped microphone, and bracket were used to suspend the Anabat microphone
from the tower. A plastic deflector shield angled at 45 degrees below the microphone facilitated
recording of the airspace above and adjacent to the detector. Each detector was manually checked by
trained technicians approximately every 2 weeks during the survey period.
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Figure 2.1. Photograph of the High detector suspended from the met tower guy wire array – Republic Wind Farm,
2011. The red arrow indicates the detector location.

Figure 2.2. Photograph of the Low detector suspended from a specialized met tower pulley system – Republic
Wind Farm, 2011. The red arrow indicates the detector location.

2.2 Data Analysis

Potential bat call files were extracted from data files using CFCread software (Titley Electornics, Inc.).
CFCreadsoftware screens all data recorded by the bat detector and extracts call files using a filter. The
default settings for the CFCread software were used during the file extraction process to ensure
comparability among datasets. These settings include a maximum time between calls (TBC) of 5
seconds, a minimum pulse fragment line length of 5 milliseconds, and a smoothing factor of 50. The
smoothing factor refers to the degree that adjacent data points are averaged. The higher the smoothing
factor, the less restrictive the filter, resulting in more noise files and poor quality call sequences retained
within the dataset. A call is defined as a single pulse of sound produced by a bat. A call sequence is
defined as a combination of two or more pulses recorded in a single call file. Call sequences with less
than 2 pulses were not analyzed.

A qualitative visual comparison was made between recorded bat call sequences and established
reference libraries of calls. This technique allowed for relatively accurate identification of bat species
(O’Farrell et al. 1999; O’Farrell and Gannon 1999). All call sequences were also run through a series of
conservative filters based on call sequence characteristics outlined in Szweczak et al. (2008) and from
known species call sequences (hand released and zip-line individuals) from a regional call library. A call
sequence was considered of suitable quality and duration to be included in data analysis if the individual
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call pulse(s) exhibited the full spectrum of frequency modulation produced by a bat (i.e., consisting of
sharp, distinct lines) with a minimum of two pulses.

In addition to the qualitative visual analysis, all bat calls recorded during the monitoring period were
processed using an Indiana bat specific call filter. Call sequences can be difficult to definitively classify
due to overlap in call pulse characteristics across species. Species such as hoary bat (Lasiurus cinereus)
emit calls that are distinct in slope, duration, characteristic frequency, and frequency range (i.e.,
parameterizations). However, for other species, particularly those of the Myotis genus, it is difficult to
accurately differentiate among species based on call sequence characteristics due to the similarities in
call parameters. Nevertheless, it is often possible to make accurate classification inferences based on
good quality calls of species including Indiana bat, little brown bat (Myotis lucifugus), and northern long-
eared bat (Myotis septentrionalis). Call sequences of eastern red bat (Lasiurus borealis) and tri-colored
bat (Perimyotis subflavus) are typically unique but occasionally appear similar to each other or Myotis
species, especially if the recording is of poor quality. Classification is often complicated by the presence
of static or incomplete call pulses within a recording. Fragments and poor quality calls are prevalent in
recordings from passive detectors monitoring for a long duration.

Relative abundance, or the magnitude of each species’ contribution to spatial and temporal use, was
determined by calculating an Index of Activity (IA) modified from Miller (2001). The method is based on
the presence/absence of a species call sequence within one-minute time increments. Thus, IA was the
sum of minute-increments with a species presence divided by the unit effort (IA = # minutes / detector-
nights * 100). The IA calculations allows for samples with different levels of effort (i.e., different total
number of detector-nights) to be accurately compared, thereby reducing the potential bias associated
with differences in study effort. IA calculations follow those employed by Miller (2001) and O’Farrell and
Shanahan (2006).

3.0 RESULTS

The 2011 bat acoustic monitoring survey started on March 16 and ended on November 16, 2011 (Table
2.1). During the 245-night survey period detectors operated for 490 detector-nights (number of
detectors multiplied by the number of nights that detectors were operational). A total of 534 bat call
sequences were recorded within 531 one-minute intervals of bat activity (number of minutes with bat
call sequences present) yielding an overall IA of 108.4 (Table 3.1).

The highest IA rate (# of one minute intervals of bat activity/detector-nights * 100) was recorded by the
Low detector (IA = 197.1). The smallest IA rate (19.6) was recorded by the High Detector, which detected
50 call sequences within 48 minutes of activity (Table 3.1).
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Table 3.1. Summary results of acoustic monitoring survey effort by detector – Republic Wind Farm,
2011.

Bat call sequences were identified to the lowest possible taxonomic level (Table 3.2). Sixty-six (66)
percent of recorded calls were classified to species (n = 354). Calls were then combined into five
categories based on similarities in call sequence structure: Low Frequency Species, Middle Frequency
Species, High Frequency Non-Myotis Species, High Frequency Myotis Species, and Unknown (Table 3.2).
Some call sequences did not meet the parameters required for species level identification (n = 132) and
were classified based on the frequency modulation exhibited in the call sequence. Some of these calls (n
= 4) were classified as Unknown because they consisted of feeding buzzes that could not be accurately
attributed to any single species or guild, and therefore could not be labeled as either a middle or high
frequency calls [it is likely that most of these were evening bat (Nycticeius humeralis) calls].

Seven species were identified from the call sequences recorded during the 2011 acoustic monitoring
effort. A total of 248 calls (46.4 percent of all calls recorded), were attributed to migratory bats including
the hoary bat, silver-haired bat, eastern red bat, and evening bat. The greatest number (n = 125) of
recorded call sequences attributable to a single species was from silver-haired bat. Silver-haired bat
produce call sequences with relatively unique characteristics that can generally be accurately identified
to species level, and tend to be lower in frequency than other species, and therefore do not attenuate
as quickly in the atmosphere. A number of hoary bat (n = 54), eastern red-bat (n = 48), and evening bat
(n = 21) were also recorded.

IA values were calculated for each species by detector. The greatest IA was for silver-haired bat at the
low detector (IA = 43.7). For each of the species recorded IA values were greatest at the Low detector
(Figure 2.4). Hoary bat was the second most active species overall (as measured by IA), and was the
most active species at the High detector (IA = 9.4) (Figure 3.1).

No calls of federally listed bat species were positively identified during the survey. Indiana bats are
known to occur in the vicinity of the Project area, and species classifications for many Myotis calls
recorded during the 2011 surveys (n = 44) was not feasible; therefore it is possible that Indiana bats
were recorded but not identified in the dataset. Although none of the 44 Myotis calls identified during
the passive acoustic monitoring surveys at the met tower exhibited characteristics typical of Indiana bat
calls. In addition, the overall low levels of Myotis species activity recorded may indicate that the type of
habitat around the met tower is not frequented by Myotis. The distance from wooded areas
(approximately 670 m) may make the likelihood of Indiana bat occurrence lower near the met tower.
Avoidance of large open areas by Indiana bat, especially agricultural land with little forested habitat,,
has been documented (Murray and Kurta 2004).

Detector
Period of

Operation

Detector-

Nights

Number of

Minutes with

Bat Activity

Total Number of Call

Sequences

Recorded

Overall Index of

Activity

High (45 m) Mar. 16 - Nov. 16 245 48 50 19.6

Low (10 m) Mar. 16 - Nov. 16 245 483 484 197.1

Total 490 531 534 108.4
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Bat activity varied throughout the monitoring period (Figures 3.2). Overall, there was no bat activity
recorded before April 10, 2011. Bat activity increased slightly around April 20 but declined again in mid-
May. Activity began to increase in early August until peak activity was recorded on August 13. Activity
declined after August, although bats were active throughout September, and until October 12, 2011.
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Table 3.2. Summary of total number of call sequences recorded per species – Republic Wind Farm, 2011.

Hoary bat

Unknown low
frequency call
seq.

Big brown bat

Silver-haired bat

Evening bat

Unknown
middle
frequency call
seq.

Tri-colored bat

Eastern red bat

Little brown
myotis

Unknown
Myotis species
Unknown high
frequency call
seq.

Buzz

* Characteristic frequency (Fc) is generally defined as the frequency of the call pulse at the lowest slope, or the

lowest frequency of the consistent frequency modulation sweeps. Fc represents the single most useful parameter

for species identification.

Middle Frequency 24 kHz–38 kHz

62

Unknown 4

High Frequency (Non-myotis

species)
44–45 kHz

48

High Frequency (Myotis

species)
46–52 kHz

8

44

64

57

125

41

21

Group
Characteristic

Frequencies*
Species Total Call Sequences

Low Frequency 12 kHz–24 kHz

54

6
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Figure 3.1. Index of Activity of migratory bat species by detector – Republic Wind Farm, 2011.
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Figure 3.2. Total number of call sequences recorded per night for all detector pooled – Republic Wind Farm, 2011.
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Figure 3.3. Total number of migratory species and non-migratory species call sequences – Republic Wind Farm, 2011.
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4.0 DISCUSSION
The migratory species, hoary bat, silver-haired bat, eastern red bat, as well as evening bat, were
positively identified from recordings made during the 2011 survey period. Overall, there was more
migratory species activity than non-migratory species activity recorded in the Project area. These results
are consistent with recent research demonstrating that tree and tree-crevasse roosting migratory bats
are the predominant species found during post-construction mortality studies at operational wind farms
in North America (Arnett et al. 2008). Results from these mortality studies show the three bat species
most commonly encountered during ground searches were long-distance (Lasiurine) migratory bats:
hoary bat, silver-haired bat, and eastern red bat (Kunz et. al 2007, Arnett et al. 2008).

Non-migratory species recorded during the 2011 surveys (big brown bat, tri-colored bat, and Myotis
species) were only slightly more active during August and September than were migratory species
recorded (hoary bat, silver-haired bat, eastern red bat, and evening bat). Migratory species were active
in August and September, as well as in the spring and fall (Figure 3.3). Overall activity of non-migratory
and migratory species was highest during August and September, which is considered the “swarming
period”, when bats group together prior to hibernation and/or migration, and often mate (Parsons et al.
2003). The occurrence of migratory bat species during the summer demonstrates that there were likely
some long-distance migratory tree and tree crevasse roosting bats spending the summer residency
period at the Project area. There also appeared to be few long-distance migrants moving through the
Project area during the spring and fall, as evidenced by the low number of calls recorded during those
periods.

IA values for all bat species were lowest at the High detector. This indicates that bat activity nearest the
rotor swept zone (RSZ) of typical modern wind energy turbines was low compared to bat activity levels
below the RSZ and nearest ground level. Migratory species (hoary bat, silver-haired bat, eastern red bat,
and evening bat) we recorded primarily just above ground level by the Low detectors. Myotis species
exhibited low levels of activity, as measured by IA, and were not recorded at the High detector.

The ratio between the total number of call sequences recorded at each detector, and the total number
of one-minute intervals with bat activity may be used as an indicator of the “concentration” of bat
activity throughout time. For example, the High detector recorded 50 call sequences over the course of
48 minutes of activity. This near one to one ratio (0.96) is a function of low concentrations of bat activity
at the High detector; activity events were spread out over time and rarely were two calls recorded in the
same one-minute interval. Similarly the ratio between call sequences and minutes of activity at the Low
detector was also slightly less than one to one (0.99). Based on these observations it seems that bat
activity at the met tower was largely episodic in nature, and that extended periods of constant activity
did not occur. Instead, it appears that periods of diffused and inconsistent activity occurred at both
detectors. These patterns of activity are not consistent with what would be expected if the met tower
location provided significant foraging habitat, or was located within a migration or transit corridor. If the
area was important for foraging or migration we would expect to see high numbers of bat calls recorded
during limited temporal periods. For example Racey and Swift (1985) demonstrated that foraging bats
may trap-line areas where food resources are concentrated, returning to the same foraging areas
nightly. High numbers of calls recorded over a short period of monitoring would be more indicative of
high use by bats. Bat activity at an important migration corridor might also be more concentrated, with
high numbers of passes occurring in rapid succession, as would expected if multiple individuals moved
through the area during migration of transit between foraging sites.
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Patterns of activity in the Project area do not suggest the presence of a large bat migration corridor in
the vicinity of the met tower. If a substantial migration corridor did exist over the Project area, the data
should show a higher ratio of minutes of bat activity to detector nights. The sporadic and diffused
occurrence of long-distance migratory species in the recording indicates that few individuals use the
open area near the met tower. There did not appear to be an episode of dramatic fluctuation in
recorded activity that could be definitively attributed to large-scale migration, although an observable
increase in activity during August and September was apparent; however this increase was minimal and
was not indicative of a large number of bats moving through the Project area (Cryan and Veilleux 2007).

Weather conditions, including mean nightly temperature and wind speed, probably contributed to the
patterns of activity recorded by the acoustic detector sets. The increase in bat call sequences recorded
in August may have resulted from the following: (1) increased foraging activity near the detectors due to
a rise in mean nightly temperatures (Racey and Swift 1985, O’Donnell 2000, Kusch et al. 2004); (2)
increases in food resource concentrations near the detectors, (3) an episode of bats leaving a roost and
transiting to an established area of concentrated food resource passing the detectors en route; or, (4)
bat swarming near the met tower. The increase in activity of hoary bat, silver-haired bat, and eastern
red bat at the met tower detectors during September was almost certainly attributable to migration
and/or pre-migration staging (Cryan and Veilleux 2007).

There is inherent difficulty in attempting to interpret the number of recorded call sequences as an
indication of activity levels; however, detection rates, recorded minutes of activity and IA values do
provide a relative measure of bat activity near sampling locations. The limited maximum range of a
single Anabat detector (approximately 30 m [100 ft]) makes the characterization of landscape-scale
movements, such as migration, difficult to assess. However, a comparative assessment of the results
from detectors arrayed within a tower at different elevations can facilitate the characterization of
spatial distribution and phenology of bat activity.

The total number of bat call sequences and minutes of activity recorded each night by a given detector
may or may not reflect the absolute level of bat activity present in the Project area, although some
studies have suggested that there may be a relationship between the relative numbers of calls recorded
and absolute bat activity levels (Gorresen et al. 2008). The bias in passive acoustic surveys of this type
stems from the unknowns that are intrinsic to automated monitoring. For example, a single foraging
individual may produce a large number of call sequences that are within the range of a given detector
set. Conversely, a large number of individual bats may pass the detector set and produce an equally
large number of call sequences. It is also important to note that the survey results are a sample of bat
activity in the airspace surrounding the detectors and are not necessarily indicative of bat activity
throughout the entire Project area.
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PROJECT BACKGROUND 

Copperhead Environmental Consulting, Inc. (Copperhead) completed a bat mist-net 
and telemetry survey for the proposed Republic Wind Project (Project) in Seneca and 
Sandusky counties, Ohio.  The Project is located approximately 11 kilometers northeast 
of Republic Ohio, and covers approximately 37,777 acres, the majority of which is non 
forested (~94%) based on estimates derived from National Land Cover Dataset (Figure 
1).  The goals of this survey were to document bat species diversity and abundance 
within the study area, and inform understanding of roosting habitat, foraging range, 
and spatial distribution of Indiana bats and northern long-eared bats, if captured.  

METHODOLOGY 

Level of Effort/Site Selection 

Mist-net surveys were implemented in accordance with guidelines outlined in the 2015 
Range-wide Indiana Bat Summer Survey Guidelines (USFWS 2015), 2009 Ohio 
Department of Natural Resources (ODNR) On-Shore Bird and Bat Pre- and Post-
Construction Monitoring Protocol for Commercial Wind Energy Facilities in Ohio 
(ODNR 2009), and the most recent Ohio Division of Wildlife Guidance for Bat 
Permitted Biologist (ODNR-DOW 2015).  Because the survey was not a 
presence/absence survey for listed bats, the total number of net nights per mist-net site 
and specific net set requirements followed ODNR (2009).  A study plan was submitted 
to the USFWS and the ODNR on 7 July 2015 and concurrence was received on 13 July 
(USFWS) and 22 July (ODNR).   
 
The level of effort outlined in the study plan was based on the estimated amount of 
forested habitat within the Study Area (~4,454 ac) resulting in 36 mist-net sites surveyed 
from 23 July through 31 July 2015.  After field work was completed, the area of the 
Project was reduced and is denoted as Project Area – Reduced Fall 2015 in Figure 1.  
The level of effort completed exceeds the level of effort required for the Project Area.   
 
Locations of mist-net sites were chosen based on the best available habitat present 
within parcels where landowner access was granted, and deemed most likely to yield 
Indiana and northern long-eared bat captures.   

Mist-Net Surveys 

Mist-nets were set-up to maximize coverage of flight paths used by bats along suitable 
travel corridors, foraging areas, or drinking areas.  Placement of mist-nets was based on 
the extent of canopy cover, presence of an open flyway, and forest conditions near the 
site.  Actual location and orientation of each net was determined in the field by 
permitted biologists and mapped with ArcGIS (v. 10.3.1 ESRI, Redlands, CA).   
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Figure   1.Proposed Republic Wind Project and bat study area overview, Seneca and Sandusky Counties, Ohio, 2015.               
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Each mist-net site consisted of four net sets with at least one set being a high net (three 
mist-nets stacked to create one set that was ~7.5 m tall).  Mist-net sites were surveyed 
for two nonconsecutive nights (due to an access issue, site 3 was surveyed for only one 
night), totaling eight net nights per site.  Low visibility, high-quality, nylon nets, 4 to 12 
meters (~13 - 42 ft.) in length (depending upon the width of the corridor) were used for 
each net set.  Nets were deployed at sunset each night, left open for at least five hours, 
and checked every 10 minutes. 
 
Disturbance near the nets was kept to a minimum.  Weather data, including 
temperature, wind speed, and cloud cover, were recorded for each site on an hourly 
basis to ensure compliance with the mist-netting guidelines (e.g., temperature during 
survey > 50°F).   
 
Bats were live-caught in mist-nets and released unharmed near the point of capture.  
Biological and morphometric data, i.e., species, sex, age class, reproductive condition, 
mass, and forearm length were recorded on data sheets for each individual captured.  In 
addition, the height and the specific net set of capture were recorded for each bat. 
Processing of bats was completed within 30 minutes from the time the bat was removed 
from the net.  All captured northern long-eared bats and Indiana bats were banded 
utilizing ODNR, Division of Wildlife (DOW) bands as required by ODNR and OH 
USFWS. 

White-Nose Syndrome Protocol 

In an effort to minimize the transmission of White-Nose Syndrome (WNS) between 
captured bats, all netting and field activities followed the most up-to-date guidelines 
established by USFWS.  All hard, non-porous netting equipment was sanitized with a 
Lysol® IC solution prior to arrival at the project site and after each survey night; all 
other equipment was submersed in hot water (140°F) for a minimum of 20 minutes.  
Disposable latex gloves were worn over sanitized handling gloves and changed 
following the handling of each bat.  All non-disposable equipment, e.g., PESOLA® 
scales, rulers, calipers, etc., coming into contact with bats was sanitized immediately 
following the handling of each bat.  Bats were evaluated for potential WNS infection 
through wing scoring following the “Wing-Damage Index Used for Characterizing 
Wing Condition of Bats Affected by White-nose Syndrome” (Reichard and Kunz 2009). 

Radio Telemetry 

Radio Transmitter Attachment 

Captured Indiana and northern long-eared bats were radio-tagged in order to locate 
diurnal roosts.  Radio transmitters (Holohil Systems Ltd. LB-2X, frequency 172 kHz, 
0.30 g and Lotek PicoPip Ag337, 172 kHz, <0.32g) were tested before being attached 
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between the scapulae of the bat with Permatype, a nontoxic surgical adhesive that 
degrades over time allowing the transmitter to fall off the bat.  Each transmitter had a 
unique frequency, which was used to identify individual bats during radio-tracking.  

Diurnal Radio Telemetry & Emergence Counts 

Model TRX-1000S (Wildlife Materials Inc., Carbondale, Illinois, USA) tracking receivers 
and 172-3 FB 3- and 5-element Yagi directional antennas were used to track radio-
tagged bats and locate day roosts.  Once located, each roost tree was photographed and 
coordinates were obtained using a handheld GPS unit.  In addition, a variable radius 
plot was established around each roost tree using a 10-factor English prism (Cruise 
Master Prisms, Inc.) to determine stand characteristics and basal density.  Data recorded 
for each tree within the plot included species, diameter at breast height (dbh), tree 
height, roost height, canopy cover, and bark condition.  Roost tree locations were 
mapped with ArcGIS (v. 10.3.1 ESRI, Redlands, CA).   
 
Emergence counts were conducted on each roost tree located during telemetry efforts.  
The number of roost trees monitored on a given evening was determined by availability 
of personnel and access to roost trees, with priority given to roost trees that were 
occupied by a radio-tagged bat.  Emergence counts were conducted by a biologist or 
recorded with a night vision video camera, which allowed emergence counts to be 
conducted on several trees concurrently each night.  Observers arrived at roosts before 
sunset and positioned themselves so that the roost was backlit by the evening sky and 
remained at the roost until darkness inhibited further counts.  Video cameras were 
positioned at a roost tree before sunset and retrieved after emergence was finished for 
the night.  Videos were watched the next day by biologists and the number of bats 
emerging was counted.  Emergence data were recorded on the back of the roost tree 
data sheets. 

Foraging Telemetry 

Foraging telemetry was conducted using a Cessna Sky Hawk 172 fitted with aircraft 
strut mount assemblies (Advanced Telemetry Systems Inc., [ATS] 1997, Isanti, MN) 
with two 172-3FB 4-element ATS Yagi directional antennas (ATS model #13886).  The 
use of fixed-winged aircraft to collect foraging data allowed for the collection of data on 
multiple bats each night, and the ability to move long distances between multiple 
foraging areas in one night.  The aerial crew consisted of a pilot and a 
navigator/copilot.  The pilot maintained an elevation of approximately 455 meters 
(1500 ft.) above ground level.  The navigator monitored the transmitter signal through 
the receiver estimating the bat location on mapping software (DeLorme Topo North 
America 9.0, Yarmouth, ME).  Two strategies were employed for determining a bat’s 
location.  For one method, the pilot flew the airplane in tight circles above the bat with 
the airplane positioned so the inside antenna was always pointed toward the bat.  The 
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other method utilized multiple crosses over the bat, listening to signal strength, 
switching antennas, and viewing the airplane’s GPS location on the laptop.  When 
enough information was gathered and the navigator felt confident with the bat’s 
approximate location, a foraging point was plotted on the electronic map and labeled 
with a bat frequency and time.  To estimate error associated with location data collected 
from the airplane, the aerial crew estimated locations of stationary bats in their roosts 
during the day (n=6) and compared them to the actual locations of those roosts as 
documented via ground telemetry.  The resulting telemetry error from the airplane was 
340.0±128.0 (SE) m (range: 91.0 – 950.0 m).  
 
Locations of foraging bats and capture locations were pooled and examined using the 
fixed kernel method and a least squares cross-validation smoothing parameter 
conducted with BiotasTM version 2.0a 3.8 (Ecological Software Solutions LLC, 
Hegymagas, Hungary) to determine utilization distributions (UD) for each individual.  
UD’s were imported into ArcGIS to calculate the 50%, 75%, and 95% probability 
contour for each individual bat and for all bats combined.  Foraging areas were defined 
based on the area of use within these probability contours.  Most of the foraging area 
with outlier locations eliminated was defined by the 95% probability contours (majority 
foraging area), areas within the 75% probability contours were considered intermediate 
foraging usage areas, and 50% probability contours were considered core foraging 
areas.  Probability contours were imported into ArcGIS for additional analysis using 
aerial photography, USGS spatial analysis, and GIS layers provided by Apex to 
characterize foraging areas.   
 
One-sample Student’s t-tests were used to determine differences in foraging area sizes 
(50%, 75%, 95% probability contours) among individual bats and among female 
northern long-eared bats.  Average values were reported with plus or minus standard 
error (±SE).  Pearson’s correlation tests (r) were used to determine the relationship 
between the number of points collected for each foraging bat and the number of nights 
a bat was tracked.  An analysis of variance (one-way ANOVA) was used to determine 
differences among individual bats in distances foraged from forested habitat. 
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RESULTS AND DISCUSSION 

Mist-Net Survey 

Mist-net surveys were conducted at 36 sites from 23 - 31July 2015 (Table 1, Figure 2).  A 
total of 429 bats of six species were captured, including one female Indiana bat and 
fourteen (12 female, 2 male) northern long-eared bats, over 284 net nights (Table 2).  Big 
brown bats (Eptesicus fuscus) comprised 75 percent of total captures (n=320) and eastern 
red bats (Lasiurus borealis) comprised 21 percent of total captures (n=88).  Completed bat 
capture data sheets are provided in Appendix A, photographs of mist-net sites are 
provided in Appendix B, and representative photographs of each bat species captured 
are provided in Appendix C. 

Table 1.  Mist-net site locations, Republic Wind Project, Ohio, 2015.  
Site No. Latitude Longitude Site Location 

1 41.167111 -82.884334 N. County Rd. 29, Schriner Prop., Woodlot Near Pond 

2 41.115820 -82.843740 Stream Corridor Southeast Of Township Rd And  Trail 0197 

3 41.181645 -82.932637 Wood Lot; Saturated Mud Flats 

4 41.155000 -82.855900 Woodlot Off Reedtown Rd 

5 41.167295 -82.848025 Woodlot West Of CR 4 With Intermittent Stream 

6 41.186530 -82.849620 Woodlot South Of CR 46 

7 41.252800 -82.865720 SW Of Site 28 

8 41.170720 -82.893070 Stream Off Of CR 136 

9 41.143560 -82.929480 Woodlot South Of E Township Road 124 

10 41.153120 -82.926210 Forest Gap; Logging Road; Pond In Forest 

11 41.139200 -82.992230 CR 122 

12 41.184500 -82.935600 Wooded Area Of N. CR 27 

13 41.178090 -82.890620 Woodlot Logging Road Off Stream 

14 41.224734 -83.028039 Woodlot SE Of Portland Rd 

15 41.200800 -83.015200 Creek Along Hwy 19 

16 41.157652 -82.989259 Pond In Woodlot West Of CR 28 And S Of East CR 24 

17 41.175850 -82.960330 Woodlot Next To Soybean Field Off N Township Rd 183 

18 41.179190 -82.928270 Woodlot And Perennial Stream 

19 41.176590 -83.003480 Forest/Ag Edge, Stream, Corridor 

20 41.186390 -82.931455 Wood Lot Off CR 15 S And East Of North CR 27 

21 41.211200 -82.963580 Woodlot South Of Site 26 
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Site No. Latitude Longitude Site Location 

22 41.219650 -82.944167 5425 N SR 18, Woodlot, Ziegler Property 

23 41.249950 -82.962020 Township Road 78 Meacham Prop, Interior Mudflats & Trails @ deer stand 

24 41.178040 -82.888610 Logging Road Through Woodlot; Open Water Of Emergent Wetland 

25 41.217306 -82.908250 Decker Property Of E CR 32 

26 41.218160 -82.967180 Trails Through Woods Behind "Sugar Shack" 

27 41.188540 -82.986353 Snavely Property Off TR 138  

28 41.253563 -82.868040 Woodlot South Of CR 62, West Of CR 68 

29 41.247860 -82.937220 Woodlot Beside Lodi-Colby Road, Ag Field 

30 41.182580 -83.024150 Woodlot East Of Township Road 138 

31 41.155560 -82.949780 Woodlot Bordered By Bean And Corn, South Of E. County Road 24 

32 41.175420 -82.922500 Woodlot South Of East Township Road 

33 41.182330 -82.935820 Woodlot And Pond Near Coyote Grove Campground 

34 41.153410 -82.961690 Woodlot South Of East County Rd 34 And West Of Township Rd 183 

35 41.183680 -82.903440 Recently Logged Wood Lot 

36 41.155480 -83.004700 Woodlot South Of County Rd.  24 

 
 
Table 2.  Total bat captures by species, age, sex, and reproductive status, Republic Wind Project, 
Ohio, 2015. 

Species 

Adult Male Adult Female Juvenile 

Escaped Total NR* S P L PL NR Female Male 

Eptesicus fuscus 42 52 1 10 73 8 51 71 12 320 

Lasiurus borealis 2 3 0 4 16 3 37 10 13 88 

Lasiurus cinereus 0 0 0 0 0 1 1 3 0 5 

Myotis septentrionalis 1 0 0 2 3 2 5 1 0 14 

Myotis sodalis 0 0 0 0 1 0 0 0 0 1 

Perimyotis subflavus 0 0 0 0 0 0 1 0 0 1 
* NR=non-reproductive, S=scrotal, P=pregnant, L=lactating, PL=post-lactating 
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