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REPORT SUMMARY

During avian monitoring studies conducted from 1994-1999, several bat collision victims were
found at wind turbines in the Buffalo Ridge Resource Area (WRA) in southwest Minnesota. This
study further examined bat interactions with wind turbines at this site.

Background

Although development of renewable energy sources is generally considered environmentally
friendly, wind power development has been associated with the deaths of birds colliding with
turbines and other wind plant structures. Bats may also be affected. EPRI and Xcel Energy, Inc.
sponsored a study of bat interactions at Xcel‘s 354 turbine 236 MW wind plant on Buffalo
Ridge, located in southwest Minnesota. The wind development area currently consists of three
major phases of development. Phase 1 was constructed in 1994 and consists of 73 Kenetech
Model 33 M-VS 330 KW turbines. Turbines in Phase 1 are no longer being manufactured and
are not representative of new-generation larger turbines; therefore, they were not included in this
study. Phase 2 consists of 143 and Phase 3 consists of 138 newer-generation Zond Model Z-750
750 KW turbines.

Objectives
To evaluate the effect of existing wind plants on bats in the Buffalo Ridge WRA; to develop
mitigation measures to reduce impacts on bats.

Approach

From mid June through mid September in 2001 and 2002, the breeding season and fall migration
period for bats in the Buffalo Ridge study area, the project team surveyed bats using ultrasonic
sensors that detect bat echolocation calls. In all, the team surveyed 216 turbines and many bat
roosting and foraging sites and determined the relationship between bat activity and subsequent
mortality by searching turbine plots for bat fatalities. The team also used mist nets to sample bat
populations in the vicinity of the turbines and studied the relations between habitat and landscape
features and bat activity and mortality patterns.

Results

The study estimates the relative abundance and composition of the bat population in the study
area and the number of bat fatalities attributable to wind plant development. The estimated total
number of bat collision fatalities for both wind plants combined was 849 in 2001 and 364 in
2002, for an overall average of 2.16/turbine/year. The 151 bat casualties actually recorded in the
study comprised 115 hoary bats (Lasiurus cinereus), 21 eastern red bats (Lasiurus borealis), 8
big brown bats (Eptesicus fuscus), 4 silver-haired bats (Lasionycteris noctivagans), and 3 little
brown bats (Myotis lucifugus). Most (82%) were found from mid July to the end of August. The
species composition of bat casualties differed from that of the local bat population as estimated



from mist net sampling. Habitat variables did not correlate with the number of bat fatalities, and
there was no statistical relationship between bat activity at turbines and the number of bat
fatalities. Over all, collision fatalities are very rare given the amount of bat activity documented
at turbines.

Both the bat detector and mist net data indicate there are relatively large breeding populations of
bats in close proximity to the wind plant that experience little to no wind plant related collision
mortality. Based on all available evidence, most bat mortality at Buffalo Ridge involves
migrating bats. Data suggest that the number of bats migrating through the Buffalo Ridge area
may be substantial and that wind plant-related mortality is apparently not large enough to cause
large-scale population declines. Future research should concentrate on determining the causes of
bat collisions and methods to reduce and/or mitigate the mortality.

EPRI Perspective

As wind power development proceeds in the United States, more is being learned about the
effects that siting, construction, and operation of these facilities have on animal communities.
Each wind resource area possesses unique characteristics. For example, at Buffalo Ridge birds
are less impacted than bats, an observation that differs from studies of other sites. An emerging
conclusion from the many diverse studies conducted in wind resource areas is that landscape
ecologists must be brought in early on to assess the potential impact on existing and future
animal populations that might use the area.

Keywords

Bats

Bat detector
Buffalo Ridge
Collision mortality
Minnesota

Wind turbine
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ABSTRACT

EPRI and Xcel Energy, Inc. conducted a study to evaluate bat activity levels, species
composition and collision mortality at a large wind plant in the Buffalo Ridge Wind Resource
Area, Minnesota. Bat echolocation detectors recorded 3,718 bat passes at bat foraging and
roosting areas within 2.25 miles of the wind plant (x = 48/detector-night) and 452 bat passes at
wind turbines (x = 1.9/detector-night). Peak bat activity at turbines followed the same trend as
bat mortality and occurred from mid July through the end of August. Over the 2-year study, 151
bat casualties were found, most of which were hoary bats (Lasiurus cinereus). Based on the
timing of fall bat migration, most bat mortality apparently involved migrating bats. The study
indicated that there were relatively large breeding populations of bats in close proximity to the
wind plant when collision mortality was very low to non-existent. There was no significant
relationship between bat activity or mortality at turbines and presence of FAA lighting on
turbines. Mist nets were used to capture 103 bats comprised of five species in the study area.
Big brown bats (Eptesicus fuscus) comprised most of the captures. Future research should
concentrate on determining the causes of bat collisions and methods to reduce and/or mitigate
the mortality.

vii






CONTENTS

TINTRODUCGTION .....ceiiiiiimisiiissmssssssssss s s ssssss s s s s sssmss s s sssms s s ssssams s s esssams s s sasnmnssnsssnnnnsesssnnnnsnssnns 1-1
B2 1L Y = L 2-1
B 0T I 00 1 3-1
Measuring Bat Activity Using Bat Echolocation Detectors ............cccooeeciiiiriiiiiiiiiicieeeen 3-1
Use of Mist Nets to Monitor Bat Abundance and Composition .............cccooeeoeee e, 3-3
Fatality SEarChes. ..., 3-4
Fatality Search BiaSEs.......cccoiieiiie i 3-6
Estimation of Carcass REMOVAl .........cooiiiiiiiiiiii e 3-6
Estimation of Searcher EffiCIENCY ........uuuui e 3-7
Estimating the Total Number of Fatalities ...........ccooaiiiiii e 3-8
Relationships Between Habitat, Landscape Features, Turbine Lighting, Bat Activity,
and Bat Fatalities .......coooiiiiiiiiiiiii e 3-8
] S U I 4-1
Fatality SEArChES. .........eeii e 4-1
Fatality SEarch BiaSes. .......uuuiiiiiiiii e 4-5
Estimation of the Number of Turbine-Related Fatalities..........cccoooooiiiiiiiiie, 4-6
Bat Activity Based on Echolocation Detectors ... 4-7
Bat Activity and Composition Based on Mist Net Sampling ...........coooiiiiiiiii i 4-11
S DISCUSSION......cciiiiirmmrrisssmnrissssmsssssssssssasssmsssasssama s sasssmns s esssms s s ea s ams s sassannesesssansnsesssnnsnssssnns 5-1
A Review of Bat CollisSion Mortality..............uuuuuiiiiiiiiiiiiiii e 5-1
Resident Versus Migrant Bats.........cooooo oo 5-4
Potential Causes of Collision Mortality ...........ccoooeeiieiiiei e, 5-10
[agToF=Ter (=30 (o TN = 7= 1 £ TS 5-13
Mitigation and Future ReSearcCh ... 5-14

iX



6 CONCLUSIONS ......ceeiiiiiimisiiirmss s rssssss s ssss s e s s a s e s Ea s mne £ e e amne £ e e amRe £ e e namneEensnmnnennssnns 6-1
ACKNOWIEAGEMENTS ...ttt e e e e e e e e e e e e e e e e e e e e e e ennnnrnes 6-1

7 LITERATURE CITED ...cooiiiiiiiiiieiiiisnnisnssssss s sss s s s sas s sssas s sas s ssssnssssanssssansnssanassnnes 7-1

A BAT FATALITIES FOUND AT THE BUFFALO RIDGE, MINNESOTA WIND
RESOURCE AREA, 2001-2002 ........cccocmiimmmiisnnmisnsmmsnsmmssssmmsssssssssmssssmssssmsssssssssssassnssssanss A-1

B NUMBER OF BAT PASSES RECORDED WITH BAT DETECTORS AND BAT
COLLISION FATALITIES AT TURBINES IN THE PHASE 2 AND 3 WIND PLANTS,
BUFFALO RIDGE, MINNESOTA, 2001-2002.........cccccserussssmasssmsssssmssssssssssssssssssssssssssssssssansnas B-1

C NUMBER OF BAT PASSES RECORDED AT BAT FORAGING AND ROOSTING
AREAS IN THE BUFFALO RIDGE, MINNESOTA STUDY AREA, 2001-2002.........cccueeeerennee C-1

D TRAPPING EFFORT AND BATS CAPTURED IN THE BUFFALO RIDGE,
MINNESOTA STUDY AREA, 2001-2002.........ccceesemmmssnmmmsssnmmsssnmssssssisssssssssssssssssssssssssssssssssnssns D-1



LIST OF FIGURES

Figure 1-1 Location of the Buffalo Ridge Wind Resource Area and Individual Wind Plants

iIN SOUtNWESE MINNESOA ........eeiiiiiiiiei e
Figure 4-1 Timing of Bat Collision Mortality at Buffalo Ridge, Minnesota, 2001-2002...........

Figure 4-2 Distribution of Bat Fatalities as a Function of Distance from Turbine, Buffalo

Ridge, Minnesota, 2001-2002 ..........uu e

Figure 4-3 Mean Proportion of Bat Scavenger Trial Carcasses Available for Detection

over the 14-day Interval between Carcass Searches ............cccccvveviiiviiiiieeiieeieeeeeee

Figure 4-4 Bat Activity at Turbines (Proportion of Turbines with Bat Passes per Night)
during the Mid-June to Mid-September Study Period, Buffalo Ridge, Minnesota,

200712002 .....coeeeeeeiiiieieieiee ettt ettt et e e et et e e e e e e e e et et e et et et ettt et et e et et rrr e et e e e ereerreeereerees

Figure 4-5 Bat Activity at Turbines (Mean Number Passes/Turbine/Night) During the

Mid-June to Mid-September Study Period, Buffalo Ridge, Minnesota, 2001-2002........

Figure 4-6 Bat activity at Hole in the Mountain Park, Mid-June to Mid-September, Buffalo

Ridge, Minnesota, 2001-2002 ...........uuuuuumiiiiiiiiei e

Figure 4-7 Bat Capture Rates in Mist Nets, Mid-June to Mid-September, Buffalo Ridge,

MINNEsota, 2001-2002 .......couniiiiiiii et e e e e e e e e s e e e e e e e a e e e ra e raaaas

Figure 5-1 Timing of Fall Bat Migration and Dispersal in Southwest Minnesota Based on
Timing of Collision Mortality at Buffalo Ridge (Data from Johnson et al. 2003a and

ENIS STUAY) .o

Figure 5-2 Estimated Total Numbers of Bat Fatalities at the P2 and P3 Wind Plants from
1998 to 2002 (Data from 1998-99 are from Johnson et al. 2000a; Data from 2000

are from Krenz and McMillan 2000; Data from 2001-02 are from this Study)................

xi






LIST OF TABLES

Table 4-1 Sex and Age Composition of Bat Fatalities Found Associated with Turbines

(oYl =101 7=1 L0 TN o [o = TSR 4-1
Table 4-2 Habitats within 100 m of all 281 Turbines within The Buffalo Ridge Phase 2
and Phase 3 WiNd PlantS ..ottt 4-4

Table 4-3 Relationship between Bat Collision Mortality and Landscape Features
(Distance to Nearest Wetland and Woodland) and Habitat within 100 m of Turbines

Based on Results of Individual Poisson Regression Models ............ccccoveeieeiiiiiiiiiineeenenn. 4-4
Table 4-4 Percentage of Bats and Plastic Bats found During Searcher Efficiency Trials .......... 4-5
Table 4-5 Mean Length of Stay for Bat Carcasses Placed to Monitor Scavenger

REMOVAI RATES...... e nnnnnnnnnnnnnnns 4-6
Table 4-6 Estimates of Turbine-Related Bat Mortality for the Buffalo Ridge Wind

TS T 0] B o= Y- 4-7

Table 4-7 Relationship between the Number of Bat passes at Turbines as a Function
of Landscape Features (Distance to nearest Wetland and Woodland) and
Composition of Habitats within 100 m of the Turbine Based on Individual Poisson
Regression Models for Number of Bat Passes at Turbines as a Function of Each

Habitat CharaCteriStiC . ........uuuii i 4-9
Table 4-8 Sex and Age Composition of Bats Captured in Mist Nets During the Study............ 4-11
Table 4-9 Timing and Species Composition of Bats Captured in Mist Nets, Buffalo Ridge,

Minnesota WRA, 2001-2002.........ccouuiieuiiiiiiiiee e e e e e s e s e ea e e raaesraasresaseraa s rannsrens 4-12
Table 5-1 Bat Mortality Estimates at U.S. Wind Plants...........cccoooiiiiiioiiiiiiiiiccccccccccecccccece e, 5-2
Table 5-2 Composition of Bat Collision Fatalities at U.S. Wind Plants (Updated from

N o] T g Y] g 12000 1C ) U PPPPUPPPTUPPRRIN 5-3
Table 5-3 Timing of Bat Collision Mortality at U.S. Wind Plants (Updated from

1 Lo] g g T=To T 200 ) 5-3

xiil






1

INTRODUCTION

Wind has been used to commercially produce energy in the U.S. since the early 1970s
(American Wind Energy Association [AWEA] 1995). Recent advances in wind turbine
technologies have reduced costs associated with wind power production, improving the
economics of wind energy development (Hansen ef al. 1992). Wind power produced in the
United States in 2001 was comparable in price to conventional power produced using natural
gas (AWEA 2001). As a result, commercial wind energy plants have been constructed in 26
states (Anderson et al. 1999, AWEA 2002a), and total wind power capacity in the United States
increased from 10 megawatts (MW) in 1981 to 4261 MW in 2001, which is enough to supply
the electricity needs of approximately 3.2 million homes (AWEA 2002b). Over 2000 MW of
new wind projects have been proposed for 2003 (AWEA 2002c). To date, most wind power
development in the U.S. has occurred in California and Texas, but greater than 90% of the
wind power potential in the U.S. exists within the Midwestern and western states (Weinberg
and Williams 1990).

Although development of renewable energy sources is generally considered environmentally
friendly, wind power development has been associated with the deaths of birds colliding with
turbines and other wind plant structures, especially in California (Erickson et al. 2001). As

a result of these concerns, state and federal agencies have required monitoring of many new
wind development areas to assess the extent of and potential for avian collision mortality.

In 1999, Xcel Energy, Inc. completed development of a 354 turbine 236-megawatt (MW) wind
plant on Buffalo Ridge, located in southwestern Minnesota (Figure 1-1). Extensive research was
conducted at this wind plant to assess potential for bird impacts and to measure actual impacts
(Nelson 1993, Higgins et al. 1996, Leddy 1996, Hawrot and Hanowski 1997, Leddy et al. 1997,
Usgaard et al. 1997, Osborn et al. 1998, Leddy et al. 1999, Johnson et al. 2000a, Osborn et al.
2000, Johnson et al. 2002a). An unexpected outcome of the avian monitoring studies was the
discovery of bat collision fatalities near turbines. During the first two years of operation (1994
and 1995), researchers found 13 bat fatalities in association with turbines in the Phase 1 study
area (Osborn et al. 1996). No further bat mortality was documented during searches conducted at
the Phase 1 site in 1996 and 1997 (Johnson et al. 2000a). In 1998, however, two dead bats were
found in the Phase 1 study area and 76 dead bats were collected in the Phase 2 study area, where
the wind plant became operational in the summer of 1998. In 1999, 106 dead bats were found,
including five in the Phase 1 wind plant, 57 in the Phase 2 wind plant, and 44 in the Phase 3
wind plant that became operational in the summer of 1999 (Johnson e? al. 2003a).
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Figure 1-1
Location of the Buffalo Ridge Wind Resource Area and Individual Wind Plants
in Southwest Minnesota

The primary objective of this study was to evaluate the effect of existing wind plants on bats in
the Buffalo Ridge Wind Resource Area (WRA). The two necessary study components required
to meet this objective included (1) estimating the relative abundance and composition of the

bat population in the study area, and (2) estimating the number of bat fatalities attributable to
wind plant development. Because the size of the affected population depends greatly on whether
resident or migrant bats are being killed, we also attempted to address whether the mortality

was occurring to resident breeders, migrants, or both. The study was conducted from June 15

to September 15, 2001 and 2002, which covers both the breeding season and fall migration
periods for bats in the study area.

Secondary study objectives included (1) determining if species composition of the fatalities was
similar to composition of the local or migrant bat population and (2) determining what physical
(e.g., turbine characteristics) and biological (e.g., habitat) factors might be associated with bat
collision mortality in the study area. The final objective was to develop mitigation measures that
may be used to reduce bat mortality if the number of fatalities was found to be significant.
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2

STUDY AREA

The study area was comprised of a large portion of Buffalo Ridge, a 100-km-long segment

of the Bemis Moraine located in Lincoln and Pipestone Counties in southwest Minnesota

and Brookings County, South Dakota (Figure 2-1). Buffalo Ridge is located in the Coteau des
Prairies, a major physiographic landform consisting of terminal moraines and stream-dissected
lands (Coffin and Pfannmuller 1988). The ridge runs diagonally from southeast to northwest
and separates the Missouri and Mississippi River watersheds. Elevations in the study area range
from 546 m to 610 m above sea level. The primary vegetation type in the study area is cultivated
cropland, which comprised an average of 57.1% of the study area from 1996 through 1999
(Johnson et al. 2000a). The two most common crops were soybeans and corn. Pastures
comprised 21.5% of the study area and Conservation Reserve Program (CRP) grasslands
comprised 7.7%. Most CRP fields were planted to a mixture of smooth brome and alfalfa

or to monocultures of switchgrass. Hayfields comprised 7.3% of the study area. Deciduous
woodlots associated with farmsteads and wooded ravines comprised 4.8% of the study area,

and wetlands comprised 1.5% of the area. Detailed descriptions of the study area have previously
been presented in Johnson et al. (2000a), and descriptions of vegetation vertical density and
height have previously been described for cropland, pasture, and CRP habitats occurring within
the Buffalo Ridge study area (Leddy 1996).

The wind development area consisted of three major phases of development (Figure 1-1).

Phase 1 was constructed in 1994 and consists of 73 Kenetech Model 33 M-VS 330 kilowatt
(KW) turbines. The Kenetech turbine is no longer being manufactured and these small turbines
are not representative of the larger, newer generation turbines currently being constructed at most
wind plants. In addition, the number of bat fatalities at these turbines documented during avian
studies was minor in comparison to other turbines in the WRA (Johnson et al. 2000a). For these
reasons, we did not sample any turbines in the Phase 1 wind plant during this study. Phase 2,
consisting of 143 newer-generation Zond Model Z-750 (750 KW) turbines capable of generating
107.25 MW of electricity, was completed in July 1998. Phase 2 consists of 26 strings of turbines,
with 2 to 12 turbines per string spaced at intervals ranging from approximately 100 m to 200 m.
The Zond turbine operates at wind speeds of 13 to 104 km/h, and is installed on top of a 50-m
tubular tower. Two blade diameters are in use (46 m and 48 m). Therefore, the rotor-swept
height of the turbine is either 26 m to 74 m or 27 m to 73 m above ground and the rotor-swept
area is either 1661 m’ or 1809 m’. The Phase 2 facility has three turbines each at the north and

2-1



Study Area

south end of the wind plant (six total) with Federal Aviation Administration (FAA) airplane
warning lights, consisting of non-pulsating red lights. Phase 3 facilities capable of generating an
additional 103.5 MW with 138 Zond Model Z-750 turbines were completed in June 1999. Phase
3 consists of 36 strings of Turbines, with 2 to 13 Turbines per string spaced at intervals ranging
from approximately 250 m to 500 m. Due to its proximity to the Pipestone, Minnesota airport,
every other turbine within the Phase 3 wind plant has FAA lighting comprised of non-pulsating
red lights. In addition to the 354 turbines within the three major developments, several small
developments totaling an additional 55 turbines have recently been completed. The Buffalo
Ridge wind power development is currently one of the largest in operation outside of California.
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METHODS

Measuring Bat Activity Using Bat Echolocation Detectors

Bats can be surveyed using ultrasonic sensors that detect bat echolocation calls (Fenton 1988,
Pye 1992). They are widely used to index and compare habitat use by bats (Fur longer ef al.
1987, Thomas 1988, Hayes 1997, Racey 1998, Humes et al. 1999, Jung et al. 1999, Everette et
al. 2001, Britzke et al. 2002, Swier 2003). We used Anabat® II bat detectors (Titley Electronics
Pty Ltd., NSW, Australia). These detectors can easily be set up at multiple survey sites (Hayes
and Hounihan 1994), do not require constant attention by the researcher (Murray ef al. 1999),
and are considered a valuable tool for comparing relative amounts of bat activity (Fenton 2000).

Anabat® II detectors record bat 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. We used a division ratio of 16 that lowers the frequencies
of western Minnesota bat species to less than 10 kHz, the upper limit for the Anabat® software.
Bat echolocation detectors also detect other ultrasonic sounds made by insects, raindrops hitting
vegetation, and other sources. We used a sensitivity level of 5-7 (usually 6) to reduce
interference from these other sources of ultrasonic noise.

For most of the study, we used an Anabat® II delay switch and tape recorder to record bat calls.
The delay switch activates the detector and recorder only when a bat call is detected. During

the last month of the 2002 field season, we obtained ZCAIMs (zero crossings analysis interface
module) recently introduced to the market by Titley Electronics. ZCAIMS use compact flash
memory cards with large storage capacity, which eliminated the need for both the delay switches
and tape recorders. The Anabat® detector and associated equipment were placed inside a plastic
Tupperware® container and a hole was cut in the side of the container for the microphone to
extend through. Although recording calls directly onto a laptop computer results in higher clarity
recordings than use of a tape recorder (see Johnson et al. 2002b), it is usually cost prohibitive to
use computers in the field with each detector during large scale studies such as this one (White
and Gehrt 2001), and tape recorders have successfully been used in many bat echolocation
studies (Hart er al. 1993, Hayes 1997, Jung et al. 1999, Gruver 2002). The most problematic
group for species identifications are Myotis and Pipistrellus species due to their similar call
structures (Rydell er al. 1994, Vaughan et al. 1997, Jung et al. 1999). Only three bats of these
genera occur in Minnesota (Hazard 1982), the little brown bat (Myotis lucifugus), which is
apparently fairly common in the study area as well as throughout Minnesota, Keen’s myotis
(Myotis keenii), which has a spotty distribution in Minnesota (Hazard 1982), and eastern
pipistrelle (Pipistrellus subflavus), which has only recently been documented to occur west of St.
Cloud, Minnesota (Osborn et al. 1996). Except for silver-haired (Lasionycteris noctivagans) and
big brown bats (Eptesicus fuscus), which can have overlapping call characteristics (Betts 1998a),
the other species likely encountered in southwest Minnesota can be readily differentiated and
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use of a computer to record calls is not as critical as in other locations in the U.S. where many
species of Myotis may occur in the same area. Furthermore, White and Gehrt (2001) found no
difference in the number of calls, passes, identifiable passes, or feeding buzzes/hour recorded
simultaneously with tape recorders and computers. From this, they concluded that measures of
general bat activity are relatively robust to types of recording devices.

We used four Anabat® II detectors during the study. Each survey night, three detectors were
placed at turbines and one detector was placed at a potential bat roosting or foraging site (e.g.,
woodland or wetland) within the study area. Turbine locations were selected using a systematic
design with a random start. Detectors were moved to different turbines each night. Over the two
3-month study periods, we used bat detectors to record bat activity at 216 turbines in the Phase 2
and Phase 3 wind plants. The detectors were placed near the base of turbines and the detector
microphone was elevated to approximately 30°, which is commonly used in bat detector studies
(Hayes 1997, Humes et al. 1999, Seidman and Zabel 2001). Bat detectors were not set out if rain
was forecast as rain may damage the equipment.

For this study, bat passes were the units of activity (Hayes 1997). A pass is defined as a train

of echolocation calls produced by an individual bat (Hickey et al. 1996), and consists of a
continuous series of > 2 call notes with no pauses between call notes of > 1 second (Thomas
1988, Everette et al. 2001, White and Gehrt 2001, Weller and Zabel 2002, Gannon et al. 2003).
The number of bat passes was determined by listening to the audiotapes (Krusic et al. 1996,
Grindal and Brigham 1999, Seidman and Zabel 2001). Data were expressed as the number of bat
passes recorded per night per detector. The number of passes recorded per night was plotted over
time and across space so that relative abundance of bats over the study period and across the
study areas could be determined. Except at isolated roost locations such as caves, the absolute
abundance of bats cannot be determined in most cases (Garcia 1998, O’Shea and Bogan 2000),
and bat pass data represent levels of bat activity rather than numbers of individuals (Fenton 1970,
Hickey and Neilson 1995). The relationship between bat activity recorded with the detector and
the number of subsequent fatalities was determined by searching turbine plots for bat fatalities
when the detectors were picked up each morning.

Bat call data were downloaded onto computers in the field office following methods in de
Oliveira (1998). The calls are currently being identified by Matthew Perlik, a Minnesota State
University, Mankato Graduate Student working on this project. Species identifications using
the call data will be presented in Mr. Perlik’s M.S. thesis.

Bat detectors were also used on 76 nights to sample likely bat foraging or roosting habits

(e.g., wetlands, woodlands) within 3.5 km of the wind plants. We used Anabat® recordings

at these sites to monitor bat habitat use and changes in bat abundance over time as well as to
determine appropriate locations for subsequent mist netting sessions. Much of this sampling
occurred at Hole in the Mountain County Park, located within 0.8 km of the Phase 2 wind plant.
This park was the largest contiguous tract of wooded area (324 ha) within several kilometers of
the wind plant. Forty-one of the 76 Anabat®-nights occurred at this park, where bat activity was
found to be the highest in the area. Other areas sampled included Norwegian Creek Park and
Showboat Park along Lake Benton, several Minnesota DNR Wildlife Management Areas in
Lincoln and Pipestone Counties, the Lake Benton cemetery, small ponds near the wind plants,
woodlots at occupied farmsteads, and buildings/woodlots at abandoned farmsteads. All of these
areas were within approximately 3.5 km of one of the Buffalo Ridge wind plants.
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Proportion of each habitat within 100 m and distance to the nearest wetland and woodland were
determined for each turbine randomly selected for sampling with bat detectors to determine any
relationship between habitat and landscape features and level of bat activity. The relationships
were examined using a Poisson regression model in which the number of passes was the
response and habitat or landscape characteristic was the explanatory variable. A simple
histogram of the bat activity data suggested that the distribution was not Poisson (there were
both too many zeros and too many large values to fit any Poisson distribution). However, the
assumptions behind other approaches, such as simple linear regression, were not well supported
by the data either. Therefore, we fit Poisson regression models and made adjustments for over-
dispersion (variance higher than expected) using the square root of the deviance divided by the
model degrees of freedom. There was 1 degree of freedom for each chi-square test. In addition,
a single outlying observation of 67 passes at one turbine in one night was deleted to avoid
distortion of the regression relationships. To test for any significant difference in bat activity

at turbines between study years, the variable “year” was included in the regression analyses.

At one study area in Ontario, Canada, both hoary and eastern red bats spent most of their
foraging time in association with street lights (Hickey and Fenton 1990, Hickey 1992), where
moth abundance is much higher than areas away from the lights (Hickey and Fenton 1990);
such foraging behavior can provide significant energetic benefits to bats (de la Cueva Salcedo
et al. 1993). Other studies have also shown high foraging activity around artificial lights by
hoary, eastern red, big brown and other species of bats (Wilson 1965, Hamilton and Whitaker
1979, Fenton et al. 1983, Belwood and Fullard 1984, Geggie and Fenton 1985, Barclay 1985,
Furlonger et al. 1987, Fullard 1989, Rydell 1990, Hutchinson and Lacki 1999); therefore, lights
on turbines may increase the probability of bat collisions. A Poisson regression was also used
to determine any relationship between bat activity at turbines and presence of FAA lighting
on turbines.

Use of Mist Nets to Monitor Bat Abundance and Composition

Species identifications using both mist netting and bat detectors are recommended to survey

bat populations (Kuenzi and Morrison 1998), as capturing bats allows for much more reliable
species identifications (O’Farrel ef al. 1999). Either an Anabat® detector or inexpensive hand-
held detector (Belfrey® Bat Detector) was used to locate areas of bat activity for subsequent
mist netting. Mist netting only where presence of bats was known allowed us to maximize our
sample sizes for species composition estimates. Mist nets are frequently used to capture bats
(Findley 1993). They are generally set up near ponds or known bat flyways (von Frenckell and
Barclay 1987, Kunz and Kurta 1988). For this study, we set up mist nets primarily in woodlands
and over ponds and other wetlands where bat activity is concentrated (Everette et al. 2001). Nets
were set up to take advantage of vegetative and topographical features that channel bats into nets
(Mills et al. 1996). Bats were trapped using mist nets specially made to catch bats by Avinet®,
Inc. based on recommendations of Kunz and Kurta (1988). Nets were either 6 or 12 meters long,
2.6 meters high, and had 38 mm mesh with 4 panels made of nylon. These special bat nets have
less “bag” than nets used for birds to minimize tangling. Both single as well as stacked nets
totaling 5.2 m in height were used to trap bats, and some nets were elevated on poles to a top
height of 6.1 m.
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Each sampling occasion, up to 10 mist nets were set at sunset and checked regularly for 2.5- to
4-hour intervals each night (Kuenzi and Morrison 1998). Because capture success with mist nets
often decreases greatly on consecutive nights (LaVal 1970, Kunz 1973, Kunz and Brock 1975),
areas were trapped once and then were not retrapped for at least one week. Once in hand each bat
was identified to species, aged, sexed, and weighed. Age (juvenile versus adult) was determined
based on the degree of fusion of the distal epiphysis of the third metacarpal (fused = adult,
nonfused = juvenile) (Buchler 1980, Anthony 1988). Bats were sexed based on external
morphological indicators (Racey 1988). To obtain recordings of known bat calls, at least one
individual bat of each species captured was marked with a chemiluminescent tag (Buchler

1976, Fenton and Bell 1981) so that its echolocation calls could be recorded when its

presence was confirmed.

Mist net data were expressed as the number of bats captured by species per mist net hour.
Over the 2-year study, 1,545 mist-net hours were spent over 61 nights attempting to capture
bats. In addition, a funnel trap was used to capture bats from an attic in the Town of Lake
Benton in 2001. This provided a unique opportunity to examine the composition of a colonial
bat roost in the study area.

Fatality Searches

Mortality was measured by estimating the number of bat fatalities in the wind development
areas. All bat fatalities located within search plots were recorded and a cause of death
determined, if possible, based on field examination and necropsy results. An estimate of
the total number of fatalities was made by adjusting for “length of stay” (scavenging) and
searcher efficiency biases.

Objectives of fatality searches were to (1) estimate the number of fatalities attributable to wind
turbine collisions for the Phase 2 and Phase 3 wind plants, and (2) relate the fatalities by species
to the relative abundance of each species and other parameters such as turbine characteristics and
habitat to aid in determining relative risk to that species.

Daily carcass searches were conducted at the three turbines where Anabat® detectors were
placed the previous night to determine any relationships between bat activity at turbines and
collision fatality levels. Another 80 turbines (2001) or 100 turbines (2002) were selected for
additional fatality searches using a systematic design with a random start. Selected turbines
were searched every two weeks throughout the study. With this design, 216 carcass searches
were conducted in conjunction with Anabat® surveys and 1180 carcass searches were conducted
at the randomly-selected turbines in the Phase 2 and Phase 3 areas during the study. Biologists
trained in proper search techniques conducted the searches. During the avian monitoring

study (Johnson et al. 2000a), only 1 of 184 bats was found greater than 30 m from a turbine,
even though all areas within 50 m of each turbine were searched. Therefore, for this study

we searched all areas within 30 m of each turbine. Proportion of each habitat within 100 m
and distance to the nearest wetland and woodland were determined for each turbine randomly
selected for carcass searching.

At other wind plants in the U.S. where both turbines and guyed meteorological (met) towers

were searched for collision victims, no bats were found at the met towers even when significant
numbers of fatalities were documented at turbines (Nicholson 2001, Young et al. 2002). This

3-4



Methods

suggests that collision mortality is not completely random, and that something about turbines
may be attracting bats (Johnson 2003). To test this theory at Buffalo Ridge, 13 meteorological
towers in the Phase 2 and Phase 3 wind plants were searched for bat carcasses in July and
August of 2002.

A square plot, rather than a circular one, was used to facilitate marking search boundaries and
conducting the search. Transects were initially set at 6 m apart in the area to be searched, and the
searcher initially walked at a rate of approximately 30-45 m/min along each transect searching
both sides out to 3 m for casualties (Johnson et al. 1993). Transect width and search speeds were
adjusted based on visibility within each habitat type. On average, approximately 20 to 25
minutes were spent searching each plot.

Searches of randomly-selected turbines were conducted once every two weeks to locate and
collect any fatalities found under turbines. Casualties found at other times and places (e.g., those
found on turbine pads while driving between search plots) were also collected. For all casualties
found, data recorded included species, sex, age, date and time collected, location, distance to and
direction from nearest turbine, condition, and any comments regarding possible causes of death.
Sexing and aging of fatalities followed criteria in Kunz (1988). Inclement weather has been
associated with migratory bat collisions with buildings and lighthouses (Van Gelder 1956). The
estimated time since death and weather at the estimated time of death were recorded for each
fatality. The condition of each fatality was recorded using the following condition categories:

e Injured — a live bat that cannot fly due to injury.

e Intact — a bat carcass that is completely intact, is not badly decomposed, and shows no sign
of being fed upon by a predator or scavenger.

e Scavenged — an entire carcass that shows signs of being fed upon by a predator or scavenger
or a portion(s) of a carcass in one location (e.g., wings, skeletal remains, legs, pieces of
skin, etc.).

Casualties were labeled with a unique number, bagged and frozen. A copy of the data sheet for
each carcass was maintained with the carcass at all times. Field necropsies of all intact, suitable
bat fatalities found associated with a turbine were conducted. No laboratory necropsies were
conducted to determine cause of death, as data collected during the avian monitoring study
indicated all bat fatalities were turbine-related (Johnson et al. 2000a).

The estimated average number of carcasses (¢ ) observed per turbine per year was calculated by:

n
Zcf
E: i=1

Pt Eq. 3-1

where c, is the number of fatalities detected at turbine i for the period of study, and & is the
number of turbines searched.

The final estimate of ¢ and its standard error were calculated using bootstrapping (Manly 1997).
Bootstrapping is a computer simulation technique that is useful for calculating point estimates,
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variances and confidence intervals for complicated test statistics. For each iteration of the
bootstrap, the plots were sampled with replacement, and ¢ was calculated. A total of 5000
bootstrap iterations were used. The reported estimate is the mean of the 5000 bootstrap
estimates. The standard deviation of the bootstrap estimates of ¢ is the estimated standard
error of ¢ (se(c)).

Fatality Search Biases

Estimation of Carcass Removal

Carcass removal trials were conducted to estimate the length of time bat fatalities remained

in the search area over the 14-day interval between searches. The trials were conducted at
randomly-selected turbine locations in the same areas and habitats where fatality searches
occurred, but not within the same turbine plots to avoid potential for confusion of trial carcasses
with collision victims. Each trial consisted of monitoring the fate of 10 to 15 bats. Bats used

for the trials were intact fresh bats found dead during the study, and consisted of 42 hoary bats
(Lasiurus cinereus), two eastern red bats (Lasiurus borealis), and two big brown bats.

To simulate bats that were killed or wounded by turbine collision, carcasses were (1) placed in
an exposed location; (2) hidden to simulate a crippled bat (e.g., placed beneath a tuft of grass);
and (3) partially hidden. An equal proportion of carcasses was included in each of the above
categories. Carcasses were checked daily the first seven days and then again on Day 14; all
carcasses were removed at the end of the 14-day period. Estimates of carcass removal were
used to adjust fatality counts for removal bias.

Carcass removal statistics were estimated by study site and habitat type. Because several bat
carcasses remained at the end of 14 days, the mean length of stay was estimated using statistical
methods appropriate for censored data (Barnard 2000) assuming an exponential model for
removal time and the maximum likelihood estimate of the mean removal time.

The mean length of time a carcass remained in a plot before being removed (7 ) was
calculated by:

>
=
§—S

c

Eq. 3-2

where ¢,1s the time (days) each carcass remained in the study area before being removed, s is
the number of carcasses used in removal trials, and s, is the number of carcasses in removal
trials that lasted 14 days or longer before being removed.

This estimator is the maximum likelihood estimator assuming the removal times follow an

exponential distribution and there is right-censoring of data. In our application, any trial
carcasses still remaining at 14 days were collected, yielding censored observations at 14 days.
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If all trial carcasses are removed before the end of the trial, then s, is 0, and 7 is just the
arithmetic average of the removal times.

The final estimate of 7, the estimated standard error, and 90% confidence limits were calculated
using bootstrapping. For each iteration of the bootstrap, the removal times for the trial bats
were sampled with replacement, and 7 was calculated. A total of 5000 bootstrap iterations
were used. The standard deviation of the bootstrap estimates of 7 is the estimated standard

error of ¢ (se (;)).

Estimation of Searcher Efficiency

The objective of searcher efficiency trials was to estimate the percentage of bat fatalities found
by searchers. Searcher efficiency trials were conducted in the same plots that fatality searches
occurred. Searcher efficiency was estimated by major habitat (i.e., turbine pad and “other”
habitat [soybeans, corn, CRP, woodlot, fallow]). Estimates of searcher efficiency were used

to adjust the number of carcasses found, correcting for detectability bias. In 2001, fresh bat
fatalities found during the study were used to conduct the trials, and consisted of 54 hoary bats,

7 eastern red bats, 4 little brown bats, 2 big brown bats, and 1 silver-haired bat. In 2002, we used
black plastic bats with approximately 13-cm wingspans for searcher efficiency trials. Use of the
plastic bats allowed us to conduct searcher efficiency trials without waiting for a suitable number
of bat carcasses to be found. Use of the bat substitutes also allowed us to save more carcasses

for additional research being carried out by Minnesota State University, Mankato, including food
habits analysis and preparation of museum specimens.

Personnel conducting searches did not know the location of searcher efficiency carcasses. All
carcasses were placed at random locations within areas being searched for fatalities before the
search on the same day. Carcasses were placed in a variety of postures to simulate a range of
conditions as was described for carcass removal trials.

Each carcass was discreetly marked with black electrical tape on the feet so that it could
be identified as a study carcass after being found. The number, location and habitat of the
detectability carcasses found during fatality searches were recorded. Carcasses not found
by the searcher were removed following the fatality search effort for that day.

Searcher efficiency was expressed as p, the estimated proportion of carcasses found by searchers.
Results of searcher efficiency trials were used to evaluate effectiveness of the fatality search
effort and to make adjustments for the final estimate of the total number of fatalities. The
standard error of p and 90% confidence limits were calculated by bootstrapping. A total of

5000 bootstrap iterations were used. Observer detection rates were estimated by habitat and

year. We assumed that no removal of carcasses by scavengers occurred between when they

were placed and when the plot was searched later the same day.
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Estimating the Total Number of Fatalities

The estimates of the total number of wind plant-related bat fatalities were based on:

(1) observed number of carcasses found during standardized carcass searches; (2) searcher
efficiency expressed as the proportion of planted carcasses found by searchers; and (3) non-
removal rates expressed as the length of time a carcass is expected to remain in the study area
and be available for detection by the searchers. To calculate the number of fatalities for the entire
wind plant, values used for searcher efficiency and mean length of stay were weighted based on
relative proportions of each habitat type within the search plots. We assumed equal distribution
of bats throughout the 30 m radius search plot when weighting values based on habitat.

The estimators of the total number of wind plant-related fatalities adjust the observed number
of fatalities by dividing by an estimate of the probability a casualty is available to be picked
up during a fatality search (probability it is not removed by a scavenger), and is observed
(probability of detection). The estimated total number of annual facility-related fatalities (m,)
was calculated by:

_ N*c

T

m, Eq. 3-3

where N is the total number of turbines in the facility, ¢ is the average number of carcasses
found per turbine per study period, and 7 is the estimated average probability a carcass

is available to be found during a search and is found; 7 includes both observer detection
and scavenging rates, with the assumption that the carcass removal times (z,) follow an
exponential distribution:

1 ng I ng—k+l

w= 33 Y [P(T>j*I-(+0.5)*p(1-p)™ | Eq. 3-4

[*n, k=ti=t =1

where T is an exponential random variable, P(7>t) is the probability of the random variable T
exceeding the value ¢, I is the average interval between searches in days, n, is the number of
searches at each turbine during the period of study, and p is the estimated proportion of detection
trial carcasses found by searchers.

Relationships Between Habitat, Landscape Features, Turbine Lighting,
Bat Activity, and Bat Fatalities

To determine the effects of habitat at the turbines and landscape features (distance to nearest
wetland and woodland) on the number of bat collision fatalities at turbines, separate Poisson
regression models were fit for distance to nearest wetland, distance to nearest woodlot, and
proportion of each of 11 habitat types. For a single explanatory variable, X, the regression
model was:

log(Y)= B, + B X Eq. 3-5
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where Y is the number of fatalities and 3, and 3, are parameters to be estimated. There was 1
degree of freedom for each chi-square test. Goodness-of-fit tests indicated that all regressions
met the assumptions of the general Poisson model.

Poisson regression was also used to examine the relationship between the number of fatalities
and presence of FAA lighting on turbines. Separate analyses were conducted for Phase 3
(where every other turbine is lig