
Appendix C 



























































































































































































































BBAATT AACCOOUUSSTTIICC SSTTUUDDIIEESS FFOORR TTHHEE
CCAAMMPPBBEELLLL CCOOUUNNTTYY WWIINNDD FFAARRMM

SSOOUUTTHH DDAAKKOOTTAA

AAuugguusstt 1188 -- OOccttoobbeerr 2244,, 22001100

PPrreeppaarreedd ffoorr::

WWeesstteerrnn PPllaaiinnss CCoonnssuullttiinngg,, IInncc..
BBiissmmaarrcckk,, NNDD

PPrroojjeecctt OOwwnneerr::
DDaakkoottaa PPllaaiinnss EEnneerrggyy

AAbbeerrddeeeenn,, SSDD

PPrreeppaarreedd bbyy::

EEccoo--TTeecchh CCoonnssuullttaannttss,, IInncc..
JJeeffffeerrssoonnvviillllee,, IInnddiiaannaa

JJaannuuaarryy,, 22001111



Campbell County Wind Farm Bat Acoustic Study January, 2011

i

EXECUTIVE SUMMARY

Eco-Tech Consultants, Inc. (ETC) initiated surveys in August 2010 designed to assess bat use
within the proposed Campbell County Wind Farm, South Dakota. Acoustic surveys for bats
using Anabat® SD-2 ultrasonic detectors at two MET towers at 2 m and 45 m microphone
heights were conducted from August 18 to October 24, 2010. The objective of the surveys was
to estimate the seasonal and spatial use of the study area by bats, as well as to estimate total
bat activity, defined here as number of bat passes. In total, 379 bat passes were recorded
during 264 detector nights. Averaging bat passes across locations, we detected a mean of 1.4
bat passes per detector-night, with a range of 0 to 59 total passes per night.

Total bat activity peaked in late August and no passes were recorded after October 11. Bat
activity appears to have come predominately from low frequency (<30 kHz) bats (72% of
passes). This species group is comprised of big brown bats, hoary bats and silver-haired bats.
Bats with echolocation calls in the <30 kHz range, especially silver-haired and hoary bats, have
comprised the majority of fatalities at other wind power projects. Passes by medium frequency
(MF) and high-frequency (HF) bats totaled 11% and 16% respectively. Red bats, whose calls
typically are 30-40 kHz, have predominated fatalities at some eastern wind energy projects.
This species appears to have a limited presence within the project area.

The mean number of bat passes per detector per night was compared to existing data at other
wind energy facilities from the region where both bat activity and mortality levels have been
measured. The level of bat activity documented at the Campbell County Wind Farm was lower
than all other published results. Assuming that the general relationship between bat activity
and bat mortality observed at these sites is broadly applicable to other locations, we expect
that levels of turbine-related bat mortality at the Campbell County Wind Farm will be on the
lower end of the spectrum, and on par with others from the region. Assuming that activity
patterns by bats are relatively consistent from year to year, we expect most fatalities to occur
from mid- August to mid-September.
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1. INTRODUCTION

Western Plains Consulting, Inc. (WPC) contracted Eco-Tech Consultants, Inc (ETC) to conduct
acoustic studies for fall migrating bats for the proposed Dakota Plains Energy’s Campbell
County Wind Farm (CCWF), South Dakota. ETC was requested to affix passive high/low acoustic
monitoring systems at two existing meteorological towers already present at the development
site. WPC biologists assisted ETC with the collection of data and maintenance of the monitoring
systems.

While still in the initial design phases, CCWF ultimately has the potential for power production
on the order of 300+ MW, from currently-held leases across 17,000 acres. At this time we are
not aware of the turbine size or type to be employed by the developer. Generally, most
modern turbines are capable of generating 1.5-2.5 MW of electricity, and reach 100 m (328 ft)
or more into the sky. The construction of the CCWF is scheduled to commence in the fall of
2012.

As the nation's installed capacity of wind-energy has increased, so have concerns about the
impacts to the birds and bats that sometimes collide with the turbines. As a result, both pre-
and post-operations surveys for bats are recommended for most new wind-energy facilities.
The purpose of this report is to summarize and describe the results of pre-construction bat
acoustic surveys during the fall of 2010. This period coincides with the migration of certain bat
species known to be the predominant fatalities of wind power projects across the nation. The
intent is to highlight any items of biological interest and to describe levels of bat activity in the
context of similar studies conducted regionally and nationally.

2. STUDY AREA

The Campbell County Wind Farm, located in north central South Dakota, will encompass 17,000
acres across three ridges just east (>4 km) of the Missouri River and south of Pollock, SD (Figure
1). The project is located in the USEPA Level IV Ecoregion described as the Southern Missouri
Coteau Slope of the Northwestern Plains (Bryce et al. 1998). This ecoregion has level to rolling
uplands sloping westward to the Missouri River. Elevation ranges from 1400-2200 m asl.

Grain croplands dominate the land-use. Soils are derived from loess and Wisconsin glacial till
and are suited for the production of sunflowers, wheat, millet, barley, and some corn. Natural
vegetation is comprised of western wheatgrass (Pascopyrum smithii), green needlegrass
(Nassella viridula), big bluestem (Andropogon gerardii), and needle and thread (Hesperostipa
comata). Stream drainages are typically cleared, but may support small pockets of willows
(Salix sp.), green ash (Fraxinus pennsylvanica), and elm (Ulmus sp.)
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This ecoregion has a mean annual precipitation total of 19-21 in. Mean July minimum and
maximum temperatures are 64 and 89°F, and there are typically 130-150 frost free days. The
site is located on the western edge of the Central Time Zone. On September 1 sunset occurred
at 20:22 (twilight 20:53) and sunrise was 07:01 (twilight 06:30).

The Missouri River to the west of the site exists as a large reservoir, Lake Oahe, and is
impounded just north of Pierre, SD by Oahe Dam. Tributaries leading to the reservoir are
heavily incised and are frequently dry.

3. METHODS

3.1. Bat Acoustic Survey

The objective of the acoustic survey was to estimate the seasonal and spatial use of the CCWF
by bats. Bats were surveyed using Anabat SD2 detectors (Titley Electronics Pty Ltd., NSW,
Australia). Acoustic detectors are a recommended method to index and compare habitat use by
bats. The use of this technology for calculating an index to bat impacts has been used at several
wind-energy facilities (Kunz et al. 2007a), and is an economically feasible bat risk assessment
tool (Arnett 2007). Anabat detectors record echolocation calls with a broadband microphone.
The echolocation sounds are then translated into frequencies audible to humans by dividing the
frequencies by a predetermined ratio. A division ratio of 16, which is appropriate for all species
of bats in South Dakota, was used for the study.

Bat activity was surveyed using 4 detectors from August 18 to October 24, 2010, a period
corresponding to likely fall bat migration at this site, and which corresponds to the period when
the majority of bat fatalities have been recorded at other wind energy projects (Arnett et al.
2008). Two meteorological towers were chosen to conduct acoustic monitoring. Each tower
was positioned along ridge tops within cleared agriculture fields. At the time of sampling, the
NW tower was a cleared fallow field while the SE tower was planted with corn. At each tower,
Anabat detectors were established at 2m (low mic) and at 45m (high mic). This spacing along
each tower was essential to sample air space from the vicinity of the presumed rotor-swept
region of a turbine (>30m) and additional air space just over the existing surface vegetation
(Kunz et al. 2007a).

Anabat detector loggers were placed inside plastic weather-tight containers and connected to
the microphones via a coaxial cable. The microphones were encased in a Bat-Hat weatherproof
housing systems (EME Systems, Berkeley, California). A 45° PVC elbow with the opening
positioned parallel to the ground was employed to protect the electronics from moisture. The
high mic was raised with a mounted pulley system, and the low mic was affixed directly to the
met tower using hose clamps. All acoustic equipment was powered by 12V 12Ah closed cell
batteries (Photos 1-6).
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All units were programmed to turn on each night an approximate half-hour before sunset and
turn off approximately a half-hour after sunrise. Calls were recorded to a compact flash
memory card with large storage capacity. Bat echolocation detectors also detect other
ultrasonic sounds made by insects, raindrops hitting vegetation, and other sources. A sensitivity
level of six was used to reduce interference from these other sources of ultrasonic noise.
Maintenance visits were conducted approximately every week to collect data cards and replace
depleted 12V batteries.

3.2. Data Analysis

Potential call files were extracted from data files using CFCread© software
(www.hoarybat.com, Version 4.3.18). The default settings for CFCread© were used during this
file extraction process, as these settings are recommended for the calls that are characteristic
of eastern bats. This software screens all data recorded by the bat detector and extracts call
files using a filter. Using the default settings for this initial screen also ensures comparability
between data sets. Settings used by the filter include a max TBC (time between calls) of 5
seconds, a minimum line length of 5 milliseconds, and a smoothing factor of 50. The smoothing
factor refers to whether or not adjacent pixels can be connected with a smooth line. The higher
the smoothing factor, the less restrictive the filter is and the more noise files and poor quality
call sequences are retained within the data set. The units of activity were number of bat passes
(Hayes, 1997). A pass was defined as a continuous series of greater than or equal to two call
pulses produced by an individual bat with no pauses between call pulses of less than one
second (White and Gehrt 2001, Gannon et al. 2003). In this report, the terms bat pass and bat
sequence are used interchangeably.

Following extraction of files, each data set was further filtered in AnalookW©
(www.hoarybat.com, Version 3.8g) to remove/reduce extraneous environmental and insect
noise specific to a certain frequency range. With each filter run, files not passing filters were
visually inspected for missed bat calls and moved by hand to the appropriate directory. Bat
calls typically include a series of pulses characteristic of normal flight or prey location (“search
phase” calls) and capture periods (feeding “buzzes”). In contrast, static typically forms a diffuse
band of dots at either a constant frequency or widely varying frequency, caused by wind,
vibration, or other interference.

The number of bat passes was determined by downloading the data files to a computer and
tallying the number of echolocation passes recorded. Total number of passes was corrected for
effort by dividing by the number of detector nights. Because of the inherent difficulty in
identifying bat calls to the species level with passive monitoring methods, all recorded bat calls
were classified by their characteristic frequency range and taxonomic group (species guild). We
chose to use three species guilds for bats known from the South Dakota region (Table 1). They
include high-frequency calls (>40 kHz), which are generally given by small bats (e.g.,Myotis sp.);
medium-frequency (30-40 kHz) which are comprised of the red bat [Lasiurus borealis] and
evening bat [Nyctisceius humeralis]; or low-frequency (<30 kHz), which are generally given by



Campbell County Wind Farm Bat Acoustic Study January, 2011

4

the largest bats (e.g., silver-haired bat [Lasionycteris noctivagans], big brown bat [Eptesicus
fuscus], hoary bat [Lasiurus cinereus). Data determined to be noise (produced by a source
other than a bat) or call notes that did not meet the pre-specified criteria to be termed a pass
were removed from the analysis.

Once all of the call files were identified and categorized in appropriate guilds, nightly tallies of
detected calls were compiled. Mean detection rates (number of passes/detector-night) for the
entire sampling period were calculated for each detector and for all detectors combined. It is
important to note that detection rates indicate only the number of calls detected and do not
necessarily reflect the number of individual bats in an area. For example, a single individual can
produce one or many call files recorded by the bat detector, but the bat detector cannot
differentiate between individuals of the same species producing those calls. The results of the
acoustic monitoring survey are most applicable for determining bat activity patterns and
probable species composition of migrant individuals and the local bat community. The
magnitude of the community and the number of migrants occurring within the study area is not
accurately measurable with the acoustic methods. Although, intuitively, if a specific detector
records a high number of call sequences, it is likely that the level of activity near that detector is
higher.

Additional analysis was conducted to assess potential associations between bat activity levels
and environmental variables such as wind speed and temperature. This data was obtained
from anemometry equipment affixed to the MET towers and is represented as a nightly mean
of measurements obtained every ten minutes from approximately sundown to sunup
throughout the survey period.

4. RESULTS

4.1. Acoustic Survey

Bat activity was monitored at two MET tower locations on a total of 264 nights during the 272-
night sampling period (4 detectors for 68 nights), and resulted in the collection of 379 bat
passes (Table 2, Figure 2). Averaging across stations, we detected 1.4 bat passes per night.
Overall, passes by low frequency bats (LF: 72%) outnumbered passes by medium frequency
(MF: 11%) and high frequency bats (HF: 16%) (Figure 3). We additionally recorded 204,693 files
that were characterized as noise, with the sources primarily coming from insects, rain, wind,
birds, and mechanical equipment.

In all, acoustic equipment was operational 97% of the monitoring period, with 3.88 detectors,
on average, operating on any given night (range: 3-4). Failures occurred at SE02 (Southeast
MET tower, 2m mic) for 6 nights because of a blown fuse and at SE45 for two nights due to an
insufficiently charged battery.
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4.2. Spatial Variation

Bat activity varied considerably between stations (Figures 4-6). Approximately 80% of all calls
recorded from the two locations came from the NW MET tower. Bat activity was greater at the
2 m height than the 45 m height, with 62% of all calls coming from the low mics.

LF bats at the NW tower (2 m and 45 m combined) comprised 58% of the total calls recorded in
the study area (Figure 5). LF was the only group with activity levels greater than one pass per
detector night (1.46 at NW45 and 1.76 at NW02) at any given detector location. All others
were 0.65 passes per night or less (Table 2).

We did not observe a sunstantial relationship between species groups and the vertical sampling
profile. The relative proportion of LF, MF, and HF bat calls was nearly equal at 2 m and 45 m
heights, with a maximum proportional separation no greater than 10%.

4.3. Temporal Variation

Bat activity was variable on any given night, but there was a general trend toward a peak in
activity in late August (Figure 2). Bat activity was highest (22 total passes per night) during the
week of August 25. Overall bat activity declined substantially in the following weeks,
particularly after mid-September, influenced perhaps by decreasing temperatures and
increasing wind speeds. Only 6 bat passes were recorded in October, with no bat passes
occurring after October 11. Bat activity was positively correlated with temperature over the
course of the study (Figure 7), but the relationship displayed weak correlation (R2 = 0.27)
(Figure 8)

Bat activity in relation to wind speed was examined during the primary activity period of August
18 to August 31. In general a trend was observed with activity being negatively correlated to
wind speed (Figure 9), but the relationship was not strong (R2 = 0.18) (Figure 10). The three
peak activity nights occurred when mean nightly wind speed was below 7 m/s, and very low
activity nights did occur when wind speed were elevated (8.8-14.5 m/s).

Activity by HF, MF and LF species, while differing in magnitude, showed similar relative activity
levels by date. In all three guilds, the week of August 25th represented the peak of weekly
activity for the entire study period (Figure 2). Interestingly, the night of August 28th in
particular was the peak night for all three groups (42 LF, 6 MF, and 11 HF passes). This night
was nearly the last night with temperatures above 20°C. It was preceded by three nights
around 16°C (Figure 7). Following this cool stretch, August 28th was the first night with wind
speeds under 7 m/s. For the study period, nightly temperature averaged 13.1°C, and nightly
wind speed averaged 7.9 m/s (Figures 7 and 9).
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5. DISCUSSION

To date, monitoring studies of wind projects in the eastern U.S. suggest that migratory tree-
roosting species (hoary, red and silver-haired bats) comprise almost 75% of reported bats killed,
and the majority of fatalities occur during the post-breeding or fall migration season (roughly
August and September) (Arnett et al. 2008, Johnson et al. 2003, Kunz et al. 2007b). A few
studies of wind projects across the east have recorded both bat mortality and Anabat
detections per night (Kunz et al. 2007b). The number of bat calls per night as determined from
bat detectors shows a rough correlation with bat mortality. This allows for some qualitative
comparison of risk across regions. However, extrapolation of these trends to other sites must
be done cautiously because effort, timing of sampling, species recorded, and detector settings
(equipment and locations) all vary among studies (Kunz et al. 2007b). Nonetheless, our best
available estimate of potential mortality levels at a proposed wind project involves evaluation
of our on-site bat acoustic data in terms of activity levels, seasonal variation and species
composition, and topographic features of the project area.

Bat activity within the CCWF (1.4 bat passes per detector-night) was lower than all published
observations from region-similar facilities in Minnesota (2.1 passes/nt), Wyoming (2.2
passes/nt), and Iowa (34.9 passes/nt) (Kunz et al. 2007b). Based on the presumed relationship
between pre-construction bat activity and post-construction fatalities, we expect that bat
mortality rates at CCWF will be minimal in the context of published observations from other
facilities.

We are not aware of any large, known bat colonies or other landscape features that are likely to
attract large numbers of bats in the vicinity of the project. Activity was low at the NW MET
tower and very low at the SE tower. Both towers are located in large agricultural and grassland
landscapes with only small woodlots and forested riparian zones scattered throughout. There
are no substantial travel corridors or north/south broad migration corridors running through
the site. The Missouri River (Lake Oahe) does provide such a corridor to the west, however it is
5.5 km from the nearest MET tower and the habitat is sparse between these features.

The vertical distribution of recorded calls was not wholly reflective of trends observed for other
acoustic monitoring studies (Arnett et al. 2006). Typically LF calls are concentrated at the high
mic stations while MF and HF occur at the lower ones. We observed a fairly uniform
distribution among species groups at both the high and low locations. At all locations and
elevations, LF bats showed the highest levels of activity.

All species groups showed relatively consistent activity in mid-August, a peak in late August,
and then a gradual decline into mid-September. By the beginning of October bat activity was
sporadic but never more than a few bats observed on any given night.

Fatality studies of bats at wind projects in the US have shown a peak in mortality in August and
September and generally lower mortality earlier in the summer (Johnson 2005, Arnett et al.
2008). While the survey efforts vary, the studies that combine Anabat surveys and fatality
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surveys show a general association between the timing of increased bat call rates and timing of
mortality, with both call rates and mortality peaking during the fall (Kunz et al. 2007b). Based
on the available data, it is expected that bat mortality at the CCWF will follow the same
temporal patterns seen at other sites, but the risk for elevated mortality is low.

As has been observed in other studies (Arnett et al. 2005, Kunz et al. 2007a), bat activity is
frequently negatively correlated with wind speed. In particular, wind speeds greater than 6 m/s
tend to inhibit bats flying above canopy or in the open. Data collected at CCWF seems to
support this hypothesis.

Based on the observed activity of species groups at the CCWF and the known bat distributions
from central South Dakota east of the Missouri River, we can make some assumptions about
the species assemblage in the vicinity and the likelihood of post-construction mortality. With
the higher level of activity from the LF group, hoary bats and silver-haired bats are the species
most likely to be at risk during fall migration periods. Both of these species are tree-roosting
bats and undertake continental scale migrations in spring and autumn (Cryan 2003). Both are
known to be substantial components of the observed bat strikes from wind turbine blades. The
big brown bat, also from the LF group, is likely a more-permanent summer resident. While big
brown bats have been recorded in post-construction studies, they are less probable to incur
high levels of mortality as other LF bats. Red bats from the MF group are also tree-roosting
migratory bats known as a species often struck by turbine blades. Their abundance/activity,
however, appears to be low at this site. HF Myotis are present at the site during the summer
and fall, but their numbers appear to very low and therefore the probability of strike is also low.

6. CONCLUSION

In general, bat activity in the Campbell County Wind Farm during the fall survey period is similar
to other acoustic studies throughout the region. The LF group represented the majority of calls
that were identifiable, followed by the MF and HF groups. There was an observed association
with temperature and wind speed patterns. Overall, bat detection rates were on the lower end
of the scale when compared to projects across the Eastern U.S., and the risk for post-
construction bat mortality is relatively low.
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Table 1. Bat species with the potential to occur within the project area (South Dakota
Bat Working GroupWebsite 2009), sorted by call frequency.

Common Name Scientific Name
High-frequency (> 40 kHz)

little brown bat Myotis lucifugus
northern long-eared bat Myotis septentrionalis
eastern pipistrelle Perimyotis subflavus

Mid-frequency (30-40 kHz)
eastern red bat1 Lasiurus borealis
evening bat Nycticeius humeralis

Low-frequency (< 30 kHz)
big brown bat Eptesicus fuscus
silver-haired bat Lasionycteris noctivagans
hoary bat1 Lasiurus cinereus

1 = long-distancemigrant

Table 2. Results of acoustic bat surveys conducted at the Campbell County Wind Farm, SD, August 18-Octbober 24,
2010, separated by call frequency (HF = high frequency, MF =mid frequency, LF = low frequency).

Station
MET
Tower

Height
(m) LF MF HF

Total
Bat
Files

Noise
Files

Total
Files

Detector
Nights

Passes/
Night

NW02 NW 45 120 27 44 191 72,065 72,256 68 2.81

NW45 NW 45 99 5 7 111 15,484 15,595 68 1.63

SE02 SE 2 29 7 7 43 45,171 45,214 62 0.69

SE45 SE 2 26 4 4 34 71,973 72,007 66 0.52

274 43 62 379 204,693 205,072 264 1.41
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Figure 2. Total nightly bat activity between August 18 and October 24, 2010 at the Campbell County Wind Farm,
South Dakota. Passes per night are comprised of acoustic recordings from four monitoring stations at two MET
towers (2m, 45m).

Figure 3. Proportion of high, medium, and low-frequency bats passes recording between August 18 and October
24, 2010 at the Campbell County Wind Farm, South Dakota.
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Figure 4. Number of bat passes per detector night for each monitoring station between August 18 and October 24,
2010 at the Campbell County Wind Farm, South Dakota. Average across all stations is 1.4 bat passes per night.

Figure 5. Number of bat passes per detector night by MET tower between August 18 and October 24, 2010 at the
Campbell County Wind Farm, South Dakota.

0.39 0.47

1.46

1.76

0.06 0.11 0.07
0.40

0.06 0.11 0.10

0.65

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

SE45 SE02 NW45 NW02

Ba
tA

ct
iv
ity

(p
as
se
s/
de

t-
nt
)

Monitoring Station

LF

MF

HF

0.86

3.22

0.17 0.470.17
0.75

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

SEMet NWMet

Ba
tA

ct
iv
ity

(p
as
se
s/
de

t-
nt
)

Meteorological Tower

LF

MF

HF



Campbell County Wind Farm Bat Acoustic Study January, 2011

14

Figure 6. Number of bat passes per detector night at 2m and 45 vertical strata between August 18 and October
24, 2010 at the Campbell County Wind Farm, South Dakota.
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Figure 7. Weekly mean bat passes per night and weekly mean nightly temperature between August 18 and
October 24, 2010 at the Campbell County Wind Farm, South Dakota.

Figure 8. Bat activity plotted against temperature between August 18 and October 24, 2010 at the Campbell
County Wind Farm, South Dakota.
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Figure 9. Mean bat passes per night and nightly wind speed between August 18 and October 19, 2010 at the
Campbell County Wind Farm, South Dakota.

Figure 10. Bat activity plotted against mean nightly wind speed between August 18 and October 24, 2010 at the
Campbell County Wind Farm, South Dakota.
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Photo 1. WPC and ETC staff raising 45mmicrophone on MET tower

Photo 2. ETC design weatherproof housing for 2m and 45m Anabat systems
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Photo 3. Low microphone (2m) set-up.

Photo 4. Anabat housing at base of MET tower.
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Photo 5. High microphone (45m) being raised to pulley bracket.

Photo 6. Campbell County MET tower


