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PREFACE

This document is a product of the National Wind Coordinating Collaborative (NWCC) Wildlife
Workgroup. It is being released as a Resource Document for educational and informational
purposes. The document has been reviewed and approved by an NWCC working group with
relevant experience; but, by choice of the NWCC, has not been carried through the full NWCC
consensus process. Publication does not presume that all Members have reviewed the content
of the document.

Since 1994, the NWCC has provided a neutral forum for a wide range of stakeholders to pursue
the shared objective of developing environmentally, economically, and politically sustainable
commercial markets for wind power in the United States. The NWCC forum provides
opportunities for dialogue among lawmakers, public agencies and regulators, conservationists,
and industry to discuss and develop unbiased and authoritative publically-available information
on siting wind power.

The mission of the NWCC Wildlife Workgroup is to identify, define, discuss, and through broad
stakeholder involvement and collaboration address wind-wildlife and wind-habitat interaction
issues to promote the shared objective of developing commercial markets for wind power in the
United States.

The NWCC published Studying Wind Energy/Bird Interactions: A Guidance Document in 1999.
In the intervening 12 years much has been learned about the impacts of wind energy
development on wildlife and their habitat. In consideration of this increase in knowledge, the
NWCC published this expanded resource document. In addition to updating the methods and
metrics available for studying wind energy and bird interactions, this resource document
broadens its focus to include other wildlife, particularly bats, provides an abundance of case
studies illustrating the application of methods and metrics, and introduces the concept of a
decision framework.

For more information on the NWCC, please visit www.nationalwind.org.

DISCLAIMER

Any specific technologies or vendors mentioned in this Guide are either included as examples
or as references to work carried out using these technologies/vendors. The mention of specific
technologies is not an endorsement of these over other technologies.


http://www.nationalwind.org/�
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INTRODUCTION

A desire to maximize the knowledge gained from the emerging study of wind energy/wildlife
interactions  prompted the National Wind Coordinating Collaborative (NWCC;
http://www.nationalwind.org) to publish Studying Wind Energy/Bird Interactions: A Guidance
Document (Anderson et al. 1999). As concern over potential impacts to bats emerged as a
significant issue for renewable energy, the NWCC supported the publication of Assessing
Impacts of Wind Energy Development on Nocturnally Active Birds and Bats: A Guidance
Document (Kunz et al. 2007a). Subsequent to the publication of Anderson et al. (1999), much
has been learned about the impacts of wind energy development on wildlife and their habitat. In
consideration of this increase in knowledge and of new methods and metrics that have been
developed, the NWCC published this resource document that expands on Anderson et al.
(1999). While Anderson et al. (1999) focused on the study of wind energy impacts to birds, this
resource document broadens its focus to include other wildlife, particularly bats. This document
provides a review of the available methods and metrics and makes suggestions regarding their
application. Notwithstanding, our recommendations should not be considered prescriptive as all
sites are unigue to some extent, and methods, metrics, and protocols by which they are applied
should be adjusted to each individual situation.

The energy from wind was first used to generate electricity in the United States nearly 100 years
ago. In 1999, commercial wind energy facilities existed in 15 states. As of 2005, wind facilities
had expanded to 30 states (http://www.awea.org). By November 2008, 21,017 megawatts (MW)
of wind energy installed capacity existed in the United States, with an additional 8,584 MW
under construction. In 2008, the United States Department of Energy (USDOE) published a
report suggesting that it is technically feasible to use wind energy to generate 20% of the
nation's electricity demand — approximately 3,000,000 MW - if significant challenges are
overcome (USDOE 2008). By the end of 2010, the United States had a wind energy capacity of
40,180 MW, with an additional 5,600 MW of wind energy under construction in the first quarter
of 2011 (www.awea.orq).

The use of wind energy also is growing rapidly in many other countries, having reached a
capacity potential of over 47,000 MW worldwide in 2004 (http://www.awea.orq); by the end of
2010, this had increased to over 196,000 MW of capacity worldwide (www.wwindea.org).
Whereas wind energy, like other renewable energy resources, offers the prospect of significant
environmental benefits, the effects of wind energy developments on birds, bats and other
wildlife and their habitat have raised important legal and ecological issues in the permitting and
operation of wind facilities.

Wind energy developers must consider a multitude of issues, including potential impacts on
wildlife, when making the decision to pursue a project (www.awea.org/sitinghandbook/). The
developer must first look for areas with abundant, reliable wind in a region where there is a
market for wind-generated electricity. Project proponents then look for obtainable sites within
that area that have cost-effective access and transmission capability. Once these preliminary
data have been gathered, project proponents begin to look at the potential permitting issues
they will face. One of these permitting issues is the potential effects the facility may have on
wildlife and their habitat. This document addresses the wildlife and wildlife habitat component of
this siting process.
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PURPOSE AND SCOPE OF THIS DOCUMENT

This document is intended as a guide to persons involved in designing, conducting, or requiring
wind energy/wildlife interaction studies. The document follows a general framework for
progressing through the decision process for a proposed wind project and a guide to methods
and metrics for use in the necessary studies. This guide is relevant to the study of any wildlife
species, although our focus is on birds and bats. Specifically, our aims are to:

1. Describe a potential framework that utilizes the basic concepts of risk-based
decisions explicitly addressing issues associated with the effects on wildlife,
particularly birds and bats, from the development and operation of wind energy
facilities, in the pre- and post-construction phases of the development. A framework
should provide a structure for focusing scientific principles and critical thinking toward
the goal of effective environmental management, and integrating the views of diverse
scientists, regulators, and public participants. A framework also should be useful as a
decision tool to support regulatory decision making.

2. Provide a reference document for use in the production of a body of scientific
information adequate to:

e assess the suitability of a proposed wind facility site with regard to species of
concern, including the potential for fatalities and for habitat loss;

e assess the potential effects of a proposed wind energy facility on species of
concern;

e evaluate the actual effects of the implementation of wind energy technology
on wildlife; and,

e evaluate the effectiveness of measures taken to avoid, minimize, or offset
significant adverse impacts and risk reduction management actions to reduce
future impacts.

3. Provide sufficiently detailed and clearly understandable methods, metrics, and study
designs for use in the study of wind energy/wildlife interactions.

4. Promote efficient, cost-effective and consistent study designs, methods, and metrics
that will produce comparable data that could reduce the overall need for future
studies.

5. Provide study designs and methods for the collection of information useful in
reducing potential risk to wildlife in existing and future wind facilities.

Using generally agreed-upon and scientifically appropriate methods and metrics should help to
enhance both the credibility and the comparability of study results, including the results of
studies conducted at different sites with different study objectives.

The benefits of achieving these objectives are numerous. If study methods and metrics are
generally agreed-upon, stakeholders can focus on the implications of study results rather than
on debating the validity of the data and how they were obtained. If different studies generate
comparable results, the total set of wind energy/wildlife interaction data will be increased. This in
turn should help in understanding the differences and similarities among wind energy
developments, in anticipating potential wildlife issues at yet-to-be-developed wind energy sites,
and in generating a body of knowledge about how wind energy development and operation
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affects wildlife that can be disseminated to the public. It should also lead to a more efficient use
of research and monitoring budgets.

It is neither possible nor appropriate to provide a detailed “cookbook” approach to every site-
specific situation. Not all jurisdictions will require the same level of information on wildlife in
conjunction with permitting a wind energy development, and each site will be unique to some
extent. Many situations will require site-specific knowledge and expert recommendations as to
which study design and methods are most appropriate. Notwithstanding, when wildlife studies
are conducted the information in this document can be used to develop protocols specifically
designed for each site.

This document is an update of Anderson et al. (1999). It provides an overview of wind
energy/wildlife interactions, updated technical discussion of the basic concepts and tools for
studying these wind energy interactions, and extensive case studies illustrating the application
of many of these tools. Establishing standard metrics, methods, and study designs does not
reduce the potential for adverse impacts, mitigate impacts, or guarantee a siting permit. It can
help ensure that credible, acceptable, scientifically rigorous information is gathered wherever
such information is required for wind energy site development.

While the list of metrics provided in this document is not exhaustive, the technical and biological
information needs and approaches presented in this document can support informed decisions
regardless of the size of the wind energy development project or the number of species and
individuals potentially affected. These methods and metrics provide the basis both for assessing
risk and for estimating impacts to wildlife. Nevertheless, wind energy project permitting, whether
federal, state or local, may focus primarily on impacts prediction. Thus, studies should always
be designed to provide information that helps the decision makers (permitting authorities)
determine whether risk and/or impacts are likely to be significant, and whether mitigation
measures, defined as avoidance, minimization or compensatory mitigation (replacement), are
appropriate in the permit decision process.

For each of the methods and metrics we describe, we will attempt to point out their relative
advantages, disadvantages, and underlying assumptions. In practice, project-specific protocols
should be developed to accomplish specific study objectives. The optimal protocol will vary
depending on the study objective and the amount and quality of preexisting information.

The appropriate study methods will vary depending on whether the primary species of interest is
large (e.g., raptors, ungulates) or small (e.g., passerines, bats), nocturnal (e.g., bats, rodents,
owls) or diurnal, migratory or resident, and so on. Methods also will vary depending on the
objectives of the study. Study objectives must be clearly defined in order to determine the
appropriate study design. The intent of this document is not to advise regulators on what the
objectives of a study of wildlife impact should be, but rather to provide a guide on how to
conduct a scientifically defensible study that achieves specified objectives, using methods and
metrics that can meaningfully be compared against an agreed-upon benchmark.

HISTORICAL PERSPECTIVE

Most of the attention historically has been focused on fatalities of birds at wind facilities, and
especially on raptors in the United States (Anderson and Estep 1988; Estep 1989; Howell and
Noone 1992; Orloff and Flannery 1992; Hunt 1995; Howell 1995; Smallwood and Thelander
2004b, 2005).
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The detection of dead raptors at the Altamont Pass Wind Resource Areas (APWRA) (Anderson
and Estep 1988; Estep 1989) triggered concern on the part of regulatory agencies,
environmental and conservation groups, resource agencies, wind power companies, and
electric utilities. This led the California Energy Commission and the planning departments of
Alameda, Contra Costa, and Solano counties to commission the first extensive study of bird
fatality at the APWRA (Orloff and Flannery 1992).

Prior to the mid-1990s other North American and European studies of wind energy/bird
interactions documented deaths of songbirds (Orloff and Flannery 1992, Pearson 1992,
Winkelman 1994, Higgins et al. 1995, Anderson et al. 1996) and waterbirds (Pearson 1992,
Winkelman 1994). Research at Tarifa, Spain identified a high fatality rate for the griffon vulture
(Gyps fulvus) (Marti 1994). These early studies also found that bats were killed at wind energy
facilities (e.g., Higgins et al. 1995).

In 1992, the California Energy Commission and Pacific Gas and Electric Company sponsored a
wind energy/bird interaction workshop focusing on wind energy effects on birds. This workshop
convened interested parties to discuss the issue and its evaluation, thus taking an initial step
toward the development of a nationwide approach. A research program directed by Kenetech
Windpower, Inc. focused on the sensory and behavioral aspects of wind energy/bird interactions
and represented another significant early effort to address the avian fatality issue. At the same
time, the USDOE/National Renewable Energy Laboratory (NREL; http://www.nrel.gov/) initiated
a program to identify and prioritize research needs, provide technical advice, and fund or cost-
share numerous research projects.

The NWCC was formed as a partnership of experts and interested parties in 1994 to provide a
neutral forum for a wide range of stakeholders. Funded by the US Department of Energy, the
NWCC was established with the objective of developing environmentally, economically, and
politically sustainable commercial markets for wind power in the United States. The NWCC
focused on issues that potentially affected the use of wind power for the generation of electricity
including wildlife and habitat impacts associated with the development of wind power.

In July 1994, the NWCC convened a national workshop in Denver, Colorado. Sponsored by
NREL, USDOE, AWEA, National Audubon Saociety (Audubon), Electric Power Research
Institute (EPRI), and Union of Concerned Scientists, the workshop examined existing
information and concern about wind energy/bird interactions. One major focus was on
systematizing the search for the factors responsible for avian deaths from wind energy facilities,
and on placing efforts to reduce avian fatality on a firm, scientific basis (Proceedings of the
National Avian Windpower Planning Meeting [NAWPM] 1995). Since that time, there have been
additional NWCC planning meetings, research meetings and other collaborative efforts
designed to advance the understanding of the impact of wind energy development on wildlife
(NWCC Wildlife Workgroup; http://www.nationalwind.org/issues/wildlife.aspx).

Shortly after the first planning meeting, the NWCC formed an Avian Subcommittee to carry
forward the work, begun at the 1994 NWCC workshop, of identifying and setting priorities for
wind energy/bird interaction studies. The Subcommittee provided advice to funding agencies,
promoted communication among participants in wind energy developments regarding
approaches to resolving wind energy/bird conflicts, and facilitated the development of standard
protocols for conducting wind energy/bird interaction studies. In January of 2003, primarily
because of increasing concern over the number of bat fatalities occurring at modern facilities,
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the Avian Subcommittee changed its name to the Wildlife Workgroup (WW) and changed its
focus to consider all wildlife issues relevant to wind energy development.

The NWCC felt that interested parties needed a better understanding of the effect of wind
energy development on birds and whether fatality levels and risk vary from one WRA to another
around the nation. Yet definitive research results on these complex questions require numerous
studies over a period of several years — studies that often are field-intensive, time-consuming,
and costly.

In September, 1995, the Avian Subcommittee sponsored a second national workshop in Palm
Springs, California, to facilitate communication among avian researchers, regulators, and
groups needing scientific information to review wind energy development proposals. An
outcome of this meeting was the recommendation that a group of ornithologists, statisticians,
and environmental risk specialists develop a set of study protocols and measures of wind
energy/bird interactions that could be adopted by the NWCC; Studying Wind Energy/Bird
Interactions: A Guidance Document (Anderson et al. 1999) was the result of that effort. It was
hoped that this document would facilitate the comparison of results from wind energy/bird
studies in different areas, and that it would lead to improved understanding of potential causal
factors in wind energy/bird interactions.

Produced by the Avian Subcommittee, Anderson et al. (1999) was reviewed by a wide range of
stakeholders and was endorsed by the NWCC as a valuable reference that could be used
throughout the nation. A separate NWCC document, Permitting of Wind Energy Facilities
Handbook (NWCC 1998), was developed “to help stakeholders make permitting decisions in a
manner which assures necessary environmental protection and responds to public needs.” The
Handbook provided an overview of the basic features of a wind project and discussed the
permitting process. It also described many of the issues that may arise in the permitting process
and provided trade-off considerations and strategies for dealing with the issues. The potential
impact of wind development on bird resources of concern was one of these issues. Permitting of
Wind Energy Facilities also provided information on the steps and participants involved in the
permitting process of a wind facility project.

Results of the early research at the APWRA increased scrutiny and caution during the
permitting of new wind facility developments, often resulting in costly delays. Subsequent
research at Tehachapi, California, found much lower raptor fatalities than at APWRA (Anderson
et al. 2004) but also indicated that the Tehachapi Pass WRA and the APWRA differed—most
importantly, that raptor use may be much lower in the Tehachapi Pass WRA. Yet, this
comparison suffered from the fact that protocols and study objectives were substantially
different among these studies. Over time, additional research results from other United States
avian studies provided some support for the belief that not all wind developments would result in
the same level of bird fatalities as at the APWRA. Recent results from avian research at other
wind sites where many of these metrics are comparable suggest that wind turbines can be sited
in a manner that reduces the potential for bird fatalities (NRC 2007). However, the comparability
of metrics has been confounded by the use of different fatality estimators and small sample
sizes, some of which may be biased severely low or high, potentially leading to misleading
conclusions. For example, the number of studies at facilities in the mountains of the eastern
U.S. are very limited and one, the Buffalo Mountain, Tennessee, study (Fiedler 2004) included
in the NRC (2007) report, contained a very small sample size, only 3 turbines, and used an
early estimator (Johnson 2005).
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While fatality impacts have been the primary focus of most wind energy and wildlife studies,
habitat impacts from wind energy development are also of concern, especially in the Midwest
(e.g., Shaffer and Johnson 2008) and the Pacific Northwest (e.g., Erickson et al. 2004). Habitat
impacts are of particular concern where native habitat has been reduced due to various land
uses and where wind resources and the remaining native habitat significantly overlap.

Subsequent to publication of Anderson et al. (1999), the Avian Subcommittee changed its name
and focus to all wildlife, and broadened its perspective to include potential habitat impacts.
While the information on methods and study designs in Anderson et al. (1999) were generally
transferable to all species, the information was deficient in the coverage of methods and metrics
for nocturnally active species and to a lesser extent to the study of habitat impacts. The
deficiencies related to nocturnally active species were partially addressed at the November
2006 Wildlife Workgroup meeting when NWCC sponsored the development of nocturnal
methods and metrics guidelines (Kunz et al. 2007a), adopted herein as Appendix A.

REVIEW OF WIND ENERGY FACILITY HAZARDS TO WILDLIFE

The following review is focused principally on birds and bats and is primarily based on three
recent reviews, the National Academies’ NRC report on Environmental Impact of Wind Energy
Projects (NRC 2007), The Wildlife Society’s white paper on the Impact of Wind Energy Facilities
on Wildlife (Arnett et al. 2007b), and Kunz et al.’s (2007b) review of the Ecological Impacts of
Wind Energy Development on Bats.

Fatalities

Wind turbines cause fatalities of birds and bats through collision, typically assumed to be with
the turbine blades. There is, however, some evidence that some percentage of bat fatalities
result from rapid decompression, often called barotrauma (Baerwald et al. 2008), resulting when
bats encounter suddenly changing pressures near the rapidly moving blade tip and outer
portions of the blade. Species differ in their vulnerability to collision. Passerines are the most
common species occurring within a wind facility and make up the vast majority of avian fatalities
found at modern wind facilities. Nevertheless, individuals of other species (e.g. raptors) appear
to be at greater risk of collision, when risk is defined as the probability of collision given
exposure to a wind facility (NRC 2007, Arnett et al. 2007b). Avian fatality rates are fairly
consistent across the country at most facilities that have been studied with appropriate methods
(Figure 1.1); that is, 42 of the 63 studies report fatalities of all birds at less than or equal to three
fatalities/MW/year. However, caution should be exercised when comparing fatality estimates
from different studies when different estimators were used. Among the 63 studies listed in
Figure 1.1, different estimators were used, and some of the estimators have been shown to be
biased low, while others may be biased high. The comparison of fatality estimations is further
compounded by the varying search intensities, study lengths, study timing, the size of the
search areas, and biases from unaccounted crippling losses (Huso 2009, 2010; Manville 2009).
Some of these biases could lead to under-counting of carcasses (e.g., plot size). However,
treating all bird fatality evidence as wind turbine Kills could lead to an overestimate. For
example, Johnson et al. (2000a) found a background mortality of approximately 33%.
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Figure 1.1. All bird fatalities per nameplate MW per year at North American facilities with published fatality data.

Data from the following sources:

Buffalo Mountain, TN (2000-2003)
Blue Sky Green Field, W1

Leaning Juniper, OR

Buffalo Ridge, MN (Phase IIl; 1999)
Diablo Winds, CA

Buffalo Ridge, MN (Phase I; 1996)
Buffalo Ridge, MN (Phase II; 1999)
Stateline, OR/WA (2002)

Maple Ridge, NY (2007)

Foote Creek Rim, WY (Phase I; 1999)
Klondike Il, OR

Buffalo Ridge, MN (Phase I; 1998)
Mountaineer, WV

Stateline, OR/WA (2003)

Noble Bliss, NY (2008)

Nobel Bliss, NY (2009)

Nine Canyon, WA

Stetson Mountain, ME

Nicholson et al. 2005
Gruver et al. 2009
Gritski et al. 2008
Johnson et al. 2000a
WEST 2008

Johnson et al. 2000a
Johnson et al. 2000a
Erickson et al. 2004
Jain et al. 2008

Young et al. 2003b
NWC and WEST 2007
Johnson et al. 2000a
Kerns and Kerlinger 2004
Erickson et al. 2004
Jain et al. 2009d

Jain et al. 2010a
Erickson et al. 2003b
Stantec 2009b

Combine Hills, OR

Big Horn, WA

Buffalo Ridge, MN (Phase I; 1997)
Biglow Canyon |, OR (2009)

Buffalo Ridge, MN (Phase II; 1998)
Foote Creek Rim, WY (Phase I; 2000)
Noble Clinton, NY (2008)

Kewaunee County, WI

Foote Creek Rim, WY (Phase I; 2001/2002)

Cohocton/Dutch Hill, NY
Biglow Canyon I, OR (2008)
Mars Hill, ME (2008)

Mars Hill, ME (2007)

NPPD Ainsworth, NE

High Winds, CA (2004)
Wild Horse, WA

Elm Creek, MN

Casselman, PA

Young et al. 2006
Kronner et al. 2008
Johnson et al. 2000a
Jeffrey et al. 2009a
Johnson et al. 2000a
Young et al. 2003b
Jain et al. 2009b
Howe et al. 2002
Young et al. 2003b
Stantec 2010
Jeffrey et al. 2009a
Stantec 2009a
Stantec 2008a

Derby et al. 2007
Kerlinger et al. 2006
Erickson et al. 2008
Derby et al. 2010d
Arnett et al. 2009b

Munnsville, NY

Buffalo Ridge, MN (Phase I; 1999)

Noble Ellenburg, NY (2008)
Buffalo Gap, TX

Hopkins Ridge, WA

Noble Clinton (2009)

High Winds, CA (2005)
Buffalo Mountain, TN (2006)
Summerview, Alb. (2005/2006)
SMUD, CA

Vansycle, OR

Klondike, OR

Top of lowa, IA (2004)

Elk Horn, OR

Grand Ridge, IL

Top of lowa, IA (2003)
Marengo |, WA (2009)
Marengo II, WA (2009)

Stantec 2008b

Johnson et al. 2000a

Jain et al. 2009a

Tierney 2007

Young et al. 2007

Jain et al. 2010b
Kerlinger et al. 2006

Fiedler et al. 2007

Brown and Hamilton 2006
URS et al. 2005

Erickson et al. 2000a
Johnson et al. 2003

Jain 2005

Jeffrey et al. 2009b
Derby et al. 2010g

Jain 2005

URS Corporation 2010a
URS Corporation 2010b
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There are also no clear-cut differences in avian fatality rates among different land cover types.
In general, avian fatality rates appear similar in agricultural landscapes (37 facilities;
2.80/MW/study period), grassland (20 facilities; 2.41/MW/study period), and forested
landscapes (9 facilities; 3.27/MW/study period). Nevertheless, there is some indication that
passerine fatality rates may be higher in the mid-western (e.g., Buffalo Ridge, Phase llI;
5.93/MW/study period) and eastern United States (e.g., Maple Ridge; 5.81/MW/study period),
particularly at facilities in mountain settings (Buffalo Mountain 2000-2003; 13.93/MW/study
period). Unfortunately, the number of facilities in the eastern United States makes testing the
hypothesized relationship between landscape and fatality rates impossible at the present time.
For example, while the Buffalo Mountain facility (2000-2003, 13.93/MW/study period) is a
mountain top facility in the east and has the highest reported fatality rate, this facility contained
only three turbines during the study (Nicholson 205). The Mountaineer facility (3.00/MW/study
period) is also a mountain top facility with 44 turbines, but the fatality rate is similar to that
estimated for facilities in western grassland and agricultural settings. Interestingly, a subsequent
study of an expanded Buffalo Mountain facility (Fiedler et al. 2007) found a much lower fatality
rate in 2005 (1.10/MW/study period).

The relatively high raptor fatality rate at the APWRA (Orloff and Flannery 1996) was the original
catalyst that raised public concern over the impact of wind energy development on birds. While
raptor fatality rates are relatively low at most modern wind energy facilities (Figure 1.2), raptor
fatalities are still much higher relative to the number of individuals exposed to collisions than are
passerines (NRC 2007). Of the 36 studies providing annual estimates of fatalities corrected for
detection bias, raptor fatalities ranged from zero at several facilities to approximately
0.87/MW/study period at the Diablo Winds, California, facility (WEST 2008). Even though the
raptor fatality rates reported at APWRA are still the highest of those facilities having been
studied, raptor fatality rates in California in general are much higher than reported at other
facilities around the country. As with fatality rates for all birds, there were no clear differences in
raptor fatality rates among different land cover types.

Bat fatalities were initially found incidental to the study of avian fatalities. However, as more
sites were studied it became obvious that bat fatalities were a common phenomenon at wind
energy facilities (Figure 1.3). Of the 66 current studies providing annual estimates of bat
fatalities, most studies (54) reported bat fatality rates of less than 10/MW/study period, ranging
from 0.07/MW/study period at the SMUD facility in California to 39.7/MW/study period at Buffalo
Mountain (2006) in Tennessee. Arnett et al. (2008) reviewed 21 studies from 19 different wind
energy facilities in five regions in the United States and one province in Canada. The review
illustrated the wide range of protocols used in estimating bat fatality rates and recommended
caution in comparing the results of these studies. Arnett et al. (2008) summarized bat fatalities
as highest at wind energy facilities located on forested ridges in the eastern U.S. (14.9 —
53.3/MW/study period) and lowest in the Rocky Mountain and Pacific Northwest regions (0.8 —
2.5/MW/study period). However, the researchers caution that bat fatalities can be highly variable
even among facilities in close proximity.

The highest bat fatality rates in the United States have been reported at three facilities in the
mountains in the eastern part of the country, and it has been assumed that facilities constructed
in this landscape would present the most risk to bats. Recent evidence from studies in the
Northeast (e.g., Maple Ridge; Jain et al. 2007), Upper Midwest (Top of lowa; Jain 2005), Cedar
Ridge in Wisconsin (BHE Environmental 2010), Blue Sky Green Fields in Wisconsin (Gruver et
al. 2009), and in southern Alberta, Canada (Baerwald 2008), however, suggest that facilities
constructed in agricultural landscapes also may result in relatively high bat fatality rates.
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Figure 1.2. Raptor fatalities per nameplate MW per year at North American facilities with published fatality data.

Data from the following sources:

Diablo Winds, CA

SMUD, CA

Noble Ellenburg, NY (2009)
Noble Ellenburg, NY (2008)
Noble Clinton, NY (2008)
Maple Ridge, NY (2007)
Noble Clinton, NY (2009)
Leaning Juniper, OR

Noble Bliss, NY (2008)
Noble Bliss, NY (2009)

Big Horn, WA

Hopkins Ridge, WA

WEST 2008

URS et al. 2005
Jain et al. 2010c
Jain et al. 2009a
Jain et al. 2009b
Jain et al. 2008
Jain et al. 2010b
Gritski et al. 2008
Jain et al. 2009d
Jain et al. 2010a
Kronner et al. 2008
Young et al. 2007

Klondike II, OR

Summerview, Alb. (2005/2006)
Buffalo Gap, TX

Stateline, OR/WA (2002)

Stateline, OR/WA (2003)

Wild Horse, WA

Foote Creek Rim, WY (Phase I; 1999)
Klondike IlI, OR

NPPD Ainsworth, NE

Foote Creek Rim, WY (Phase I; 2000)
Nine Canyon, WA

Marengo I, WA (2009)

NWC and WEST 2007
Brown and Hamilton 2006
Tierney 2007

Erickson et al. 2004
Erickson et al. 2004
Erickson et al. 2008
Young et al. 2003b
Gritski et al. 2009
Derby et al. 2007
Young et al. 2003b
Erickson et al. 2003b
URS Corporation 2010b

Biglow Canyon I, WA (2009)
Biglow Canyon I, WA (2008)
Foote Creek Rim, WY (Phase I; 2000/2002)
Buffalo Mountain, TN (2000-2003)
Combine Hills, OR

Klondike, OR

Vansycle, OR

Dillon, CA

Marengo I, WA (2009)

Grand Ridge, IL

Buffalo Mountain, TN (2006)
Casselman, PA

Jeffrey et al. 2009a
Jeffrey et al. 2009b
Young et al. 2003b
Nicholson 2003, Nicholson et al. 2005
Young et al. 2006
Johnson et al. 2003
Erickson et al. 2000a
Chatfield et al. 2009
URS Corporation 2010a
Derby et al. 2010g
Fiedler et al. 2007
Arnett et al. 2009b
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Figure 1.3. Bat fatalities per nameplate MW per year at North American facilities with published fatality data.
Data from the following sources:

Buffalo Mountain, TN (2006)
Mountaineer, WV

Cedar Ridge, WI

Buffalo Mountain, TN (2000-2003)
Blue Sky Green Field, WI
Cohocton/Dutch Hill, NY
Maple Ridge, NY (2006)

Noble Bliss, NY (2008)
Casselman, PA (Spring & Fall 2008)
Mount Storm, WV (2008)
Summerview, Alb. (2005/2006)
Top of lowa, IA (2004)
Casselman, PA (Fall 2008)
Maple Ridge, NY (2007)
Judith Gap, MT

Crystal Lake II, 1A

Top of lowa, IA (2003)
Kewaunee County, WI

Noble Clinton, NY (2009)

Wolf Island, Ont.

Noble Bliss, NY (2009)

Noble Ellenburg, NY (2008)

Fiedler et al. 2007

Kerns and Kerlinger 2004
BHE Environmental 2010
Nicholson et al. 2005
Gruver et al. 2009
Stantec 2010

Jain et al. 2007

Jain et al. 2009d

Arnett et al. 2009b
Young et al. 2009

Brown and Hamilton 2006
Jain 2005

Arnett et al. 2009a

Jain et al. 2008

TRC 2008

Derby et al. 2010a

Jain 2005

Howe et al. 2002

Jain et al. 2010b
Stantec, Ltd. 2010

Jain et al. 2010a

Jain et al. 2009a

Noble Ellenburg, NY (2009)

Ripley, Ont.

Winnebago, IA

Foote Creek Rim, WY (Phase I; 1999)
Noble Clinton, NY (2008)

Crescent Ridge, IL

Mars Hill, ME (2007)

Buffalo Ridge, MN (Phase III)
Buffalo Ridge, MN (Phase II; 1999)
Stateline, OR/WA (2003)

High Winds, CA (2004)

Nine Canyon, WA

Moraine II, MN

Dillon, CA

Buffalo Ridge, MN (Phase II; 1998)
Grand Ridge, IL

Biglow Canyon I, OR (2008)
Leaning Juniper, OR

Big Horn, WA

Combine Hills, OR

Foote Creek Rim, WY (Phase I; 2001/02)
High Winds, CA (2005)

Jain et al. 2010c
Jacques Whitford 2009
Derby et al. 2010b
Young et al. 2003b
Jain et al. 2009b
Kerlinger et al. 2007
Stantec 2008a
Johnson et al. 2000a
Johnson et al. 2000a
Erickson et al. 2004
Kerlinger et al. 2006
Erickson et al. 2003b
Derby et al. 2010e
Chatfield et al. 2009
Johnson et al. 2000a
Derby et al. 2010g
Enk et al. 2010
Gritski et al. 2008
Kronner et al. 2008
Young et al. 2006
Young et al. 2003b
Kerlinger et al. 2006

Elm Creek, MN

Wessington Springs, SD
Stetson Mountain, ME
Klondike IlI, OR

Elk Horn, OR

Stateline, OR/WA (2002)
NPPD Ainsworth, NE
Vansycle, OR

Foote Creek Rim, WY (Phase I; 2000)
Klondike, OR

Buffalo Ridge, MN (Phase I)
Hopkins Ridge, WA

Biglow Canyon I, OR (2009)
Munnsville, NY,

Mars Hill, ME (2008)
Klondike II, OR

Wild Horse, WA

Marengo I, WA (2009)
Marengo I, WA (2009)
Buffalo Ridge I, SD

Buffalo Gap, TX

SMUD, CA

Derby et al. 2010d
Derby et al. 2010f
Stantec 2009b

Gritski et al. 2009
Jeffrey et al. 2009b
Erickson et al. 2004
Derby et al. 2007
Erickson et al. 2000a
Young et al. 2003b
Johnson et al. 2003
Johnson et al. 2000a
Young et al. 2007
Jeffrey et al. 2009a
Stantec 2008b
Stantec 2009a

NWC and WEST 2007
Erickson et al. 2008
URS Corporation 2010b
URS Corporation 2010a
Derby et al. 2010c
Tierney 2007

URS et al. 2005
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Migratory tree-roosting bat species (Lasiurus spp. and Lasionycteris noctivagans) are the most
common bat fatalities found at wind energy facilities. Publically-available fatality data from 70
wind energy facilities in North America shows that hoary bats (Lasiurus cinereus), silver-haired
bats (Lasionycteris noctivagans), and eastern red bats (Lasiurus borealis) are the three most
commonly found bat species during fatality studies, accounting for roughly 77% of all bat
fatalities. Notwithstanding, Myotis spp comprised approximately 50% of the fatalities at a facility
in Wisconsin (Gruver et al. 2009). Until recently, no endangered species had been reported
being killed at existing wind energy facilities. However, in 2009 and again in 2010 a single
Indiana bat fatality was discovered each September during bat migration at a facility in Indiana
(Good et al. 2011).

Risks of fatalities to bats in the southwestern United States, especially in Texas, where large
wind energy facilities exist and have been proposed, are largely unknown. However, the
Brazilian free-tailed bat (Tadarida brasiliensis) made up a high proportion of bat kills at facilities
studied within its range (41.3% in California [Kerlinger et al. 2006], 85.6% in Oklahoma
[Piorkowski 2006], 94% in Texas [Miller 2008]). Piorkowski and O’Connell (2010) speculated
that the higher rate of Brazilian free-tailed bat fatalities found in the Oklahoma study may have
been due to the sites’ proximity to a maternity colony. These results suggest that in the
southwestern United States, the Brazilian free-tailed bat, a long-distance migrant that roosts
colonially in caves, may be at greater risk than other colonial species in this region (e.g., eastern
pipistrelles [Pipistrellus subflavus]).

Factors Influencing Fatalities

The factors influencing fatality rates remain poorly understood, but available evidence suggests
that wildlife bird and bat fatality rates are a function of abundance, local concentrations, and
behavioral characteristics of species, weather, and the characteristics of the wind energy
facilities. Abundance likely interacts with behavior to influence exposure of birds to collisions,
although the relative importance of these two factors is unknown and appears to vary among
different groups of birds (Lucas et al. 2008). Raptors appear to be the bird group most
vulnerable to collisions. On average, raptors constitute 6% of the reported fatalities at wind
energy facilities, yet they are far less abundant than most other groups of birds (e.g.,
passerines). When collisions occur, raptor carcasses are more likely to be found than are the
carcasses of smaller birds. In contrast, crows, ravens and vultures are among the most common
bird species seen flying within the rotor swept area of turbines, yet they are seldom found during
carcass surveys. Nocturnally migrating passerines are the most abundant species at most wind
energy facilities, particularly during spring and fall migration, and are the most common fatalities
reported by number among bird species. Migratory tree roosting bats are the most commonly
reported bat fatalities below turbines, although little is known about the abundance, behavior,
and the factors influencing the vulnerability of bats to collisions with wind turbines (Kunz et al.
2007D).

A preliminary analysis of data on fatality rates versus an index of abundance from publicly
available studies suggests that raptor abundance explains a significant portion of the variability
in fatality rates among facilities (Figure 1.4). Additional data are needed, particularly in areas
with intermediate fatality rates, to confirm this relationship, but abundance is very likely one of
the most important predictors of the risk of fatalities for raptors. Landscape features influence
raptor density by concentrating prey or by providing favorable conditions for other activities such
as nesting, feeding, and flying (e.g., updrafts for raptor soaring; (NRC 2007). Landscape
features (e.g., woodlots, wetlands, and linear landscapes) also may influence the density of
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other birds and bats, but there is no clear-cut relationship between fatalities of other birds and
bats and these features.

Figure 1.4. Regression analysis comparing raptor use estimates versus estimated raptor

mortality.
Data from the following sources:

Study and Location Raptor Use Source Raptor Mortality Source

Buffalo Ridge, MN 0.64 Erickson et al. 2002b 0.02 Erickson et al. 2002b
Combine Hills, OR 0.75 Young et al. 2003c 0.00 Young et al. 2005
Diablo Winds, CA 2.161 WEST 2006 0.87 WEST 2006

Foote Creek Rim, WY 0.55 Johnson et al. 2000b 0.04 Young et al. 2003b
High Winds, CA 2.34 Kerlinger et al. 2005 0.39 Kerlinger et al. 2006
Hopkins Ridge, WA 0.70 Young et al. 2003a 0.14 Young et al. 2007
Klondike I, OR 0.50 Johnson 2004 0.11 NWC and WEST 2007
Klondike, OR 0.50 Johnson et al. 2002 0.00 Johnson et al. 2003
Stateline, WA/OR 0.48 Erickson et al. 2002b 0.09 Erickson et al. 2002b
Vansycle, OR 0.66 WCIA and WEST 1997 0.00 Erickson et al. 2002b
Wild Horse, WA 0.29 Erickson et al. 2003c 0.09 Erickson et al. 2008
Zintel, WA 0.43 Erickson et al. 2002a 0.05 Erickson et al. 2002b
Bighorn, WA 0.51 Johnson and Erickson 2004 0.15 Kronner et al. 2008
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The characteristics of wind energy facilities (e.g., rotor swept area, height, support structure,
lighting, number of turbines, etc.) may influence bird and bat fatalities. Newer, larger turbines
installed on monopoles appear to cause fewer bird fatalities than the smaller, lattice-type
turbines typically used during the initial development of wind energy in the United States (NRC
2007), although this has not been substantiated by controlled studies.

Scientists understand far less about the risk wind facilities pose to bats because the number of
bats exposed to collisions is unknown. Assessing potential impacts is further complicated
because the proximate and ultimate causes of bat fatalities at wind energy facilities are not fully
understood (Baerwald et al. 2008, Cryan and Barclay 2009; Long et al. 2010a, b). Nevertheless,
recent evidence suggests that fatalities increase as the number of bat vocalizations (as
determined with acoustical detection devices) increases near turbines (Kunz et al. 2007a:
2467). Kunz et al. (2007b) identified eleven hypotheses regarding how, when, where and why
bats are being killed at wind energy facilities. Cryan and Barclay (2009) further discussed
hypotheses regarding the causes of bat fatalities at wind facilities. The hypotheses include:

. Linear Corridor Hypothesis. Construction of wind energy facilities along forested ridge
tops creates clearings that form linear landscapes. Bats frequently use these linear
landscapes during migration and while commuting and foraging (Limpens and Kapteyn
1991, Verboom and Spoelstra 1999, von Hensen 2004, Menzel et al. 2005), and thus
may be placed at increased risk of being killed (Diirr and Bach 2004).

° Roost Attraction Hypothesis. Tree-roosting bats commonly seek roosts in tall trees
(Pierson 1998, Kunz and Lumsden 2003, Barclay and Kurta 2007) and thus if wind
turbines are perceived as potential roosts (Ahlén 2002, 2003, von Hensen 2004), their
presence could contribute to increased risks of fatality when bats search for night roosts
or during migratory stopovers.

° Landscape Attraction Hypothesis. Modifications of landscapes needed to install wind
energy facilities, such as the construction of wide-access power corridors and the
removal of trees to create clearings (usually 0.5-2 ha) around each turbine site, create
conditions favorable for insects upon which bats feed (Lewis 1970, Grindal and Brigham
1998, von Hensen 2004). Thus, bats that are attracted to and feed on insects in these
altered landscapes may be at an increased risk of being killed by wind turbines.

e Low Wind Velocity Hypothesis. Fatalities of aerial feeding and migrating bats are highest
on nights during periods of low wind velocity (Fiedler 2004, Arnett 2005, von Hensen
2004, Baerwald et al. 2008), in part because aerial insects are most active under these
conditions (Ahlén 2002, 2003).

. Insect Attraction Hypothesis. Flying insects are attracted to the heat produced by
nacelles of wind turbines (Ahlén 2002, 2003; Corten and Veldkamp 2001; von Hensen
2004). As bats respond to high densities of flying insects near wind turbines, the risk of
being struck by turbine blades may increase.

. Visual Attraction Hypothesis. Bats and their insect prey are attracted to lights placed on
wind turbines as required by the United States Federal Aviation Administration (FAA), or
to the reflection from white turbines under moonlit conditions, thus increasing the
chances of collision and fatality as bats feed on insects (Arnett et al. 2005).
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. Acoustic Attraction Hypothesis. Bats may be attracted to audible and/or ultrasonic sound
produced by wind turbines (Schmidt and Joermann 1986, Ahlén 2002, 2003). Sounds
produced by the turbine generator and the swishing sounds of rotating turbine blades
may attract bats, thus increasing risks of collision and fatality.

° Echolocation Failure Hypothesis. Migrating and foraging bats may fail to detect wind
turbines by echolocation, or miscalculate rotor velocity (Ahlén 2002, 2003, Bach and
Rahmel 2004). If bats are unable to detect the moving turbine blades, they may be
struck and killed directly.

. Electromagnetic-Field Distortion Hypothesis. If bats have receptors sensitive to magnetic
fields (Buchler and Wasilewski 1985) and wind turbines produce complex,
electromagnetic fields in the vicinity of the nacelle, the flight behavior of bats may be
altered by these fields and thus increase the risk of being killed by rotating turbine
blades.

° Decompression Hypothesis. Bats flying in the vicinity of turbines may experience rapid
decompression (Dirr and Bach 2004; von Hensen 2004). Rapid pressure change may
cause internal injuries and/or disorientation, thus increasing risk of death.

° Thermal Inversion Hypothesis. The altitude at which bats migrate and or feed may be
influenced by thermal inversions, forcing them to the altitude of rotor swept areas (Arnett
et al. 2005). The most likely impact of thermal inversions is to create dense fog in cool
valleys, possibly concentrating both bats and insects on ridges, and thus encouraging
bats to feed over the ridges on those nights, if for no other reason than to avoid the cool
air and fog.

Cryan (2008) proposed an additional hypothesis suggesting that the large turbines appear as
large trees to male tree-roosting bats and these bats are attracted to these large features in the
hopes that females also will be attracted. None of these hypotheses have been tested to date
and are not necessarily mutually exclusive, and several of the hypothesized factors might act
together to produce the fatalities that have been reported (Kunz et al. 2007b; Johnson et al.
2007).

It has been hypothesized that the presence of the turbine, even with stationary blades, could
increase risk to individual birds and bats, especially in periods of poor visibility (fog, rain, night,
dusk or dawn; NRC 2007). Notwithstanding, of the 64 turbines studied by Kerns et al. (2005),
bat fatalities were found at all turbines except one that was nonoperational during the study
period, suggesting that moving blades are the primary cause of bat fatalities. Several studies
have shown some apparent relationship between bat fatalities and weather (Arnett et al. 2008).
In a study of two facilities in the northeastern United States, Kerns et al. (2005) found that most
bat fatalities occurred immediately after a front during low wind conditions. It also has been
hypothesized that operation during peak periods of bird and bat migration, such as during spring
and fall, could increase the absolute number of deaths simply because of the large number of
individuals passing through the area (NRC 2007).

Population Effects

The effect of wind energy related fatalities on bird and bat populations is unknown at facilities,
with one exception. Avian fatalities are relatively low at the existing facilities where studies have
been conducted and it is unlikely that population impacts have occurred. Nevertheless, the lack
of avian density estimates and other population characteristics, the lack of multi-year studies,
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and the lack of any estimates at most existing wind energy facilities makes it difficult to draw
general conclusions about the effect of wind energy related fatalities on avian populations (NRC
2007). At the one site where population effects have been studied, Hunt (2002) found that the
resident golden eagle population at the APWRA appeared to be self-sustaining, in spite of
relatively high fatalities, although the effect of these fatalities on eagle populations wintering
within and adjacent to the APWRA is unknown. Fatality rates of migratory tree bats appear to be
relatively high in some landscapes (e.g., forested mountain ridges); however, without a better
understanding of the population status of these species it is impossible to determine the
biological significance of these fatalities. As the abundance of wind facilities increases, the
potential for cumulative and significant population effects must be considered (NRC 2007),
although the focus of concern will continue to be on local populations, where the potential for
population effects is greatest.

Habitat

Habitat is a species-specific concept. That is, habitat should be discussed with reference to a
specific species (Morrison et al. 2006). The following is a general discussion of what is known
about wind energy development on wildlife habitat, although the discussion focuses primarily on
birds.

Relatively little is known about wildlife habitat impacts from wind development, although there is
a growing concern, particularly as development expands to native landscapes in the mid-
western region of the United States. Potential wildlife habitat impacts from wind energy
development include the direct loss of habitat and the loss of habitat due to displacement of
wildlife from suitable habitat. Generally speaking, wind energy development has a relatively
small permanent footprint, approximately 1 acre/turbine, and consequently the potential direct
loss of wildlife habitat is low (NRC 2007). The Bureau of Land Management (BLM)
Programmatic Environmental Impact Statement (BLM 2005) estimated that the permanent
footprint of a facility is 5-10% of the site being developed, including turbines, roads, buildings,
and transmission lines. Displacement effects, on the other hand, have much greater potential
habitat impacts for species sensitive to human activities. Displacement is considered a
behavioral avoidance of otherwise suitable habitat because of the presence of a wind facility
and its infrastructure. If displacement effects are great enough then habitat fragmentation can
occur. For the purposes of this discussion, fragmentation is considered the separation of a block
of habitat for a particular species into two or more smaller blocks of habitat, so that the sum of
the total value of habitat for the species is reduced.

Leddy et al. (1999) found that total breeding bird densities were lower in Conservation Reserve
Program (CRP) fields with turbines compared to those without turbines in southwestern
Minnesota. This reduced density was attributed to displacement of birds within 80 m of the
turbine string (Leddy et al. 1999). Other studies (e.g., Johnson et al. 2000a, Erickson et al.
2004) suggest that the area of influence of wind turbines on grassland birds is within
approximately 100 m of a turbine. Notwithstanding, there was no overall reduction in density
within the larger area (the WRA) surveyed after the facility was in place (Johnson et al. 2000a,
Erickson et al. 2004). Similar studies at the Stateline (Oregon-Washington) wind facility suggest
a fairly small-scale impact of the wind facility on grassland nesting passerines, with a large
portion of the impact related to direct loss of habitat from turbine pads and roads, and temporary
disturbance of habitat due to construction areas (Erickson et al. 2004). Horned larks
(Eremophila alpestris) appeared least affected, with some suggestion of displacement for
grasshopper sparrows (Ammodramus savannarum), although sample sizes were limited.
Shaffer and Johnson (2008) reported small-scale displacement of songbirds in a study of
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songbhirds in North and South Dakota. This study is described in more detail as a case study in
Chapter 5. Displacement of waterfowl and shorebirds from 100 to 600 m has been reported at
wind facilities in Europe (Winkelman 1990, Pedersen and Poulsen 1991, Spaans et al. 1998,
Fernley et al. 2006). A study conducted in England to assess displacement of wintering
farmland birds by wind turbines located in an agricultural landscape found that only common
(ring-necked) pheasants (Phasianus colchicus) appeared to avoided turbines. The other bird
types and examined (including granivores, red-legged partridge [Alectoris rufa], Eurasian
skylark [Alauda arvensis] and corvids) showed no displacement from wind turbines. In fact,
Eurasian skylarks and corvids showed increased use of areas close to turbines, possibly due to
increased food resources associated with disturbed areas (Devereux et al. 2008).

Most studies suggest that wind facilities have little impact on the nesting of birds (Howell and
Noone 1992, Johnson et al. 2000b, 2003). The only report of avoidance of wind facilities by
raptors occurred at Buffalo Ridge wind facility, Minnesota, where raptor nest density on 261 km?
of land surrounding the facility was 5.94/100 km?, yet no nests were present in the 32 km?
facility, even though habitat was similar (Usgaard et al. 1997).

Prairie grouse and big game are likely candidates for displacement effects. Prairie grouse,
which exhibit high site fidelity and require extensive grasslands, sagebrush, and open horizons
(Giesen 1998, Fuhlendorf et al. 2002), may be especially vulnerable to wind energy
development (Arnett et al. 2007b). Leks, the traditional courtship display grounds of greater
sage-grouse (Centrocercus urophasianus), Gunnison’s sage-grouse (C. minimus), sharp-tailed
grouse (Tympanuchus phasianellus), lesser prairie-chicken (T. pallidicinctus), and greater
prairie-chicken (T. cupido), are consistently located on elevated or flat grassland sites with few
vertical obstructions (Flock 2002), terrain very often attractive to wind energy developers.

Several studies have demonstrated that prairie grouse strongly avoid certain anthropogenic
features such as roads, buildings, powerlines, and oil and gas wells, resulting in sizable areas of
habitat rendered less suitable (Braun et al. 2002, Holloran 2005, Pitman et al. 2005, Pruett et al.
2009, Robel et al. 2004). Much of the infrastructure associated with wind energy facilities, such
as power lines and roads, are common to most forms of energy development and it is
reasonable to assume that impacts would be similar. Nevertheless, there are substantial
differences between wind energy facilities and most other forms of energy development,
particularly related to human activity. While results of studies of other anthropogenic features
suggest the potential exists for wind turbines to displace prairie grouse from occupied habitat,
well-designed studies examining impacts of wind turbines themselves on prairie grouse are
currently lacking. Ongoing telemetry research being conducted by Kansas State University to
examine response of greater prairie-chickens to wind energy development in Kansas (McNew et
al. 2009) and a similar study being conducted on greater sage-grouse response to wind energy
development in Wyoming (Johnson et al. 2009a) will help to address this lack of knowledge. In
addition to these ongoing telemetry studies, studies of lesser prairie chicken and sharp-tailed
grouse response to wind turbines in Nebraska (Nebraska Game and Parks Commission [NGPC]
2009) and studies of greater prairie chicken response to wind turbines in Minnesota (Toepfer
and Vodehnal 2009) have found that some prairie grouse on leks as well as nesting hens do not
appear to avoid turbines on the sites studied. Greater prairie chicken lek surveys were
conducted three years before and five years after construction of a wind energy facility at a site
in the southern Flint Hills of Kansas (Johnson et al. 2009b). During the year immediately
preceding construction of the project (2005), 10 leks were present on the project area, with 103
birds on all leks combined. By 2009, four years after construction, only one of these 10 leks
remained active, with three birds on the lek. The 10 leks were located between 88 m to 1,470 m
from the nearest turbine, with a mean distance of 587 m; eight of the ten leks were located
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within 0.8 km (0.5 mi) of the nearest turbine. Although this decline may be attributable to
development of the wind energy facility, greater prairie chicken populations have declined
significantly in the Flint Hills due to the practice of annual spring burning. During the same time
frame that leks were monitored at the Elk River facility, the estimated average number of greater
prairie chickens in the southern Flint Hills declined by 65 percent from 2003 to 2009. In Butler
County, the estimated number of birds declined by 67 percent from 2003 to 2009 (Kansas
Department of Wildlife and Parks, unpublished data). This regional decline is attributed
primarily to the practice of annual spring burning and heavy cattle stocking rates, which remove
nesting and brood-rearing cover for prairie chickens (Robbins et al. 2002). While not a true
reference for this study area, this suggests that it is unlikely that the decline of prairie chickens
on the EIk River site was due entirely to the presence of wind turbines (Johnson et al. 2009a).

The only study to have examined response of greater sage-grouse to wind energy development
is being conducted at a wind energy facility in Carbon County, Wyoming (Johnson et al. 2010,
Beck et al. 2011). Based on surveys at three leks, the mean number of males decreased from
43 in 2008, the year prior to construction, to 23 in 2010, two years post construction. Similar
declines occurred on leks within a nearby reference area, where mean lek size decreased from
37 to 23 over this same time period, but the rate of decline appears to be slightly greater on the
three leks in close proximity to wind turbines. Results of the telemetry study indicate that female
sage-grouse used areas near wind turbines as late as two years after construction and no
statistically significant differences in nest success and brood-rearing success for 2009 and 2010
occurred between the two sites. Notwithstanding, Johnson et al. (2010) and Beck et al. (2011)
indicated that data from this study are preliminary and are not meant to form the basis for any
conclusions regarding impacts of wind energy development on sage-grouse.

Outside of North America, the black grouse (Lyrurus tetrix), another grouse with a lek mating
system, was found to be negatively affected by wind power development in Austria (Zeiler and
Gruinschachner-Berger 2009). The number of displaying males in the wind power development
area increased from 23 to 41 during the 3-year period immediately prior to construction, but then
declined to nine males four years after construction. While no reference data were reported, in
addition to the decline in displaying males the remaining birds shifted their distribution away
from the turbines. One lek located within 200 m of the nearest turbine declined from 12 birds
one year prior to construction to no birds four years after construction.

Although the data collected on response of prairie grouse to wind-energy development indicate
that prairie grouse may continue to use habitats near wind energy facilities, population declines
in greater sage-grouse populations attributed to oil and gas production occurred four years post-
construction (Naugle et al. 2009), and results of another study of oil and gas development
suggested that there is a delay of 2-10 years before measurable effects on leks manifest
themselves (Harju et al. 2010). Therefore, data spanning several grouse generations may be
required to adequately assess impacts of wind energy development on prairie grouse.

Sawyer et al. (2006) determined that mule deer (Odocoileus hemionus) are displaced from
suitable habitat by human activity related to the development and operation of gas wells in
western Wyoming. While these studies suggest a potential displacement effect from the
development of wind energy, the magnitude of the displacement effect from wind development
may be different from other developments that use different technology and have more human
activity associated with their operations. For example, a recent study regarding interactions of a
transplanted elk (Cervus elaphus) population with an operating wind facility in Oklahoma found
no evidence that turbines had a significant impact on elk use of the surrounding area (Walter et
al. 2004). Similarly, Johnson et al. (2000b) found no effect on pronghorn use of the Phase | and

Comprehensive Guide to Studying Wind Energy/Wildlife Interactions 18



Il Foote Creek Rim project in Wyoming. Virtually nothing is known about habitat-related impacts
to other species of wildlife, including reptiles, amphibians, forest carnivores, and small mammals
(Arnett et al. 2007b).

ORGANIZATION OF THIS DOCUMENT

The information contained in this document provides a guide for conducting most wind
energy/wildlife interaction studies. In addition, one of the goals of this document is to provide
common terminology for those involved in conducting wind energy/wildlife interaction studies.
Four commonly used terms in this document are metrics, methods, study design and protocol.

e Metrics are measurements, concepts, and relationships, such as miles per hour or, in
the case of wind energy/wildlife interactions: animal utilization rate (e.g., birds
seen/survey), mortality (e.g., carcasses/MW/year), risk (probability of an effect), and so
on.

o Methods refer to observational or manipulative study techniques used to document
animal location, numbers, use, behavior, and other associated parameters.

e Study design, which is part of methods, sets forth how, what, when, and where samples
will be selected. The study design will need to be tailored to the specific project, whereas
the metrics and other methods may not require maodification from study to study.

e Protocol is a predefined plan of study that combines the metrics, methods and study
design for a specific study.

For research to be found defensible, the metrics and methods should be scientifically credible
and comply with the needs of legal and regulatory processes.

This document is organized into five chapters. Chapter 1 contains an introduction to the issues
surrounding wind energy/wildlife interactions. The remaining chapters provide a detailed
discussion of questions and the methods and metrics to address those questions, illustrated
with case studies. Chapter 2 describes the first and very preliminary step in the process of
screening potential sites for major wildlife issues that could influence the selection of a site or
sites for development. Chapter 2 also describes the second step in the site selection process
wherein sites remaining after preliminary screening process are evaluated using available site-
specific information and one or more site visits. Chapter 3 describes detailed pre-construction
studies that may be necessary for making a final decision to construct a facility and to design
the facility to avoid, minimize and/or mitigate for unavoidable significant adverse impacts, and
for making permit issuance decision or to satisfy an environmental review process. Chapter 3
also describes the process for designing and conducting the pre-construction portion of any
studies that will involve pre- and post-construction components. Chapter 4 describes routine
post-construction fatality studies and Chapter 5 describes a special case of studies that may be
conducted at some facilities. These studies include the investigation of habitat impacts,
evaluation of additional mitigation (risk reduction) measures potentially implemented at
individual facilities and, when necessary, an evaluation of potential impacts to wildlife
populations. The studies described in Chapter 5 are applied problem-solving efforts, address an
acknowledged problem, and normally involve designs of impact assessment and/or
manipulative studies including treatments and controls. Some of these studies may have a pre-
construction component and these components are introduced in Chapter 3. Sections at the end
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of the document include Literature Cited and an Index of Key Terms, which provide definitions
of terms used in this document.

Finally, the document includes three very important appendices. Appendix A contains Kunz et
al. (2007a), a detailed description of the methods and metrics recommended for the study of
nocturnally active birds and bats. Appendix B describes a potential framework for decision
making that is specific to wildlife and wind turbine interactions, that is intended to provide a
guide on how to ask the right questions that need to be addressed with respect to potential
wildlife impacts (both positive and negative) when developing a wind energy project and how to
choose which methods to use to address those questions. Appendix C provides a detailed
discussion of statistical aspects of studies including the design of monitoring studies and more
specific studies focusing on habitat impacts, manipulative experiments and population effects,
including field and/or model-based studies.
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PRELIMINARY SCREENING OF SITES

Site screening will be necessary when a developer has identified a nhumber of potential sites
within a region, or is considering development in an area but has not identified a specific site to
develop. Site screening typically occurs on a larger scale (e.g., physiographic region, county)
using publicly available data, usually as a “desk-top” exercise with no site visit. Site screening is
extremely important because it occurs at a point in the development process before significant
resources have been committed to a particular site. A company screening potential sites will
consider a great deal of data including but not limited to the wind resource, site availability, site
development feasibility, existing infrastructure including roads and transmission, a market for
the energy, land use, cultural resources, contaminants, wildlife and permitting requirements.
While a developer will consider all of these issues when screening sites, the following
discussion will consider only wildlife.

Problem Formulation

Problem formulation is the first action at each stage in a risk and impact evaluation process.
Because site screening typically is the first step in a multi-staged evaluation of wildlife issues in
the development of a project, the problem formulation generated at this stage may influence all
future stages of the evaluation process. The objective of problem formulation is to focus the risk
analysis on the most relevant potential geographic and biological factors affecting wildlife risk.
The first step in problem formulation for screening is to identify the scale (geographic extent) of
the risk assessment. For example, should the evaluation be restricted to a small humber of
potential development sites, a single large wind resource area, multiple wind resource areas,
some geo-political boundary (e.g., county), or a natural landscape unit (e.g., a watershed or
range of a local population)? The scale of the evaluation will determine the resources that will
be considered in the screening process.

The next step is the identification of wildlife species, groups of similar species, animal
assemblages, and their habitat that are of concern because they are potentially at risk of impact
from development. As with any type of energy development, the initial list of species will include
all species and their habitat that potentially occur in the area of interest that are protected by
federal and/or state law. This list will quickly be paired down to species protected as threatened
or endangered under the federal ESA or state endangered species law, species protected by
other federal laws including the Migratory Bird Treaty Act (MBTA, which includes most birds in
North America, and the Bald and Golden Eagle Protection Act (BGEPA), other special status
species, and habitat for these species. Special status species will normally include species
being considered for protection under federal or state endangered species laws, species of
recreational and/or commercial value (e.g., state game species), and species known to be
susceptible to negative impacts from wind energy development (e.g., bats). This list of species
of concern will determine, to a large extent, the questions that should be addressed during the
preliminary screening process.

Problem formulation also should consider the potential types and causes of impacts to wildlife
and their habitat resulting from wind energy development. The potential impacts include
fatalities and habitat.

Fatalities directly attributable to a wind energy facility may include collisions with facility
components such as turbine blades, turbine towers, overhead power lines, and fences;
electrocutions (APLIC 2006; Arnett et al. 2007b) would also be considered direct fatalities.
Fatalities could also result from predators attracted to the wind facility. For example, there is
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concern that perching opportunities for raptors within a facility might increase predation on
ground nesting birds and displaying male prairie grouse. Non-collision fatalities have been
reported for bats by Baerwald et al. (2008), wherein bat fatalities may be due to decompression
injury.

Habitat impacts may be direct, indirect, short-term, and/or long-term. A direct impact to habitat
refers to the physical elimination or degradation of habitat for a species as a result of the
construction of roads, tower pads, substations, and construction areas. Roads, tower pads and
substations are long-term, extending for the life of the project. Construction impacts are
relatively short-term, if site restoration returns construction areas to pre-impact condition and
care is taken to avoid the introduction of noxious weeds and disruption of the site’s hydrology.

An indirect impact to habitat refers to the loss of use of otherwise suitable habitat for species.
For example, some invertebrate species appear to avoid the edge (i.e., transition between
habitats) because conditions near the edge (e.g., relative humidity, plant associations) may
have been madified (NRC 2007). Other species, such as prairie grouse, may avoid an area due
to disturbance even though the habitat is not substantially modified (e.g., Holloran 2005). Such
displacement impact may be short-term if the disturbance is removed (e.g., construction) or the
animals become habituated to the disturbance. However, if displacement results from
modification of the habitat so that it becomes less suitable, the impact is expected to be of
longer duration (NRC 2007). Likewise, if the effect is due to the presence of the facility and/or
traffic within the facility, the impact is long-term (i.e., as the project is operational), unless
habituation occurs.

While the species list is the primary driver of response to questions in evaluation, unique and/or
protected landscapes and high value plant communities may also be included in the
assessment. Such landscapes include those which are very limited in abundance or distribution,
but that retain important environmental values.

When the scale, the resources of interest, and the potential impacts are identified, the next step
in problem formulation is to identify the specific questions that will be addressed. The specific
questions will vary with the regulatory environment, public interest, species, and landscape, but
the questions listed in Table 2.1 will commonly be addressed for most sites.

Methods and Metrics

When relevant wildlife data are available, an effective approach to answering most site
screening questions is the use of a computerized mapping tool, that is, some type of geographic
information system (GIS). Most companies either have or have access to GIS technology. A
complete description of GIS is beyond the scope of this resource document, but the reader is
referred to the Guide to Geographic Information Systems (http://www.esri.com/industries
[natural-resources/index.html) for detailed discussion of this technology. The mapping exercise
may include overlay wind resource data from the NREL database (http://www.nrel.gov/wind
[resource _assessment.html) or wind data generated by the company with base maps showing
topography, existing infrastructure (e.g., roads and transmission), digital elevation, land cover,
wetlands, protected areas and occupied wildlife ranges, particularly of state and federal
protected species. (See Table 2.2 for examples.) This relatively simple approach is an exercise
to determine whether, based on existing information, there are obvious places where wind
development may result in significant adverse impacts to wildlife. Increasingly, state wildlife
agencies and other sources of expertise are cooperating to provide on-line mapping tools that
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identify areas of concern regarding wind energy/wildlife interactions. ldentifying and using such
sources is a basic component of site-screening exercises.

Table 2.1. Common questions that should be addressed during screening and

assessment of a site, group of sites, or area of interest.

1. Are there large areas of intact habitat with the potential for fragmentation, with respect to
species of concern with needs for large contiguous blocks of habitat?

2. Are there known critical areas for species of concern, including, but not limited to,
roosting/resting areas, hibernacula, staging areas, winter ranges, breeding areas, nesting
sites, brood-rearing areas, migration stopovers or corridors, or other areas of seasonal
importance?

3. Does the landscape contain any areas of special designation, including, but not limited to,
“area of scientific importance” or “of significant value”; federally-designated critical habitat;
high-priority areas for non-government organizations; or other local, state, regional,
federal, tribal, or international categorization that may preclude energy development?

4. Are there known threatened, endangered, federal “sensitive”, state-listed, or other special
status species present on the proposed site? Is habitat (including designated critical
habitat) present for these species, and how are these species likely to use the site?

5. Are there landscape features influencing the likelihood of encountering a rare species or
high-quality natural community (e.g., rivers, lakes, wetlands, rim rocks, rare and
uncommon plant communities) or protected landscapes and high value plant communities
that retain important environmental values?

Other more complicated site screening approaches have been proposed. In their review of the
impacts of wind energy development on wildlife, the NRC (2007) of the National Academies of
Science (NAS) recommended more than the simple ranking of relative importance of each area
to wildlife when screening potential sites for development; rather, they recommended that pre-
site selection evaluation also consider potential for impacts to occur if a wind facility is
constructed on a particular site, and possible cumulative impacts, placed in the context of other
sites being developed or proposed. One such approach was the PIl screening process
proposed by the United States Fish and Wildlife Service (USFWS) in their Interim Voluntary
Guidelines (USFWS 2003). The guidelines described the PII as a two-step process:

1. Identify and evaluate reference sites within the general geographic area of Wind
Resource Areas (WRA) being considered for development of a facility. Reference
sites are areas where wind development would result in the maximum negative
impact on wildlife, resulting in a high PIl score (relative habitat value). Reference
sites are used to determine the comparative risks of developing other potential sites.

2. Evaluate potential development sites to determine risk to wildlife, and rank sites
against each other using the highest-ranking reference site as a standard. While
high-ranking sites are generally less desirable for wind development, a high rank
does not necessarily preclude development of a site, nor does a low rank
automatically eliminate the need to conduct pre-development assessments of wildlife
use and impact potential.

The reference area described for the Pll emphasized the value of a highly diverse site, such as
a wetland or a woodland complex within a grassland community, or a mosaic of grasslands and
forests, rather than comparing similar areas. This approach increased the possibility that areas
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with a single important species, for example a grassland area with relatively few wildlife present
but important habitat for a particular species of concern, might actually look like a good site for
wind development when compared to a high-density wildlife habitat.

Table 2.2. Typical sources for spatial data useful in screening.
Aerial Photos (Digital-Raster)
Data Source: National Agriculture Imagery Program; ranging from 2005 to 2008. Some
states have partial to total color infrared coverage. These are typically high quality maps, but
there are times when the aerial coverage is poor or non-existent for a project area in more
remote areas of the U.S.
Link: http://datagateway.nrcs.usda.gov/
Breeding Bird Survey Routes (Digital-Vector)
Data Source: USGS; based on surveys from 1966 to 1998. Any routes that were still
considered active in 1998 are included in the available shape file. The information is useful,
although it is somewhat dated.
Digital Elevation Map (DEM) (Digital-Raster)
Data Source: National Elevation Dataset 1999. Data quality high.
Link: http://ned.usgs.gov/
Land Cover (Digital-Raster)
Data Source: National Land Cover Dataset 2001; data ranging from 1999 to present. Data
quality high and continuously updated.
Link: http://ned.usgs.gov/
Topographic (Digital-Vector)
Data Source: USGS 24K and 100K Quads. Data quality high.
Link: http://www.charttiff.com/
National Wetlands Inventory (Digital-Vector)
Data Source: USFWS National Wetlands Inventory (NWI); ranging from 1977 to present.
Data are good when available. USFWS is in the process of creating all hard-copy NWI data
to digital format but much of the U.S. is not yet complete, particularly in more arid/western
states where digital coverage is spotty. The eastern half of the U.S. is pretty well covered.
Link: http://www.fws.gov/wetlands/
State Natural Heritage Programs
Data Source: A network of similar programs exists in states throughout North America. Each
program in the network uses the same database methodology and software, and receives
technical support from a coordinating organization known as NatureServe (http://www.
natureserve.org). Most databases have the minimum requirement of ArcGIS 3.X or higher.
Examples:
Link: http://www.dfg.ca.gov/biogeodata/cnddb/
Link: http://ndis.nrel.colostate.edu/
Link: http://dnr.state.il.us/conservation/naturalheritage/inhd.htm
Link: http://www.kansasgis.org/
Link: http://cugir.mannlib.cornell.edu/about.jsp
Link: http://www.dnr.state.oh.us/Home/Heritage/NaturalHeritage/tabid/2010/Default.aspx
Link: http://www.pdx.edu/pnwlamp/oregon-gap-analysis-program
Link: http://wdfw.wa.gov/hab/phspage.htm
Link: http://Juwadmnweb.uwyo.edu/wyndd/

The USFWS established a Federal Advisory Committee in 2008, the Wind Turbine Guidelines
Advisory Committee (WTGAC), to provide public input and new specific recommendations to
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the USFWS that would be considered as they develop new guidelines. Recommendations from
the committee were published in the spring of 2010 (WTGAC 2010) and final guidelines from
the USFWS are expected to follow in late 2011 or early 2012.

The NRC (2007) report suggested an alternative paradigm for selecting reference areas
wherein the reference area is similar to the area being proposed for development. The
reference area or areas would be in similar landscape features with comparable wildlife
communities where wind power facilities already exist. While this is offered as an approach to
site screening it is more applicable to site characterization studies described in detail below.

Some evaluations have used a more comprehensive approach to screen potential development
sites. Table 2.3 provides a detailed screening process using data on wildlife, landscape
characteristics, environmental contaminants, and infrastructure manipulated through a
spreadsheet (Dave Young, WEST, Inc., personal communication). The Comprehensive
Environmental Issues Assessment (CEIA) tool included publicly available empirical data and
subjective scoring to provide a CEIA Scorecard for each of a large number of potential
development sites. The sites were then ranked according to their score and specific issues
considered relevant to the difficulty of developing each site were identified.

As can be seen from the above discussion, the site screening process can range from a
relatively subjective landscape-level mapping exercise where obvious deterrents to
development are identified, to a very detailed and relatively time-consuming look at individual
sites. The computerized mapping process can be accomplished by developers using in-house
capability and is similar to the recommendations from the WTGAC (2010). This approach is
most appropriate for the screening process envisioned in this framework.

Decision Process

Regardless of which approach is used, the objective of the preliminary screening process is to
identify sites that the developer wishes to consider further for development. The process for
making a decision regarding which sites qualify for further consideration will likely be unique to
each developer. However, preliminary site screening allows the developer to avoid sites with
obvious serious environmental problems in favor of sites with little known environmental impact,
or at least to identify sites that will be much more difficult to develop because of potential
environmental problems.

SITE EVALUATION

Site evaluation studies typically are conducted at one or more sites that meet most of the criteria
for wind facility development (i.e., wind, transmission, and access, and lack of critical
environmental flaws), although not all issues may have been worked out in detail. Potential
environmental constraints are considered in more detail and additional site-specific data are
necessary to determine if there is risk of substantial impacts to wildlife if the facility is
constructed. Distinguishing features of site evaluation studies are that they focus on specific
sites, use an in-depth evaluation of the available information about the sites, involve
consultation with local experts, agencies and potentially the public, and normally include at least
one visit to each prospective site(s).
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Table 2.3. Wildlife and natural resource elements of the Comprehensive Environmental Issues Assessment Tool.

Resource

Elements

Data Source

Data

Protected Lands

State lands (e.g., Game Range,
state park), federal lands (e.qg.,
National Park, Wilderness Area,
Wildlife Refuge, ESA Critical
Habitat), Wild and Scenic River,
Native American Lands.

Maps.

Subjective score based
on area.

Wetlands

Jurisdictional Wetlands and
Ecological Wetlands.

Aerial photos, NWI, Topographic,
USGS Land Use, and DEM Maps.

Relative ranking based on
number of permits.

Natural Features
Inventory

Landscape features influencing the
likelihood of encountering a rare
species or high-quality natural
community (e.g., rivers, lakes, rim
rocks, rare and uncommon plant
communities).

Aerial photos, state and regional
natural feature inventories (e.g.,
Michigan Natural Features Inventory
(http://web4.msue.msu.edu/mnfi/explor
er/index.cfm).

Area units/subjective
score.

Federally-Listed
Threatened and
Endangered Species

Species protected under the
federal ESA and similar state acts.

Maps and federal and state data bases
(e.g., state National Heritage Program
Natural Diversity Databases).

Subjective score based
on proximity to potential
habitat and occurrence
areas.

Migratory Birds

Potential for area as migratory
stopover, known migration corridor,
proximity to Important Bird Areas
(IBA).

Maps and federal and state data bases
(e.g., state National Heritage Program
Natural Diversity Databases), Hawk
Watch sites, USGS Breeding Bird
Survey routes.

Subjective score based
on proximity to potential
habitat and concentration
areas.

Bats Presence of a listed species, Maps and federal and state data bases Subjective score based
presence of hibernacula, potential (e.g., state National Heritage Program  on proximity to potential
for migratory bats. Natural Diversity Databases). habitat and concentration

areas.

Raptors Presence of special status species, Maps and federal and state data bases Subjective score based
raptor nesting habitat or known (e.g., state National Heritage Program  on proximity to potential
nests, raptor migration corridors. Natural Diversity Databases), Hawk habitat and concentration

Watch sites, USGS Breeding Bird areas.
Survey routes.
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At this stage in the evaluation, the site visit is a reconnaissance to subjectively evaluate the
site’s characteristics. The information gained from a site visit is useful in interpreting publicly-
available information such as published studies, technical reports, databases, and information
from agencies, both regulatory and conservation, local experts and local conservation
organizations.

Problem Formulation

The objective of the site evaluation problem formulation is essentially identical to the process
described for site screening, except that the focus is on one or more specific sites that remain
under consideration for development. Some developers consider this step in the site selection
process a “fatal-flaw” analysis. Compared to site screening, many of the issues are clearer in
the problem formulation. For example, the scale (geographic extent) of the risk assessment is in
reference to a specific site, or wind resource area, so the potential geographic extent of the
potential impact of the project is more certain.

The next step is a review of the wildlife species, groups of similar species, animal assemblages
and their habitat identified in the preliminary screening that are potentially at risk of impact from
the development. Because the geographic extent of the potential development is more specific,
the list of species will likely be shorter. The answers to the questions that should be developed
in site evaluation are, as in screening, determined to a large extent by the species identified as
occurring or potentially occurring on or nearby the site being evaluated and the presence of
unique or protected landscapes and high-value plant communities.

The potential types and causes of impacts to wildlife and their habitat resulting from wind energy
development are identical to screening, including fatalities directly attributable to a wind energy
facility and direct and indirect habitat impacts. Additionally, with more certainty regarding the
scale of the development and potentially better estimates for fatalities and habitat impacts, the
significance of these impacts to wildlife populations and cumulative impacts with other planned
or existing facilities at least can be subjectively evaluated.

As in screening, the specific questions will vary with the regulatory environment, public interest,
species, and landscape, but the questions listed in Table 2.1 commonly will be addressed, this
time for the specific sites using the more detailed information and information from the site visit.
Conceivably, a decision could be made to develop a site at this stage of evaluation with no need
for further investigation. For example, if a site is surrounded by or adjacent to existing facilities,
and the data collected during the operation of these facilities indicate little adverse impact, a
developer might pursue the necessary permits at the end of a site evaluation. Even when
expanding an existing project, concerns for cumulative impacts may create the need for further
study. If a decision is made to pursue permits, the level of detail included in site evaluation
studies will be influenced by permitting requirements.

For a discussion of the various aspects of the permitting process regarding wind energy
facilities, see Permitting of Wind Energy Facilities: A Handbook (NWCC 1998). Chapter 3 of the
Handbook provides an overview of where, why, when, and how biological resources and bird
and bat resources may be considered during the permitting process. Because of the evolving
federal permitting process related to the BGEPA (50 CFR 22.26 and 22.27), the USFWS’
Migratory Bird Website should be consulted for the most current information available to the
public on these issues (www.fws.gov/migratorybirds/).
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Permitting processes often have a defined time line, usually beginning with the formal filing of a
permit application. Wildlife information normally will be collected during the pre-application
period and may be simple and straightforward (e.g., site screening studies) or more complicated
(e.g., baseline studies), depending on the wildlife resources and specific situation. It is valuable
to understand the wildlife resource-related laws, standards, regulations, and ordinances of the
project site areas. It is also useful to clarify early in the wind facility site evaluation process any
project-specific and jurisdiction-specific legal and biological information that may be needed
(NWCC 1998).

Methods and Metrics

Information-gathering at this stage can cover many variables and is intended to eliminate
surprises late in the permitting process. By conducting an appropriate site assessment, the wind
facility developer can decide whether to continue the development process at the sites of
interest and potentially enter the permitting process or delay or abandon the development of
one or more sites as a result of potential significant adverse impacts to wildlife.

Sources of Existing Information

Local Expertise: Seeking out local experts familiar with the site(s) being considered can save
time as well as provide valuable information. Local experts can quickly identify potential bird and
other biological concerns or issues at the site(s) under consideration. They may have an
established working relationship with or knowledge of other persons or resources that can be
utilized to provide valuable biological, regulatory, and legal information. Interviews should be
documented in a written report. Local expertise can include the following:

e State fish and game agents/biologists

o Federal wildlife agents/biologists (e.g., USFWS, BLM, U.S. Forest Service [USFS],
U.S. Geological Survey [USGS])

¢ University professors/graduate students

e Partners in Flight representatives

o National Audubon Society representatives

e State Chapters of the Nature Conservancy

¢ Hawk Migration Association of North America representatives
e Bird Observatory representatives

e Other knowledgeable parties

The following example illustrates the importance of contacting local experts. In the pre-permit
evaluation of the Columbia Hills wind power site, the proponent for the site discovered that the
State of Washington's wildlife agency had historical records of several bald eagle day roosts
near the site. A reconnaissance level survey of the site also discovered a night roost used by a
small number of eagles. This information was used in the final design of the wind facility and,
had the project proceeded, would have resulted in the company eliminating at least one string of
turbines that potentially placed birds using the roosts at risk (S. Steinhour, pers. comm.).
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Literature Search: A literature search can provide valuable information about wildlife resources
and their habitat in an area. Peer reviewed literature, environmental documents previously
prepared for the site, nearby sites, or the general area, research reports (published and
unpublished), natural history journals, and agency reports may be useful. Research results from
other wind energy facilities with similar species and landscapes can be used in site evaluation to
identify potential adverse impacts. As more wind energy/wildlife interactions study results
become available, these resources will grow in their value for estimating impacts at new
proposed developments. Many sources of literature will be gray literature, i.e., published and
publicly available technical reports that have not been independently peer reviewed (e.g.,
agency, industry or stakeholder reports). Gray literature can provide useful information;
however, the value of any literature should be determined by an experienced biologist with
knowledge of the species of special interest in the area.

Natural Resource Database Search: Most federal, state, and local agency offices and many
conservation organizations maintain databases of sensitive resources in the area of their
jurisdiction or focus. Perhaps the most complete source of information about rare and
endangered species and threatened ecosystems are the state natural heritage programs,
originating through the effort of The Nature Conservancy (TNC) in the 1970s. The natural
heritage programs form a network of similar programs throughout North America. Each program
in the network uses the same database methodology and software, and receives technical
support from a coordinating organization known as NatureServe (http://www.natureserve.orq).
State databases may be more comprehensive for specific local or regional resources (e.g.,
California Native Plant Society [http://www.cnps.org/], the Wyoming Game and Fish
Department’s Wildlife Observation System).

These databases can be valuable for determining whether sensitive wildlife species and other
sensitive resources are known to use the potential site or vicinity. This information usually
consists of known animal or plant locations, typically collected for other purposes.
Consequently, a specific site may never have been inventoried for wildlife resources or a rare
species existing on the site may not have yet been detected. Clearly, absence of evidence
should not be considered 