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The United States is utilizing more wind, solar and other renewable energy sources each year. For wind energy
alone, a recent database compiled by the U.S. Geological Survey (USGS) documents over 47,000 wind turbine
generators operating in the U.S. as of July 2013. Over $135 billion has been invested in the U.S. in wind power
project installations since the early 1980s and the cumulative total capacity now provides about 5 percent of
U.S. end-use electricity demand in an average year. The number of solar energy facilities has increased in recent
years, a trend that is expected to continue. As of June Ist 2015, a total of 369 solar power plants in 17 western
states have been documented by the U.S. Energy Information Administration.

Renewable energy facilities can have unintended, negative effects on wildlife and ecosystems, and pose a
significant threat to certain species. Collision with wind turbines, incineration at solar facilities and loss of
habitat all contribute to negative effects on sensitive species. Recent estimates suggest 250,000 to 500,000

birds die each year at wind turbines. Bat fatality rates at wind turbines are less certain, but range in excess of
several hundred thousand per year throughout North America. Scientific information is needed to help minimize
potential negative effects of an expanding renewable energy infrastructure.

USGS Research

The USGS supports the U.S. goal to increase energy production from clean, renewable sources by conducting research
into minimizing or mitigating potential negative effects of an expanding renewable energy infrastructure. USGS
research is focused in the following areas:

1. Improve understanding of negative effects on wildlife and surrounding ecosystems
2. Provide data, tools and techniques to minimize these negative effects

3. Support management efforts to monitor and improve effectiveness of how facilities are located, built, and operated.
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Renewable Energy & Wildlife

Index by topic

Regulatory and management issues associated with renewable energy development are often focused on impacts to listed,
legally protected, or otherwise highly valued species and their habitats, including bats, eagles and migratory birds. The
USGS research projects summarized below are organized by species, or groups of species, habitats, and other topics
considered most relevant to agencies responsible for permitting development, species management, and monitoring

operations of renewable energy facilities.

Bats
Detecting and Understanding Bat Fatalities

Understanding and Reducing Bat Fatalities at Wind
Turbines

Acoustic and Ultrasonic Recorders Track Flight Activity

Using Radar Technology to Investigate Flight Paths of
Bats at Wind Facilities

Relationship of Bat Calls, Flight, and Fatality

Ultraviolet Illumination as a Means of Reducing Bat
Activity and Risk at Wind Turbines

Evaluating the Effectiveness of Ultrasonic Acoustic
Deterrent in Reducing Bat Fatalities

Curtailment Strategies to Reduce Bat Fatality

Comparing Effectiveness of Ultrasonic Acoustic
Deterrents to Operational Curtailment in Reducing Bat
Fatalities at Wind Energy Facilities

Bat Movements across Transforming Landscapes

Bat Activity in the Great Lakes and Implications for
Wind Energy Development

Examination of the Biology of Summer-Roosting
Indiana Bats Using Genetic Tools

Wind Energy Effects on the Indiana Bat
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Renewable Energy & Wildlife

Index by topic (cont.)

Great Lakes, Coastal, and Marine Species
Possible Effects of Turbine Noise on Diving Birds

Monitoring and Mapping Avian Resources in Nearshore
and Open Waters of Lake Michigan Relative to Future
Wind Energy Development

Documenting Movements, Habitat Use and Foraging
Patterns of Common Loons Relative to Future Wind
Turbine and Windfarm Siting in the Great Lakes

Airspace Use by Migrating Landbirds at Lake Erie

Statistical Guidelines for Sampling of Marine Avian
Populations

Tracking Offshore Habitat Use in Diving Bird Species

Survey of Biological Hotspots in the Gulf of Maine
Coastal Marine Ecosystem

Establishment of the Atlantic Seabird Compendium
Modeling of Atlantic Coast Seabird Distributions
Main Hawaiian Islands Seabird Tracking

Pacific Continental Shelf Environmental Assessment

Seabird Vulnerability Assessment for Renewable Energy

Projects
Other Species
Estimates of Avian Fatalities at Wind Energy Facilities

An Assessment of Direct Mortality to Avifauna from
Wind Energy Facilities in North Dakota and South
Dakota

Wind Energy Effects on Grassland Birds

Renewable Energy Development and Nevada Sage-
Grouse
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Bats

Detecting and Understanding Bat Fatalities

A study on north O‘ahu, Hawai’i simultaneously monitored
bats at turbines with thermal and near-infrared cameras

and nacelle-mounted acoustic detectors. Bats were more
likely to occur near turbines when barometric pressure was
low but rising, as well as during periods of low wind and
warmer temperatures. Nightly insect and bat detections were
significantly and positively correlated. This correspondence
between bat and insect presence at may be a relatively
simple predictor of bat activity and could help refine
curtailment strategies.

Contact:

Marcos Gorresen, USGS Hawai’i Cooperative Studies Unit at
University of Hawai’i-Hilo and USGS Pacific Islands Ecosystems
Research Center; mgorresen@usgs.gov; (808) 985-6407

Publications:
Behavior of the Hawaiian hoary bat at wind turbines and its distribution across the north Ko ‘olau Mountains, O ‘ahu: USGS Technical
Report (2015), DOI: 10.13140/RG.2.1.1685.7767

Understanding and Reducing Bat Fatalities at Wind Turbines

Migratory bat species that roost in trees (“tree bats”) are disproportionately affected by wind turbines, in part because

they appear to be attracted to these structures. USGS research has led to new discoveries about these species, such as the
consistent patterns in the way tree bats approach and dangerously interact with turbines at night (e.g., making extremely
close approaches on the downwind side), and identified areas of the continent where risk might be higher (e.g., Great
Plains, Great Lakes region, and adjacent to coastal wintering areas). Working from this foundation, current USGS research
aims to apply understanding of bat behaviors, seasonal distribution, and perception toward efficient, effective ways of
reducing the chances that bats approach and interact with wind turbines.

Contact:
Paul Cryan, USGS Fort Collins Science Center; cryanp@usgs.gov; (970) 226-9389

Publications:
Seasonally-dynamic presence-only species distribution models for a cryptic migratory bat impacted by wind energy development:
PLoS One (2015), DOI:10.1371/journal.pone.0132599

Not to put too fine a point on it—does increasing precision of geographic referencing improve species distribution models for a wide-
ranging migratory bat: Acta Chiropterologica (2015), DOI: http://dx.doi.org/10.3161/15081109ACC2015.17.1.013

Using sutures to attach miniature tracking tags to small bats for multi month movement and behavioral studies: Ecology and
Evolution (2015), DOI: 10.1002/ece3.1584

Behaviors of bats at wind turbines: Proceedings of the National Academy of Sciences (2014), DOI: 10.1073/pnas. 1406672111

Continental-scale, seasonal movements of a heterothermic migratory tree bat: Ecological Applications (2014), DOI: http://dx.doi.
org/10.1890/13-0752.1

Acoustic and Ultrasonic Recorders Track Flight Activity

The USGS with collaborators used acoustic and ultrasonic recorders to monitor flight notes of birds and bat calls at low
elevations. Recorders were deployed in conjunction with fatality searches at wind facilities and at sites with a variety

of landscape features. Objectives were to determine whether the recorders can be used to compare low-elevation flight
activity among sites, and to relate recorder results to numbers of dead birds and bats found at wind facilities. The FWS
partnered to deploy the recorders at numerous locations along the shores of several Great Lakes to estimate low-elevation
flight activity of birds and bats, especially during migration periods, at sites where wind development appears likely.

Contact:
Douglas H. Johnson, USGS Northern Prairie Wildlife Research Center; douglas h_johnson@usgs.gov; (612) 624-4716
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Bats

Using Radar Technology to Investigate Flight Paths of Bats at Wind Facilities

As part of ongoing, collaborative work to examine threats posed by wind turbines to bats during seasonal migration,
scientists collected radar data on flight paths of thousands of bats and birds moving through a wind facility in central
Indiana. The USGS researchers focused on using portable radar to determine how bats and birds respond to wind turbines
- primarily attraction and avoidance - while in flight. This response is central to understanding why bat fatality at wind
facilities exceeds that of birds, despite far greater number of birds than bats in the airspace during migration. Numerous
“attraction hypotheses” have been proposed to explain the disproportionate bat fatality, and more research characterizing
how bats respond to wind turbines during flight will help explain the reasons.

Contact:
Rob Diehl, USGS Northern Rocky Mountain Science Center; rhdiehl@usgs.gov; (406) 994-7481

Relationship of Bat Calls, Flight, and Fatality

Monitoring bat activity at wind turbines often involves acoustic detectors placed outside of the rotor-swept zone. This
spatial mismatch between the sampling location and the actual turbine sweep limits the models of the relationship between
activity and fatality. The USGS and Bat Conservation International are collecting information about nightly bat activity
measured by acoustic monitors located on turbine nacelles in the center of the rotor-swept zone. They are combining this
information with measurements of bat activity using near-infrared cameras centered on the nacelle, and with estimates of
bat fatality. If a direct, predictive relationship can be shown between fatality and activity, it may be useful in making pre-
construction siting decisions and could suggest techniques to reduce fatality following construction.

Contact:
Manuela Huso, USGS Forest and Rangeland Ecosystem Science Center; mhuso@usgs.gov; (541) 750-0948

Ultraviolet illumination as a means of reducing bat activity and risk at wind turbines

Insectivorous bats are known for their abilities to find and pursue flying insect prey at close range using echolocation,
but they also rely heavily on vision. In 2014 the USGS experimentally tested the ubiquity of ultraviolet (UV) vision in
wild insectivorous bats, and if low-intensity UV illumination could reduce bat activity. A Y-maze test first confirmed that
several species of bats (representing 5 genera and 3 families) were capable of detecting dim UV light. In a second study,
bat activity around trees illuminated with dim UV light was quantified using acoustic and thermal techniques in areas
frequented by Hawaiian hoary bats, an endangered subspecies. The UV illumination led to a general reduction in bat
activity despite increased insect abundance. Current research examines whether dim UV light can reduce bat activity and
fatality at operating wind turbines, with the potential benefit of allowing operators to run turbines at maximum efficiency.

Contact:
Marcos Gorresen, Hawai’i Cooperative Studies Unit at University of Hawai’i-Hilo and USGS Pacific Islands Ecosystems Research
Center; mgorresen@usgs.gov; (808) 985-6407

Publications:
Ultraviolet vision may be widespread in bats: Acta Chiropterologica (2015), DOI: 10.3161/15081109ACC2015.17.1.017

Dim ultraviolet light as a means of deterring activity by the hoary bat (Lasiurus cinereus): Endangered Species Research (In press)

Evaluating the Effectiveness of Ultrasonic Acoustic
Deterrent in Reducing Bat Fatalities

Changing wind turbine operations during periods of high
risk of bat collisions has been shown to reduce bat fatalities,
yet operational minimization may be cost-prohibitive in
regions with consistently low wind speeds. In a new study,
USGS and Bat Conservation International scientists are
examining the efficacy of ultrasonic acoustic deterrent and
operational minimization separately as well as together

to compare the two approaches directly under similar
conditions. This study will help determine guidelines
regarding the implementation of these approaches.

Contact:

Manuela Huso; USGS Forest and Rangeland Ecosystem Science
Center; mhuso@usgs.gov; (541) 750-0948
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Bats

Curtailment Strategies to Reduce Bat Fatality

Wildlife fatalities due to collisions with wind turbines have sparked efforts to reduce the number of deaths through
operational management. Recent studies have shown altering turbine operations when winds are below certain speeds
can decrease the number of bat fatalities, but questions remain regarding optimal management. USGS and colleagues
are modeling the proportion of bat fatalities occurring under varying meteorological conditions at Iberdrola Renewable’s
Blue Creek Wind Farm in Ohio to identify conditions under which both bat fatalities and energy production loss can be
minimized. The scientists are also investigating whether accurate and precise estimates of fatality can be derived from
carcass searches conducted only at easily searched areas, such as roads and pads below turbines.

Contact:
Manuela Huso, USGS Forest and Rangeland Ecosystem Science Center; mhuso@usgs.gov; (541) 750-0948

Comparing Effectiveness of Ultrasonic Acoustic Deterrents to Operational Curtailment in Reducing Bat Fatalities at Wind
Energy Facilities

Independent studies have shown that both operational curtailment (OC) and ultrasonic acoustic deterrents can be

effective in reducing bat fatalities at wind energy facilities. A primary goal of this study is to directly compare the costs
and benefits of the acoustic deterrents to operational curtailment. Fatality rates when both curtailment and acoustic
deterrents are applied singly and in combination will be compared with fatality rates at untreated turbines to determine if
one of these methods is more effective, if they are equally effective, or if they might act synergistically when employed
simultaneously.

Contact:
Manuela Huso, USGS Forest and Rangeland Ecosystem Science Center; mhuso@usgs.gov; (541) 750-0948

Bat Movements across Transforming Landscapes

Nebraska’s vast wind resources are perfectly suited for wind energy facilities. The potential negative impacts to
Nebraska’s wildlife and agriculture industry can be substantial if these resources are not considered when evaluating
projects or developing siting criteria. For example, bats play a key ecological role in maintaining healthy ecosystems
throughout Nebraska but are extremely vulnerable to wind projects. To address this issue, the USGS is conducting
research to better understand the habitat and conditions that affect bat presence, activity, movement and migration.
The results could help utility companies, wind energy developers, and facility owners avoid, manage, and mitigate the
potential negative consequences of wind energy facilities.

Contact:
Craig Allen, USGS Nebraska Cooperative Fish and Wildlife Research Unit; allencr@usgs.gov; (402) 472-0449

J. Bartholamai
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Bats

Bat Activity in the Great Lakes and Implications for Wind Energy Development

The USGS and collaborators have found elevated levels of bat activity in coastal regions around several Great Lakes,
including high-activity rates at northern Lake Michigan sites. The ground-based detectors recorded highest activity

levels among low-flying Myotis species; however activity among some higher-flying migratory tree-roosting species also
was elevated. High levels of overall bat activity in the Great Lakes region may suggest increased risk for wind energy
development, but the precise implications are uncertain. For example, near-ground bat activity was not always indicative
of activity levels at heights greater than >50 m above ground. Near-ground bat activity was also not found to be strongly
related to bat mortality rates at wind energy facilities. Activity levels at Great Lakes coastal sites were significantly higher
than activity rates observed at any other wind energy facility in this study.

Contact:
Douglas Johnson; USGS Northern Prairie Wildlife Research Center; douglas h johnson@usgs.gov; (612) 624-4716

Examination of the Biology of Summer-Roosting Indiana
Bats Using Genetic Tools

Indiana bats are at risk from wind turbines, and range-
wide, populations of Indiana bats have declined by
approximately half since listing under the Endangered
Species Act in 1967. Traditional tracking techniques

| have not enabled researchers to regularly monitor
individual bats throughout a field season. Recent
advances in genetic techniques have made it possible to
uniquely identify animals using DNA in mark-recapture
studies. Preliminary work by the USGS has shown that
DNA can be extracted from Indiana bat fecal pellets
collected beneath roost trees. It is now possible to
explore the relatedness of Indiana bat-colony members
using genetic information and to estimate population
sizes using DNA. Accurate demographic and relatedness
information is essential for the management and
recovery of the Indiana bat.

Contact:
Sara Oyler-McCance, USGS Fort Collins Science Center;
sara_oyler-mccance@usgs.gov; (970) 226-9197

Wind Energy Effects on the Indiana Bat

The USGS developed a quantitative framework for understanding effects of wind energy development on migratory
bats by developing migratory connectivity models for the endangered Indiana bat. This framework provides insight into
the effects of wind energy on migratory patterns and spatial dynamics of bats. The model has been parameterized using
USFWS data. The model also examines the synergistic effects of white-nose syndrome - or WNS - and is expandable to
include other migratory species. Wind energy development and WNS affect bat populations differently. Wind energy
development disproportionately affects small overwintering populations, whereas WNS will more likely extirpate large
overwintering populations. These findings illustrate the importance of considering changes among groups of populations
when managing the Indiana bat.

Contact:
Wayne Thogmartin;,USGS Upper Midwest Environmental Sciences Center;
wthogmartin@usgs.gov; (608) 781-6309

Publications:
Assessing local population vulnerability with branching process models: An
application to wind energy development: Ecosphere (In press)
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Eagles, Condors, and Other Raptors

Drones to Detect Golden Eagle Carcasses

The USGS, in collaboration with Oregon State University and the Confederated Tribes of Warm Springs, is investigating
the use of unmanned aircraft systems - or drones - to detect golden eagle carcasses at wind energy facilities. The objective
are to use change-detection software to compare ground images that drones take on separate flights over time to detect the
timing of carcass appearance, and to evaluate whether detection is affected by vegetation or carcass size.

Contact:
Manuela Huso, USGS Forest and Rangeland Ecosystem Science Center; mhuso@usgs.gov; (541) 750-0948

Tracking Golden Eagles in a Renewable Energy
Development Area

The USGS is studying the diet of insectivorous bats
through analyses of guano and gut contents, in part to
understand the causes of bat fatality at wind facilities.
These analyses help reveal the types of insects
consumed, including any economically damaging pests,
the habitats where these insects occur and where bats are
feeding, and timing and seasonality of prey occurrence
related to changes in climate. By understanding
ecological relationships between insectivorous bats and
their prey, it is possible to better manage areas where
change might have the most effect on bats. Findings
showed that most bats carcasses retrieved from wind
facilities had full stomachs, indicating that they fed
within minutes prior to collision with wind turbines.
Hoary bats fed mostly on moths but also consumed
beetles, true bugs, and crickets.

Contact:
Todd Katzner, USGS Forest and Rangeland Ecosystem
Science Center; tkatzner@usgs.gov; (208) 426-5232

Publications:

Home in the heat: dramatic seasonal variation in home range
of desert golden eagles informs management for renewable
energy development: Biological Conservation (2015), DOI:
10.1016/j.biocon.2015.03.020.

Assessing Eagle Use Frequency at Wind Energy Facilities

USFWS guidelines suggest wind facility operators or developers survey eagle use and calculate risk to eagles across

the project area; however, questions persist about the representativeness of data from survey plots over an entire project
area. The USGS is using existing telemetry data for golden eagles in the Mojave Desert to help the FWS determine

the correspondence between eagle use within a plot and eagle use over an entire project area. Results will add to
understanding of golden eagle activity and provide context for interpreting survey data collected at potential wind energy
facilities.

Contact:
Todd Katzner, USGS Forest and Rangeland Ecosystem Science Center; tkatzner@usgs.gov; (208) 426-5232

Tracking Bald Eagles near Wind Energy Facilities

The central Great Plains is an important focus area for development of new wind facilities and also home to large
populations of bald eagles. The USGS is leading a new effort to track bald eagles using GPS-GSM to acquire information
that will give wildlife managers and energy developers the ability to assess potential conflict between bald eagles and
wind turbines. Researchers will also collect information on topography, weather, and land cover to understand how
environmental conditions affect bald eagles and may put them as risk from collisions with wind turbines.

Contact:
Todd Katzner, USGS Forest and Rangeland Ecosystem Science Center; tkatzner@usgs.gov; (208) 426-5232
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Eagles, Condors, and Other Raptors

Using GPS-GSM Telemetry to Study Condor Flight

Condor populations recovering in California face numerous threats, including the development of wind-energy facilities.
To understand how condor flight behavior may expose them to risk from wind energy, the USGS, USFWS, California
Department of Fish and Wildlife, BLM scientists are initiating a new study to track condor flight using high-frequency
GPS-GSM telemetry systems. Researchers will record movements of California condors to understand how their flight
behavior, especially flight altitude, responds to variation in topography and weather. This information can be used to
identify wind and topographic variables that may be preferentially used by condors, and to predict risk to birds from
existing and proposed turbines.

Contact:
Todd Katzner, USGS Forest and Rangeland Ecosystem Science Center; tkatzner@usgs.gov; (208) 426-5232

California Condor Movement Behavior and Habitat Use

The USGS and the San Diego Zoo’s Institute for Conservation Research are collaborating on a project to model the three-
dimensional home range of California condors using GPS telemetry. The primary goal is to study the movement behavior
and habitat use of California condors released by the Institute in Baja, Mexico. This three-dimensional information can be
used to improve the precision of space-use models of the California condor, improve assessments of condor space-use and
the potential intersection with three-dimensional objects, such as buildings, and help evaluate risks from encounters with
wind facilities.

Contact:
Jeff Tracey; USGS Western Ecological Research Center; jtracey@usgs.gov; (619) 225-6457

Publications:
Efficient 3D movement-based kernel density estimator and application to wildlife ecology: XSEDE ‘14 Proceedings of the 2014 An-
nual Conference on Extreme Science and Engineering Discovery Environment, Article No. 14 (2014), DOI: 10.1145/2616498.2616522

California Condor Space-Use and Wind Resources

The USGS evaluated how wind resources in California affect patterns of condors use and movement through vari—ous
habitats. Analyses and modeling are addressing variation in condor home range, habitat selection, and relationships
between condor occurrence and atmospheric properties, particularly thermal and wind, throughout the annual cycle.
Researchers found that condor resource selection varied relative to habitat type: dune and rock habitats along coastal areas
were preferred, whereas shrubland and evergreen forest habitats were used significantly less. Differential use of habitats
was often linked to proximity of release site; however, meteorological conditions, such as thermal height, thermal velocity,
and wind speed, were linked to condor use of ecological sub-regions. Habitat and meteorological conditions may interact
in complex ways to influence condor resource selection across the landscape.

Contact:

Sue Haig; USGS Forest and Rangeland Ecosystem
Science Center; susan_haig@usgs.gov;

(541) 750-0981

Publications:

An analysis of monthly home range size in the
critically endangered California Condor Gymnogyps
californianus: Bird Conservation International
(2014), DOI:10.1017/5S0959270913000592

An analysis of monthly home range size in

the critically endangered California Condor
Gymnogyps californianus — CORRIGENDUM, Bird
Conservation International (2015), DOI: 10.1017/
S0959270915000039

S. Haig, USGS
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Eagles, Condors, and Other Raptors

T. Katzner, USGS

Eagle Survey, Monitoring, and Distribution

The USFWS issued an Eagle Permit Rule to authorize permits to take eagles, in part, because development of renewable
energy sources is a national priority and because of the risks these structures pose to golden eagles. A critical component
of golden eagle management in the presence of increasing wind energy develo t is an understanding of the species’
distribution and status at three spatial scales: 1) the continental USA, 2) regional sc or which management plans

can be implemented, and 3) wind energy project scales at which specific management actions can be implemented. The
USGS and USFWS partnered to assess recommended survey and monitoring protocols in context of temporal and spatial
effort across a latitudinal gradient of the intermountain west. Results of this study will be useful in evaluating site-
specific tradeoffs of economic cost of different levels of effort at different spatial scales to benefit gained in terms of data
resolution and reliability of results for conservation planning.

Contact:
Clint Boal, USGS Texas Cooperative Fish and Wildlife Research Unit; cboal@usgs.gov; (806) 742-2851.
Mark Fuller, USGS Forest and Rangeland Ecosystem Science Center; mark fuller@usgs.gov; (208) 426-4115

Golden Eagle Take at Wind Facilities

The USGS, working with the USFWS, has developed a predictive model of golden eagle “take” at a given wind facility.
The model is based on pre-construction eagle-use surveys and design considerations. The USFWS uses this modeling
effort to work with facility applicants at the design and permitting stages. This model serves as the basis for the amount
of compen—satory mitigation that might be needed. Researchers also are helping develop eagle population models at
the regional level to evaluate the effect of cumulative take on population dynamics. Both efforts explicitly acknowledge
uncertainty, and by doing so, permit risk analysis and the implementation of adaptive management.

Contact:
Michael Runge; USGS Patuxent Wildlife Research Center; mrunge@usgs.gov; (301) 497-5748

Publications:
A collision risk model to predict avian fatalities at wind facilities: An example using golden eagles, Aquila chrysaetos: PLoS ONE
(2015), DOI: 10.1371/journal pone.0130978

Golden Eagle Monitoring Protocol for the Desert Renewable Energy Conservation Plan

The California Desert Renewable Energy Conservation Plan (DRECP) was developed to provide protection of Mojave
and Colorado desert ecosystems, while allowing for the appropriate development of renewable energy projects. Effective
surveys for golden eagles and monitoring of their status are needed to assess the effects of energy development. The
USGS, with support from the California Energy Commission, is developing survey sample designs and field procedures
for protocols to determine the distribution and demography of golden eagles in the DRECP area. The protocol will

be designed to provide information required to promote golden eagle conservation and compatible renewable energy
development. Information collected will be especially critical in determining whether regulatory requirements and goals
of the conservation plan are being met.

Contact:
David Wiens, USGS Forest and Rangeland Ecosystem Science Center; jwiens@usgs.gov; (541) 750-0961
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Eagles, Condors, and Other Raptors

Golden Eagles around the Altamont Pass Wind Resource Area, California

The Altamont Pass Wind Resource Area in California is estimated to have killed over 1,000 golden eagles since becoming
fully operational. This study aims to determine whether the local breeding population of golden eagles surrounding the
area has the resiliency to absorb estimated levels of wind turbine blade-strike fatalities over time. The USGS and partners
are using historical and current eagle data to assess territory occupancy, abundance, breeding success, survival, and habitat
use of different age-classes of golden eagles. This information is being used to develop a predictive model of how the
local population of golden eagles might respond to estimated fatalities. Additionally, results from this study provide data
on spatial patterns of density and reproductive success of golden eagles during a period of extreme drought in central
California, which can help managers identify important areas for conservation prioritization.

Contact:
David Wiens; USGS Forest and Rangeland Ecosystem Science Center; jwiens@usgs.gov; (541) 750-0961

Publications:
Estimation of Occupancy, Breeding Success, and Abundance of Golden Eagles (Aquila chrysaetos) in the Diablo Range, California,
2014: USGS Open File Report (2015), DOI: 10.3133/0fr20151039

Golden Eagles in New Mexico

The BLM manages large areas in New Mexico that have a high potential for wind energy development. The USGS is
con—ducting research to assess the risk that proposed wind energy developments in southeastern and south-central New
Mexico may have on resident and migratory golden eagles. The study will assess habitat and space use of migratory

and resident golden eagles; identify nest sites, estimate productivity and survival, origin, and migration patterns; and
determine the factors affecting golden eagle distribution. The results of the study may be used to inform the development
of mitigation strategies that will reduce potential negative effects from proposed wind energy developments.

Contact:
James Cain, USGS New Mexico Cooperative Fish and Wildlife Research Unit; jwcain@usgs.gov; (575) 646-1281

Golden Eagles in California and the Central Appalachian Mountains

The USGS is collecting information related to habitat use, home range, and population dynamics of golden eagles in

the central Appalachian mountain region, northeastern California, and the Mojave and Sonoran Deserts using various
methodologies including: GPS-GSM telemetry, standard GIS analyses, nest visits, and non-invasive genetic monitoring.
The data collected have been used to model movement and to create risk models to assist resource management agencies
in evaluating management options for this species, within the DRECP and the Appalachian Mountains. Data are being
combined with other similar projects’ datasets to create a framework and baseline to build an effective long-term golden
eagle monitoring program in support of adaptive management.

Contact:
Todd Katzner; USGS Forest and Rangeland Ecosystem Science Center; tkatzner@usgs.gov; (208) 426-5232

Publications:
Integrating citizen-science data with movement models to estimate the size of a migratory golden eagle population: Biological
Conservation (2015), DOI:10.1016/j.biocon.2015.01.003

Modeling autumn migration of a rare soaring raptor identifies new movement corridors in central Appalachia: Ecological Modeling
(2015), DOI:10.1016/j.ecolmodel.2015.02.010

Flight response of slope-soaring birds to seasonal variation in thermal generation: Functional Ecology (2014), DOI: 10.1111/1365-
2435.12381.

Known breeding distribution and abundance of golden eagles in eastern North America: Northeastern Naturalist (2015), DOI: http://
dx.doi.org/10.1656/045.022.0201

- / ‘.‘\

P. Cryan, USGS
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Eagles, Condors, and Other Raptors

Golden Eagle Late-Summer Occupancy

The USGS is developing golden eagle habitat-occupancy models and maps to overlay with maps of potential energy
development, including wind energy, in Wyoming and other portions of the western United States. Models and maps

will highlight biological strengths and weaknesses (high- and low-quality habitat) across the landscape. Map overlays
explicitly delineate opportunities for conservation (high-quality habitat, low energy potential), and imminent threats (high-
quality habitat, high energy potential). These tools can guide resource managers in their efforts with industry concerning
siting for energy development and the identification of areas for off-site mitigation.

Contact:
Zachary Bowen, USGS Fort Collins Science Center; bowenz@usgs.gov; (970) 226-9218

Publications:
Landscapes for energy and wildlife: conservation prioritization for golden eagles across large spatial scales: PLoS ONE (2015),
DOI:10.1371/journal.pone.0134781

Peter LaTourrette

Wintering Distribution of Golden Eagles in the Southern Great Plains

The Southern Great Plains of eastern New Mexico, and panhandles of Oklahoma and Texas are experience rapid wind
energy development. The region has traditionally been an important wintering area for golden eagles. We are assessing
distribution and abundance of wintering golden eagles in relation to land cover and land use types across this region. The
results of this study will provide insights to industry as to landscape features that may pose greater or lesser potential
conflict between wind energy development and eagles.

Contact:
Clint Boal, USGS Texas Cooperative Fish and Wildlife Research Unit; cboal@usgs.gov; (806) 742-2851

Golden Eagle Conservation in San Diego County

Using a combination of population surveys, biotelemetry methods, and genetic sampling, USGS and collaborators are
examining the relationships between human use and territory occupancy, nesting success, and movements of golden
eagles in western San Diego County. These researchers are also exploring the genetic distinctiveness of this population
relative to other populations in western North America. Results will provide local managers with information about
the location and status of important nesting and foraging areas for golden eagles, which will inform decisions regarding
potential disturbance and other adverse impacts. In addition, by standardizing sampling designs and monitoring protocols
with other ongoing studies of golden eagles in California, this research will contribute to a broader understanding

of the population status, demography, resource use, and genetic structure of golden eagles across a wide gradient of
environmental conditions.

Contact:

Jeff Tracey, USGS Western Ecological Research Center; jtracey@usgs.gov; (619) 225-6457

Robert Fisher, USGS Western Ecological Research Center; rfisher@usgs.gov; (619) 225-6422

David Wiens, USGS Forest and Rangeland Ecosystem Science Center; jwiens@usgs.gov; (541) 750-0961
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Linking Habitat and Prey Availability to Golden Eagle Ecology and Energy Development in the Mojave Desert

The USGS is assessing food habits, reproductive success and prey availability of nesting golden eagles in the Mojave
Desert. The results will be used to construct predictive models of prey availability that can then be used to develop models
linking prey availability and abundance to eagle productivity and survival. This project will link prey availability to
golden eagle food habits and reproductive success across the desert southwest. Information from this project will inform
California and Nevada’s conservation strategy within the DRECP and in solar energy zones by providing information

to prevent possible conflicts between the loss of important foraging habitat and siting of proposed alternative energy
developments.

Contact:
Kathleen Longshore, USGS Western Ecological Research Center; tesque@usgs.gov; (702) 564-4505
Todd Esque, USGS Western Ecological Research Center; longshore@usgs.gov; (702) 564-4506

Publications:
Lovich, J.E., 2015, Golden eagle mortality at a wind-energy facility near Palm Springs, California: Western Birds, v. 46, p. 76-80.

A Synthesis and Review of the Ecology of Leporids in the Western USA and their Significance to Golden Eagles

Several species of Leporids (rabbits, i.e., Lepus spp., and Sylvilagus spp.) are well-documented prey species for golden
eagles, and eagle demographics are linked to the abundance of rabbit populations. Yet there is no comprehensive analysis
of rabbit ecology for the western United States. USGS, USFWS, and University of Nevada, Reno conducted a review and
synthesis of population status, demographic patterns, general ecology, and the ecological significance of certain rabbit
species to golden eagles across the western United States. This information is fundamental to understanding the direct
and indirect impacts of renewable energy development on eagle ecology. The results of this work can be incorporated into
monitoring plans for golden eagles and their habitats, and will be used as inputs to ecological models of eagle populations
as the work advances.

Contact:
Todd Esque, USGS Western Ecological Research Center; tesque@usgs.gov; (702) 564-4506
Kathleen Longshore, USGS Western Ecological Research Center; longshore@usgs.gov; (702) 564-4505

| oS NN o b ‘

~ Habitat Prioritization for Wyoming
- Raptors

The goal of this project is to
develop predictive models of the

. relationship between available
raptor (golden eagle, ferruginous
hawk, northern harrier, and prairie
falcon) habitat and habitat use in
Wyoming. This project has created
| models and maps that identify
priority habitat areas, which

will assist resource managers

in effective raptor conservation

by helping guide siting of wind
power infrastructure and informing
prioritization of locations for
strategic and focused conservation
efforts.

Contact:

Zachary Bowen, USGS Fort Collins
Science Center; bowenz@usgs.gov;
(970) 226-9218

N J.Tracey, USGS
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Raptor Density and Distributions in Southern California Deserts

In areas designated for protection under the DRECP, USGS and colleagues determined predatory bird distribution and
how this distribution is affected by existing development. They used a unique approach to compare current bird count data
to counts from approximately 20 years ago. Results indicated that human development and activity in the Mojave Desert
have likely increased numbers of red-tailed hawks, American kestrels, and loggerhead shrikes. Meanwhile, populations of
prairie falcons and golden eagles seem to have declined. The increasing species show associations with human activity in
contrast to those in decline. Their results provide baseline data on raptor abundance and density in the DRECP for future
comparisons.

Contact:
Todd Katzner, USGS Forest and Rangeland Ecosystem Science Center; tkatzner@usgs.gov; (208) 426-5232

Publications:
Landscape-scale distribution and density of raptor populations wintering in anthropogenic-dominated desert landscapes: Biodiversity
and Conservation (2015), DOI: 10.1007/s10531-015-0916-6

Potential Interactions of Migrating Raptors and Wind Energy Development at the International Scale

Swainson’s Hawks are a long-distance migratory raptor that breeds in open country across western North America, then
migrate to and from Argentina for the winter. This annual roundtrip of approximately 20,000 km takes the hawks across
over 12 countries, all with wind energy development interests. USGS is using GPS transmitters to determine precise
migration routes, which are then overlaid on maps of wind energy potential. This provides the means to identify high risk
areas for migrating raptors at the international scale.

Contact:
Clint Boal, USGS Texas Cooperative Fish and Wildlife Research Unit; cboal@usgs.gov; (806) 742-2851
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Possible Effects of Turbine Noise on Diving Birds

Construction and maintenance of wind turbines can increase in-air and underwater noise levels from pile driving, shipping
of materials, turbine operation, and other activities. Introduction of new noises can mask communication, displace
animals, disrupt predator-prey interactions, and cause hearing loss. In-air and underwater auditory thresholds were
measured in diving bird species, using behavioral and eletrophysiological techniques. These investigations revealed that
diving bird species have very sensitive hearing in the air, comparable to other bird species. Underwater auditory thresholds
were measured for the first time in any bird species, and showed that long-tailed ducks have sensitive underwater hearing.
These measurements highlight the need to further understand underwater hearing mechanisms and how man-made noise
sources may impact these species.

Contact:
Alicia M. Berlin, USGS Patuxent Wildlife Research Center; aberlin@usgs.gov; (301) 497-5730

Publications:
A comparison of auditory brainstem responses across diving bird species: Journal of Comparative Physiology A (2015), DOI:

10.1007/500359-015-1024-5

Measuring in-air and underwater hearing in seabirds: In A.N. Popper and A. Hawkins (Eds.), Effects of Noise on Aquatic Life II (In
press)

el Lo

J. Bartholamai

Monitoring and Mapping Avian Resources in Nearshore and Open Waters of Lake Michigan Relative to Future Wind
Energy Development

USGS scientists have surveyed pelagic bird use in priority areas of Lake Michigan during fall and winter periods over a
four-year period. This work has provided new and important information about distribution patterns and abundance in
nearshore and open water areas of the Great lakes for loons, scoters, Long-tailed Ducks, mergansers, grebes, scaup and
other waterbirds. This information will be of great value in terms of informing future permit decisions for offshore wind
energy development in the Great Lakes as well as for conservation planning.

Contact:
Kevin P. Kenow, USGS Upper Midwest Environmental Sciences Center, kkenow(@usgs.gov; (608) 781-6278

Documenting Movements, Habitat Use and Foraging Patterns of Common Loons Relative to Future Wind Turbine and
Windfarm Siting in the Great Lakes

USGS scientists are employing both satellite telemetry and archival geo-locator tags to document the movements, habitat
use, and foraging patterns of common loons across the Great Lakes during migration. Additional work will be conducted
during fall 2015 to tag birds and determine local movement patterns of Long-tailed ducks on Lake Michigan. Data on
waterbird seasonal movement patterns and core use areas based on aerial survey and telemetry data will be used to inform
an environmental impact assessment of potential wind turbine placement, and to assist in with identifying, evaluating, and
recommending alternative wind farm sites in the Great Lakes.

Contact:
Kevin P. Kenow; USGS Upper Midwest Environmental Sciences Center, kkenow(@usgs.gov; (608) 781-6278
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Airspace Use by Migrating Landbirds at Lake
Erie

Interest is growing to develop wind energy

{ capacity along Great Lakes shorelines both
onshore and off shore. With this growth,
comes the consideration of potential impacts
to the large concentrations of landbirds that
use the southern Lake Erie shoreline during
spring and fall migration. Using two marine
radars operated simultaneously at paired sites
(shoreline and inland at three or 15 miles),
USGS is collecting data to: 1) describe
movement patterns of night-migrating
landbirds in terms of azimuth, altitude, and
intensity; 2) estimate ascent and descent
flight profiles for night migrating landbirds in
rela—tion to distance from the southwestern
Lake Erie shoreline; and 3) estimate intensity
of nightly bird movement using radar and
relate results to banded birds.

Contact:
% Eileen Kirsch, USGS Upper Midwest Environ-

<140
IGE=RCGIMIEERE mental Science Center; ekirsch@usgs.gov;
; | (608) 781-6226

Statistical Guidelines for Sampling of Marine Avian Populations

Interest in development of offshore renewable energy facilities has led to a need for high-quality, statistically robust
information on marine wildlife distributions. A practical approach is described to estimate the amount of sampling
effort required to have sufficient statistical power to identify species-specific “hotspots” and “coldspots” of marine bird
abundance and occurrence in an offshore environment divided into discrete spatial units (e.g., lease blocks). Hotspots
and coldspots are defined relative to a reference (e.g., regional) mean abundance and/or occurrence probability for each
species of interest. A method is also developed for testing the statistical significance of possible hotspots and coldspots.
Both methods are illustrated with historical bird survey data from the Atlantic Seabird Compendium (see related entry
below).

Contact:
Allan O’Connell, USGS Patuxent Wildlife Research Center; aoconnell@usgs.gov, 301-497-5525

Publications:
Statistical guidelines for assessing marine avian hotspots and coldspots: A case study on wind energy development in the US Atlantic
Ocean: Biological Conservation (2015), DOI:10.1016/j.biocon.2015.06.035

Tracking Offshore Habitat Use in Diving Bird Species

Platform terminal transmitter satellite tracking tags are being used to determine fine-scale occurrence and local movement
pat—terns of red-throated loons, surf scoters, and northern gannets in Federal waters of the mid-Atlantic U.S. during
migration and winter. Preliminary results indicate that gannets from different age classes in major breeding areas in the
Gulf of St. Lawrence and eastern Newfoundland use habitats of the U.S. eastern seaboard in winter. Loons relied heavily
on offshore areas within 100 km of the coast during migration and utilized several stopovers along the east coast. Scoters
stay within 10 km of the coastline and may not be influenced by the proposed wind energy areas controlled under Bureau
of Ocean Energy Management (BOEM) jurisdiction, but state plans may have an impact on this species.

Contact:
Alicia M. Berlin; USGS Patuxent Wildlife Research Center; aberlin@usgs.gov; (301) 497-5730
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Survey of Biological Hotspots in the Gulf of Maine Coastal Marine Ecosystem

The USGS is collecting data needed to inform management needs and increase the understanding of the ecologically and
economically productive Gulf of Maine ecosystem. This will be achieved through multidisciplinary surveys combined
with focal research on life-history characteristics of selected species, to acquire detailed measurements of the physical
characteristics of the system as well as the distribution and abundance of organisms across food webs. These data will
be used to build habitat models for species of greatest concern and to calculate biological hotspot index values. This
information will support planning efforts and habitat management by delineating ecologically important areas. This
project will also provide critical baseline data, archived in open source databases for monitoring and evaluating future
changes to the region.

Contact:
Cynthia Loftin, USGS Maine Cooperative Fish and Wildlife Unit; cynthia.loftin@maine.edu; (207)-581-2843

Establishment of the Atlantic Seabird Compendium

To assess the impacts of alternative energy on marine bird populations requires large amounts of occurrence information
along with biophysical data that influences species distributions. Before modeling begins, data need to be retrieved,
reconfigured, synthesized, and vetted. USGS researchers have created a catalog with federally-compliant metadata of
over 100 datasets, developed computer programs to facilitate comparisons between historical and recent surveys, and
standardized survey sampling efforts for the Atlantic Outer Continental Shelf. This database is the single largest repository
of marine bird information available for the western Atlantic. It includes information dating back to the 1970’s and more
than 350,000 seabird occurrence records from Florida to Maine, and one from Atlantic Canada.

Contact:
Mark Wimer; USGS Patuxent Wildlife Research Center; mwimer@usgs.gov; (301)-497-5596

Modeling of Atlantic Coast Seabird Distributions

The USGS used occurrence information form the Atlantic Seabird Compendium, focusing on the Atlantic Flyway Sea
Duck Survey, Massachusetts Audubon Surveys, Rhode Island offshore marine surveys, and deposition data collected by
Seabird Ecological Assessment Network to develop hierarchical models for marine avian populations. These data will
be used to assess the impacts of proposed alternative energy developments, and show the importance of seasonality, the
North Atlantic Oscillation, sea surface temperature, chlorophyll, and other covariates on estimating the distributions and
relative abundance for a suite of species. Occupancy estimates will be used to assemble a seabird community model in
Nantucket Sound and off the coast of Rhode Island.

Contact:
Allan O’Connell, USGS Patuxent Wildlife Research Center; aoconnell@usgs.gov, 301-497-5525

Publications:

Key seabird areas in southern New England identified using a community occupancy model: Marine Ecology Progress Series (2015),
DOI: 10.3354/meps11316

J. Bartholamai
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P. Cryan, USGS

Main Hawaiian Islands Seabird Tracking

The Main Hawaiian Islands (MHI) and associated offshore provide substantial breeding habitat for more than 19 seabird
species. The BOEM and the State of Hawai’i have received proposals to develop offshore renewable energy-related
projects within waters surrounding the main islands that have the potential to negatively affect seabirds that interact with
wind-turbine structures, lighted facilities, elevated power lines on land, and lighted ships off Hawai’i. The USGS, in
collaboration with other entities, is continuing at-sea tracking studies of seabirds in this area to provide information to
assess potential risks posed by proposed offshore energy developments. Information collected include intra-seasonal and
inter-colony differences in foraging behaviors, variability in sea habitat use and ranging behaviors among seabird species
including two (Hawaiian Petrel and Newell’s Shearwater) listed under the U.S. Endangered Species Act.

Contact:
Josh Adams; USGS Western Ecological Research Center; josh adams@usgs.gov; (831) 460-7566

Pacific Continental Shelf Environmental Assessment

Understanding critical marine habitats, including seabird and marine mammal hotspots at sea, will help inform offshore
energy siting along the U.S. Pacific Coast. USGS recently completed seabird and marine mammal surveys for the BOEM
Pacific Outer Continental Shelf (OCS) Region to inform future alternative energy plans. Named the Pacific Continental
Shelf Environmental Assessment, the primary survey area extends from Fort Bragg, California to Grays Harbor,
Washington. Marine spatial planning, including potential site selection for offshore energy development, requires updated
information on species-specific community patterns and distributions in this region. USGS uses aircraft surveys to conduct
seabird and marine mammal counts concurrently with oceanographic remote-sensing equipment to record habitat features
throughout this span of the Pacific OCS Region, and is compiling regional at-sea tracking data from marine birds to create
an atlas illustrating habitat-use patterns for multiple species. This work will inform a better understanding of overall
species distribution patterns throughout the California Current System.

Contact:
Josh Adams; USGS Western Ecological Research Center; josh adams@usgs.gov; (831) 460-7566

Publications:

Pacific Continental Shelf Environmental Assessment (PaCSEA): Aerial seabird and marine mammal surveys off northern California,
Oregon, and Washington, 2011-2012.: U.S. Dept. of the Interior, Bureau of Ocean Energy Management, Pacific OCS Region,
Camarillo, CA (2014), http://pubs.er.usgs.gov/publication/70100431

Pacific Continental Shelf Environmental Assessment (PaCSEA): Aerial seabird and marine mammal surveys off northern California,
Oregon, and Washington, 2011-2012: U.S. Geological Survey ScienceBase (2015), DOI:10.5066/F7668B7V

Seabird Vulnerability Assessment for Renewabhle Energy Projects

The eastern Pacific supports abundant breeding seabirds, shorebirds, and other waterbirds, including species protected
under the Migratory Bird Treaty Act and federally listed species. Whereas data on distribution and abundance of seabirds
can inform decisions regarding the siting renewable energy projects, more comprehensive site evaluations require
understanding species-specific variability in habitat uses, ranging behaviors and cumulative threats at sea. The primary
goals of this study are to increase the understanding of the flight and diving behavior of seabirds, and to combine this with
knowledge of the seasonal distribution and abundance among birds at sea in order to rank and assess the vulnerability of
specific seabird species that inhabit the Pacific Outer Continental Shelf.

Contact:
Josh Adams; USGS Western Ecological Research Center; josh_adams@usgs.gov; (831) 460-7566
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Estimates of Avian Fatalities at Wind Energy Facilities

Three recent publications report estimates of the number of birds killed each year by wind energy facilities in the United
States. The three publications differed in scope, methodology, and resulting estimates. The USGS and lead authors of the
publications joined together to compare and contrast characteristics of the approaches used in the publications. In addition,
they described decisions made in obtaining the estimates. A critical question is how representative is the available
information on fatalities at wind energy facilities. Despite variation in the three approaches, resulting estimates were
reasonably similar, showing a quarter- to a half-million birds directly killed per year by colliding with wind turbines.

Contact:
Douglas H. Johnson, USGS Northern Prairie Wildlife Research Center; douglas h johnson@usgs.gov; (612) 624-4716

Publications:
Avian fatalities at wind energy facilities in North America: A comparison of recent approaches: Human-Wildlife Interactions (In press)

An Assessment of Direct Mortality to Avifauna from
Wind Energy Facilities in North Dakota and South
Dakota

Potential impacts of large wind energy developments
to migratory and resident bird populations in the
Prairie Pothole Region within North Dakota and
South Dakota remain poorly understudied even
though 2,230 turbines are actively generating power
in these states and numerous wind energy projects
have been proposed. No information on potential
direct mortality from wind turbines is available for
the Missouri Coteau portion of the region across
multiple avian guilds. The objectives of a new USGS
study are: 1) to evaluate the influence of landscape
composition on potential wind turbine-related direct
mortality to migratory and resident birds in the south-
central Missouri Coteau during spring migration and
nesting periods; 2) to evaluate the influence of nesting ¥
density on wind turbine-related direct mortality of :
raptors; 3) to identify those species most at-risk in Contact:

the Missouri Coteau to mortality from wind-turbine Joshua Stafford, South Dakota Cooperative Fish and Wildlife Unit;
strikes; and, 4) to calculate fatality rates for species of Joshua.stafford@sdstate.edu; (605)-688-5759

concern.

Wind Energy Effects on Grassland Birds

The USGS has completed a 10-year field investigation of the influence of wind facilities on breeding grassland birds.
The study demonstrated that wind facilities placed in mixed-grass prairies influence the distribution of grassland birds
for years after construction. The study included a before-after-control-impact design that incorporated multiple years,
nine species, and replicated impact and reference sites within 3 facilities. This approach makes the study one of the most
rigorous to use an optimal impact assessment design to evaluate wind facilities. This long-term study distinguished
between immediate, short-term effects and delayed, or sustained effects. The study also determined distances at which
individual bird species displayed avoidance or attraction.

Contact:
Jill Shaffer; USGS Northern Prairie Wildlife Research Center; jshaffer@usgs.gov; (701) 253-5547

Publications:
Effects of wind-energy facilities on grassland bird distributions: Conservation Biology (2015), DOI: 10.1111/cobi.12569
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Renewable Energy Development and Nevada Sage-Grouse

Much of Nevada is targeted for proposed energy transmission corridors linking Wyoming, eastern Nevada, and the
Mojave Desert. Potential paths for the corridor will dissect prime, contiguous sagebrush-steppe habitat. The USGS, in
collaboration with other federal and state agencies and private industry, is conducting greater sage-grouse research to
understand the implication of wind energy development and the associated powerline corridors in Nevada, and how
anthropogenic structures associated with this development influence predator communities and predation rates on
sage-grouse. The goal is to answer questions related to impacts of developing energy on sage-grouse habitat selection,
population vital rates, and movement patterns. This research provides resource managers with information and tools
to help develop guidelines for future renewable energy projects to minimize negative effects on greater sage-grouse
populations.

Contact:

Peter S. Coates, USGS Western Ecological Research Center; pcoates@usgs.gov; (530) 669-5073

Michael Casazza; USGS Western Ecological Research Center; mike casazza@usgs.gov; (530) 669-5075

Publications:
Spatially explicit modeling of greater sage-grouse (Centrocercus urophasianus) habitat in Nevada and northeastern California—A
decision-support tool for management: USGS Open-File Report (2014), http://dx.doi.org/10.3133/0fr20141163

Integrating spatially explicit indices of abundance and habitat quality: an applied example for greater sage-grouse management:
Journal of Applied Ecology (In press)

Common raven occurrence in relation to energy transmission line corridors transiting human-altered sagebrush steppe: Journal of
Arid Environments (2014), DOI: 10.1016/j.jaridenv.2014.08.004

.

Bird Migration in the Central Appalachians
During five migration seasons, USGS and collabora—tors studied nocturnal bird migration in the Central Appalachians

of Maryland, Virginia, and West Virginia. Calls of migrating birds in flight were recorded to index the birds’ spatial and
temporal distribution patterns. Portable radar sampling was conducted concurrently with sound recording at some sites to
corroborate the patterns observed and to provide information about the altitudinal distribution of migrants. In both spring
and fall, nearly 30 percent of radar targets (birds or bats) were within 200 m of the ground, the altitudinal zone sampled by
the sound recorders. The flight call data are being used to model the effects of weather, topography, and other variables on
migrant abundance to identify where or when low-flying migrants are likely to be abundant.

Contact:
Deanna Dawson, USGS Patuxent Wildlife Research Center; ddawson@usgs.gov; 301-497-5642

Landscape and Airspace Use of Waterbirds

USGS and USFWS have partnered to collect data on foraging locations and flight patterns of fall refuging sandhill cranes
within the Horicon Marsh landscape, which includes an 86-turbine wind energy development. A three-dimensional
movement model of cranes is being developed based on habitat use probabili—ties, turbine avoidance probabilities, and
flight profiles of cranes. The model can be refined with further data collection and validation with other species in select
landscapes. The model framework can be used to estimate landscape and airspace use of refuging waterbird species in
different areas to evaluate placement options for wind energy projects and transmis—sion lines

Contact:
Eileen Kirsch, USGS Upper Midwest Environmental Science Center; ekirsch@usgs.gov; (608) 781-6226
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Sandhill Crane Exposure to Wind Energy Development in the Central and Southern Great Plains

Numerous wind-energy projects have been constructed in the central and southern Great Plains, the main migration
corridor and wintering area for midcontinent sandhill cranes. Crane populations are potentially vulnerable to wind energy
infrastructure, specifically increased mortality due to collisions and displacement from roosting or feeding sites. The
USGS has assessed potential risk of wind towers using location data from cranes marked with platform transmitting
terminals with and without global positioning system capabilities. The distributions of sandhill cranes pre-construction

of wind towers were compared to distributions with current tower locations. This assessment provides: 1) an estimate of
potential risk to the midcontinent population of sandhill cranes at their main migration and winter grounds; 2) information
for local-scale decisions about relative risk of existing towers; 3) guidance for locating future developments; and 4)
information that can be combined with assessments from other species to develop multi-species risk models.

Contact:
Aaron Pearse, USGS Northern Prairie Wildlife Research Center; apearse@usgs.gov; (701) 253-5509

Desert Tortoises and Wind Energy

The USGS has studied the ecology of a population of federally protected Agassiz’s desert tortoises that have co-occurred
with a wind facility since 1995 on land managed by the BLM near Palm Springs, California. Almost 130 tortoises were
marked between 1997-2000, providing an opportunity to examine growth, demography, habitat selection, and survivorship
of this long-lived species. Continued research focuses on effects of turbine noise and vibration on tortoise behavior and
activity, and the effects of turbine-induced fire on the ecology and behavior of tortoises.

Contact:
Jeff Lovich; USGS Southwest Biological Science Center; jeffrey lovich@usgs.gov; (928) 556-7358

Publications:

Nelson's big horn sheep (Ovis canadensis nelsoni) trample Agassiz's desert tortoise (Gopherus agassizii) burrow at a California wind
energy facility: Bulletin of the Southern California Academy of Sciences (2015), DOI: http://dx.doi.org/10.3160/0038-3872-114.1.58

Turbines and terrestrial vertebrates: variation in tortoise survivorship between a wind energy facility and an adjacent undisturbed
wildland area in the desert southwest (USA): Environmental Management (2015), DOI:10.1007/s00267-015-0498-9

Case study: road proliferation due to rapid renewable energy development: In Andrews, K. A., P. Nanjappa, and S.P.D. Riley (Eds).
Roads and ecological infrastructure: concepts and applications for small animals (2015)

Nest site characteristics, nesting movements, and lack of long-term nest site fidelity in Agassiz's desert tortoises (Gopherus agassizii)
at a wind energy facility in southern California: California Fish and Game (2014), http.//bit.ly/1 UJhdHA

Black bears (Ursus americanus) as a novel potential predator of Agassiz’s desert tortoises (Gopherus agassizii) at a California wind
energy facility: Bulletin of the Southern California Academy of Sciences (2014), DOI: http://dx.doi.org/10.3160/0038-3872-113.1.34

KE: Nussear, UniVerSIBy of Nevada, Reno » Effects of Solar Development and Habitat Alterations on Desert

: Tortoises in the lvanpah Valley
The Ivanpah Valley in in southeastern California and southern Nevada
is a hotspot of genetic diversity and connectivity for Agassiz’s desert
tortoise that overlaps with utility-scale solar development. The
USGS, University of Nevada-Reno, and partners are developing and
applying novel tracking, genetic tagging, and biomarkers for assessing
movement, health and population connectivity in the valley relative to
landscape features and renewable energy development that promote or
impede population connectivity.
Contact:
Todd Esque, USGS Western Ecological Research Center;
tesque@usgs.gov; (702) 564-4506

Amy Vandergast, USGS Western Ecological Research Center;
avandergast@usgs.gov; (619) 225-6445

Publications:
B Lvaluating health of the desert tortoise using diagnostic gene transcription:
B8 Ecohealth (2015), DOI: 10.1007/510393-014-0998-8
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Other Species

Canid Distribution and the Potential Impacts of Energy Development in Nebraska

In a regional collaboration with the Nebraska Game and Parks Commission, the Nebraska Department of Roads, the U.S.
Forest Service, Chadron State College and the University of Nebraska, USGS is implementing a comprehensive survey
and monitoring plan for swift fox across 26,000 square miles of western Nebraska. The goal of the Nebraska Canid
Project is to document the current distribution and ecological requirements of swift fox, and explore how infrastructure
development may alter future habitat conditions and subsequently Nebraska’s canid communities by creating and testing
a series of predictive species distribution models. The resulting models will be packaged into a decision-support tool to
assist policy makers and management agencies in future energy siting decisions.

Contact:
Joseph J. Fontaine; USGS Nebraska Cooperative Fish and Wildlife Research Unit; jfontaine2@unl.edu; (402) 472-0339
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Management Support Tools

Developing a West-Wide Listing of Solar Facilities

The USGS is developing a map of Landscape Intactness for the BLM for the western U.S. that includes estimates of the
surface disturbance footprint of solar facilities. As part of this effort, the USGS is digitizing existing facilities and creating
a geospatial data series consisting of polygon boundaries for utility-scale solar power facilities located within 17 western
states. The footprint of the solar collecting equipment will be based on the U.S. Energy Information Administration Power
Plants point location. Readily available, high-resolution true-color aerial photographs will be used to define boundaries of
solar power plants. As of June 1, 2015 the EIA Power Plants dataset contained 369 solar power plants in 17 western states.
The data will be collected at a scale range between 1:1,000 and 1:5,000. The data and FGDC-compliant metadata will be
delivered to the BLM as an ArcGIS Geodatabase and published in a USGS data series.

Contact:
Tasha Carr, USGS Fort Collins Science Center; carrn@usgs.gov; (970)-226-9446

Efficacy of Wildlife Monitoring Technologies at a Solar Tower Facility

Little is known about the effects of solar power towers on flying animals and few methods exist for automatically
detecting or observing wildlife at solar towers and other tall anthropogenic structures. USGS is evaluating the potential
effectiveness of electro-optical and thermal video cameras, radar, and invertebrate sampling equipment to observe and
monitor birds, bats, and insects flying in the vicinity of flux fields produced at the Ivanpah Solar Electric Generating
System Facility in southern California.

Contact:

Robb Diehl, USGS Northern Rocky Mountain Science Center; rhdiehl@usgs.gov; (406) 994-7481
Paul Cryan, USGS Fort Collins Science Center; cryanp@usgs.gov; (970) 226-9389

Ernie Valdez, USGS Fort Collins Science Center; ernie@usgs.gov; (505) 277-0284

Solar Fatality Estimator and Evidence of Absence Software

Solar energy development can present several different sources of fatality to wildlife, especially birds. Estimates of
fatality must combine fatality from each of the various sources in order to accurately estimate total birds killed for an
entire facility. The USGS will lead a new study to modify existing fatality estimation software to produce unbiased
estimates of fatality at solar facilities. The modifications will include the ability to define the source of fatality, estimate
searcher efficiency and carcass persistence, and determine mitigation triggers when set thresholds have likely been
exceeded and adaptive management should be considered. This will allow the FWS and the BLM, on whose lands much
solar development is taking place, to analyze data on the effects of solar facilities on migratory bird mortality and on
potential impacts to protected species.

Contact:
Manuela Huso, USGS Forest and Rangeland Ecosystem Science Center; mhuso@usgs.gov; (541) 750-0948

K.E. Nussear, University of Nevada, Reno
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Management Support Tools

Onshore Industrial Wind Turbine Locations

In 2015, the USGS updated a national dataset of onshore, industry-scale wind turbines in the United States (http://
eerscmap.usgs.gov/windfarm/). The dataset contains turbine locations, through March 2014, that have been collected,
digitized, spatially verified, and internally quality controlled. Windmills from the Federal Aviation Administration (FAA)
Digital Obstacle File were used as the primary source of turbine data points. In addition, turbines without FAA Obstacle
Repository System numbers were added to the collection. Turbine position was verified using high-resolution aerial
imagery with a final locational error of less than 10 meters. Technical specifications such as height, blade length, rotor
swept area, model, and size were attributed for the majority of turbines based on a variety of sources.

Contact:
Jay Diftendorfer, USGS Geosciences and Environmental Change Science Center; jediffendorfer@usgs.gov; (303) 236-5369

Publications:
Onshore industrial wind turbine locations for the United States through July 2013 (ver.1.1, May 2015): U.S. Geological Survey Data
Series (2014), http://dx.doi.org/10.3133/ds817

Wind and Wildlife Interactions in Airspace

Knowledge of how airspace use varies by species, altitude, and season is fundamental for assessing risks of wind energy
development to wildlife. Efforts to associate wind energy mortality with traditional ground-based technologies have been
largely unsuccessful, likely due in part to the traditional 2-dimensional view of animal flight patterns. Understanding flight
patterns and intensities at heights where turbine interactions may occur (30 to 200 m above ground level) around existing
and planned wind energy facilities could greatly facilitate risk assessment and planning. The USGS study is evaluating
the application of new tools and novel strategies to determine the flight intensity of birds, bats, and other flying animals
within airspace, with a focus on the vertical dimension. As a test case, the results of this study will be used to develop a
comprehensive strategy for assessing wind energy impacts on wildlife for the Upper Midwest.

Contact:

Douglas H. Johnson, USGS Northern Prairie Wildlife Research Center; douglas h johnson@usgs.gov; (612) 624-4716

Wind Energy Impacts Assessment Methodology Project

The USGS wind energy impacts assessment methodology is a first attempt to evaluate national to regional impacts of
wind energy on bats and birds that breed in and migrate through the U.S. The methodology focuses primarily on the
effects of collisions between wildlife and turbines. Primary uses of this new methodology, which is complementary to and
incorporates detailed studies and demographic models on key species, include: 1) quantitative measuring of the potential
impacts to species’ populations through demographic modeling and the use of potential biologic removal methods; 2)
ranking species in terms of their direct and indirect relative risk to wind energy development; 3) recommending species
for more intensive demographic modeling or study, and, 4) highlighting species for which the effects of wind energy
development on their populations are projected to be small. A preliminary report was released in May 2015 and will

be finalized in FY2016. The project also investigates causes of variation in fatality rates across facilities and levels of
sampling effort and identification of species killed at wind turbines.

Contact:
Jay Diffendorfer; USGS Geosciences and Environmental Change Science Center; jediffendorfer@u S (BOR) 2365360

P. Cryan, USGS
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Management Support Tools

Sensitive Birds and Bats
: -~ A new USGS project will use a combination of
/ 4‘:\\ tools to understand how mortality at renewable

: _ . \\\\3 energy facilities affect populations of sensitive
7 ] \‘

,% Tools to Help Assess Energy Development Impacts to

: bird and bat species in California. As part of this

& project, stable isotopes will be used to estimate the

y geographic scope of the population of birds or bats

& impacted, and demographic modeling will forecast
how individual fatalities affect the growth or decline

@ of species’ populations. Development of analytical

methods will aid in determining the best practices for

conducting risk assessments and predicting mitigation

outcomes. These tools will allow energy developers

! to more accurately estimate fatality rates and effects
of mitigation techniques at wind and solar energy

facilities, which will streamline permitting and ultimately reduce costs of energy development. This work is funded by the

California Energy Commission.

Contact:

Todd Katzner, USGS Forest and Rangeland Ecosystem Science Center; tkatzner@usgs.gov; (208) 426-5232

Accounting for Fatalities Falling in Unsearched Areas

An important source of detection bias in current protocols to estimate turbine-caused wildlife fatality is the configuration
of the area searched for carcasses beneath wind turbines. Search plots large enough to detect all fatalities are uncommon
because they are expensive to search and may not be accessible. USGS is comparing several models of relative carcass
density, some of which can provide accurate estimates of the proportion of carcasses falling in unsearched areas.
Accounting for this source of detection bias results in more accurate and more cost-effective estimates of fatality at wind-
power facilities, and will allow comparisons of rates among turbines, sites, and regions.

Contact:
Manuela Huso, USGS Forest and Rangeland Ecosystem Science Center; mhuso@usgs.gov; (541) 750-0948

Estimating Total Population Abundance

Accurate counts of bird and bat mortality rates from collisions with man-made structures can be difficult because
carcasses may fall out of search range, be scavenged, or remain undetected in searches. An international team of
researchers, including USGS scientists, have developed software to estimate wildlife mortality from the probability that
an animal that has died from a collision is found by an observer, and from the number of carcasses found. A tutorial also
is available. The authors also provide an example by estimating the proportion of animals that fall into the search area,
carcass persistence time, searcher efficiency, and the probability that an animal killed is found by an observer.

Contact:
Manuela Huso, USGS Forest and Rangeland Ecosystem Science Center; mhuso@usgs.gov; (541) 750-0948

Publications:
Mortality estimation from carcass searches using the R-package carcass — a tutorial: Wildlife Biology (2015), DOI: http://dx.doi.
0rg/10.2981/wib.00094

P. Cryan, USGS
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Management Support Tools

Evidence of Absence or Absence of Evidence?

The statistical tools for estimating fatality from bird and bat carcasses observed below turbines are fairly robust when
fatality levels are high, but often no carcasses are observed for rare and endangered species, rendering these tools
ineffective. No carcasses would be observed either if no deaths occurred, or if the probability of detecting a carcass was

so low that they were missed during searches. The USGS has developed a method to estimate the number of carcasses that
could have been missed, even when none were found. To make this work accessible to managers, the method has been
packaged into a decision support tool that will help resource managers evaluate whether permitted “take” is likely to have
been exceeded and to design monitoring protocols that can be optimized for detecting “take.”

Contact:
Manuela Huso, USGS Forest and Rangeland Ecosystem Science Center; mhuso@usgs.gov; (541) 750-0948

Publications:
Dalthorp, D. H., Huso, M. M., Dail, D. , and Kenyon, J., 2014, Evidence of Absence Software: USGS Data Series (2014), http.//pubs.
usgs.gov/ds/0881/

Estimating wind-turbine caused bird and bat fatality when zero carcasses are observed: Ecological Applications (2015), DOI:
10.1890/14-0764.1

Detecting Population-Level Impacts of Wind Energy Development

The impact of wind energy generation on wildlife is commonly approached by monitoring the incidence of mortality
resulting from turbine collisions. These mortality events may or may not scale-up to observable impacts at a population
level. USGS scientists are developing a framework for assessing population-level impacts of wind energy using
abundance time-series data and turbine location maps. The two-part approach first examines whether the timing and
placement of turbines on the landscape is co-incident with observed population trends at regional scales using dynamic
factor analysis. Next, localized impacts are examined by comparing population trends from sampling locations in close
proximity to wind turbine development with relatively distant locations using Bayesian structural time-series models.

Contact:
Wayne Thogmartin, USGS Upper Midwest Environmental Sciences Center; wthogmartin@usgs.gov; (608) 781-6309

Estimation of Bird and Bat Mortality at Wind-Power Farms with Super-Population Models

Collision of birds and bats with turbines in utility-scale wind energy facilities is an increasing cause of concern and
carcass counts conducted to quantify the ‘take’ of protected species need to be corrected for carcass persistence probability
and detection probability. The USGS developed super-population capture—recapture models to per-form the required
corrections to the raw count data. The approach to estimate wind farm mortality based on data from carcass surveys

is flexible and can accommodate a range of different sampling designs and biological hypotheses. Mortality estimates

can be used to quantify the required amount of compensation actions, inform mortality projections for proposed wind
development sites and, inform decisions about management of existing wind energy facilities.

Contact:
James Hines, USGS Patuxent Wildlife Research Center; jhines@usgs.gov; 301-497-5661

Development of Super-Population Approach to Estimation of Wind
Energy Facility Avian Mortality

A new USGS project aims to develop guidelines for the design of
post-construction monitoring and data analysis needed to estimate
wind turbine mortality of avian species. Specifically, this project
plans to produce a statistical methodology for providing robust
estimates of wind turbine mortality. It also will provide study

R\ designs for properly collecting mortality data, and field tests of the
&\ methodology. An easily accessible publication for the wind power

§ community containing guidelines for conducting and analyzing
data from studies of avian mortality at wind energy facilities will be
2 generated.

= Contact:

== William Kendall, USGS Colorado Cooperative Fish and Wildlife Research
Unit; wkendall@usgs.gov; (970) 491-7066
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Management Support Tools

Quantifying Exposure of Wildlife to Oil, Gas, and Wind Energy Development

In this study, researchers estimated exposure for a wide range of sensitive species in Wyoming based on the extent of
their potential distribution overlapping with current and projected energy development, including wind and oil and gas
production. A statewide map of wind-power potential has been generated using currently-producing wind-turbines as
the response variable and wind-resource potential in combination with topographic position variables as predictors.
The development exposure for each of 156 species of greatest conservation need was then estimated. Results indicate
that exposure of Wyoming’s sensitive species to wind turbines will be far smaller than to petroleum infrastructure, but
petroleum and wind-energy footprints are largely non-overlapping, resulting in spatially extensive disturbance from
the combination of the two types of energy development. The study has been used to clarify research, monitoring, and
management priorities for state and federal wildlife managers in Wyoming.

Contact:
Matthew Kauffman; USGS Wyoming Cooperative Fish and Wildlife Research Unit; mkauffm1@uwyo.edu; 307-766-6404

Geographic Context in Wind-Energy Land Transformation

Land transformation, measured as hectares of surface disturbance per megawatt, associated with wind facilities shows
wide variation in its reported values. The USGS digitized land transformation at 39 wind facilities using high-resolution
aerial imagery and investigated how turbine size, configuration, land cover, and topography affected the levels of total
land transformation. The results indicate the geographic context in which facilities are installed affects the levels of land
transformation associated with wind energy. For example, flat topographies had the lowest land transformation, while
facilities on mesas had the largest. This information creates opportunities for wind energy production that minimizes land-
cover change through effective siting. The work is now investigating the role of geographic context on road networks and
how this impacts habitat fragmentation around new facilities.

Contact:
Jay Diffendorfer, USGS Geosciences and Environmental Change Science Center; jediffendorfer@usgs.gov; (303) 236-5369

Publications:
Land cover and topography affect the land transformation caused by wind facilities: PLoS ONE (2014), DOI: 10.1371/journal.
pone.0088914

Landscape-Scale Measures of Genetic Vandergast et al 2013. Diversity 5: 293-319.
Diversity Assist in Siting Renewable
Energy Facilities

When a geographic region shows spatial
overlap in high genetic diversity and
divergence for many species, it can be
considered an “evolutionary hotspot.”
The USGS has identified 10 such hotspots
in the Mojave Desert and has assessed
overlap with proposed renewable energy
developments. Researchers mapped

the population genetic structure for

17 animal species across the Mojave
Desert, including four species that are
listed or of special concern. Results
showed a 17 percent overlap of hotspots
with planned renewable energy project
footprints and transmission line corridors.
Resulting maps can be incorporated into

>

Hotspots and USRED

B irpervious Surfaces

I UsreD Project Sites

- Transmission corridors
i - sequence divergence

management and planning efforts and 00 =::ZT:;::M
identify specific regions where further — =

studies may be needed to discern the effects of development on animal populations and connectivity.

Contact:

Amy Vandergast, USGS Western Ecological Research Center; avandergast@usgs.gov; (619) 225-6445

Todd Esque, USGS Western Ecological Research Center; tesque@usgs.gov; (702) 564-4506
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Management Support Tools

Informing Renewable Energy Development Siting Decisions with Vertebrate Biodiversity Measures

USGS researchers are synthesizing information about vertebrate biodiversity needed by Arizona management agencies
to provide siting guidance for energy development on public lands. Such siting guidance may identify potential conflicts
with wildlife of conservation concern. Using watershed-scale range models for vertebrate species developed through the
National Gap Analysis, USGS researchers are illustrating how indices of biodiversity can be incorporated into renewable
energy siting decisions.

Contact:
Kathryn Thomas, USGS Southwest Biological Science Center; Kathryn a_thomas@usgs.gov; (520) 626-5542

Multi-Species Habitat Suitability Modeling and Climate Change Modeling to Inform Renewable Energy Development
USGS is collaborating with the California Energy Commission, Desert Landscape Conservations Coalition partners,
University of Nevada-Reno, and others to establish conceptual models and habitat suitability models of over 50 desert
plant and animal species. The models are used to predict current habitat needs, and when joined with climate change
scenarios can be used in the evaluation of impacts related to renewable energy development in relation to impacts
expected from climate change. Using these models, species can now be ranked in relation to potential habitat loss as a
result of proposed renewable energy development. Maps assist resource managers to evaluate conservation corridors,
develop sampling designs and inform development planning.

Contact:
Todd Esque, USGS Western Ecological Research Center; tesque@usgs.gov; (702) 564-4506
Amy Vandergast, USGS Western Ecological Research Center; avandergast@usgs.gov; (619) 225-6445

Publications:
Mapping habitat for multiple species in the Desert Southwest: USGS Open-File Report (2014), DOI: 10.3133/0fr20141134
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Wyoming Wind-Energy Disturbance Mapping

The USGS is quantifying surface disturbance associated with the development and operation of wind facilities for

the BLM Wyoming Renewable Energy Office. The study quantifies all infrastructure associated with wind-energy
development, surface disturbance, and re-vegetation or reclamation following initial wind-facility development. Results
will document the amount and pattern of disturbance over time during the development and operation of facilities in
Wyoming. This information will be useful for planning and assessment of future wind projects.

Contact:
Zachary Bowen; USGS Fort Collins Science Center; bowenz@usgs.gov; (970) 226-9218
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Management Support Tools

Energy Futures for Wyoming

As part of the Wyoming Landscape Conservation Initiative (WLCI), the USGS is mapping the locations and extents of
potential electricity-generating resources in Wyoming. This work includes mapping resources, such as natural gas, coal,
wind, and hydropower, as well as transmission and transportation corridors. Results of this work will be used in the WLCI
and other energy-related studies. More broadly, the work is developing an energy-assessment framework and methods that
can be used in other regions.

Contact:
Zachary Bowen; USGS Fort Collins Science Center; bowenz@usgs.gov; (970) 226-9218

Integrated Assessment for Southwest Wyoming

The USGS is providing an integrated assessment of the effects of energy development on WLCI focal ecosystems to
inform planning and decision-making in southwest Wyoming. The project evaluates the natural, economic, and social
context for energy development and other land uses, and focuses on informing conservation actions and decisions.
Specifically, the assessment will identify areas with high conservation and restoration potential, and with high
development potential on the current landscape. This assessment includes conventional and renewable energy resources,
with special attention to wind energy.

Contact:
Zachary Bowen; USGS Fort Collins Science Center; bowenz@usgs.gov; (970) 226-9218
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