A national laboratory of the U.S. Department of Energy
Office of Energy Efficiency & Renewable Energy

» M®=L. National Renewable Energy Laboratory

ﬂ"?‘
l
.f

Bird Mortality at the Altamont Subcontract Report
. NREL/SR-500-36973
Pass Wind Resource Area August 2005

March 1998 — September 2001

K.S. Smallwood and C.G. Thelander
BioResource Consultants
Ojai, California

e N

E

o e

NREL is operated by Midwest Research Institute e Battelle Contract No. DE-AC36-99-GO10337

p= il

= ‘r"‘ I.LﬂL. .1m"'ﬂ'h!a i, _



Bird Mortality at the Altamont
Pass Wind Resource Area

March 1998 — September 2001

K.S. Smallwood and C.G. Thelander
BioResource Consultants
Ojai, California

NREL Technical Monitor: K. Sinclair
Prepared under Subcontract No. LAT-1-30222-01

National Renewable Energy Laboratory
1617 Cole Boulevard, Golden, Colorado 80401-3393
303-275-3000 « www.nrel.gov

Operated for the U.S. Department of Energy
Office of Energy Efficiency and Renewable Energy
by Midwest Research Institute  Battelle

Contract No. DE-AC36-99-GO10337

Subcontract Report
NREL/SR-500-36973
August 2005

2.




NOTICE

This report was prepared as an account of work sponsored by an agency of the United States government.
Neither the United States government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the United States
government or any agency thereof.

Available electronically at http://www.osti.gov/bridge

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information

P.O. Box 62

Oak Ridge, TN 37831-0062

phone: 865.576.8401

fax: 865.576.5728

email: mailto:reports@adonis.osti.gov

Available for sale to the public, in paper, from:
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
phone: 800.553.6847
fax: 703.605.6900
email: orders@ntis.fedworld.gov
online ordering: http://www.ntis.gov/ordering.htm

This publication received minimal editorial review at NREL

I 4
'..‘ Printed on paper containing at least 50% wastepaper, including 20% postconsumer waste


http://www.osti.gov/bridge
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/ordering.htm

EXECUTIVE SUMMARY

Over the past 15 years, research has shown that wind turbines in the Altamont Pass Wind Resource Area
(APWRA) kill many birds, including raptors, which are protected by the Migratory Bird Treaty Act
(MBTA), the Bald and Golden Eagle Protection Act, and/or state and federal Endangered Species Acts.

Early research in the APWRA on avian mortality mainly attempted to identify the extent of the problem.
In 1998, however, the National Renewable Energy Laboratory (NREL) initiated research to address the
causal relationships between wind turbines and bird mortality. NREL funded a project by BioResource
Consultants to perform this research directed at identifying and addressing the causes of mortality of
various bird species from wind turbines in the APWRA.

With 580 megawatts (MW) of installed wind turbine generating capacity in the APWRA, wind turbines
there provide up to 1 billion kilowatt-hours (kWh) of emissions-free electricity annually. By identifying
and implementing new methods and technologies to reduce or resolve bird mortality in the APWRA,
power producers may be able to increase wind turbine electricity production at the site and apply similar
mortality-reduction methods at other sites around the state and country.

Objectives

This 3 's-year research effort involving 1,536 wind turbines was aimed at better understanding bird
mortality at the world’s largest wind farm—the Altamont Pass Wind Resource Area (APWRA) in central
California. We studied bird behaviors, raptor prey availability, wind turbine/tower design, inter-turbine
distribution, landscape attributes, and range management practices in our effort to explain the variation in
bird mortality in the APWRA.

Our primary research objectives were to: (1) quantify bird use, including characterizing and quantifying
perching and flying behaviors exhibited by individual birds around wind turbines; (2) evaluate flying
behaviors and the environmental and topographic conditions associated with flight behaviors; and (3)
identify possible relationships between bird behaviors and bird mortality, wind tower design and
operations, landscape attributes, and prey availability.

Approach

Other studies have evaluated bird mortality in the APWRA. Our study differed from past studies in
several significant ways, including:

e Adoption of an ecological indicators framework for addressing and interpreting factors
related to avian mortality in the APWRA, in which solutions to the problem are based on
consideration of the susceptibility of each species to impacts due to their natural behaviors,
vulnerability of each species due to the installation of the wind turbines, and impacts that are
measured by various mortality metrics

o Fatality searches performed at 1,536 wind turbines, composing the largest sample size of
wind turbines searched for fatalities at any wind farm until the time of our study

e Adjustments to the mortality estimates to account for errors in detection rates and the rates of
removal of carcasses by scavengers

e Ranges of mortality estimates, in which the lower end of the range was the mortality adjusted
for fatalities that were likely missed beyond the 50-meter (m) search radius and the upper end
was the mortality adjusted for fatalities missed due to undetected carcass removal by
scavengers



¢ Extensive behavior observations of birds flying and perching within 300 m of 1,165 wind
turbines over a 2-year period.

Outcomes

We obtained a sample of 688 fatalities, most of which were caused by wind turbine collisions, and most
but not all of which were found within our 50-m search radius around wind turbines. Carcasses were
found significantly farther away from wind turbines on taller towers compared to those on shorter towers,
and from turbines at the ends of rows compared to those in the interior.

Based on our sample of a limited area of the APWRA, we estimated that between 570 and 835 raptors are
killed there annually. For all birds combined, that number was estimated at between 1,870 and 4,310. At
least 31 bird species were represented in the fatalities, as well as one bat species. We estimated that the
APWRA wind turbines annually kill 28 to 34 golden eagles, 196 to 237 red-tailed hawks, 54 to 136
American kestrels, and 181 to 457 burrowing owls. However, we note that these numbers changed with
the completion of the expanded fatality searches funded by the California Energy Commission (CEC) and
reported in Smallwood and Thelander (2004).

Pocket gopher burrow systems were more clustered around wind turbines in areas where rodent control
was applied in the APWRA, and more uniformly distributed around wind turbines in areas of no rodent
control. Ground squirrel burrow systems were not clustered around wind turbines, but desert cottontail
burrows were clustered around wind turbines, mostly under the tower pads.

We observed at least 36 bird species during the 1,958 behavioral observation sessions, which totaled 979
hours. We recorded 48,396 bird sightings, with sightings averaging 3.2 birds per observation session.
We observed no birds in 184 of the observation sessions.

We recorded 31,317 minutes of bird activity, including 13,725 minutes spent flying (44%) and 17,592
minutes spent perching (56%). Factoring the number of birds composing each sighting, we recorded 454,801
minutes of bird activity, including 364,042 minutes of flying (80%) and 23,227 minutes of perching (20%).

Typically, birds perched on wind turbines when there was no wind and turbines were not operating. Most
of the dangerous flights of birds through the rotor zone were made during no winds. Evidence indicated
that birds are aware of operating wind turbines and take measures to avoid moving wind turbine blades,
but we also found that raptor species flew within the areas 50 m from wind turbines several times more
often than expected by chance.

The number of fatalities per species correlated positively with the number of flights the species made
through the rotor zone, and with the number of flights made within 50 m of broken or non-operational
wind turbines.

Raptor fatalities were disproportionately greater at wind turbines with larger rotor diameters, slowest to
intermediate blade tip speeds, mounted on tubular towers, and on taller towers (within the height domain
of the towers in our study).

Raptor fatalities were disproportionately greater at wind turbines on ridge saddles, plateaus, and in ravines
and canyons, on south- and northwest-facing slopes, at lower elevations, and on steeper slopes. There
were also disproportionately more fatalities where rock piles were numerous nearby.

Raptor fatalities occurred more often than expected by chance at turbines at the ends of rows and at the

edges of gaps, as well as at the edges of local clusters of wind turbines, at more isolated wind turbines,

il



where rodent control was applied intermittently, where ground squirrel densities were high, and where the
degree of clustering of all fossorial mammal burrow systems was greatest.

Conclusions and Recommendations

We identified the strongest candidate mitigation measures for reducing and compensating biological
impacts caused by the APWRA, and we recommend the following measures be implemented as soon as
possible:

e Cease the rodent control program that was applied by the County of Alameda and the wind
turbine owners in 1997

e Alter habitat within 50 m of wind turbines in order to reduce prey vulnerability to raptor
predation near wind turbines, thereby reducing raptor use of these areas

e Move rock piles farther away from the wind turbines

e Relocate wind turbines out of large drainages, and move the more isolated wind turbines
closer to clusters of other wind turbines

¢  Shut down wind turbines during the winter

e Fix, replace, or remove broken or non-operational wind turbines, along with their towers

e Apply the Hodos et al. blade painting scheme to the wind turbines identified as the most
dangerous to raptors

e Retrofit electrical distribution poles so that they comply with APLIC standards

e Exclude cattle from the areas nearby tower pads of wind turbines

e Purchase conservation easements to protect raptor habitat outside the APWRA as a means of
offsetting the impacts that cannot be eliminated

¢ Fund nonprofit conservation organizations with programs that benefit raptors and other bird
species adversely affected by the APWRA, such as research programs or rehabilitation
facilities.
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CHAPTER 1: UNDERSTANDING THE PROJECT

1-1 INTRODUCTION

Since 1989, researchers consistently documented that wind turbines in the Altamont Pass Wind Resource
Area (APWRA) kill large numbers of birds, especially raptors (Orloff and Flannery 1992; 1996; Howell
1997; Howell and DiDonato 1991). At that time, wind generation was just emerging as a renewable
technology, and industry and regulators knew little about its potential environmental effects on birds. The
early researchers succeeded by locating numerous bird fatalities and quantifying bird mortality, thus bringing
attention to the problem. They hypothesized various causes and mechanisms associated with wind-turbine-
caused bird fatalities, but these early efforts lacked the funding and duration needed to provide confident
answers to the many questions they raised.

In March 1998, the National Renewable Energy Laboratory (NREL) initiated research to address some
complex questions that affect both wind energy development and wildlife conservation. What is the full
extent of bird mortality in the APWRA? What are the underlying causes of these fatalities? Are fatalities
predictable at wind turbines with certain suites of characteristics? If they can be predicted, then what
management options might be implemented to reduce the number of fatalities?

In an effort to simplify these questions, we present the following framework for addressing and
interpreting factors related to avian mortality in the APWRA.

Step 1 Natural behaviors, geographic distributions,

and ecological relationships that predispose |:> Susceptibility
wildlife to harm due to wind turbines
Step 2 Placement and operation of wind farm
structures and related management activities |:> Vulnerability
that pose threats to wildlife
Step 3 Mortality due to wind farm operations I:>
Impacts
Step 4 Reliably predicting impacts from indicators
of susceptibility and vulnerability |:> Solution

In the above framework, it is the integration of Steps 1 through 3 that leads to Step 4 and its solutions.
An empirical model developed in Step 4 can be broadly applied to predict impacts using quantitative
measurements of factors that relate to susceptibility and vulnerability, terms which are drawn from the
ecological indicators framework (Rapport et al. 1985, Cairns and McCormick 1992, O’Neill et al. 1994,
Rotmans et al. 1994, Schulze et al. 1994, USDA 1994, Battaglin and Goolsby 1995, Wilcox et al. 2002;
for an example, see Zhang et al. 1998, 2002) and defined below.

To estimate impact, we also would like to estimate levels of risk for each bird species in the APWRA.
However, we cannot estimate population-level risk because it is too costly and impractical to enumerate
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each species at and around the APWRA. Estimating risk to the population requires that the researcher put
the estimate of mortality into context with population size. To do so requires setting a geographic
boundary as to what constitutes a population for any given species. This is problematic since for some
species, like golden eagles (Aquila chysaetos), individuals using the APWRA may breed in the immediate
area or hundreds of miles away, and they may commingle during their non-breeding months. Despite the
risk per species being our preferred measure of risk, solutions to bird mortality in the APWRA can be
efficiently derived from the above framework.

Natural Behaviors and Ecological Relationships: Susceptibility

Birds are killed in several ways in the APWRA, such as attempting to pass through the rotor plane of a
turbine, flying into guy wires, or perching atop unsafe electrical distribution poles that service the wind
farm. Attemping to fly through the rotor plane of a wind turbine ultimately expresses natural behaviors,
but in an artificial context since the rotor plane has been introduced along with all of the other land uses
and structures that are characteristic of wind farms.

Natural behaviors and ecological relationships of birds contribute to their inherent susceptibility to wind
turbines. Since each bird species exhibits unique suites of behaviors, geographic distributions, and
ecological relationships, each also possesses unique susceptibilities to wind farms. For example, if
golden eagles spend most of their foraging time in canyons, then they may be more susceptible to the
placement of wind turbines in canyons. Red-tailed hawks (Buteo jamaicensis) may be less susceptible to
wind turbine placement in canyons, but perhaps more susceptible to wind turbines placed on ridgelines, if
ridgelines happen to be where they fly most often. Burrowing owls (4thene cunicularia) might be most
susceptible to wind turbines placed where the owls conduct most of their courtship displays or where their
dispersal flights take them into the altitudes of the moving turbine blades. Thus, we estimate
susceptibility by measuring and comparing behaviors that could cause individual species to collide with
wind turbines, should these behaviors continue unaltered after wind turbines are placed into operation.

Orloff and Flannery (1996) suggested that some birds try to pass through the rotor plane because they simply
cannot see moving wind turbine blades, or in the case of raptors, because they are fixated on a perch or prey
item situated beyond the blades. Raptors may identify a perch or prey item and continuously observe it until
they capture or land on it. If the raptor’s target is located behind the moving blades of a wind turbine, then
the raptor may not see the blades until it is too late to avoid them. The relative effects of motion smear
(Hodos et al. 2001) versus fixed focus on prey items remains unknown, as well as does the degree to which
these two factors might interact. But the frequent fatalities of nonraptorial birds summarized in this report
indicates that fixed focus on prey items is not the only reason birds attempt to pass through the rotor plane.

Certain flight behaviors might influence a species' susceptibility to wind turbines, such as its long-
distance flight behaviors during migration and its use of declivity winds, which are strong winds passing
over ridge crests, as winds are forced upslope. Patterns of perching might connote various levels of
susceptibility, if, for example, certain birds are prone to perching on wind towers because these towers
provide perch opportunities similar to trees with which the species are familiar. Certain mating behaviors
might distract individuals regardless of whether wind turbines are operating in the vicinity. Due to
differences in sensory perception relied upon by animals during the night versus the day, nocturnal
predators may or may not be more susceptible than diurnal predators. Lastly, some bird species occurring
in relatively large numbers in the study area may only fly at heights well above the rotor planes, thus
reducing their susceptibility to the existing wind farm. (New, larger wind turbines might alter the
susceptibility of these bird species.) For these and other potential interspecific differences in
susceptibility associated with flight behaviors, future changes in wind turbine design, operation and
placement might yield different mortality rates among bird species in the APWRA.
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The best approach available to researchers for estimating susceptibility is to implement a before-after control
impact (BACI) design with replication of impact and control treatments (Anderson et al. 1999). However,
our study could not implement such a design because the wind turbines available to us were put into
operation prior to the initiation of our study. In the absence of the ideal study design, in which we would
characterize bird behaviors in the APWRA prior to wind turbine operations, we made what inferences we
could about susceptibility of bird species to placement and operation of wind turbines (see Chapter 5).

Exposure to Wind Farm Operations: Vulnerability

The placement and operation of wind turbines can make birds vulnerable to wind turbine collisions when and
where these birds are already susceptible to wind turbines due to relative abundance, behaviors, and
ecological relationships (e.g., predator-prey interactions). Vulnerability is a relative term that requires the
measurement of susceptibility and impact across ranges of environmental conditions within the study area.
Quantifying vulnerability requires comparing near-turbine bird activity levels and bird deaths to the
availability of wind turbines within the environmental elements of interest, such as types of physical relief,
seasons, and proximity to particular prey species. Measures of vulnerability can be based on relative
abundance near wind turbines and/or on the relative mortality of avian species at wind turbines with
particular attributes. In both cases, use-and-availability analysis using chi-square test statistics is an effective
means of testing whether particular levels of vulnerability are significant.

As an example of applying use-and-availability analysis, relative abundance can be measured as the
proportion of the sampling periods that each bird species is observed flying over landscape element i, and this
proportion of flight time is related to the proportion of landscape element i occurring within the study area.
Bird mortality can be measured as the proportion of the sample of individuals killed at wind turbines of a
particular type or environmental setting relative to the proportion of those types or settings in which all of the
wind turbines in the study area occur. Vulnerability due to placement of wind turbines on certain landscape
elements (as an example of any environmental element that one wishes to measure) can be expressed by the
following model:

1

x> Observed n,

2

x> Expected N p;

where, in the case of measuring use of the areas near wind turbines, n = flight time of a particular species
nearby wind turbines on landscape element i, NV = total flight time of the species on the sampled landscape;
and where, in the case of measuring mortality, n; = number of individuals of the species killed at wind
turbines on landscape element i, N = total number of the species killed within the landscape area being
sampled and p; = proportion of the sampled landscape composed of landscape element i. In summary, part of
our study attempts to identify the vulnerability of bird species to strikes with wind turbines based on our
weighted measurements of susceptibility and impacts.

Measuring Effects on Birds: Impacts
Avian mortality studies conducted at wind resource areas have produced various mortality estimates. Howell
and DiDonato (1991) sampled the APWRA's wind turbines in 1988-1989 and reported 0.05 deaths per wind

turbine per year (n = 17 fatalities). Orloff and Flannery (1996) conservatively estimated that 39 golden eagles
were killed during a 1-year period in the APWRA, and they estimated raptor mortality to range from 0.02 -
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0.05 deaths/turbine/year. Howell (1997) confirmed 72 wind-turbine-caused fatalities during an 18-month
period at two wind farms, the Altamont WRA and Montezuma Hills WRA. Bird fatalities consisted of 44
raptors and 28 nonraptor with a mean raptor mortality of 0.03 deaths/turbine/year.

The effects of wind turbine operations on birds can be interpreted from two perspectives: legal and biological.
From a legal perspective, individual fatalities can be considered significant effects and subject to civil or
criminal penalties. Federal laws protecting raptors specifically include the Migratory Bird Treaty Act
(MBTA), the Bald Eagle and Golden Eagle Protection Act, and the Endangered Species Act. Raptors are
also protected under California Fish and Game Code 3503.5, which makes it illegal to take, possess, or
destroy any bird in the Order Falconiformes or Strigiformes. The MBTA prohibits killing any bird species
designated as fully protected. The U.S. Fish and Wildlife Service considers ‘take’ to be any injury or fatality
of any raptor from a collision with a wind turbine, or ancillary facilities, in the APWRA, and therefore, a
violation of the MBTA (S. Pearson, USFWS, pers. comm. 2000). Bird fatalities attributable to wind turbines
are significant effects, from a legal perspective, because they violate the MBTA, which constitutes a decision
that any additional human-caused losses of individuals of raptor species covered by the MBTA are
biologically significant.

Comparing the wind-turbine-caused mortality to both the natural mortality and the recruitment rate of each
affected species would effectively measure the biological importance of wind-turbine-caused fatalities.
Doing so would yield estimates of the degree to which wind turbines adversely affect a species' population
size, stability, and distribution. However, to do so would require extensive information about the distribution
and demographic structure of populations occurring in and around the APWRA. Simply counting living
birds in the APWRA usually would be inadequate for this purpose because the numbers would change
dramatically throughout the year due to migrations. The numerical estimates made in the APWRA would be,
in many cases, contaminated by individuals that live most or part of their lives elsewhere. The APWRA may
directly affect any number of bird species that occur over a broad geographic area. Thus, the geographic
scale required for estimating impacts to avian species would be much larger than the APWRA itself. The
scope of our study did not allow inferences of population-level or regional impact assessments to be made,
but it is important to consider that these impacts are possible and should be estimated by additional research.

Among the species of raptors killed in the APWRA, golden eagle and burrowing owl are probably the species
of greatest concern because they are California Species of Special Concern. No detailed studies are
underway to address impacts to burrowing owls, but a recent study of golden eagle mortality factors and
population regulation over a broad geographic region specifically included the APWRA within its overall
study area (Hunt 1994, 2002, Hunt and Culp 1997). In recent years, golden eagle deaths in the area have
been attributed to wind turbines. Hunt (1994) and Hunt and Culp (1997) concluded that the additional effect
of wind-turbine-caused mortality might be contributing to a long-term decline in the local golden eagle
population, but Hunt (2002) later concluded the local population might be stable. However, Hunt’s study
was too brief for reliably estimating multigenerational trends in golden eagle numerical abundance and
demography (see Smallwood and Schonewald 1998). In addition, a high mortality of golden eagles might
not change the number of individuals in the population so long as recruitment keeps pace with fatalities, but a
high rate of ill-fated recruitment might very well deplete golden eagle numbers in source areas (Smallwood
2002).

Until more rigorous research efforts are conducted in the APWRA for each bird species, the full
environmental impact of the APWRA will remain unknown. We will not know how the killing of individual
birds affects their populations. In lieu of more rigorous research on population-level impacts, it would be
prudent to implement effective management practices that will demonstrably reduce the vulnerability of bird
species to the APWRA. In addition, demonstrating a reduction in bird mortality within the APWRA might
enable Alameda County (1998) to permit an increase in generating capacity that is available to the wind
industry.
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Relating Impacts to Causal Variables: Predictions and Solutions

Aside from the effects of season, weather, and wind turbine design and operation, if individuals of any bird
species were randomly killed at wind turbines among measured environmental elements on the APWRA,
then the probability of an individual being killed by a wind turbine occurring on a particular environmental
element would equal the proportion of the wind turbines associated with that environmental element
multiplied by the total number of that species killed in the study area. For example, if 20% of the wind
turbines in a study area occurred on southeast-facing slopes, then a random distribution of 100 red-tailed
hawk fatalities at wind turbines should have included about 20 birds killed by wind turbines on southeast-
facing slopes. This product of total number killed (V) and the incidence of wind turbines on the ith landscape
element is an expected kill rate at the ith landscape element. The number of fatalities at the ith landscape
element can then be compared to the expected number of fatalities. For example, had 40 red-tailed hawks
been killed by wind turbines on southeast-facing slopes, this observed frequency was twice the frequency
expected of a random or uniform distribution of fatalities.

When the observed and expected frequencies of fatalities are equal, then the observed frequency cannot be
attributed statistically to anything other than wind turbine numbers. However, when the converse is true, a
relationship exists between that environmental element and mortality. If the relationship is less than one, then
there may be an avoidance of one environmental element and the possible selection of another. By
identifying environmental elements where mortality exceeded expectations due to wind turbine numbers
alone, we are able to identify which environmental factors might have a causal relationship. It is by this
approach that we can assess vulnerability.

At selected wind turbines within the APWRA, we compiled separate data files for bird behaviors, wind
turbine and tower characteristics, fatality searches, fatality search results, maps of rodent burrow systems, and
various other physical and biological factors. This final report summarizes the results of our integration of
these data. This data integration brings us another step closer to developing a predictive model for bird
mortality at wind turbines based on wind turbine location on the landscape, wind turbine location relative to
other wind turbines, wind turbine design and operation, the distribution of raptor prey species near wind
turbines, and other potential predictor variables.

We believe that in the future such an approach will lead to a model that will reliably predict how many birds
per species are likely to be killed at individual wind turbines or at strings of wind turbines per year. Most
importantly, such a model can be used as a tool to identify zones of vulnerability when siting new wind
turbines in the APWRA.

1-2 OBJECTIVES

The primary objectives of this research were (1) to quantify bird use, including characterizing and quantifying
perching and flying behaviors exhibited by individual birds around wind turbines; (2) to evaluate the flying
behaviors and the environmental and topographic conditions associated with flight behaviors; and (3) to
identify possible relationships between bird mortality and bird behaviors, wind tower design and operations,
landscape attributes, and prey availability. A fourth objective, pursued through a research contract with the
California Energy Commission, was to develop a predictive, empirical model that identifies areas or
conditions that are associated with high vulnerability. Such a model could be used in the APWRA to identify
locations and conditions of high versus low vulnerability, or to reliably identify those wind turbines that have
demonstrated their ongoing threat to birds.
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We began the project by quantifying bird use and bird fatalities associated with that use. Due to limited
access, only about 28% of the APWRA's total wind turbine population was included in the project. We
quantified bird flight and perching behaviors at the various wind turbine types, and examined whether the
frequencies of these behaviors at wind turbines were related to environmental factors, including weather,
topography, habitat features, and prey availability.

As our study progressed, unexpected patterns prompted us to add certain focused subtasks and activities to
complement the basic goals of the project. Such patterns included ground squirrel (Spermophilus beecheyi)
distribution and abundance not relating to raptor mortality; pocket gophers (Thomomys bottae) clustering near
wind towers on steep ridgelines; and raptors generally avoiding perching upon wind towers while turbines
operated. We added research on rodent distribution in relation to tower locations, bird use, and fatality
locations. We also examined topographic and landscape features and related these to bird use and bird
fatalities. In general, the topics we examined fell into three broad categories: (1) bird flight behaviors; (2)
wind turbine/tower design, placement, and operations; and (3) raptor prey availability and distribution in
relation to individual wind turbines and turbine strings. Wherever applicable, the methods used in our project
adhered to guidelines developed and recommended for such studies by the Avian Subcommittee of the
National Wind Coordinating Committee (Anderson et al. 1999).

1-3 STUDY AREA

APWRA is located 90 kilometers (km) east of San Francisco, within eastern Alameda and southeastern
Contra Costa counties in central California (Figure 1-1). Within the APWRA, which is the largest wind
energy facility in the world, some 8,200 wind turbines were originally approved and 5,400 are installed
(Alameda County 1998). The output capacity of the installed wind turbines is about 580 megawatts. They
are distributed over approximately 150 km?” (50,000 acres). Photos 1-1 through 1-7 depict aspects of the wind
farm and various types of wind turbines.

Photo 1-1. Bonus 150-kW wind turbines on tubular towers and Flowind 150-kW vertical-axis wind turbines
on the right, view east.
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Photo 1-2. Bonus wind turbines in the foreground and Danwin 110-kW wind turbines downhill (white
towers), view northeast.

Photo 1-3. Flowind 150-kW vertical-axis wind bines, view northwest.
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Photo 1-4. Micon 65-kW wind turbines near Mountain House, view southwest.

Photo 1-5. KVS-33 turbines on lattice and tubular towers in the foreground, and KCS-56 100-kW turbines in
the background, view northeast.
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Photo 1-6. Enertech 40-kW wind turbine with two turkey vultures flying nearby.
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Photo 1-7. Example of a wind wall where 100-kW turbines are mounted on two different tower heights to
catch a larger height domain of the wind. View is to the south.

The APWRA first achieved significant levels of energy generation during the mid-1980s, when most of the
wind towers now in existence were erected. Wind turbines are generally grouped under common ownership.
At least 13 different companies manage the energy that is produced in the APWRA, each using different
tower/turbine configurations.

The Altamont Pass region exhibits a complex topographic relief. Hilltop elevations range from 230 to 470 m
above sea level. Valley elevations range from about 78 to 188 m above sea level. Livestock grazing
constitutes the primary land use in the area.

During April to September steady winds from the southwest blow across Altamont Pass. Differential air
temperatures form as the warmer Central Valley east of Altamont Pass draws in cooler, marine air from San
Francisco Bay to the west. Winds are more erratic at other times of the year. They can originate from any
direction. Wind speeds average 25-45 km/hr between April and September, during which time the APWRA
produces 70%-80% of its power. During the summer months, wind speeds are sufficient to operate the wind
turbines beginning about mid-afternoon and increasing during the evening hours. During winter, wind speeds
average 15-25 km/hr. Dense fog can occur in the Altamont Pass during summer and winter. Winter fog
conditions, known locally as ‘tule fog,” often linger for many consecutive days.

The vegetation is predominately non-native annual grassland consisting of soft chess (Bromus hordeaceus),
rip-gut brome (Bromus diandrus), foxtail barley (Hordeum murinum ssp. leporinum), Italian rye grass
(Lolium multiflorum), and wild oats (4vena fatua). Common forbs include black mustard (Brassica nigra),
fiddle-neck (Amsinckia menziesii ssp. intermedia), chick lupine (Lupinus microcarpus var. densiflorus), bush
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lupine (Lupinus albifrons), and wally baskets (Triteleia laxa). Grasses and forbs grow during the rainy
months of January, February, and March, then die or go dormant by the beginning of June. The APWRA
includes the following physiographic elements that harbor characteristic groups of species: annual grassland,
alkali meadow, emergent marsh, riparian woodland and scrub, creeks and drainages, stock ponds, cultivated
land, and rock outcrops. At least 18 special-status wildlife species occur in the area, including San Joaquin
kit fox (Vulpes macrotis mutica), California red-legged frog (Rana aurora draytonii), San Joaquin pocket
mouse (Perognathus inornatus inornatus), American badger (Taxidea taxus), Swainson's hawk (Buteo
swainsoni), peregrine falcon (Falco peregrinus), California tiger salamander (4mbystoma californiense), two
species of fairy shrimp, and others. In addition, the area supports as many as 15 special-status plant species
(Alameda County 1998).

Figure 1-1. Approximate boundary (outlined polygon) of the APWRA, located in Alameda and Contra
Costa counties.
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CHAPTER 2: BIRD MORTALITY

2-1 INTRODUCTION

Whereas the 5,400 wind turbines operating in the APWRA generate up to 580 MW of electricity, they
also kill birds that fly into the moving blades. It is important for regulatory and biological reasons to
estimate the environmental impact that the APWRA has on birds. Impact estimates are needed to decide
the extent, magnitude, and types of mitigation that should be implemented in the APWRA. As mentioned
in Chapter 1, in this study we made impact estimates based on fatalities because we lacked information on
the ratio of fatalities to the number of birds residing in, or passing through, the APWRA.

There are two means to measure impacts to birds. The simplest is to express impacts as the number of
fatalities relative to the number of turbines and the time span over which the fatalities occurred. Another
means is to compare the turbine-caused fatality rate to both the natural mortality and the recruitment rate
of each species, thus estimating the degree to which the wind turbines adversely affect the numerical or
demographic condition of each species. This latter means of expressing impacts enables risk assessments
to be made, and it is the preferred means of expressing impacts. However, this approach requires
information of the numerical distribution and demographic constitution of populations occurring at and
around the APWRA. Also, the geographic scale of consideration would need to be much larger than the
APWRA because the APWRA may serve as an ecological sink for animal species affected by the wind
turbines. That is, individuals from surrounding populations disperse into the Altamont area and are
killed, thus possibly affecting the overall numerical and demographic composition of the species over a
relatively large region. Because it was impractical to estimate population size and to characterize the
demography of species in and around the APWRA, we employed the simpler means of estimating impact
as the number of fatalities per turbine per year.

To our knowledge, the simpler method of estimating impact has been the only method used so far at this
and other wind farms. Howell and DiDonato (1991) reported 17 raptor fatalities for a rate of 0.05 deaths
per turbine per year in the APWRA during 1988-1989. Orloff and Flannery (1996) conservatively
estimated that 39 golden eagles were killed during a 1-year period in the APWRA with raptor fatality
rates varying from 0.02 to 0.05 deaths per turbine per year. Howell (1997) identified 72 confirmed
collision fatalities during an 18-month period at two wind resource areas, Altamont Pass and Montezuma
Hills. Bird fatalities consisted of 44 raptors and 28 nonraptor with a mean raptor mortality of 0.029 birds
per turbine per year. Outside the APWRA, raptor mortality estimates have ranged from 0-0.48 birds per
turbine per year and mortality estimates of all birds have ranged from zero to 4.45 birds per turbine per
year (Erickson et al. 2001). Erickson et al. (2001) elected not to report the estimates of mortality of all
birds in the APWRA because no scavenging or searcher efficiency studies were performed there.
However, the error due to these factors would have rendered the estimates conservative, so not including
them in Erickson et al.’s review only served to truncate the upper range of mortality estimates and lessen
the resulting overall impact assessment of wind turbine operations.

Among the species of raptors killed in the APWRA, the golden eagle has been the species of greatest
concern and the species whose local population is most likely to be adversely affected (Hunt 1994, 2002).
In addition to its low abundance relative to other raptors, the breeding and recruitment rates of golden
eagle are naturally low. It is a species of special concern in California (California Fish and Game
Department 1992) and receives special protection under the federal Bald Eagle Protection Act as amended
in 1963. Wind-turbine-caused mortality of golden eagle in the APWRA is therefore of particular concern.
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It was our intent to estimate mortality of each species so that comparisons could be made to other sites or
to future monitored results from the APWRA. Another objective was to compare mortality by wind
turbine type, rodent control level, ownership of the wind turbines, and season of the year. Finally, we
extrapolated our mortality estimates to the unsampled portion of the APWRA in order to characterize the
range of probable project impacts per species and among larger taxonomic groups.

2-2 METHODS

We sampled 1,526 individual wind turbine and tower configurations from March 1998 through September
2001. During the course of the project, we periodically added groups of turbines as they became available to
us.

Gauthreaux (1996) suggested that searches for bird fatalities should be circular around each wind turbine, the
minimum radius to be determined by the height of the wind turbine. Because all wind turbines in our study
area were arranged in strings, we searched them efficiently by walking strip transects along both sides and
around the ends. Thus, we chose the string of turbines as one of our study units because search rotations were
efficiently performed on them. All wind turbines composing a turbine string shared common search dates,
frequency of searching, and time span including the searches. For reasons beyond our control, we were
unable to search all turbine strings throughout the study or equally in frequency, so our fatality searches
among turbine strings varied by time spans (Figures 2-1 and 2-2) and seasonal representation (Figure 2-3).
Most turbine strings were given roughly similar search efforts over the time spans they were searched
(Figures 2-4 and 2-5).

Two people explored the ground around each string of wind towers, using one of two searching methods, one
for level terrain and the second for hillsides (Figure 2-6). In either case, each person walked in line with the
string, 50 m away from the first tower, and 50 m in the opposite direction away from the string centerline.
Previous studies reported that about 77% of all carcasses were found within a 30-40 m radius from the wind
towers, mostly in the area behind the rotor (Orloff and Flannery 1992, Munsters et al. 1996, Howell 1997).
Both searchers walked towards and outwards from the string line in a zigzag pattern from wind tower to wind
tower until they reached the last one.

On hillsides or steep terrain, the searchers walked parallel to the string of wind turbines, whereas on level
terrain they walked perpendicular to it. The distance between each zigzag characterizes a different approach
to this technique as compared with previous fatality search studies (i.e., Orloff and Flannery 1992). In this
study, we kept a tight, closed, zigzag pattern, approximately 4 m between each turn. The expected advantage
of this ground surveying technique was to increase the probability of detection of all bird remains, including
small passerines.

The ground around each wind tower was searched in 8-10 minutes. Five hours per day was devoted to
fatality searches, and two-person crews managed to search 30 to 40 wind turbines per day. With two to three
people searching 120-150 wind turbines per week, 685 turbines could be sampled once every five to six
weeks, thus completing approximately eight fatality search cycles in 12 months during 1998 through 1999
when we were limited to 685 turbines. Not all turbine strings were searched every month due to changes in
field strategies or for reasons out of our control, such as fire hazards and flooded roads. As we were allowed
to search around additional wind turbines, our search rotations took longer and our frequency of searches per
year declined.

All carcasses or body parts, such as groups of flight feathers, head, wings, tarsi, and tail feathers, found

during each search within a 50-m radius of the wind turbine were documented and flagged as fatalities. We
carefully examined these to determine species, age, sex, and probable cause of death. The time since death
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was estimated by carefully analyzing the carcass condition (e.g., fresh, weathered, dry, bleached bones) and
decomposition level (e.g., flesh color, presence of maggots, odor), using methods and standards described in
the following paragraphs.

To determine the cause of death, we evaluated the general condition of intact carcasses. For dismembered or
mutilated remains, we evaluated carcass position, the distance and compass reading to the nearest wind
turbine or electrical distribution pole or wire, and the type(s) of injury. Each fatality was classified as a 'fresh
kill' or as 'old remains' depending on the estimated time since death. Fatalities were considered fresh when
carcasses and small remains were estimated less than 60 days since death. Old remains included highly
decomposed and dismembered carcasses with weathered and discolored feathers, missing flesh, and
bleached, exposed bones. These carcass characteristics led observers to believe that the time since death was
before the initiation of search rotations at the particular wind turbines. The above data, as well as the distance
and angle to the wind turbine closest to the carcass, were recorded on a standard data sheet. Observers
photographed each fatality at the time of discovery.

We expressed mortality as the number of fatalities per wind turbine per year in most circumstances, so the
number of fatalities recorded for a turbine string was divided by the number of wind turbines composing the
string and by the years or fractions of a year during which the searches were conducted. We assumed that the
same number of fatalities would have been found during a given year regardless of whether 12 searches were
performed or eight searches, but it is likely that reduced search frequency resulted in lower carcass detection
rates. Our mortality metric was changed to number of fatalities per turbine per search when we compared
mortality by season of the year. In both measures of mortality, old remains were not included in the
calculations.

Searcher bias and detection rates were not studied because it had already been established that mortality in the
APWRA is much greater than experienced at other wind farms. We were unconcerned with underestimating
mortality, and we acknowledge that we did so. We were more concerned with learning the factors related to
fatalities so that we can recommend solutions to the wind-turbine-caused avian mortality problem.

Therefore, we applied our resources to finding bird carcasses rather than into estimating how many birds we
were missing due to variation in physiographic conditions, scavenging, searcher biases, or other reasons.

Because we did not perform trials to estimate searcher detection and scavenger removal rates, we relied
on published estimates from other studies. Orloff and Flannery (1992) estimated searcher detection of
85% of raptor carcasses in the APWRA, so we used this value for raptors. For nonraptors, we used the
mean between the Johnson et al. (2002) estimate of 38.7% and the Erickson et al. (2003) estimate of 43%,
which was 40.85% and rounded to 41%. We divided raptor mortality by 0.85 and nonraptor mortality by
0.41. To these we added the species/group-specific fraction of carcasses located more than 50 m from
wind turbines, assuming we missed detecting just as many outside our search radius. Adjustments for
searcher detection rates were made prior to factoring in scavenger removal rates.

Erickson et al. (2003) estimated that after 40 days, 58.6% of carcasses of large-bodied species were
removed on average, and that 80.2% of carcasses of small-bodied species were removed. Our average
search interval was 53 £ 11.6 days. Therefore, we adopted the carcass removal rates of Erickson et al.
(2003), assuming scavenger removal rates were similar between 40 days in their study and 53 days in
ours. To adjust our mortality estimates so that they included the carcasses removed by scavengers and
those that we did not detect, we divided the raw mortality estimates by the proportion of carcasses
detected by Erickson et al. because the carcasses had not been removed yet by scavengers.

We divided mortality by 0.198 and 0.414 for small-bodied and large-bodied species, respectively. Based

on our experience with raptor carcasses in the APWRA, we did not believe that these scavenger removal
rates were accurate for raptors, and we halved the removal rate estimates reported by Erickson et al.

39



(2003). Mortality of small raptor species was divided by 0.396, and mortality of large raptor species was
divided by 0.828.

After adjusting for searcher detection bias and the rates of carcass removal by scavengers, some error
remains due to the WRRS (Wildlife Reporting and Response System) and other human actions. We
found one raptor carcass buried under rocks and another stuffed in a ground squirrel burrow. One
operator did not inform us when a golden eagle was removed as a part of the WRRS. Based on these
experiences, it is possible that we missed other carcasses that were removed. For these reasons, our

mortality estimates might be conservative.
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Figure 2-1. Frequency distribution of span of years spent searching for carcasses in the APWRA, May
1998 to September 2001.
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Figure 2-2. Frequency distribution of number of searches for carcasses in the APWRA, May 1998 to
September 2001.
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Figure 2-3. Mean comparisons of the number of fatality searches performed per season of the year in the
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mortality in the APWRA, May 1998 to September 2001.
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Figure 2-6. Illustration of typical carcass search patterns around wind turbine strings.

2-3 RESULTS

We found 652 fatalities that we attributed to operating wind turbines (Table 2-1). Of these, we estimated
that 79 carcasses were more than 90 days old. They were excluded, therefore, from estimations of
mortality (Tables 2-2 and 2-3). These older carcasses were used for association analyses that were
intended to identify factors related to turbine-caused mortality (see Chapter 6.) At the string level of
analysis, the frequency distributions of mortality were right-skewed (Figure 2-7).

Red-tailed hawk mortality was greatest during the fall (Figure 2-8), even though our search effort was
least during this time of year (Figure 2-3). Relating mortality to search effort per season, we found
significant associations for burrowing owl, house finch, horned lark, rock dove, red-tailed hawk, western
meadowlark, plus all raptors combined, all nonraptor combined, and all avian species combined (Figure
2-9). Mortality typically associated most positively with fall, and least with spring. However, house
finch mortality was greatest during winter and horned lark mortality was greatest during summer.

Mortality varied by groups of wind turbines according to the intensity of rodent control applied to the area
around the wind turbines (Table 2-4). Red-tailed hawk mortality was greater where rodent control was
used (Figure 2-10), and so was golden eagle mortality (Figure 2-11) and all raptors combined (Figure 2-
12).
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Table 2-1. Status of species found killed by 1,526 wind turbines in the APWRA from May 1998 to

September 2001.
Common name Species name Status *
Golden eagle Aquila chrysaetos CSC, CFP
Turkey vulture Cathartes aura
Red-tailed hawk Buteo jamaicensis
Northern harrier Circus cyaeneus CSC
White-tailed kite Elanus leucurus CFP
Prairie falcon Falco mexicanus CSC
American kestrel Falco sparverius
Burrowing owl Athene cunicularia hypugea CSC
Great horned owl Bubo virginianus
Barn owl Tyto alba
California gull Larus californicus CSC
Ring-billed gull Larus delawarensis
Black-crowned night heron Nycticorax nycticorax CSA
Mallard Anas platyrhynchos
Wild turkey Melleagris gallopavo
Rock dove Columba livia
Mourning dove Zenaida macroura
Northern flicker Colaptes auratus
Common raven Corvus corax
Brown-headed cowbird Molothrus ater
Brewer’s blackbird Euphagus cyanocephalus
Red-winged blackbird Agelaius phoeniceus
Tricolored blackbird Agelaius tricolor FSC, CSC
European starling Sturnus vulgaris
Horned lark Eremophila alpestris actia CSC
Western meadowlark Sturnella neglecta
Loggerhead shrike Lanius ludovicianus FSC, CSC

Pacific-slope flycatcher

Empidonax difficilis

Mountain bluebird

Sialia currucoides

Violet-green swallow

Tachycineta thalassina

Cliff swallow Hirundo pyrrhonota
House finch Carpodacus mexicanus
Hoary bat Lasiurus cinereus
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Table 2-2. Summary of mortality estimates and projected mortality across the APWRA based on data
collected by BioResource Consultants from May 1998 to September 2001.

o Mortalit
LY (deaths/turbin)e,/year)
Species/Taxonomic group Used to Standard Proportion of
Total q Mean per v recent carcasses
estimate q deviation
found T A string e R found >50 m
from turbines
Golden eagle 18 12 0.0037 0.0182 0.1818
Turkey vulture 3 3 0.0017 0.0142 0.0000
Red-tailed hawk 129 104 0.0275 0.0576 0.1212
Buteo 18 0 - - 0.0000
Northern harrier 2 2 0.0004 0.0038 0.0000
White-tailed kite 1 0 -—- -—- 0.0000
Prairie falcon 2 2 0.0005 0.0058 0.5000
American kestrel 30 30 0.0079 0.0289 0.0714
Burrowing owl 62 62 0.0250 0.0616 0.1400
Great horned owl 12 9 0.0035 0.0217 0.0000
Barn owl 33 31 0.0087 0.0371 0.2500
California gull 5 5 0.0015 0.0120 0.2500
Ring-billed gull 5 4 0.0025 0.0215 0.2500
Black-crowned night heron 2 2 0.0003 0.0031 0.5000
Mallard 28 23 0.0097 0.0588 0.2000
Wild turkey 1 1 0.0004 0.0051 0.0000
Rock dove 113 108 0.0299 0.0746 0.0481
Mourning dove 5 5 0.0025 0.0209 0.0000
Northern flicker 2 2 0.0010 0.0114 0.0000
Common raven 9 7 0.0029 0.0274 0.0000
Brown-headed cowbird 1 1 0.0006 0.0084 1.0000
Blackbird 1 1 0.0009 0.0124 0.0000
Brewer’s blackbird 4 4 0.0018 0.0165 0.0000
Red-winged blackbird 5 5 0.0032 0.0244 0.0000
Tricolored blackbird 1 1 0.0004 0.0054 0.0000
European starling 30 30 0.0137 0.0570 0.0345
Horned lark 12 12 0.0035 0.0155 0.0000
Western meadowlark 71 71 0.0278 0.0693 0.0175
Loggerhead shrike 4 4 0.0027 0.0238 0.0000
Pacific-slope flycatcher 1 1 0.0006 0.0088 0.0000
Mountain bluebird 2 2 0.0009 0.0111 0.0000
Violet-green swallow 1 1 0.0002 0.0028 0.0000
Cliff swallow 3 3 0.0014 0.0130 0.0000
Passerine 8 7 0.0037 0.0242 0.0000
House finch 14 13 0.0076 0.0408 0.0000
Unknown 10 5 - 0.2000
Hoary bat 4 4 0.0012 0.0101 0.0000
Hawk 150 106 0.0282 0.0580 0.0889
Raptor 314 255 0.0792 0.1062 0.1336
TOTAL 652 573 0.2001 0.2077 0.0906
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Table 2-3. Bird mortality estimates for the 1,536 wind turbines searched, and mortality extrapolated

across the APWRA. We regard the mortality estimates in the left and right columns as the low and high

values of the uncertainty range for each species or taxonomic group, and the left and right columns of
fatality estimates also represent low and high values of the corresponding uncertainty range.

Mortality (deaths/turbine/year) Fatalities per year in the APWRA
Species/Taxonomic group adjusted for: adjusted for:
. Search detection . Search detection
Search detection . Search detection .
and scavenging and scavenging
Golden eagle 0.0051 0.0062 28 34
Turkey vulture 0.0020 0.0024 11 13
Red-tailed hawk 0.0363 0.0438 196 237
Northern harrier 0.0005 0.0006 3 3
Prairie falcon 0.0009 0.0011 5 6
American kestrel 0.0100 0.0251 54 136
Burrowing owl 0.0335 0.0847 181 457
Great horned owl 0.0041 0.0050 22 27
Barn owl 0.0128 0.0155 69 83
California gull 0.0046 0.0110 25 60
Ring-billed gull 0.0076 0.0184 41 99
Black-crowned night heron 0.0011 0.0027 6 14
Mallard 0.0284 0.0686 153 370
Wild turkey 0.0010 0.0024 5 13
Rock dove 0.0764 0.1846 413 997
Mourning dove 0.0061 0.0147 33 80
Northern flicker 0.0024 0.0059 13 32
Common raven 0.0071 0.0171 38 92
Brown-headed cowbird 0.0029 0.0148 16 80
Blackbird 0.0022 0.0053 12 29
Brewer’s blackbird 0.0044 0.0106 24 57
Red-winged blackbird 0.0078 0.0189 42 102
Tricolored blackbird 0.0010 0.0024 5 13
European starling 0.0346 0.0835 187 451
Horned lark 0.0085 0.0206 46 111
Western meadowlark 0.0690 0.1667 373 900
Loggerhead shrike 0.0066 0.0159 36 86
Pacific-slope flycatcher 0.0015 0.0035 8 19
Mountain bluebird 0.0022 0.0053 12 29
Violet-green swallow 0.0005 0.0012 3 6
Cliff swallow 0.0034 0.0082 18 45
Passerine 0.0090 0.0218 49 118
House finch 0.0185 0.0448 100 242
Hoary bat 0.0029 0.0071 16 38
Hawk 0.0361 0.0436 195 236
Raptor 0.1056 0.1547 570 835
TOTAL 0.3464 0.7981 1870 4310

* Mean mortality among strings x 5,400 wind turbines, and assuming that our sample of wind turbines is
representative of the wind turbines across the entire APWRA.
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Figure 2-9. Chi-square test results of mortality associated with season of the year in the APWRA, May
1998 to September 2001.
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Table 2-4. Summary of mortality estimates by rodent control intensity in the APWRA from May 1998 to
September 2001. d.f. =2, 191.

Mean mortality among strings (fatalities/turbine/year)
Species/Taxonomic . 5
group Rodent control intensity ANOVA poval
None Intermittent Intense F-value “vatue
n=159) (n=66) (n=67)

Golden eagle 0.00160 0.00897 0.00035 4.47 0.013
Red-tailed hawk 0.00372 0.04880 0.02750 10.47 0.000
American kestrel 0.00344 0.01060 0.00901 1.04 0.355
Burrowing owl 0.02211 0.03600 0.01674 1.73 0.179
Great horned owl 0.00469 0.00114 0.00490 0.61 0.542
Barn owl 0.00000 0.01650 0.00856 3.15 0.045
Mallard 0.00161 0.02419 0.00252 3.13 0.046
Rock dove 0.04751 0.02107 0.02309 243 0.091
European starling 0.03070 0.00613 0.00604 3.93 0.021
Horned lark 0.00000 0.00505 0.00494 2.14 0.121
Western meadowlark 0.02920 0.03465 0.01979 0.78 0.460
House finch 0.01471 0.00907 0.00000 2.12 0.122
Raptor 0.03811 0.12840 0.06702 13.52 0.000
TOTAL 0.19070 0.26660 0.14300 6.31 0.002
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Figure 2-10. Red-tailed hawk mortality was greatest at turbines where rodent control was applied.
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Figure 2-11. Golden eagle mortality was greatest at turbines where rodent control was applied.
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Figure 2-12. All hawk mortality was greatest at turbines where rodent control was applied.

2-4 DISCUSSION

Whereas we standardized our estimates of mortality by dividing the number of fatalities per turbine by the
years spanning the search effort, our estimates of mortality were undoubtedly influenced by differential
search efforts expressed as the number of years spanning the search period. For example, if few fatalities
happened during a particular year, and we searched a group of wind turbines only during that year, then
our mortality estimate from those wind turbines would be less than from other wind turbines and the
comparison compromised. This shortfall in our study was beyond our control, since the owners of the
wind turbines allowed us access to turbines at different times. However, this shortfall exists and it must
be acknowledged.

Assuming mortality levels in our study area are representative of the entire APWRA, we estimate that no
less than 37,400 birds and as many as 86,200 birds have been killed by wind turbines in the APWRA
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during the past 20 years of operations there. A minimum of 560 golden eagles, and perhaps as many as
680, have been killed during this time. A minimum of 3,920, and possibly as many as 4,740, red-tailed
hawks have been killed there during the past 20 years. About 3,620 burrowing owls were probably killed
in the APWRA during the past 20 years, and possibly as many as 9,140 were killed.

We are unable to assess the risk that wind turbine operations in the APWRA may have had on
populations of species. The regional biological significance of bird mortality caused by wind turbines
remains unknown, with the possible exception of golden eagles nesting in the immediate vicinity of the
APWRA. However, due to typically low recruitment rates, and the relative rarity of many raptor species,
it would be prudent to regard the level of raptor mortality in the APWRA as significant.
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CHAPTER 3: FATALITY LOCATIONS AND PROXIMITY TO TURBINE TOWERS

3-1 INTRODUCTION

Our study of mortality and fatality associations at wind turbines relied on finding carcasses and interpreting
the condition of each to ascertain the circumstances of the bird’s death as well as what happened to the
carcass since death (e.g., whether it was moved by scavengers). We needed to assess the efficiency of our
50-m search radius around each wind turbine, including whether the efficiency varied due to the body size of
the bird, wind turbine attributes, season, and physiographic conditions. Understanding search efficiency is
important to interpreting our mortality estimates, as well as to designing future fatality monitoring programs
at wind farms around the world.

This aspect of our study was prompted by our finding carcasses beyond our search radius. Because we
detected carcasses located beyond our search radius, we realized that some unknown proportion of the
fatalities was not being detected because we were not systematically searching over a much larger area
around each wind turbine. Also, we questioned the adequacy of this search radius as the repowering effort
drew nearer in the APWRA, when much larger wind turbines on taller towers will be installed. We needed to
know whether a greater search radius would be needed as part of the monitoring program post-repowering.

3-2 METHODS

We identified each fatality by its associated carcass, or partial carcass, that was obviously independent of
other evidence of fatalities in the area. We treated injured birds as fatalities since they were permanently
removed from the wild population in nearly every instance.

Bird species were represented by typical body length (cm) as reported in National Geographic Society
(1987), and were categorized as small (<38 cm) or large (>38 cm), the cutoff based on a natural break in a
histogram of body length (Figure 3-1). We intended to factor in the slope of the hills downhill from each of
the wind turbines, but we lacked sufficient funding to perform this step.

The statistical tests included mostly one-way analysis of variance (ANOVA) and least significant differences
(LSD) between groups. All LSD tests reported below were associated with P-values < 0.05. We also
estimated Pearson’s correlation coefficient for the distance of the carcasses and elevation of the tower.

Scavenging Effects

Orloff and Flannery (1992) reported little evidence of raptor carcass removal by scavengers during their
research at Altamont. However, not documenting the full effect of scavenging may cause an underestimation
of the number of dead birds found during our searches. We left each bird carcass we found in the field.
Having recorded its exact location using GPS and flagging, we then visited each carcass location at least
every three days, or until the proper authorities collected it. During the time the carcass was in the field, we
recorded data on the condition of the carcass, amounts of decomposition over time, and any evidence of
scavenging at an interval of once per week. Even though the U.S. Fish and Wildlife Service required
immediate reporting of carcasses found, and endeavored to pick up all of these carcasses from the field soon
after reporting, carcasses occasionally remained in the field for up to one month before authorized personnel
retrieved them. Thus, we conducted a non-systematic scavenging rate evaluation by recording signs of
scavenging activity at the time of the finding and occasionally throughout the times that carcasses remained
in the field by the U.S. Fish and Wildlife Service.
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Due to differences in county regulations, at our ENRON study site, carcasses and remains were reported to
the supervisor on site, but never picked up from the field. This situation presented us with an opportunity to
monitor the scavenging and decomposition rates of those carcasses for longer periods than at other sites.
Information about change in carcass condition over time and the period carcasses remained in the field helped
us assess the effectiveness of fatality searches in discovering fatalities and how long they remain to be
discovered in our study area. We calibrated our estimates of time since death by comparing the
decomposition level of a specific fatality since the known time of death (Figure 3-1).

Count among carcasses

200
1501
Count
among 1001
carcasses
50 1
0

7.3 165 258 35.0 442 535 627 719 812 904 99.6 108.8 118.1
119 212 304 396 488 581 67.3 765 858 95.0 1042 113.5 122.7

Typical adult body length (cm) of species

Figure 3-1. Frequency distribution of typical body size of bird species whose carcasses were found at the
APWRA, 1998-2001.

3-3 RESULTS
Overview of Avian Fatalities in the APWRA

We found a total of 688 bird carcasses. Of these, 670 fatalities were caused by collisions with wind turbines
or their towers, by predation, or by unknown causes (Figure 3-2; Table 3-1). Another 18 fatalities were
caused by electrocution on electrical power distribution poles (Photo 3-1) or collisions with power lines.

Broken and severed wings were the most common injuries noted. Decapitations, head injuries, and severe
injuries to the torso were common (Figure 3-3; see Photos 3-2 through 3-4). However, many of the carcasses
showed signs of multiple injuries; these are not represented in Figure 3-3.

Due to their decomposition, the age of the animal could not be estimated for most of the carcasses. Most of
those that could be assigned an age category were adults, followed by immature birds (Figure 3-4). Spring
was the only season in which the number of carcasses found differed from the other seasons (Figure 3-5).
Most were found near Bonus tubular towers (Figure 3-6), and most were estimated to have been killed within
30 days of discovery (Figure 3-7). Most were found in two ranges of elevation: between 115 and 225 m, and
between 280 and 350 m (Figure 3-8).
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Figure 3-2. Distribution of causes attributed to fatalities found at the APWRA, 1998-2001.

Photo 3-1. Golden eagle electrocuted by an electrical distribution pole with riser elements.
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Table 3-1. Summary of 688 fatalities in our study area (predation as cause excluded) from May 1998 to
September 2001. Table includes four bat fatalities.

Species/Group Fatalities Wind ?u.rbme Ele?trocu.t 1% | Undetermined
collision wire strike

Golden eagle 21 18 1 2

Turkey vulture 3 3

Red-tailed hawk 133 125 2 6

Buteo sp. 23 18 5

Northern harrier 2 2

White-tailed kite 1 1

Prairie falcon 2 2

American kestrel 30 28 2

Burrowing owl 64 50 1 9

Barn owl 36 30 2 4

Great Horned owl 12 12

Raptor 5 4 1

Mallard 29 25 3

Laridae sp. (gull) 1 1

California gull 6 5 1

Ring-billed gull 4 4

Black-crowned night heron 2 2

Northern flicker 2 2

Mourning dove 5 3 2

Rock dove 115 111 4

Wild turkey 1 0 1

Pacific slope flycatcher 1 1

Horned lark 12 12

Western meadowlark 73 58 12

Common raven 9 9

Tricolored blackbird 1 1

Brewer’s blackbird 4 3 1

Red-winged blackbird 5 3 2

Brown-headed cowbird 1 1

Blackbird (Icterinae sp.) 1 1

European starling 30 29 1

Loggerhead shrike 4 4

Cliff swallow 3 3

Mountain bluebird 2 1 1

Violet-green swallow 1 1

Townsend’s warbler 1 0 1

Black-throated gray warbler 1 0 1

House finch 15 10 2

Passerine 9 6 3

Unknown 13 12 1

Hoary bat 4 3 1
Total 688 605 9 63
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Figure 3-3. Frequency of injuries noted for carcasses found at the APWRA, 1998-2001.

Photo 3-2. Decapitated American kestrel under a wind turbine.



Photo 3-3. Golden eagle wing under a wind turbine.

Photo 3-4. Red-tailed hawk with wing and leg sheared off, lying near a wind turbine.
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Figure 3-4. Distribution of age at time of death noted for carcasses found at the APWRA, 1998-2001.
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Figure 3-5. Seasonal distribution of carcasses found at the APWRA, 1998-2001 (Note: these numbers
are not adjusted by search effort).
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Figure 3-6. Distribution of carcasses found associated with the types of wind turbines operated at the

APWRA, 1998-2001 (Note: these are not adjusted by search effort).

300

60



Estimated number of days since death

0-30
30 - 60
60 - 91

91-121

121 - 151

151 - 181

181 - 211

211-242

242 - 272

272 - 302

302 - 332

332 - 363

363 - 393

393 - 423 |

423 - 453 -

453 - 483 -

483 - 514

514 - 544 -

544 - 574 -

574 - 604 -

604 - 634 -

634 - 665

665 - 695 -

695 - 725 -

0 100 200 300 400 500
Number of cases

Figure 3-7. Frequency distribution of estimated days since death of carcasses found at the APWRA,
1998-2001.
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Figure 3-8. Distribution of carcasses by elevation at the APWRA, 1998-2001 (Note: these frequencies
are not adjusted by search effort).

Distances of Bird Carcasses from Wind Turbines
Large-Bodied Birds

Our search radius included 84.1% of the carcasses of large-bodied bird species determined to be killed by
wind turbines or unknown causes (Figure 3-9A), and of these, 75% were located within 44 m of the tower.
The mean and standard deviation of these 270 distances was 32.4 + 31 m. Most carcasses were found
northeast of the tower, and a considerable number were located southwest of the tower (Figure 3-10A).

Considering large-bodied bird species, the distance of carcass locations from the wind turbines tended to vary
by tower height (ANOVA F =2.22, d.f. = 3, 243, P = 0.087; fatality at 43-m tower excluded due ton=1),
and post-hoc LSD tests revealed that fatalities were located farther from 30-m towers (mean = 54 m) than
from 19-m (mean = 26 m) and 24-m towers (mean = 33 m). A linear regression slope was not significantly
different from O (Figure 3-11A) and was therefore not useful for predictive purposes. There was no
significant difference by tower type, either (ANOVA F = 1.56, d.f. =7, 268, P = 0.148; fatality at Danwin
tower excluded due to n = 1), although LSD tests revealed that fatalities were located farther from vertical-
axis towers (mean = 54 m) than diagonal lattice (mean = 26 m), horizontal lattice (mean = 26 m) and Micon-
65 towers (mean = 28 m) (also see Figure 3-12A). We found no difference based on rotor speed (ANOVA F
=1.40, d.f. =6, 259, P =0.216), although LSD tests revealed that fatalities were located farther from wind
turbines that can run at 61 km/hr (mean = 54 m) than at 48 km/hr (mean =29 m). The distance of the carcass
location did not differ significantly by whether the rotor faces upwind or downwind (ANOVA F =1.80, d.f. =
1,259, P =0.182).
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The distance of carcass locations from the wind turbines differed according to whether the wind turbine was
located at the end, at a gap, or in the interior of a string of towers (ANOVA F =6.30,d.f. =2,242, P =
0.002), and post-hoc LSD tests found distances to be 16 m greater on average at end turbines compared to
interior turbines. It did not differ by season of the year (ANOVA F =1.07, d.f. = 3,269, P = 0. 362).

The distance of carcass locations from the wind turbines did not differ according to whether the wind turbine
was located in a canyon (ANOVA F =0.00, d.f. =1, 269, P = 0.980). It did not differ significantly by the
degree to which the location was influenced by declivity winds (ANOVA F =1.20, d.f. = 15, 265, P = 0.276),
although LSD tests found distances from 30-m-tall towers on ridge tops to be 40 to 58 m greater than from
most of the other tower heights on the various topographic conditions (Figure 13A). It did not differ by slope
grade (ANOVA F =0.41, d.f. =3, 184, P =0.743), and it did not correlate significantly with elevation (r, = -
0.03,n=270,P=0.611).

Small-Bodied Birds

Our search radius included 92.5% of the carcasses of small-bodied bird species (Figure 3-9B), of which 75%
were located within 32 m of the tower. The mean and standard deviation of these 371 distances was 22.7 +
18.4 m. Most carcasses were found northeast of the tower, and a considerable number were located
southwest (Figure 3-10B), just as the large-bodied bird carcasses had been distributed.

Considering small-bodied bird species, the distance of carcass locations from the wind turbines varied
significantly by tower height (ANOVA F =2.97, d.f. = 3, 300, P = 0.032), and the one fatality at the tallest
tower was excluded from the analysis but was located farther away (57 m) from the towers than the means of
the other tower heights. Post-hoc LSD tests indicated that carcasses were more distant from 30-m-tall towers
than from towers that were 24-m tall (mean difference = 8.7 m), 19-m tall (mean difference = 9.6 m), and 14-
m tall (mean difference = 14.4 m). A linear regression slope was significant (Figure 3-11B), and indicated
that for every meter increase in tower height, average distance of the carcass from the tower increased by
nearly a meter. Distance between carcass and tower tended to be significant based on tower type (ANOVA F
=1.99,d.f. =7,369, P =10.055), and post-hoc LSD tests revealed that the mean distance from vertical-axis
turbines was significantly different from that of all other wind turbine types except Micon-65 and Holocomb
(also see Figure 3-12B). Distance between carcass and tower tended to be significant based on rotor speed of
the wind turbine (ANOVA F =2.089, d.f. = 6, 362, P = 0.054), and post-hoc LSD tests revealed that the
mean distance from wind turbines that operate at 61 km/hr was significantly different from those that operate
at km/hr of 48 (mean difference = 12.5 m), 50 (mean difference = 10.8 m), 53 (mean difference = 9.6 m), and
64 (mean difference = 7 m). The distance was not related to whether the rotor faces upwind or downwind
(ANOVA F=0.64,d.f. =1, 334, P =0.424).

Distance between carcass and tower tended to be significant based on whether the wind turbine was located at
the end, at a gap, or in the interior of a string of towers (ANOVA F =2.62, d.f. =2, 298, P = 0.074), and post-
hoc LSD tests revealed that the mean distance from end turbines was 4.7 m greater than from interior
turbines. It differed by season of the year (ANOVA F = 5.20, d.f. = 3, 370, P = 0.002); fall was associated
with greater distances from the wind turbines compared to spring (mean difference = 11.2 m), summer (mean
difference = 6.7 m), and winter (mean difference = 7.5 m).

The distance of carcass locations from the wind turbines did not differ according to whether the wind turbine
was located in a canyon (ANOVA F =2.02, d.f. =1, 369, P =0.156). It differed significantly by the degree
to which the location was influenced by declivity winds (ANOVA F =1.77, d.f. = 18, 363, P = 0.028), and
post-hoc LSD tests found that carcasses averaged 15 to 32 m farther away from 24-m towers on ridgelines
than from most other tower heights on various topographic conditions (Figure 3-13B). The distance between
carcass and wind turbine tended towards significant differences by slope grade (ANOVA F =2.20, d.f. =3,
243, P =0.089), and post-hoc LSD tests found the average distance to be 10.3 m shorter on 0%-9% slopes
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than on 10%-19% slopes. It correlated significantly and inversely with elevation, although the correlation
coefficient was not large (r, =-0.13,n =370, P = 0.015).

Scavenging Effects

Data from the fatality searches indicate that scavenging has little effect on the results, especially for medium-
to large-sized birds. For example, three dead barn owls monitored for their duration of detectability remained
visible in the field for 90, 120, and 150 days. For 17 freshly killed red-tailed hawks monitored for
detectability, each remained visible for at least 180 days, with five visible for at least 360 days. The effects of
scavenging on small birds were not determined.

A 70
Large-bodied bird carcasses
60 1
Count 50
40 1 Search radius
30 1
20
Normal curve
10
0
0 20 40 60 80 100 120 140 160 180 200 220
B
Small-bodied bird carcasses
Count

0 20 40 60 80 100 120 140
Distance (m) from the tower

Figure 3-9. Frequency distribution of distance (meters) between carcasses and wind towers of large-
bodied bird species (A) and small-bodied species (B).
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Figure 3-10. Frequency distribution of bearing (degrees, magnetic north) from wind towers to carcasses
of large-bodied bird species (A) and small-bodied species (B).
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Figure 3-13. Relationship between distance of carcass from wind towers and tower height coupled with
topographic conditions relevant to degrees of declivity winds for large-bodied bird species (A) and small-
bodied species (B).

3-4 DISCUSSION

Tables 3-2 and 3-3 summarize the results of our analysis. We found birds beyond the 50-m search radius
because the field biologists could sometimes see carcasses at these greater distances when they approached
the 50-m termini of their transect segments. It appears that either larger-bodied bird carcasses were more
readily seen at distances beyond the search radius or the majority of small-bodied birds truly fell within the
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50-m search radius. Tower height appears not to have played a role in how far the carcasses traveled prior to
our discovery of them on the ground. However, we did not yet factor in the slope of the hills downhill from
where the towers are located.

Although the position of the wind turbine in the string influenced the distance of carcass from the tower, the
effect should be expected simply because there is greater opportunity for carcasses to occur farther from the
end tower. That is, if an interior turbine kills a bird, it is likely to fall to either side and to be associated with
the neighbor tower, whereas the end tower only has one neighbor for such a mistaken association to be made.
Still, the percentage of carcasses of large-bodied bird species found within 50 m of end turbines was 77,
which was 7% fewer than all the towers considered together and 13% fewer than the interior turbines alone.
The mean and standard deviation of these 89 distances was 41 + 40 m, which was 8 m greater than the mean
including all the wind turbines and 15 m greater than the mean distance from interior turbines. A greater
search effort is needed for large-bodied bird species at end turbines; 100 m would include 93% of the
carcasses we found.

Vertical-axis towers and wind turbines with faster rotations knocked small-bodied bird species farther away
from the towers, as did taller towers. Furthermore, taller towers on certain topographic features tended to
knock birds farther away, such as 30-m-tall towers on ridge crests and 24-m-tall towers on ridgelines. The
declivity winds may have facilitated these greater distances in these situations.

This latter result, and that of end towers, suggests that another variable should be quantified for use in this
analysis. The slope of the hills to each side of the wind turbines should be characterized, and linked to the
locations of the fatalities so that measured distances from wind turbines can also be transformed into
horizontal, planar distances by accounting for the degree of slope between the carcass and the tower. Many
of the wind turbines at the ends of strings are located on precipices of very steep hills descending into ravines
and canyons; they occur at the break of convex slopes. Birds can fall down these steep slopes resulting in
greater measured distances from the wind turbine. This potential effect needs to be considered in the future.
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Table 3-2. Summary of results related to distances of carcasses of large-bodied bird species from wind

turbines.

Variable P-value | Explanation or post-hoc LSD test results

Tower height 0.087 21 m farther from 30-m towers than 24-m towers

Tower type 0.148 26 m farther from vertical-axis than from other towers

Rotor speed 0.216 25 m farther from 61 rpm than from 48 rpm

Facing direction 0.182 None

Position in string 0.002 16 m farther from end towers than from interior

Season 0.362 None

Located in canyon 0.980 None

Declivity winds 0276 40 m farther from 30-m towers than from 24-m towers on ridge crests;
58 m farther than from 30-m towers on slopes

Slope grade 0.743 None

Elevation 0.611 None

Table 3-3. Summary of results related to distances of carcasses of small-bodied bird species from wind

turbines.
Variable P-value | Explanation or post-hoc LSD test results
Tower height 0.032 14 m farther from 30-m towers than from 14-m towers
Tower type 0.055 7 m farther from vertical-axis than from other towers
Rotor speed 0.054 12.5 m farther from 61 rpm than from 48 km/hr
Facing direction 0.424 None
Position in string 0.074 4.7 m farther from end towers than from interior
Season 0.002 11.2 m farther during fall than during spring
Located in canyon 0.156 None
Declivity winds 0.028 %1 m farther from 30-m towers on gwales than from 24-m towers; 15 m
arther from 24-m towers on ridgelines than from ridge crests
Slope grade 0.089 10.3 m closer on 0%-9% slopes
Elevation 0.015 Distance decreased with greater elevation
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CHAPTER 4: DISTRIBUTION AND ABUNDANCE OF FOSSORIAL
ANIMAL BURROWS

4-1 INTRODUCTION

Many have considered ground squirrels to be the principal prey species of raptors in the APWRA, and the
principal attraction of raptors to the vicinity of wind turbines (Hunt and Culp 1997, Alameda County
1998, Curry and Kerlinger 2000, Hunt 2002). However, given the numbers of raptors killed south of
Altamont Pass Road, where intense rodent control had nearly completely eradicated ground squirrels by
1999, we suspected that ground squirrels might not be the species of principal interest to raptors. Also,
previous experience led us to believe that pocket gophers are important prey of raptors, and that gopher
burrow systems serve as habitat for various other prey species of raptors. Pocket gophers appeared
abundant in the APWRA on both sides of Altamont Pass Road, whereas ground squirrels appeared
abundant only on the north side and where rodent control had not been applied on the south side.

Furthermore, pocket gopher burrow systems typically occurred near the wind turbines (Photo 4-1),
whereas ground squirrel burrow systems were often located farther away (Photos 4-2 and 4-3).
Therefore, it occurred to us that raptors coming in close to operating wind turbines might not be
approaching to hunt ground squirrels, but rather pocket gophers and other species that associate with
pocket gopher burrow systems.

Photo 4-1. Pocket gopher burrow systems (see the light-colored mounds) typically occurred near wind
turbines, such as along the cuts made into hillsides for turbine laydown areas and access roads.
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Photo 4-2. Ground squirrel burrow systems typically occurred on slopes below wind turbines located on
ridge crests, such as seen in this photo.

e T =
Photo 4-3. Ground squirrel burrow systems typically occurred on slopes below wind turbines located on
ridge crests, such as to the lower left-center area in this photo.
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Raptors spend a disproportionately large fraction of their flight time directly over pocket gopher burrow
systems, where K. S. Smallwood (unpubl. data) has observed raptors capturing pocket gophers, voles,
snakes, and black-tailed jackrabbits. Therefore, we decided to map the locations of pocket gopher and
ground squirrel burrows in and around selected strings of wind turbines. Our objectives for this activity
were to (1) relate ground squirrel and pocket gopher distribution and abundance to the levels of rodent
control intensity applied in the APWRA; (2) relate the distribution and abundance of these species to
physiographic conditions, relevant turbine attributes, and season; and (3) compare the activities and
mortality of raptorial birds to the densities and degree of contagion of burrow systems actively used by
potential prey species around individual turbines and around turbine strings.

The rodent control applied in the APWRA has consisted of dispensing onto the ground rolled oats treated
with 0.01% chlorophacinone, an anticoagulant. A truck was driven back and forth across treatment areas,
and a dispenser would broadcast the bait onto the ground. Two teenage boys would walk over treated
areas two weeks later to pick up dead animals lying on the ground. According to J. Smith of Alameda
County and J. Stewart of Green Ridge Services, a consultant to Green Ridge Services reportedly
maintained a database on the number of ground squirrels picked up. We were unable to obtain these data
despite several requests.

4-2 METHODS

We mapped rodent burrows near 571 wind turbines composing 70 strings of wind turbines in the
APWRA. Most wind turbine strings were selected arbitrarily to represent a wide range of raptor mortality
recorded by our fatality searches, as well as to represent a variety of physiographic conditions. Our
sampling scheme was intended to establish on a trial basis whether the distribution of rodent burrow
systems around wind turbines might relate to intensity of use, behaviors, and mortality of raptors.

We mapped the approximate centers of pocket gopher, ground squirrel, and desert cottontail (Sylvilagus
auduboni) burrow systems using a Trimble Pathfinder Pro-XR GPS with an error rate of less than 0.5 m. We
located burrow systems based on freshly excavated soil or scats at the burrow entrance, which indicated the
burrows were occupied. Although we easily recognized the boundaries of most individual pocket gopher and
ground squirrel burrow systems, a pacing method (Smallwood and Erickson 1995) was used to separate
burrows when continuity of sign rendered interburrow system distinctions difficult. We mapped burrows
used by desert cottontails, kangaroo rats (Dipodomys spp.), burrowing owls, and mammalian carnivores as
we encountered them. The presence of scat at each burrow entrance helped identify the species that made or
occupied the burrow.

Our search for burrows began in the string of wind turbines. A 15-m-wide strip transect was walked from 15
m beyond the wind turbine at one end of the string to 15 m beyond the wind turbine at the other end. Then,
perimeter transects were walked at 15, 30, 45, 60, 75, and 90 m away from the turbine string, thus covering
increasingly larger areas around the turbine strings. These 15-m intervals correspond with the distance across
the largest burrow systems of male pocket gophers (Smallwood and Erickson 1995). A laser rangefinder was
used to maintain the intended distances away from the turbines while searching along perimeter transects.

The degree of clustering at wind turbines was estimated in two ways. In one, we estimated densities of
gopher and ground squirrel burrow systems within each of the corresponding areas searched. Using least
squares linear regression, densities of burrow systems were then regressed on the corresponding search
areas and the steepness of the regression slope was used as an indicator of contagion relative to the
location of each string of wind turbines. Steeper inverse slopes indicated greater degrees of clustering at
the wind turbines. The other indicator of clustering near wind turbines was the observed divided by
expected number of burrow systems within the 15-m zone of wind turbines, where the expected value was
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N burrows within 90 m multiplied by the ratio of the area in the 15-m zone to the area in the entire 90-m
zone. Larger ratios of observed-to-expected number of burrow systems indicated greater degrees of
clustering within 15 m of the wind turbine.

Also, we estimated the density of burrow systems within 90 m of each string of wind turbines and
compared these data to physiographic conditions, rodent control intensity, and other factors. Rodent
control intensity was rated ‘0’ for ownerships where no rodent control was performed, including the areas
where Seawest operated its wind turbines. It was rated ‘1’ for intermittent control on the Elworthy Ranch
because the Alameda County Agricultural agent who dispensed rodenticide was not allowed to operate
there and considered Elworthy’s efforts as less effective than on the properties where the County agent
was allowed to operate. Ownerships were rated ‘2’ where the County agent was allowed to dispense
chlorophacinone-treated oats, as well as on the Mulqueeney Ranch, where the County agent was not
allowed to dispense bait but where he thought the effectiveness of the rodent control was very high.

An edge index was measured from the string transect while viewing the 40-m radius from the turbine:
0 = no vertical or lateral edge within 40 m of the wind turbine
1 = some lateral edge such as the presence of a dirt road other than just the service road found at
all of the wind turbines (Photo 4-4), or cleared area adjacent to vegetated area, or area tilled for
pipeline, etc.

2 = lots of lateral edge

3 = some vertical edge such as road cut, road embankment, or cut into the hillside for creating a
flat laydown area for the tower pad

4 = lots of vertical edge, covering half or more of the area within 40 m of the wind turbine. This

index was related to burrow distributions to test whether burrowing animal species associate with
vertical and lateral edge, as has often been suggested in the literature.
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Photo 4-4. All wind turbines included accss roads, but those in the foreground also were near a fire
break.

4-3 RESULTS

Pocket gopher density consistently decreased as larger areas were searched around each string of wind
turbines (Figure 4-1A). Nearly all turbine strings demonstrated a relationship between gopher burrow
density and study area size that was similar to the pattern reported by Smallwood and Morrison (1999).
Similarly, most of the observed divided by expected number of gopher burrow systems within 15 m of the
wind turbines was greater than 1 (Figure 4-1B), meaning gophers were almost always clustered to some
degree around the wind turbines.

The slope of log pocket gopher density regressed on log hectares, as an index of clustering near wind
turbines, differed significantly based on whether rodent control was applied in the area (ANOVA F =
4.92,d.f.=2,65,P=0.010) (Figure 4-2). Based on post-hoc LSD tests, it was significantly less on areas
without rodent control (mean slope, b = -0.219) relative to rodent control that was intermittent (mean
slope, b =-0.509) or intense (mean slope, b =-0.472). Because this index of clustering related precisely
to the observed divided by expected number of burrow systems within 15 m of the wind turbines (Figure
4-3), and because the latter index enabled the inclusion of wind turbine strings with no pocket gophers
within 90 m of the wind turbines, we opted to use the latter index throughout the remainder of this
analysis.
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Figure 4-1. Frequency distributions of the degree of clustering of pocket gopher burrow systems at wind

turbines represented by (A) the slope of log density regressed on log search area, and (B) the observed +

expected number of burrow systems within 15 m of the wind turbines.
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Figure 4-3. Relationship between two methods of characterizing the degree of clustering of burrow
systems at wind turbines.

Seasonal and Interannual Variation in Distribution and Abundance

Eleven strings of wind turbines were selected for seasonal monitoring purposes, 10 of which were located

where rodenticide was applied intermittently and one of which was located where rodenticide was applied
intensively.
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The observed-to-expected ratio of pocket gopher burrow systems within 15 m of wind turbines differed
significantly by season (ANOVA F = 6.83, d.f. = 3,42, P <0.001), and according to post-hoc LSD tests
this ratio was significantly less during winter when it averaged slightly greater than zero (Figure 4-4A).
Pocket gopher clustering at wind turbines did not differ significantly between spring, summer and fall.

The observed-to-expected ratio of ground squirrel burrow systems within 15 m of wind turbines also
differed significantly by season (ANOVA F =4.57, d.f. =3, 42, P <0.010), and according to post-hoc
LSD tests this ratio was significantly greater during summer when it averaged 0.90 (Figure 4-4B).
Ground squirrel avoidance of wind turbines did not differ significantly between winter, spring, and fall.
Ground squirrels appeared to avoid locating burrow systems within 15 m of turbines during all seasons.

The density of pocket gopher burrow systems out to 90 m from wind turbines did not differ significantly
among dates between summer 1999 and fall 2001 (ANOVA F =2.00, d.f. =4, 41, P =0.114). However,

during this time period the density of ground squirrel burrow systems out to 90 m from wind turbines
increased by 0.687 burrow systems per ha per season (linear regression, ANOVA F =6.74, d.f. =1, 41,
< 0.050). Figure 4-5 illustrates the difference in trends between pocket gopher and ground squirrel
burrow system density out to 90 m from wind turbines.
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Figure 4-4. Seasonal pattern of the degree of clustering of burrow systems at wind turbines for (A)
pocket gopher and (B) ground squirrel.
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Figure 4-5. Trends through the study in density of burrow systems out to 90 m from wind turbines for
(A) pocket gophers and (B) ground squirrels.

Associations with Wind Turbine String Attributes and Range Management

Ground squirrels did not cluster around the wind turbines (Figure 4-6A), which means they did not cluster
around the access roads and cuts into the hillsides made for wind turbine laydown areas. Also, where
rodent control was practiced, squirrels tended to avoid the area within 15 m of wind turbines (ANOVA F
=2.42,d.f.=2,68, P=0.097). The degree of ground squirrel clustering at wind turbines correlated
inversely with increasing elevation (r, = -0.32, n = 69, P <0.001), which also corresponds with the areas
experiencing rodent control. It also correlated positively with the mean number of cattle pats per wind
turbine along the string of wind turbines (r, = 0.34, n =69, P <0.001).

Pocket gophers, on the other hand, usually clustered at wind turbines (Figure 4-6A), and the degree of
clustering was significantly greater where rodent control was practiced (ANOVA F=7.21,d.f. =2, 68, P
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=0.001). Gophers did not cluster at wind turbines where rodent control was not practiced, but occurred
within 15 m of wind turbines nearly 4 times the expected number where intermittent control was applied,
and nearly 3 times the expected number where intense control was used (LSD tests were significant).

The density of ground squirrel burrow systems within 90 m of wind turbines differed significantly among
areas with no rodent control, intermittent control, and intense control (ANOVA F =15.11,d.f. =2, 68, P
<0.001). Pairwise LSD post-hoc tests indicated ground squirrel burrow system density out to 90 m was
greatest where rodentecide was not deployed, and least where rodenticide was most intensely deployed
(Figure 4-6B). Ground squirrel burrow system density in the intense rodent control areas averaged only
13% of the average density where no rodent control was applied. Ground squirrel burrow system density
adjusted by the mean per rodent control intensity did not relate significantly to any other variables we
measured on physiographic conditions or turbine types.

The density of pocket gopher burrow systems within 90 m of wind turbines differed significantly among
areas of different intensities of rodent control (ANOVA F =5.36, d.f. =2, 68, P <0.01). Pairwise LSD
post-hoc tests indicated pocket gopher density out to 90 m was significantly greater in the areas of
intermittent rodent control than in the areas of no control (Figure 4-6B). Pocket gopher density in the
intermittently controlled area was nearly twice that found on the areas with no rodent control. Gopher
burrow system density adjusted by the mean per rodent control intensity did not relate significantly to any
other variables we measured on physiographic conditions or types of wind turbine.

The density of desert cottontail burrows within 90 m of wind turbines (Figure 4-7A) was much less than
within 15 m of wind turbines (Figure 4-7B), and differed by rodent control intensity. Cottontail burrow
density within 15 m was greatest where rodent control was most intensively applied (ANOVA F =8.92,
d.f. =2, 68, P <0.001), and within 90 m the difference tended towards significance (ANOVA F =3.03,
d.f. =2, 68, P=0.055). The degree of clustering of cottontail burrow systems at wind turbines was
significantly greater in the areas of no rodent control and in those of intense rodent control (ANOVA F =
5.08,d.f.=2, 68, P <0.01) (Figure 4-8).

In the rodent control areas, pocket gopher clustering at wind turbines varied significantly by slope aspect
(ANOVA F=5.64, d.f. =5, 53, P <0.001), with the greatest degrees of clustering on west and southwest-
facing slopes, followed by northwest-facing slopes (Table 4-1). Pocket gopher clustering at wind turbines
did not vary significantly by slope aspect in the areas where rodents were not controlled (ANOVA F =
0.62,d.f. =3, 14, P =0.620).

The degree of pocket gopher clustering at wind turbines did not vary significantly with physical relief,
where relief was categorized as plateaus, slopes, and ridges (ANOVA F =0.74, d.f. =2, 68, P =0.479). It
also did not vary significantly with relief within the areas of rodent control (ANOVA F = 0.07, d.f. =2,
53, P =0.929).

The degree of pocket gopher clustering at wind turbines correlated positively with the average change in
elevation per wind turbine in the string of wind turbines (r, = 0.27, n = 69, P < 0.05), and with the
percentage of the string in a canyon (r, = 0.36, n = 69, P <0.001). It did not correlate significantly with
the average edge index in the string. It correlated positively with the average number of cattle pats per
wind turbine along the turbine string (r, = 0.51, n =69, P <0.001) and 20-40 m away (r, = 0.49, n =69, P
< 0.001), but negatively with the index of the abundance of cottontail fecal pellets along the turbine string
(r,=-0.32,n=69, P <0.001) and 20-40 m away (r, = -0.32,n =69, P <0.001).
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Figure 4-6. Responses of the degree of clustering at wind turbines (A) and the density within 90 m of
wind turbines (B) of pocket gopher and ground squirrel burrow systems to levels of rodent control.
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Figure 4-7. Responses of desert cottontail burrow system density out to 15 m (A) and 90 m (B) from
wind turbines due to levels of rodent control.
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Figure 4-8. Response of the degree of clustering of desert cottontail burrow system at wind turbines due

to levels of rodent control.

Table 4-1. Mean comparison (ANOVA) of observed + expected number of gopher burrow systems in
areas treated with rodenticide.

Aspect N Mean SD LSD test, P <0.05
Flat 10 2.48 2.04

Over hill or ridge 10 344 1.88

East, Northeast 12 1.60 1.40

Southeast, South 6 3.82 2.10

Southwest, West 2 10.27 9.87 > all other aspects
Northwest, North 14 4.27 1.97 >East Northeast

4-4 DISCUSSION

Our study refutes several hypotheses and conclusions about the relationships between wind turbines,
range management practices, and rodent distribution and abundance. For example, ground squirrel
distribution appears to have not been extended by the wind turbine access roads or disturbed soils related
to the wind farm at the Altamont Pass, as had been suggested by Colson (1995) and Morrison (1996). In
fact, ground squirrels appear to avoid the 15-m zone around the wind turbines, which is where the access
roads and soil disturbances principally exist. Pocket gophers, however, were attracted to this zone where
soils were disturbed, and this species typically existed there 2 to 4 times more often than expected by a
uniform distribution of gopher burrow systems within the entire search area.
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Hunt’s (2002) conclusion that ground squirrel control has reduced the abundance of ground squirrels
where control was applied appears to be true, but with an interesting twist. On the Mulqueeney Ranch
and where the County Agriculture Department has been funded by the wind industry to control ground
squirrels, almost no ground squirrel burrow systems remain, so Hunt was correct in his conclusion on
these properties versus properties where no or intermittent control was applied. However, on the
Elworthy Ranch, ground squirrel abundance increased from 1999 through 2001 despite relatively intense
applications of chlorophacinone by the rancher. Each year we witnessed the applications of the poison
bait on this ranch, and we observed high mortality of ground squirrels and desert cottontails, whose
carcasses lay upon the ground or in rock piles and were scavenged by raptors. We smelled decaying flesh
everywhere we went on this ranch during the two weeks following the poison bait applications, and much
of the smell emanated from the burrows in which most of the ground squirrels died. However, despite our
observations of widespread mortality of squirrels due to control applied on this ranch, ground squirrel
burrow system density increased from 1999 through 2001. It is likely that subadult ground squirrels
quickly immigrated from surrounding areas or from unaffected colonies on the Elworthy Ranch, and
occupied abandoned burrow systems.

During an interview on October 14, 2002 with Jim Smith, who dispenses the rodenticide for the Alameda
County Agriculture Department, we were informed that he avoids the areas immediately around the wind
turbines because he feels that the near vicinity to the wind turbines is not within his jurisdiction. Smith’s
statement contradicted the fact that the wind industry funded his control efforts, but it was further
contradicted by the avoidance of this zone by ground squirrels in locating their burrow systems. Had
Smith avoided this zone as he claimed, we would have expected more ground squirrel burrow systems to
exist there, but we found the opposite to be true. On the other hand, it is possible that the more intense
human activity nearby the wind turbines discouraged ground squirrels from being there.

Rodent control, as practiced on Elworthy Ranch, associated with an increased density of pocket gopher
burrow systems out to 90 m and increased degrees of clustering of gopher burrow systems around the
wind turbines. Pocket gopher density and distribution responded to rodent control almost opposite the
density and distribution of ground squirrels. The response of pocket gophers may be an unintended
consequence of the rodent control program in the APWRA, and this consequence may exacerbate the
avian mortality problem.

The significant correlation between pocket gopher burrow systems clustering at wind turbines and cattle
pat abundance may indicate a complex ecological relationship in which cattle more intensively use some
wind turbines for shade and where they more intensively graze down the grass and defecate. The
increased abundance of cattle pats near these wind turbines may fertilize plants to the advantage of forbs,
including leguminous plants, which appear to flourish near wind turbines. Pocket gophers may be
attracted to the near-zone of wind turbines partly due to the food plants available there.

Table 4-2 summarizes the significant relationships we found because of this study. The distribution and
abundance of small mammal species in the APWRA is obviously more complicated than the wind turbine
owners have considered. Our study certainly did not fully characterize the factors affecting small
mammal distribution and abundance. While in the field we observed many tantalizing anecdotes
suggesting larger patterns that warrant investigation, but for which we lacked time and funds to pursue.
For example, we observed desert cottontails burrowing under wind turbine pads (Photo 4-5), but we did
not have the opportunity to identify the conditions associated with this burrowing activity.

The wind turbine owners were overly simplistic in their logic that rodent control would serve to reduce
raptor visitation to the APWRA, and hence reduce raptor mortality. The spatial distribution of an animal
species is influenced by multiple factors, including the strong effects of social organization, which are
rather rigid and unresponsive to local changes in the distribution and abundance of prey items
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(Smallwood 2002). Smallwood (2002) summarized cases where animal species were shown to rely more
on gestalt and sociality in spacing themselves out upon their environments, and to not rely upon prey
enumeration.

Additionally, rodent control threatens two special-status species we commonly observed in the APWRA:
the California red-legged frog (Photo 4-6) and the California tiger salamander (Photo 4-7), which are
listed as threatened under the federal Endangered Species Act. These species are losing fossorial
mammal burrows as refuge sites while the rodent control proceeds to reduce the abundance and
distribution of small mammals. Rodent control also threatens the existence of the endangered San
Joaquin kit fox, which was documented in the APWRA during the early 1990s (Photo 4-8). San Joaquin
kit fox are sensitive to anticoagulant poisons such as the chlorophacinone being used in the APWRA.

We recommend that the wind turbine owners cease rodent control and explore alternatives means of
managing the spatial distribution of small mammals in the APWRA. Chapter 7 includes suggested
alternatives, and other ideas might be found in Van Vuren and Smallwood (1996).

Photo 4-5. Desert cottontails burrowed under some wind turbine pads.
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Photo 4-7. California tiger salamander in the APWRA (photo by Brian Karas).
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Photo 4-8. The broadcasting of rolled oats soaked with chlorophacinone poses a hazard to San Joaquin
kit fox, which were documented to use the area of the APWRA, and for which the installation of the wind
turbines originally required mitigation measures for kit fox conservation.

Table 4-2. Summary of significant relationships between factors measured in our study and ground
squirrel and pocket gopher distribution and abundance.

Predictor Variables

Significant Effects on Dependent
Variables'

Magnitude

Rodent control

Decreased ground squirrel density

13% of no control

Rodent control

Decreased ground squirrel clustering

86-41% of no control

Elevation

Decreased ground squirrel clustering

r=-0.32

Mean number cattle pats along turbine string

Increased ground squirrel clustering

r=0.34

Rodent control

Increased pocket gopher density

2 times greater

Rodent control

Increased pocket gopher clustering

3-4 times greater

Steepness of density:area regression slope Increased pocket gopher clustering r=0.27
Percent of wind turbine string in canyon Increased pocket gopher clustering r=0.36
Mean no. cattle pats along turbine string Increased pocket gopher clustering r=0.51
Mean no. cattle pats 20-40 m from turbines Increased pocket gopher clustering r=0.49
Mean no. of cottontail fecal pellets Decreased pocket gopher clustering r=-0.32

! Density and clustering based on burrow systems <90 m from wind turbines.
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CHAPTER 5: BIRD BEHAVIORS

5-1 INTRODUCTION

During the past 15 years, it has been argued that specific behaviors predispose certain species to more
likely collide with operating wind turbines (Estep 1989, Howell and DiDonato 1991, Howell and Noone
1992, Orloff and Flannery 1992, Colson 1995, Tucker 1996a, Erickson et al. 1999, Hoover 2001,
Strickland et al. 2001a). Thelander et al. (2003) termed this predisposition “susceptibility,” and proposed
that it varies and that it might be measured on a project site prior to the construction of a wind farm. In
this case, however, the APWRA had already been constructed and most turbines had been operating for
approximately 15-20 years before we initiated our study to assess susceptibility.

The intensity of use of a wind farm also has been proposed as a contributing factor to the susceptibility of
avian species to collide with wind turbines (Cade 1995, Morrison 1998, Anderson et al. 2001, Strickland
et al. 2001b, Hunt 2002). Orloff and Flannery (1996) rejected the hypothesis that intensity of use relates
to mortality, but others involved with research on the turbine-caused avian mortality issue persisted with
their assertions that intensity of use of a wind farm relates to mortality.

Thelander et al. (2003) reported that our measure of characterization of susceptibility of some species was
confounded by evidence that the existence and operation of wind turbines already changed avian
behaviors and perhaps intensity of use. For example, we found that red-tailed hawks flew within 50 m of
turbines more often and for longer periods than expected by a uniform distribution of time in flight across
our study area. It is possible that prior to the development of the APWRA, red-tailed hawks already spent
more time flying where the turbines were placed, perhaps because the declivity winds were favored by the
hawks as well as by the wind turbine owners, or perhaps because the prey species of red-tailed hawk just
happen to prefer ridge crests and ridgelines where many of the turbines were placed.

There is no way to know with certainty why red-tailed hawks favor flying near to wind turbines.
However, in this study we analyzed the behavior patterns in the APWRA more closely than we did in
Thelander et al. (2003). Our goal was to understand more fully how avian behaviors and intensity of use
related to variables we measured in the APWRA, as well as to avian fatalities.

5-2 METHODS

Two biologists collected bird behavior data within 28 study plots during March 26, 1998 through April 18,
2000. The study plot boundaries encompassed wind turbines easily visible to the observers from a fixed
observation point, resulting in a mosaic of irregular shaped, non-overlapping plots, each about 3 km* (Table
5-1). The plots contained 1,165 turbines, with 10-67 turbines per plot, representing the majority of the
turbines accessible to us at that time. Each observer carried maps of the plots in order to identify each turbine
by its number designation and to link it to recorded bird activities. A single observer performed circular
visual scans (360°), also called variable distance circular point observations (Reynolds et al. 1980), using
8x%40 binoculars out to 300 m. At the close of the 30-minute observation session, the observer moved to the
next sampling plot in order to begin another 30-minute observation session.
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Table 5-1. Plot number, plot size, tower type, and output for 1,165 turbines included in behavioral observation sessions during March 26, 1998 —
April 18, 2000.

TURBINE FREQUENCY
Tubular Vertical-axis Lattice (KCS-56) KVS-33
» | Strings Total
Plot | ~Km i 110 kW | 120 kW | 150 kW | 150 kW | 250 kW 100 kW 400 kW
1 3.5 14 0 33 0 25 0 0 0 58
2 2.2 5 0 27 0 5 0 0 0 32
3 3.8 7 0 0 27 9 0 0 0 36
4 3.2 9 0 24 0 11 0 0 0 35
5 1.9 3 0 6 4 0 0 0 0 10
6 33 2 0 27 0 0 0 0 27
7 3.6 5 0 23 18 0 0 0 0 41
8 2.2 5 0 25 0 0 0 0 0 25
9 3.8 9 0 29 12 0 0 0 0 41
10 3.5 3 0 4 11 0 0 0 0 15
11 3.0 6 0 5 0 0 21 0 0 26
12 4.3 9 7 16 0 23 0 0 0 46
13 4.0 5 0 0 0 45 0 0 0 45
14 2.5 6 8 9 0 0 0 0 0 17
15 2.3 2 0 14 0 0 0 0 0 14
16 3.0 7 10 6 0 0 0 45 0 61
17 2.0 4 0 0 0 0 0 57 0 57
18 2.2 3 0 0 0 0 0 40 0 40
19 2.6 2 0 0 0 0 0 27 0 27
20 2.6 3 0 0 0 0 0 31 0 31
21 2.5 5 0 0 0 0 0 49 0 49
22 6 4 0 0 0 0 0 62 0 62
23 5.5 6 0 0 0 0 0 67 0 67
24 5 6 0 0 0 0 0 63 0 63
25 5 3 0 0 0 0 0 23 16 39
26 3.5 5 0 0 0 0 0 52 0 52
27 2.8 4 0 0 0 0 0 45 0 45
28 5 5 0 0 0 0 0 52 0 52
Total 94.8 147 25 221 99 118 21 613 16 1165
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We sampled all 28 plots at least once per week stratified by morning and afternoon sessions. The morning
session started at 07:00 and continued until 12:00. The afternoon session lasted from 12:01 until dusk. We
observed behaviors throughout the year in nearly every weather condition, unless rain or fog reduced
observer visibility to less than 60%, which was too poor to track bird activity accurately. We completed two
sessions simultaneously, averaging 6-8 sessions per field day. We conducted all simultaneously occurring
30-minute sessions on nonadjacent plots to improve our degree of independence among observation sessions.

Variables measured during observation sessions applied to three levels of analysis: the plot level, turbine
string level, and individual turbine level. The dependent variables changed according to the level of analysis,
and the suite of variables we tested for association with the dependent variables also was unique to each level
of analysis. Birds and their behaviors were recorded at turbines and turbine strings on adjacent plots and
these data used at the individual turbine level, but not at the plot or turbine string levels.

Once a bird entered the study plot, we identified it and continuously followed it until it left the plot. For each
sighting we recorded the species, number of birds in a flock, the times when the bird was detected and when
last seen, predominant flight behavior (Table 5-2), flight direction, distance to the nearest wind turbine, type
of wind turbine, number of passes by a turbine, and flight height relative to the rotor zone (Figure 5-1), which
is the height above ground from the lowest to the highest reaches of the turbine blades.

Table 5-2. Flight behavior categories used to record observations during 30-minute observation sessions
in the study plots.

Flight Behaviors
1. Fly through 10. Being mobbed
2. Gliding 11. Column soaring
3. Soaring 12. Surfing
4. High soaring 13. Ground hopping
5. Contouring 14. Hawking insects
6. Circling 15. Fleeing
7. Kiting/Hovering 16. Interacting
8. Diving 17. Flocking
9. Mobbing 18. Flushed
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Figure 5-1. The rotor plane of a Bonus turbine and the upper and lower reaches of the rotor zone of a
string of four turbines.

We considered two major bird activities: flying and perching, but classified 18 different flying behaviors
(Table 5-2) and 21 different structures within our study site (Table 5-3). Our focus was to determine how
close to a wind turbine each bird species flew, and what types of behaviors it exhibited near the rotor zone,
which is where we considered the birds most vulnerable to wind turbine strikes. The rotor zone in this study
represents the reach of the rotating turbine blades or rotor swept area within 50 m of the blades, which is a
50-m extension of the rotor plane (Figure 5-1). To improve accuracy and consistency in recording the closest
pass to the zone of vulnerability, both field assistants practiced calibrations on height and depth
measurements of known objects every six months. Most flying birds could be clearly identified to species
out to 300 m, their behavior followed, and their distance estimated, so only birds observed within 300 m were
recorded during the behavioral observations.

To reduce the effects of observer bias in estimating and reporting distances and bird behaviors, paired
observations were made for one month at the beginning of the study. At this time, we calibrated differences
between observers in terms of distances, turbine and tower sizes, and depth perception. We also recorded
bird behavior to become familiar with the data sheet and to standardize the names for all bird activities,
behavior categories, and perching devices. Once the observers were achieving similar records and behavior
interpretations, observers began conducting separate 30-minute observation sessions. We completed the first
calibration period in 18 observation sessions. We repeated these calibration sessions every six months in four
observation sessions for a period of one to two days. The observers recorded the behavioral information
simultaneously but independently on separate data sheets. At the end of each calibration session, we
compared and discussed the information to help ensure consistency of the behavioral interpretations.
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Table 5-3. Possible perching structures used during the 30-minute observation sessions.

PERCHING STRUCTURES
1. Tree 11. Vertical-axis tower -- inner framework
2. Fence post 12. Vertical-axis tower -- guy wire
3. Ground 13. Turbine motor -- top
4. Rock/vegetation 14. Turbine motor -- inside
5. Electrical distribution pole -- top 15. Turbine blade tip/side
6. Electrical distribution pole -- wire 16. Turbine propeller cone
7. Electrical distribution pole -- crossarm 17. Catwalk of wind tower
8. Anemometer tower 18. Side ladder of wind tower
9. Electrical tower 19. Diagonal lattice tower -- top
10. Vertical-axis tower -- top 20. Diagonal lattice tower -- mid-framework
21. Diagonal lattice lower -- lower framework

Plot Level of Analysis

At the plot level of analysis, we calculated the sum minutes of flying and perching behaviors among the 30-
minute observation sessions for each bird species. Minutes of flying and perching were tested for
relationships with session start time, temperature during the session, months and seasons of the year, wind
speed, wind direction, California ground squirrel activity levels, and proximity of the bird(s) to wind turbines.

Specific bird behaviors were recorded with alphanumeric codes onto a standardized data sheet, along with
temperature, wind speed, the number of turbines operating, and cloud cover at the beginning of each 30-
minute observation session. We measured temperature at the start of each session with a hand-held
thermometer and, for analysis purposes, we lumped these temperatures into categories, most of which
spanned 10° intervals.

We recorded wind force measured on the Beaufort scale, where 0 was <0.3 m/s, 1 was 0.3 to 1.5 m/s, 2 was
1.6 to 3.3 m/s, 3 was 3.4 to 5.4 m/s, 4 was 5.5t0 7.9 m/s, 5 was 8 to 10.7 m/s, 6 was 10.8 to 13.8 m/s, and 7
was > 13.8 m/s. When the wind speed reached > 15 m/s (near gale winds), the wind farm managers advised
us to leave the premises for safety reasons. We recorded wind direction (its origin) during the sessions, and
the time the session started. For the purpose of this analysis, we lumped actual start times into representative
times of the day, so 08:00 represented 07:00 to 08:30 hours, 10:00 was for 09:00 to 10:30 hours, 12:00 for
11:00 to 12:30 hours, 14:00 for 13:00 to 14:30 hours, 16:00 for 15:00 to 16:30 hours, and 18:00 for 17:00 to
20:30 hours. We noted whether ground squirrels were active and how many we could see on the plot at the
start of the session. For analysis, we classified the reported number of ground squirrels per session into 0, > 0
and < 2, and > 2 squirrels in order to characterize abundance but also to reduce the effect of error in recording
squirrel numbers.

A proximity value was assigned to each behavior in terms of how close that behavior was performed in
relation to the turbine blades (Figure 5-2), and according to the length of time birds spent doing that
behavior near the blades. Proximity Level 1 involved behaviors performed within 1-50 m of the turbines.
Proximity Level 2 involved behaviors seen within 51-100 m. Proximity Level 3 behaviors were
performed farther from the turbine at 101-300 m. The geographic areas composing these proximity levels
were estimated using ArcView GIS and publicly available aerial imagery. Ground surface modeling was
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performed using 30-m DEM data that were compiled into a GRID mosaic. This single GRID was then
converted into a triangulated irregular network (TIN), and the resulting TIN was used in data creation
efforts that included contouring, profiling, and hillshade mapping. Buffers at 50, 100 and 300 m were
generated around the turbine strings and then intersected with the TIN in order to modify the existing
TIN-based surface. The output TIN represented 3D geometry by draping the buffer polygons and
creating only that intersected subset of the TIN for Surface Modeling. The buffer TIN surfaces were
exported to GRIDs, which were then converted to 3D Arc-Info GIS shapefiles from which geographic
areas that are resolved to the 3D landscape could be calculated.

1 50 m dissolved buffer — Proximity level 1
[ 100 m dissolved buffer — Proximity level 2
1300 m dissolved buffer — Proximity level 3

+ Wind turbine

Figure 5-2. Examples of buffers created in GIS and corrected to fit the three-dimensional landscape to
test for behavior patterns in relation to proximity to wind turbines.

String Level of Analysis

Wind turbines in the APWRA are arranged in rows, which we termed strings. We classified each string of
turbines by slope aspect, average grade and average clevation. Slope aspect was classified as facing north,
northeast, east, southeast, south, southwest, west, northwest, or located in a valley. For analysis we lumped

slope aspect into five categories: northeast and east, southeast and south, southwest and west, northwest and
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north, and no aspect (flat terrain). Slope grade was measured as the average change in elevation from one
turbine to the other within the turbine strings, and elevation was measured using a Trimble Pathfinder Pro-XR
GPS at the base of each turbine tower. For analysis, slope grade and elevation were lumped into ranges of
values with generally even distributions of turbine frequencies.

We also recorded the physical relief on which turbine strings were situated, such as on ridge crests,
ridgelines, slopes, saddles, peaks, or plateaus. Turbines were classified by whether they were in or out of
three major canyons in the APWRA. Due to the complex topography of the APWRA, turbines could be
classified as on a ridge crest while also being inside a canyon because peaks and ridge crests exist within the
influence of canyons but of course at lower elevations than the canyon borders.

While collecting behavior data we noticed individuals were broadcasting poisoned grain in our study area
for rodent control. We later learned that the wind industry paid Alameda County to perform the control
operation, but not all land owners participated with it. Therefore, our study area included three levels of
control intensity, which were attributed to our plots and the wind turbines in the plots after we
interviewed County staff (Jim Smith), for information on where and how chlorophacinone-treated oats
were deployed across the APWRA.

The levels of rodent control were none, intermittent, and intense. The intermittent control was applied to
the land leased by EnXco, and consisted of the rancher applying poison bait on and around ground
squirrel colonies on a less systematic and less frequent basis than applied elsewhere by Alameda County
and some other ranchers.

Turbine Level of Analysis

We recorded the wind turbine designation number nearest the observed bird and its behavior wherever
possible. Thus, we were able to relate behaviors to attributes of the turbines and their local environments,
which we characterized in another data set. We related behavioral observations to turbine type as well as to
the turbine’s orientation to the oncoming wind, where blades positioned between the rotor and the wind are
‘toward’ the wind, and blades positioned behind the rotor relative to the wind are ‘away’ from the wind. We
recorded the operational status of the turbine during the observation session(s), the tower type, tower height,
and its position in the turbine string, such as at the end of the string, second to the end, interior to the string, or
separated from other turbines by a gap created by a gully or the removal of one or two turbines and their
towers. Turbines recorded as not operating or broken typically were missing blades, the motor, or both, but at
least the tower remained, and we noted whether operating turbines were adjacent to nonoperating turbines.

We also recorded whether the turbine was part of a wind wall, which is composed of turbines at different
heights situated next to each other so that winds at a greater height and lateral domain are captured for energy
generation. We used ArcView GIS to count the number of other turbines occurring within a 300-m radius.
Also, we recorded the turbine’s location in the APWRA, its elevation, steepness of the slope on which it
occurred, slope aspect, physical relief, whether it was in a canyon, the edge index of its laydown area, and
whether rocks were piled nearby as San Joaquin kit fox mitigation. The edge index was measured from the
string transect while viewing the 40-m radius from the turbine: 0 = no vertical or lateral edge within 40 m of
turbine; 1 = some lateral edge such as the presence of a dirt road other than just the service road found at all
of the turbines, or cleared area adjacent to vegetated area, or area tilled for pipeline, etc.; 2 = lots of lateral
edge; 3 = some vertical edge such as road cut, road embankment, or cut into the hillside for creating a flat
laydown area; and 4 = lots of vertical edge, covering half or more of the area within 40 m of the turbine.

The dependent variables we compared in the turbine level of analysis were restricted to time birds perched on
wind turbines/towers and the time span of flights that approached to within 50 m of wind turbines.
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Statistical Tests

Variables measured were tested for associations with the bird behaviors in chi-square analysis (Smallwood
1993). Statistical tests were performed only for the most commonly observed bird species and those with
special status, because the results of tests involving small sample sizes are unreliable and we had enough bird
species with larger sample sizes to recognize general interspecific patterns. The species included in our more
rigorous analyses reported herein include turkey vulture, red-tailed hawk, northern harrier, American kestrel,
prairie falcon, golden eagle, burrowing owl, mallard, common raven, loggerhead shrike, western
meadowlark, California horned lark, and sometimes house finch, European starling and rock dove.

Chi-square tests were performed at three levels: across plots, across turbine strings, and across individual
turbines. Observed values were either the number of minutes of activity of a particular behavior (m;) or the
number of behavioral events (n;), and were related to expressed values for both statistical hypothesis testing
and for deriving a measure of effect. The measure of effect was calculated as the observed + expected values,
and measured the number of times greater or fewer the observed value deviated from the expected value.

Expected values were based on sampling effort because sampling effort varied among plots, strings and
turbines. Sampling effort was calculated as the following:

e;,p = number of sessions performed under the ith condition of the association variable

e; s = windswept area in turbine string (m?) x number of sessions at corresponding plot under the ith
condition of the association variable

e;.. = rotor swept area of turbine (m®) x number of sessions at corresponding plot under the ith
condition of the association variable,

where e represents sampling effort, p represents the plot level of analysis, s represents the string level, and t
the turbine level.

The expected values were calculated as a product of the total sample size of the dependent variable and the
incidence (P), or relative frequency of occurrence, of the ith condition of the association variable:

Pip=eip*S
Pis=eis+Xes
Pii=eii+2Zei¢,

where S is the total number of behavioral observation sessions, or 1,958 in this case.

The expected (E) number of minutes (M) of activity was then calculated as:

E,=MxP,,
E,=M x P,
E.=MxP,,.

95



In addition, the expected number of events (N) of a specific type of behavior was calculated as:

E,=NxP;,
Es=NxP;
Et:NXPi’t.

In many of our results, we will state that a species “prefers” or “favors” a particular condition. We use this
term in the statistical sense only, because we cannot know what an animal really prefers unless it
communicates that sentiment to us directly. What we mean by preference is that a species occurred or
performed some behavior more often or for longer than expected, which we measured as the observed
divided by expected values.

5-3 RESULTS

Characteristics of the Observation Sessions

Most of the sessions started between 09:00 hours and 17:00 hours, and the most common start time was
midmorning (Figure 5-3). Twenty plots were visited more than 60 times each since the start of the study,
and another eight plots were added later and visited more than 20 times each (Figure 5-4). These sessions
were distributed relatively evenly among months of the year, except for January and May, which were
visited relatively infrequently (Figure 5-5). Most occurred during moderate temperatures, from 50-80 °F
(Figure 5-6).

The most frequent wind direction during the sessions was from the southwest, and northeast, west, and
northwest winds were generally common (Figure 5-7). Most of the sessions were completed during
modest wind speeds, mostly ranging from ‘1’ to ‘4’ on the Beaufort scale (Figure 5-8). The average wind
speed during these sessions was greatest when the winds blew from the southwest, followed by the west
and northwest (Figure 5-9A). It peaked during the summer months (Figure 5-9B).

The proportion of wind turbines in operation during the behavior session was a function of wind speed
(Figure 5-10A), so we used the latter as a surrogate variable representing turbine activity. The proportion
of wind turbines in operation also peaked during the summer months (Figure 5-10B). Most of the
turbines in our study were KCS-56 turbines, but the most heavily sampled were Bonus turbines (Figure 5-
11). Turbines facing the oncoming wind were sampled most intensively (Figure 5-12).

Elevations of turbine pads ranged from 87 to 534 m above mean sea level, with three distinct peaks in
frequency at 120-220, 280-440, and 520 m (Figure 5-13A). Search effort was greatest for turbines at 130-
380 m and least for the lowest and highest elevations (Figure 5-13B). Ground squirrel activity appeared
to correspond to an annual cycle with its peak in the late spring and summer and its low in the winter
(Figure 5-14).

We observed at least 36 bird species during the 1,958 behavioral observation sessions (a total of 979 hours).

We recorded 48,396 bird sightings, with sightings averaging 3.23 birds per observation session. We
observed no birds in 184 of the observation sessions.
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start of the behavioral observation session.

Overall Bird Use

We recorded 31,317 minutes of bird activity, including 13,725 minutes spent flying (44%) and 17,592
minutes spent perching (56%). Factoring the number of birds composing each sighting, we recorded 454,801
minutes of bird activity, including 364,042 minutes of flying (80%) and 23,227 minutes of perching (20%).

The majority of the birds observed came to within 100 m of the wind turbines, and many of them came to
within 40 m of a turbine (Figure 5-15). We recorded 8,663 flights that passed within 50 m of a turbine, and
824 flights through the rotor zone. These two behaviors were also closely related (Figure 5-16).

The average time birds were observed flying was greatest during slower winds (Figure 5-17A), and the same
was true for perching (Figure 5-17B). The average time birds were seen either flying or perching was
greatest during the fall and winter months (Figs. 5-18A and 5-18B).

The number of passes birds made through the rotor zone averaged the least during periods of no wind or
when the winds blew from the southwest, west or northwest (Figure 5-19A). It averaged relatively fewer
during no winds but greatest during winds of 1-5 km/hr and increasingly fewer with greater wind speeds until
29-34 km/hr at which point the number of passes through the rotor zone actually increased with increasingly
greater winds (Figure 5-19B). Passes through the rotor zone averaged most frequent during November and
December, and secondarily during January through March (Figure 5-20).

The birds’ minimum distance to the nearest turbine averaged farthest when the winds blew from the
southwest, west or northwest (Figure 5-21). It averaged least during no winds and increased with wind speed
until 39-49 km/hr, above which it decreased again (Figure 5-22A). The minimum distance to the nearest
turbine averaged closest during the fall and winter and the farthest at the peak of summer (Figure 5-22B).

The number of flights within 50 m of a turbine averaged fewest during no winds or when the winds blew
from the southwest or west, and they were similar across all other wind directions (Figure 5-23A). They
averaged fewer when winds blew at 29-49 km/hr, and most when they blew 1-28 km/hr (Figure 5-23B).
They averaged the most during fall and winter and least at the peak of summer (Figure 5-24).
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Figure 5-24. The average number of flights of birds within 50 m of wind turbines related to month of the
year when the behavior observation session took place.

The red-tailed hawk was one of the species most often observed in the APWRA and the species most often
performing what we assumed to be more dangerous behaviors (Table 5-4). By far, gulls were the most
commonly reported birds in the APWRA and we recorded nearly 300,000 minutes of observations of these
(the minutes per flock were multiplied by the number of birds in the flock). Most of the gulls were not
identified to species, and those that were included were mostly ring-billed gull and infrequently California
gull. Blackbirds were also commonly seen and composed more than 70,000 total minutes of observation.
Like gulls, most of these were not identified to species, but those that were identified mostly included red-
winged blackbird. House finches were common, and so were unidentified passerine species. Other
commonly observed raptors besides red-tailed hawks included turkey vulture, golden eagle, American
kestrel, and burrowing owl.

We assumed that dangerous behaviors included flights through the turbine strings within the height domain
of the blades, and we referred to these flights as through the rotor zone (rather than the rotor plane, which is
specifically through the area swept by the blades). We also considered greater proximity to the turbines to be
more dangerous, as well as the number of flights made within 50 m of the turbines. The species performing
more of these dangerous behaviors included red-tailed hawk, common raven, American kestrel, turkey
vulture, blackbird spp., and golden eagle (Table 5-4). Species performing these behaviors at intermediate
frequencies included gull spp., northern harrier, rock dove, and loggerhead shrike. Species that appeared to
avoid the turbines based on these behaviors included rough-legged hawk, burrowing owl, swallows, and
tricolored blackbird, among others.

Specific flight behaviors observed were mostly those of birds flying through the plot, soaring, and gliding,
followed by ground-hopping, flocking and circling/searching (Table 5-5 and 5-6). Contouring, diving,
fleeing while being mobbed, and being flushed were the rarest behaviors. Factoring the total flight time per
observation, the most practiced behaviors were flying through, column soaring, flocking, and ground
hopping, and the rarest behaviors were diving, fleeing while being mobbed, and being flushed (Tables 5-7
and 5-8). Flight time at blade height and within 50 m of turbines was greatest for flying through the plot and
ground-hopping, followed by kiting/hovering, soaring, gliding, and circling/searching (Tables 5-9 and 5-10).
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The most dangerous behaviors we observed were those of flights at blade height and within 50 m of operating
turbines. Based on total minutes of flight time, these were again dominated by flying through, followed by
kiting/hovering, soaring, gliding and ground-hopping (Tables 5-11 and 5-12). We never observed flocking
under this set of conditions, and surfing, fly-catching (also referred to as ‘hawking’ insects), mobbing, being
mobbed, being flushed and diving were rare. Burrowing owl, horned lark, western meadowlark and mallard
were never seen flying under these conditions, yet were relatively frequent fatalities in the APWRA.
Therefore, our behavior sampling was obviously inadequate for some or even most species.

In examining a select group of species that either were observed frequently in the APWRA or often died at
turbines, we found that wind turbines and their towers were commonly perched upon and for lengthy
durations (Table 5-13). However, these species appeared to apply caution and perch on turbines when it was
safe —when the turbines were not operating or when they were broken (Table 5-14).
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Table 5-4. Summary of behavioral activities by species.

Sum of minutes Mean distance Number of flights
Species Scientific name N}lmber of . . (m) to closest Through <50 m to
birds seen | Observed | Flying | Perching turbine rofor sone turbine

Turkey vulture Cathartes aura 980 2425 2446 96 72 51 1047
Golden eagle Aquila chrysaetos 465 2272 1366 1008 82 32 450
Red-tailed hawk Buteo jamaicensis 2005 15486 6742 8938 65 270 2682
Rough-legged hawk Buteo lagopus 6 24 27 0 125 0 5
Ferruginous hawk Buteo regalis 12 59 44 30 53 0 38
Buteo spp. 1 2 2 0 20 0 2
Northern harrier Circus cyaneus 126 386 294 95 76 21 162
White-tailed kite Elanus leucurus 1 2 2 0 100 0 0
Cooper’s hawk Accipiter cooperii 2 2 3 0 35 0 6
American kestrel Falco sparverius 462 2926 753 2280 48 102 583
Prairie falcon Falco mexicanus 66 197 116 83 62 4 84
Burrowing owl Athene cunicularia 100 1622 193 1438 117 0 31
Raptor spp. 1 4 0 4 100 0 0
Great blue heron Ardea herodias 3 3 3 0 60 2 5
Long-billed curlew Numenius americanus 7 19 10 9 58 0 1
Killdeer Charadrius vociferus 2 2 2 0 20 0 1
California gull Larus califfornicus 36 36 36 0 50 0 5
Ring-billed gull Larus delawerensis 503 9823 9823 0 39 0 12
Gull spp. 28750 293957 299517 0 67 14 552
Mallard Anas platyrhynchos 79 83 83 0 85 0 16
Common goldeneye Bucephala clangula 1 1 1 0 10 0 2
Common raven Corvus corax 1313 4124 2343 1937 42 176 1787
American crow Corvus brachyrhynchos 25 145 33 112 6 8 31
Loggerhead shrike Lanius ludovicianus 139 845 139 707 49 11 98
Mourning dove Zenaida macroura 7 88 7 81 45 0 5
Rock dove Columba livia 526 828 706 128 57 10 160
Band-tailed pigeon Columba fasciata 30 30 30 0 5 1 1
Mountain bluebird Sialia currucoides 118 291 229 62 52 0 6
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Say’s phoebe Sayornis saya 2 6 3 3 50 0 1
Cliff swallow Petrochelidon pyrrhonota 23 52 52 0 22 0 14
Brewer’s blackbird Euphagus cyanocephalus 337 1732 693 1051 35 7 41
Red-winged blackbird Agelaius phoeniceus 470 6557 785 5784 25 8 34
Brown-headed cowbird | Molothrus ater 2 2 2 0 70 0 2
Tricolored blackbird Agelaius tricolor 78 281 298 0 88 0 0
Blackbird spp. 7924 67199 26296 41129 38 45 329
Western meadowlark Sturnella neglecta 207 720 266 455 31 16 72
Horned lark Eremophila alpestris 213 676 267 409 36 3 45
House finch Carpodacus mexicanus 1024 15920 2095 13525 25 6 61
European starling Sturnus vulgaris 259 2373 233 2140 16 10 106
Passerine spp. 1974 23076 7525 15551 38 25 141
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Table 5-5. Flight behaviors recorded per bird observation during 1,958 sessions, where AMKE =
American kestrel, BUOW = burrowing owl, GOEA = golden eagle, NOHA = northern harrier, PRFA =

prairie falcon, and RTHA = red-tailed hawk.

Flight behaviors observed
within the 28 plots in the

Number of Bird Observations

APWRA Allbirds | GOEA | RTHA | NOHA | PRFA | AMKE | BUOW
Soaring 1839 160 462 30 6 9 1
Column soaring 5450 1 1 0 1 0 0
Flying through 28456 53 298 43 27 142 15
Gliding 1101 103 241 15 10 16 1
Surfing 813 9 11 1 1 5 0
Contouring 58 28 7 21 0 0 0
Circling/searching 1262 42 213 10 8 23 0
Kiting/hovering 415 6 307 4 3 64 0
Fly-catching 82 0 0 0 0 8 0
Diving 58 4 14 0 4 21 1
Ground hopping 3111 1 10 0 1 3 7
Short flights 738 0 24 0 0 34 12
Display (interacting) 464 2 21 0 1 6 0
Flocking 2619 0 0 0 0 0 0
Mobbing 48 2 10 0 1 22 0
Mobbed/fleeing 27 4 13 0 1 2 0
Flushed 27 11 10 0 0 3 0

Table 5-6. Flight behaviors recorded per bird observation during 1,958 sessions, where CORA =
Common raven, HOLA = horned lark, LOSH = loggerhead shrike, MALL = mallard, RODO = rock dove,
WEME = western meadowlark, and TUVU = turkey vulture.

Flight behaviors Number of Bird Observations
within 50 m of
turbines and at
blade height TUVU CORA MALL LOSH WEME HOLA RODO
Soaring 267 88 0 0 0 0 1
Column soaring 0 0 0 0 0 0 0
Flying through 225 741 77 43 131 146 491
Gliding 335 129 0 1 6 0 0
Surfing 3 34 0 2 0 23 0
Contouring 1 1 0 0 0 0 0
Circling/searching 136 120 0 0 0 0 10
Kiting/hovering 0 9 0 4 0 0 0
Fly-catching 0 1 0 1 0 0 0
Diving 1 2 0 8 0 0 0
Ground hopping 2 21 0 7 31 16 1
Short flights 1 60 1 9 10 10 11
Display (interacting) 0 15 0 3 0 10 0
Flocking 0 0 0 0 0 0 0
Mobbing 0 12 0 0 0 0 0
Mobbed/fleeing 0 6 0 1 0 0 0
Flushed 0 1 1 1 0 0 0
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Table 5-7. Total minutes of flight behaviors recorded during 1,958 observation sessions, where AMKE =
American kestrel, BUOW = burrowing owl, GOEA = golden eagle, NOHA = northern harrier, PRFA =
prairie falcon, and RTHA = red-tailed hawk.

0;1 lelng‘(ta(:)s;?l‘;il::l;she Minutes of flight activity
28 Ki;)‘t:,;{l; he All birds GOEA RTHA NOHA PRFA AMKE | BUOW

Soaring 6139 613 1546 95 13 18 3
Column soaring 32173 3 1 0 2 0 0
Flying through 279449 87 525 59 45 205 17
Gliding 3172 318 726 21 20 62 2
Surfing 1618 34 29 1 3 5 0
Contouring 233 123 26 82 0 0 0
Circling/searching 4335 124 873 26 14 82 0
Kiting/hovering 2802 18 2481 9 5 211 0
Fly-catching 551 0 0 0 0 36 0
Diving 125 10 50 0 7 34 1
Ground hopping 12677 1 246 0 2 4 8
Short flights 1500 0 50 0 0 38 152
Display (interacting) 2517 8 55 0 1 7 0
Flocking 15634 0 0 0 0 0 0
Mobbing 142 6 43 0 2 35 0
Mobbed/fleeing 90 9 63 0 2 5 0
Flushed 29 12 10 0 0 4 0
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Table 5-8. Total minutes of flight behaviors recorded during 1,958 observation sessions, where CORA =
Common raven, HOLA = horned lark, LOSH = loggerhead shrike, MALL = mallard, RODO = rock dove,
WEME = western meadowlark, and TUVU = turkey vulture.

Flight behaviors observed
within the 28 plots in the

Minutes of flight activity

APWRA TUVU CORA MALL LOSH WEME | HOLA | RODO
Soaring 739 192 0 0 0 0 2
Column soaring 0 0 0 0 0 0 0
Flying through 320 1182 81 64 146 146 513
Gliding 706 326 0 1 6 0 0
Surfing 9 54 0 6 0 46 0
Contouring 1 1 0 0 0 0 0
Circling/searching 640 302 0 0 0 0 19
Kiting/hovering 0 16 0 6 0 0 0
Fly-catching 0 1 0 2 0 0 0
Diving 1 4 0 10 0 0 0
Ground hopping 2 34 0 31 96 50 1
Short flights 2 114 1 11 10 10 159
Display (interacting) 0 26 0 4 0 10 0
Flocking 0 0 0 0 0 0 0
Mobbing 0 55 0 0 0 0 0
Mobbed/fleeing 0 10 0 1 0 0 0
Flushed 0 1 1 1 0 0 0

Table 5-9. Total minutes of flight behaviors recorded at blade height within 50 m of turbine, where

AMKE = American kestrel, BUOW = burrowing owl, GOEA = golden eagle, NOHA = northern harrier,
PRFA = prairie falcon, and RTHA = red-tailed hawk.

Flight behaviors within 50 m
of turbines and at blade

Minutes of flight activity

height All birds GOEA | RTHA | NOHA | PRFA AMKE | BUOW
Soaring 515 38 335 15 4 9 0
Column soaring 240 0 0 0 0 0 0
Flying through 5518 13 156 14 12 75 0
Gliding 444 25 203 2 2 1 0
Surfing 31 10 5 0 0 2 0
Contouring 22 18 3 0 0 0 0
Circling/searching 408 6 185 4 3 49 0
Kiting/hovering 700 4 594 0 3 92 0
Fly-catching 3 0 0 0 0 2 0
Diving 25 0 12 0 0 11 0
Ground hopping 1528 0 195 0 2 0 0
Short flights 359 0 9 0 0 17 147
Display (interacting) 29 0 8 0 0 5 0
Flocking 230 0 0 0 0 0 0
Mobbing 17 0 5 0 0 11 0
Mobbed/fleeing 14 2 9 0 2 0 0
Flushed 4 2 2 0 0 0 0
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Table 5-10. Total minutes of flight behaviors recorded at blade height within 50 m of turbine, where
CORA = Common raven, HOLA = horned lark, LOSH = loggerhead shrike, MALL = mallard, RODO =
rock dove, WEME = western meadowlark, and TUVU = turkey vulture.

Flight behaviors within 50 m of Minutes of flight activity
turbines and at blade height | Tyyy | CORA | MALL | LOSH | WEME | HOLA | RODO

Soaring 83 29 0 0 0 0 0
Column soaring 0 0 0 0 0 0 0
Flying through 23 245 2 2 20 24 64
Gliding 81 125 0 0 0 0 0
Surfing 0 8 0 0 0 0 0
Contouring 0 1 0 0 0 0 0
Circling/searching 62 69 0 0 0 0 5
Kiting/hovering 0 4 0 2 0 0 0
Fly-catching 0 1 0 0 0 0 0
Diving 0 0 0 2 0 0 0
Ground hopping 0 14 0 1 0 0 0
Short flights 0 47 0 5 0 0 8
Display (interacting) 0 10 0 0 0 0 0
Flocking 0 0 0 0 0 0 0
Mobbing 0 0 0 0 0 0 0
Mobbed/fleeing 0 1 0 0 0 0 0
Flushed 0 0 0 0 0 0 0

Table 5-11. Total minutes of flight behaviors recorded at blade height within 50 m of operating turbine,
where AMKE = American kestrel, BUOW = burrowing owl, GOEA = golden eagle, NOHA = northern
harrier, PRFA = prairie falcon, and RTHA = red-tailed hawk.

Flight behaviors within 50 m and Minutes of flight activity
at blade height of operating
turbine All birds | GOEA | RTHA | NOHA | PRFA | AMKE | BUOW

Soaring 216 18 0 15 4 0 0
Column soaring 240 0 0 0 0 0 0
Flying through 706 4 40 1 0 10 0
Gliding 243 11 105 0 2 0 0
Surfing 1 0 0 0 0 0 0
Contouring 18 18 132 0 0 0 0
Circling/searching 77 0 23 2 3 3 0
Kiting/hovering 456 0 408 0 2 42 0
Fly-catching 2 0 0 0 0 2 0
Diving 14 0 11 0 0 3 0
Ground hopping 195 0 194 0 0 0 0
Short flights 13 0 3 0 0 2 0
Display (interacting) 27 0 11 0 0 3 0
Flocking 0 0 0 0 0 0 0
Mobbing 5 0 3 0 0 1 0
Mobbed/fleeing 3 2 0 0 0 0 0
Flushed 3 2 1 0 0 0 0
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Table 5-12. Total minutes of flight behaviors recorded at blade height within 50 m of operating turbine,
where CORA = Common raven, HOLA = horned lark, LOSH = loggerhead shrike, MALL = mallard,

RODO = rock dove, WEME = western meadowlark, and TUVU = turkey vulture.

Flight behaviors within 50 m Minutes of flight activity
and at blade height of

operating turbine TUVU | CORA | MALL | LOSH | WEME | HOLA RODO
Soaring 34 11 0 0 0 0 0
Column soaring 0 0 0 0 0 0 0
Flying through 10 65 0 0 12 0 38
Gliding 55 68 0 0 0 0 0
Surfing 0 0 0 0 0 0 0
Contouring 0 0 0 0 0 0 0
Circling/searching 39 4 0 0 0 0 3
Kiting/hovering 0 4 0 0 0 0 0
Fly-catching 0 0 0 0 0 0 0
Diving 0 0 0 0 0 0 0
Ground hopping 0 0 0 0 0 0 0
Short flights 0 8 0 0 0 0 0
Display (interacting) 0 13 0 0 0 0 3
Flocking 0 0 0 0 0 0 0
Mobbing 0 0 0 0 0 0 0
Mobbed/fleeing 0 1 0 0 0 0 0
Flushed 0 0 0 0 0 0 0

Table 5-13. The distribution of perch time among select species observed in the APWRA.
Number of minutes observed perching on:
] . Land- Trans- Electric .
Species Wll}d Power scape mission distribution An.cﬂlary Total
turbine | pole . equipment
element | tower line

Golden eagle 31 264 408 227 42 36 1008
Turkey vulture 0 0 85 0 11 0 96
Red-tailed hawk 4329 1361 1565 341 1050 250 8896
Northern harrier 1 0 85 0 0 0 86
Prairie falcon 14 10 23 11 25 0 83
American kestrel 1039 121 131 17 869 99 2276
Burrowing owl 56 24 1241 117 0 0 1438
Common raven 1093 175 374 20 227 46 1935
European starling 1877 0 0 0 196 67 2140
House finch 7295 2 0 0 6150 78 13525
Loggerhead shrike 194 55 65 0 350 43 707
Rock dove 109 1 0 0 1 17 128
Western meadowlark 236 5 69 0 125 20 455
Horned lark 0 0 409 0 0 0 409
Total 22918 | 2049 42111 656 12193 15663 95590
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Table 5-14. The distribution of perch time among select species observed in the APWRA. The
discrepancies in total values between this and Table 5-13 are due to missing values.

) Number of minutes observed perching on wind turbine/tower that is:

A Operating Not operating Broken Total
Turkey vulture 0 0 0 0
Golden eagle 0 26 0 26
Red-tailed hawk 105 4065 62 4232
Northern harrier 0 1 0 1
Prairie falcon 0 14 0 14
American kestrel 55 940 7 1002
Burrowing owl 0 56 0 56
Common raven 63 990 9 1062
European starling 240 1196 441 1877
House finch 0 7295 0 7295
Loggerhead shrike 4 181 0 185
Rock dove 26 57 26 109
Western meadowlark 7 224 0 231
Horned lark 0 0 0 0
Total 500 19571 623 20694

Association Analysis

Seasons

Select bird species demonstrated strong seasonal patterns in time spent flying. Golden eagles flew more often
than expected by chance during the warmer months when red-tailed hawks flew less often, and red-tailed
hawks flew more often during the fall and winter when golden eagles flew less (Figure 5-25). Northern
harriers favored fall and winter as well, but prairie falcons and American kestrels flew more often than
expected during the summer months (Figures 5-26 and 5-27). Burrowing owls strongly favored March to fly
(Figure 5-27). Turkey vulture flight time peaked in January and September, and common ravens favored
early spring and late fall for flight (Figure 5-28). Mallard flight time occurred disproportionately during late
spring (Figure 5-29). Western meadowlark and California horned lark flight time favored late fall into early
spring (Figure 5-30).

Golden eagles spent a disproportionate amount of time perching during September and November, whereas
red-tailed hawks favored perching in fall and winter (Figure 5-31). Northern harriers were seen perching
disproportionately more often during March and fall/early winter, which was similar to that seen for prairie
falcons (Figure 5-32) and American kestrels (Figure 5-33). Burrowing owls were seen perched more often
than expected during spring (Figure 5-33). Turkey vultures perched more often during May and late summer,
and common ravens perched disproportionately longer during winter and spring (Figure 5-34). Loggerhead
shrikes perched for disproportionately longer periods during winter and spring (Figure 5-35). California
horned larks perched for disproportionately longer periods during winter, and western meadowlarks extended
that period into spring (Figure 5-36).

Flights through the rotor zone were taken more often than expected by chance during winter and summer by

golden eagles, and during fall by red-tailed hawks (Figure 5-37), northern harriers, and American kestrels
(Figure 5-38). They were taken more often during summer by turkey vulture and during fall and winter by
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common raven (Figure 5-39). Patterns observed for loggerhead shrike and western meadowlark were
unreliable due to inadequate sample sizes (Figure 5-40).

Golden eagles flew within 50 m of turbines more often than expected by chance during summer, and red-
tailed hawks did so during fall and winter (Figure 5-41). These close flights were disproportionately more
common during fall, winter and early spring by northern harrier, and during summer by prairie falcon (Figure
5-42). They were made more often than expected during fall and winter by American kestrel, and almost all
such flights were made by burrowing owls during February (Figure 5-43). Common ravens flew within 50 m
of turbines disproportionately more often during winter and early spring (Figure 5-44), whereas mallards did
so in May and September and loggerhead shrikes did so during winter and early spring (Figure 5-45).
Western meadowlark favored flights near turbines during February and March, and California horned larks
did so during January and November (Figure 5-46).

The amount of time most species spent flying at blade height and within 50 m of operating turbines was too
small at the species level for detailed analysis, so we limited our examination of it to all species combined
and red-tailed hawk. All species combined spent more time performing these dangerous flights during the
winter months (Figure 5-47A), and red-tailed hawk did so during December (Figure 5-47B).
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Figure 5-25. Associations between number of minutes of flight by month for golden eagle and red-tailed
hawk. For both species, y* tests were significant, P < 0.05.
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Figure 5-26. Associations between number of minutes of flight by month for northern harrier and prairie
falcon. For both species, y” tests were significant, P < 0.05.
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Figure 5-27. Associations between number of minutes of flight by month for American kestrel and
burrowing owl. For both species,  tests were significant, P < 0.05.
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Figure 5-28. Associations between number of minutes of flight by month for turkey vulture and common
raven. For both species, % tests were significant, P < 0.05.
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Figure 5-29. Associations between number of minutes of flight by month for mallard and loggerhead
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shrike. For both species, %* tests were significant, P < 0.05.
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Figure 5-30. Associations between number of minutes of flight by month for western meadowlark and
California horned lark. For both species, ¥ tests were significant, P < 0.05.
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Figure 5-31. Associations between number of minutes of perching by month for golden eagle and red-
tailed hawk. For both species, y* tests were significant, P < 0.05.
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Figure 5-32. Associations between number of minutes of perching by month for northern harrier and
prairie falcon, where lighter bars indicate expected cell values of <5 and are therefore of less reliability.
For both species, y” tests were significant, P < 0.05.
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Figure 5-33. Associations between number of minutes of perching by month for American kestrel and
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burrowing owl. For both species, y* tests were significant, P < 0.05.
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Figure 5-34. Associations between number of minutes of perching by month for turkey vulture and
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common raven. For both species, y° tests were significant, P < 0.05.
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Figure 5-35. Associations between number of minutes of perching by month for loggerhead shrike. For
both species, ” tests were significant, P < 0.05.
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Figure 5-36. Associations between number of minutes of perching by month for western meadowlark
and California horned lark. For both species, y* tests were significant, P < 0.05.
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Figure 5-37. Associations between number of flights through the rotor zone by month for golden eagle

and red-tailed hawk, where lighter bars indicate expected cell values of <5 and therefore are therefore of
less reliability. For both species, y” tests were significant, P < 0.05.
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Figure 5-38. Associations between number of flights through the rotor zone by month for northern

harrier and American kestrel, where lighter bars indicate expected cell values of <5 and are therefore of
less reliability. For both species, i tests were significant, P < 0.05.
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Figure 5-39. Associations between number of flights through the rotor zone by month for turkey vulture

and common raven, where lighter bars indicate expected cell values of <5 and are therefore of less
reliability. For both species, y* tests were significant, P < 0.05.
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Figure 5-40. Associations between number of flights through the rotor zone by month for loggerhead
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shrike and western meadowlark, where lighter bars indicate expected cell values of <5 and are therefore
of less reliability. In the figure, “ns” denotes nonsignificant y” test, where P > 0.10.
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Figure 5-41. Associations between number of flights within 50 m of a wind turbine by month for golden

eagle and red-tailed hawk. For both species, * tests were significant, P < 0.05.
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Figure 5-42. Associations between number of flights within 50 m of a wind turbine by month for

northern harrier and prairie falcon, where lighter bars indicate expected cell values of <5 and are therefore
of less reliability. For both species, ¥* tests were significant, P < 0.05.
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Figure 5-43. Associations between number of flights within 50 m of a wind turbine by month for

American kestrel and burrowing owl, where lighter bars indicate expected cell values of <5 and are
therefore of less reliability. For both species, y* tests were significant, P < 0.05.
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Figure 5-44. Associations between number of flights within 50 m of a wind turbine by month for turkey

vulture and common raven. For both species, y° tests were significant, P < 0.05.
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Figure 5-45. Associations between number of flights within 50 m of a wind turbine by month for mallard

and loggerhead shrike, where lighter bars indicate expected cell values of <5 and are therefore of less
reliability. For both species, * tests were significant, P < 0.05.
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Figure 5-46. Associations between number of flights within 50 m of a wind turbine by month for

western meadowlark and California horned lark, where lighter bars indicate expected cell values of <5
and are therefore of less reliability. For both species, y* tests were significant, P < 0.05.
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Figure 5-47. The average minutes of flight of all birds (A) and red-tailed hawks (B) at blade height and
within 50 m of operating wind turbines during each month.

Wind Speed

Golden eagles spent more time flying than expected by chance during the higher end of intermediate wind
speeds, whereas red-tailed hawks and northern harriers flew more often during intermediate to the lower end
of intermediate wind speeds (Figure 5-48). Prairie falcons preferred to fly during high winds, but American
kestrels and burrowing owls preferred slow winds (Figure 5-49). Turkey vulture and common raven both
preferred to fly during the slower end of intermediate wind speeds, but mallard preferred to fly during high
winds (Figure 5-50). Intermediate winds were the preferred winds for flight by loggerhead shrike, western
meadowlark, and California horned lark (Figure 5-51).

Golden eagle, red-tailed hawk, and northern harrier spent more time perching than expected by chance during

slow winds (Figure 5-52). The same was true for American kestrel, but prairie falcon perched more often
during intermediate winds and burrowing owl during high winds (Figure 5-53). Turkey vulture also preferred
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to perch during high winds, but common raven favored slow winds or no wind for perching (Figure 5-54).
Loggerhead shrike, western meadowlark and California horned lark were all seen perching during slow winds
over longer periods than expected by chance (Figure 5-55).

Flights through the rotor zone were made more often than expected by chance during high winds by golden
eagle, and slow winds by red-tailed hawk and northern harrier (Figure 5-56). Slow winds were favored for
this behavior by American kestrel and common raven, but intermediate to high winds were favored by turkey
vulture (Figure 5-57). Loggerhead shrike and western meadowlark made more of the flights than expected
during slow winds, but these results were unreliable due to inadequate sample sizes (Figure 5-58).

The number of flights within 50 m of turbines exceeded the number expected by chance during high winds
for golden eagle, and during slow winds for red-tailed hawk and northern harrier (Figure 5-59). These flights
were made disproportionately more often during slow winds by prairie falcon, American kestrel and
burrowing owl (Figure 5-60), and during intermediate winds by turkey vulture, common raven and mallard
(Figure 5-61). Slow to intermediate wind speeds were favored for this behavior by loggerhead shrike,
western meadowlark and California horned lark (Figure 5-62).
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Figure 5-48. Associations between minutes of flight by Beaufort wind force level for golden eagle, red-
tailed hawk, and northern harrier. For each species, y° tests were significant, P < 0.05.
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Figure 5-49. Associations between minutes of flight by Beaufort wind force level for prairie falcon (not

significant), American kestrel, and burrowing owl (for the latter two species, * tests were significant, P <
0.05), and where lighter bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-50. Associations between minutes of flight by Beaufort wind force level for turkey vulture,

common raven, and mallard, where lighter bars indicate expected cell values of <5 and are therefore of
less reliability. For each species, ¥ tests were significant, P < 0.05.
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Figure 5-51. Associations between minutes of flight by Beaufort wind force level for loggerhead shrike,

western meadowlark, and California horned lark, where lighter bars indicate expected cell values of <5
and are therefore of less reliability. For each species, y” tests were significant, P < 0.05.
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Figure 5-52. Associations between minutes of perching by Beaufort wind force level for golden eagle,
red-tailed hawk, and northern harrier. For each species, % tests were significant, P < 0.05.
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Figure 5-53. Associations between minutes of perching by Beaufort wind force level for prairie falcon,
American kestrel, and burrowing owl. For each species, y” tests were significant, P < 0.05.
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Figure 5-54. Associations between minutes of perching by Beaufort wind force level for turkey vulture
and common raven. For both species, % tests were significant, P < 0.05.
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Figure 5-55. Associations between minutes of perching by Beaufort wind force level for loggerhead
shrike, western meadowlark, and California horned lark. For each species,  tests were significant, P <
0.05.
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Figure 5-56. Associations between number of flights through the rotor zone by Beaufort wind force level

for golden eagle (not significant), red-tailed hawk, and northern harrier (signficant y* tests, P < 0.05), and
where lighter bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-57. Associations between number of flights through the rotor zone by Beaufort wind force level

for American kestrel, turkey vulture, and common raven, where lighter bars indicate expected cell values
of <5 and are therefore of less reliability. For each species, x* tests were significant, P < 0.05.
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Figure 5-58. Associations between number of flights through the rotor zone by Beaufort wind force level
for loggerhead shrike, and western meadowlark (not significant), and where lighter bars indicate expected

cell values of <5 and are therefore of less reliability.
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Figure 5-59. Associations between number of flights within 50 m of a wind turbine by Beaufort wind

force level for golden eagle, red-tailed hawk, and northern harrier, where lighter bars indicate expected
cell values of <5 and are therefore of less reliability. For each species, y” tests were significant, P < 0.05.
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Figure 5-60. Associations between number of flights within 50 m of a wind turbine by Beaufort wind

force level for prairie falcon, American kestrel, and burrowing owl () tests for latter two species were
significant, P < 0.05). Lighter bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-61. Associations between number of flights within 50 m of a wind turbine by Beaufort wind
force level for turkey vulture, common raven ()* tests were significant, P < 0.05), and mallard (not
significant). Lighter bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-62. Associations between number of flights within 50 m of a wind turbine by Beaufort wind
force level for loggerhead shrike, western meadowlark, and California horned lark. For each species,
tests were significant, P < 0.05. Lighter bars indicate expected cell values of <5 and are therefore of less
reliability.

Wind Direction (origin)

Golden eagles spent disproportionately more time flying during east and southwest winds, red-tailed hawks
during northwest winds, and northern harriers during north, northeast, east, southeast, and south winds
(Figure 5-63). Prairie falcons favored north winds in which to fly, American kestrels favored north and east
winds, and burrowing owls favored southwest winds (Figure 5-64). Turkey vultures favored northeast winds;
common ravens flew more often in north, northeast east and southeast winds, and mallard in northeast and
southwest winds (Figure 5-65). East and southeast winds were favorite winds to fly in by loggerhead shrikes
and western meadowlarks and California horned larks favored southwest and west winds (Figure 5-66).

Perching by golden eagles exceeded the time expected by chance during no winds or when winds originated

from the east, southeast and south (Figure 5-67). Red-tailed hawks preferred to perch during north, northeast
and east winds, and northern harriers preferred to perch during east winds (Figure 5-68). Prairie falcons

159



preferred to perch during northeast winds, American kestrels during north, northeast, east, southeast and
south winds, and burrowing owls during east winds (Figure 5-68). Turkey vultures preferred northeast winds
for perching, and common ravens preferred no winds or southeast and south winds (Figure 5-69).
Loggerhead shrikes spent a disproportionate amount of time perching during east winds, western
meadowlarks during no winds or east, southeast and south winds, and California horned larks during west
and northwest winds (Figure 5-70).

Flights through the rotor zone were made more often than expected by chance in north, northeast, and east
winds by red-tailed hawk and northern harrier (Figure 5-71), as well as by American kestrel and common
raven (Figure 5-72). Western meadowlark flew through the rotor zone more often than expected in no winds
and in northeast, southeast and south winds (Figure 5-73).

Flights within 50 m of turbines were disproportionately more common in northeast and southwest winds by
golden eagle, north and northeast winds by red-tailed hawk, and north, east and southeast winds by northern
harrier (Figure 5-74). They were more common in north and northwest winds by prairie falcon, north and
east winds by American kestrel, and east winds by burrowing owl (Figure 5-75). Turkey vultures preferred to
make such flights in north winds, and common ravens in north, southeast and south winds (Figure 5-76).
Loggerhead shrikes made more of these flights than expected in west winds, western meadowlarks in
northeast and southeast winds, and California horned larks in northeast and northwest winds (Figure 5-77).
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Figure 5-63. Associations between minutes of flight by wind direction for golden eagle, red-tailed hawk,

and northern harrier. For each species, y tests were significant, P < 0.05.
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Figure 5-64. Associations between minutes of flight by wind direction for prairie falcon, American

kestrel, and burrowing owl. For each species, y tests were significant, P < 0.05. Lighter bars indicate
expected cell values of <5 and are therefore of less reliability.
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0 05 10 15 20

Observed + Expected Minutes of Flight

cell values of <5 and are therefore of less reliability.

25

3.0

3.5

163



. . . Value expected
Wind direction «— by chance
|

(Origin) |
0

ns

N

NE

Loggerhead g | |
shrike SE -

S
SW
w
NW.

0
N

NE
Western E
meadowlark
SE
S

Sw
w
NW

0
N
California NE
horned lark E
SE
S
sSw
w
NwW

0 05 10 15 20 25 30 35
Observed + Expected Minutes of Flight

Figure 5-66. Associations between minutes of flight by wind direction for loggerhead shrike (not

significant), western meadowlark, and California horned lark (y* tests were significant, P < 0.05). Lighter
bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-67. Associations between minutes of perching by wind direction for golden eagle, red-tailed

hawk, and northern harrier. For each species, ” tests were significant, P < 0.05. Lighter bars indicate
expected cell values of <5 and are therefore of less reliability.
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Figure 5-68. Associations between minutes of perching by wind direction for prairie falcon, American

kestrel, and burrowing owl. For each species, y” tests were significant, P < 0.05. Lighter bars indicate
expected cell values of <5 and are therefore of less reliability.
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Figure 5-69. Associations between minutes of perching by wind direction for turkey vulture, and

common raven. For both species, % tests were significant, P < 0.05. Lighter bars indicate expected cell
values of <5 and are therefore of less reliability.
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Figure 5-70. Associations between minutes of perching by wind direction for loggerhead shrike, western
meadowlark, and California horned lark. For each species, x* tests were significant, P < 0.05.
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Figure 5-71. Associations between number of flights through the rotor zone by wind direction for golden
eagle (not significant), red-tailed hawk, and northern harrier ()* tests were significant, P < 0.05). Lighter
bars indicate expected cell values of <5 and are therefore of less reliability.

169



Wind direction Value expected

(Origin) +— by chance
0
N
NE
E B
American  SE |
kestrel S |
SW
w
N
ns
Turkey
vulture
Common
raven
0 1 2 3 4

Observed + Expected Number of Flights through Rotor Zone

Figure 5-72. Associations between number of flights through the rotor zone by Beaufort wind force level
for American kestrel (5 test was significant, P < 0.05), turkey vulture (not significant), and common
raven (y° test was significant, P < 0.05). Lighter bars indicate expected cell values of <5 and are therefore
of less reliability.
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Figure 5-73. Associations between number of flights through the rotor zone by wind direction for

loggerhead shrike (not significant) and western meadowlark (y” tests was significant, P < 0.05). Lighter
bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-74. Associations between number of flights within 50 m of a wind turbine by wind direction for
golden eagle, red-tailed hawk, and northern harrier. For each species, y* tests were significant, P < 0.05.
Lighter bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-75. Associations between number of flights within 50 m of a wind turbine by wind direction for
prairie falcon, American kestrel, and burrowing owl. For each species, ¥* tests were significant, P < 0.05.
Lighter bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-76. Associations between number of flights within 50 m of a wind turbine by wind direction for
turkey vulture, common raven (y” tests were significant, P < 0.05), and mallard (not significant). Lighter
bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-77. Associations between number of flights within 50 m of a wind turbine by wind direction for
loggerhead shrike, western meadowlark, and California horned lark. For each species, y” tests were
significant, P < 0.05. Lighter bars indicate expected cell values of <5 and are therefore of less reliability.

Squirrel Activity

While ground squirrels were active, flight activity extended longer than expected by chance for golden eagle,
northern harrier, burrowing owl, loggerhead shrike, and western meadowlark (Figure 5-78). Flight time was
disproportionately longer during periods of no squirrel activity for red-tailed hawk, American kestrel, turkey
vulture, common raven, and California horned lark (Figure 5-78). Perching and flying related similarly to
squirrel activity, although turkey vultures and common ravens perched longer than expected while squirrels
were active, and prairie falcons perched longer while squirrels were inactive (Figure 5-79).

While ground squirrels were active, flights through the rotor zone were more common than expected by

chance for golden eagle, and while squirrels were inactive, these flights were more common for red-tailed
hawk and American kestrel (Figure 5-80).
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While ground squirrels were active, flights within 50 m of turbines were more common than expected for
golden eagle, northern harrier, prairie falcon, burrowing owl, and loggerhead shrike, and they were less
common for red-tailed hawk, American kestrel, turkey vulture, common raven, and California horned lark
(Figure 5-81).
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Figure 5-78. Associations between minutes of flight per ground squirrel activity level during behavioral

observation sessions. For each species except prairie falcon, y” tests were significant, P < 0.05. Lighter
bars indicate expected cell values of <5 and are therefore of less reliability.
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Figure 5-80. Associations between number of flights through the rotor zone per ground squirrel activity
level during behavioral observation sessions. In the figure, “ns” denotes y” tests that were not significant,
and no notation represents y” tests that were significant, P < 0.05. Lighter bars indicate expected cell

values of <5 and are therefore of less reliability.

178



Value expected
4+ by chance

Squirrel
activity?
Golden yes
eagle no
Red-tailed yes
hawk po

Northern yes

harrier no

Prairie yes
falcon

no

American yes
kestrel

Burrowing yes
owl po

Turkey yes
vulture [o

Common yes

raven o
Mallard yes ns
no
Loggerhead yes
shrike po
ns

Western yes
meadowlark po

Horned yes

lark no

0 0.5 1.0 1