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Distribution, Nesting Activities, and Age-Class of
Territorial Pairs of Golden Eagles at the Altamont Pass
Wind Resource Area, California, 2014-16

By Patrick S. Kolar and J. David Wiens

Abstract

The substantial numbers of golden eagles (Aquila chrysaetos) killed by collisions with old-
generation wind turbines each year at the Altamont Pass Wind Resource Area (APWRA) in California
has been well documented from previous studies. Few eagle nests have been documented in the
APWRA, however, and adults and subadults 3+ years of age killed by turbines were generally not
associated with nearby territories. We searched a subset of randomly selected survey plots for territorial
pairs of golden eagles and associated nesting attempts within the APWRA as part of a broader
investigation of population dynamics in the surrounding northern Diablo Range. In contrast to limited
historical observations from 1988 to 2013, our surveys documented up to 15 territorial pairs within 3.2
kilometers (km) of wind turbines at the APWRA annually, 9 of which were not previously documented
or only observed intermittently during historical surveys. We found evidence of nesting activity by adult
pairs at least once during our study at six of these territories. We also determined that 23—-36 percent of
territories identified within 3.2 km of the APWRA had a subadult pair member, but that no pairs with a
subadult member attempted to nest. These data will be useful to developers, wildlife managers, and
future raptor studies in the area to evaluate and minimize the potential effects of wind energy or other
development activities on previously unknown territorial pairs in the area.

Introduction

Located approximately 90-kilometers (km) east of San Francisco, California, the Altamont Pass
Wind Resource Area (APWRA) supports a broad diversity of resident, migratory, and wintering hawks
and eagles (Orloff and Flannery, 1992). The local breeding population of golden eagles (Aquila
chrysaetos) in the APWRA and broader Diablo Range is non-migratory, with pairs defending their
territories year-round (Hunt and others, 2017; Wiens and others, 2015). Multiple studies of avian
mortality at the APWRA have shown that substantial numbers of golden eagles, primarily aged as
subadults and adults, are killed by collisions with wind turbines each year (Orloff and Flannery, 1992;
Hunt, 2002; Smallwood and Thelander, 2008; ICF International, 2016). Expansive grassland supporting
an abundance of California ground squirrels (Spermophilus beecheyii), a primary prey of golden eagles
in the region (Hunt, 2002), and highly variable, rugged terrain that produces updrafts beneficial to
foraging behaviors, suggest that lands in the APWRA may contain suitable breeding habitat for golden
eagles (Wiens and others, 2015). Few eagle nests have been documented in the APWRA, however, and
adults and subadults 3+ years of age killed by turbines were generally thought to be floaters (that is,
breeding-aged individuals that are prevented from reproducing by lack of a territory or nesting
opportunities) (Steenhof and Newton, 2007; Penteriani and others, 2011). Orloff and Flannery (1992)



surveyed all potential raptor nesting substrates in the APWRA in 1989 and found only one unused
historical golden eagle nest. Jones and Stokes (1989) documented three nesting pairs of eagles 1.6-3.2
km outside of the APWRA boundary. Howell and DiDonato (1991) surveyed a small part of the
APWRA for nesting raptors from 1988 to 1989 and found one eagle pair with nestlings. Smallwood and
others (2009) recorded territorial behavior of golden eagles directed towards younger age-classes near
wind turbines during behavioral observations from 1998-2016, but it was not known if these individuals
were associated with nearby territories (S. Smallwood, independent consultant, written commun., 2016).
Hunt (2002) noted that 18 regularly occupied territories of golden eagles occurred within 10 km of the
APWRA, but with few observations of pairs using the area near turbines (Hunt, 2002; Hunt and Hunt,
2006). No nesting attempts were documented in the designated APWRA zoning boundary during
limited, periodic surveys from 1994-2013, except one ground-nest observed in the mid-1990s that was
constructed by golden eagles, but contained no indication that eggs were present (G. Hunt, The
Peregrine Fund, oral commun., 2016).

We conducted repeated surveys for golden eagles near the APWRA during 2014—16 as part of a
broader investigation of population dynamics in the northern Diablo Range of central California (fig. 1;
also see Wiens and others, 2015). Objectives of this broader study were to (1) estimate the distribution
and abundance of nesting and non-nesting territorial pairs of eagles in the Diablo Range, and (2) provide
recommendations to improve strategies for monitoring population status of golden eagles in disturbed
landscapes. Given the potential for high mortality of golden eagles near wind turbines (Hunt, 2002), and
the disproportionate influence that decreased survival of territorial adults can have on stability of the
local breeding population (Hunt and others, 2017), our surveys also included lands in the APWRA. As
recommended by Driscoll (2010) and Pagel and others (2010), we also attempted to visually determine
the age-class of eagle pair members, because the proportion of territorial subadults in a study population
has been previously suggested as an indicator of poor-quality habitats or population decline (Balbontin
and others, 2003; Ferrer and others, 2003; Hunt and others, 2017).

Current management guidelines for golden eagles (U.S. Fish and Wildlife Service, 2013)
consider occupied territories overlapping with wind-energy project boundaries to potentially be at risk
of disturbance, so surveys are recommended within an area equivalent to the average nearest-neighbor
distance of simultaneously occupied territories (approximately 3.2 km in our study area) prior to
construction of turbines and related infrastructure. To determine the distribution and potential number of
territorial pairs specific to this area of management interest at the APWRA, we delineated the survey
effort from our broader study beyond the designated APWRA zoning boundary using a 3.2 km buffer
around old and existing wind-turbines (fig. 1; see Hunt, 2002; Hunt and Hunt, 2006). This report
summarizes our observations of territorial pairs of golden eagles and nesting activities in close
proximity (3.2 km) of current and historically operational wind turbines in the APWRA. These data will
be useful to developers, wildlife managers, and future raptor studies in the area to evaluate and
minimize the potential effects of renewable energy or other development activities on territorial eagle
pairs near the APWRA and the local population.



Methods
Study Area and Survey Design

The 5,170-km’ study area encompassed all areas in public or private ownership in the northern
Diablo Range, California, and included the APWRA, which was located in the northeastern quadrant of
the study area (fig. 1; see Wiens and others, 2015, for details). Suitable nesting substrates for golden
eagles near the APWRA primarily included towers along a 230 kilovolt (kV) transmission line, limited
cliff faces on small rock outcrops, and sparsely distributed eucalyptus (Eucalyptus spp.) and oak
(Quercus spp.) trees. In 2005, wind energy developers began to repower parts of the APWRA by
gradually decommissioning old-generation wind turbines, generally those less than 660 kilowatts, and
replacing them with fewer larger turbines with greater generating capacity (Smallwood and Karas, 2009;
ICF International, 2016). The remaining old-generation wind turbines were subjected to seasonal
shutdowns, individually removed to reduce fatalities, or became non-operational due to mechanical
breakdown (ICF International, 2016), but most were operational until late 2015 and many were removed
from the landscape by fall 2016 (fig. 1).
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Figure 1. Map showing distribution of randomly selected sample plots (1,385 hectare hexagons) and a 3.2
kilometer (km) buffer from wind turbines in the Altamont Pass Wind Resource Area (APWRA) that were repeatedly
surveyed for golden eagles as part of a broader study (inset map) in the northern Diablo Range, California, 2014—
16. Wind turbines are represented as historical old-generation (40-750 kilowatt, currently non-operational and
mostly removed) and new-generation (660 kilowatt-2.3 megawatt) that became operational between 2005 and
2016.



We used a broad-scale survey design to estimate occupancy, reproduction, and abundance of
breeding and non-breeding golden eagles in the Diablo Range study area, including the APWRA (Wiens
and others, 2015). Areas targeted for repeated surveys for eagles were selected randomly from a grid of
equal-sized (1,385 hectares [ha]) hexagonal cells overlaid on the study area (figs. 1 and 2). The size of
each hexagon cell (survey plot) corresponded to the estimated mean size of an eagle territory (about
1,385 ha; Wiens and others, 2015; Hunt and others, 2017).

We conducted repeated surveys of selected sample plots overlapping with the APWRA (n = 13;
fig. 1) up to four times during the breeding season (December—July), following a standardized protocol
for determining occupancy and reproductive status of eagles (Wiens and others, 2015). Additional
surveys were done, when necessary, to determine the outcome of nesting attempts. We partitioned
survey periods by using four developmental stages of the breeding season: courtship (December 15—
February 28), incubation (March 1-April 30), nestling (May 1-June 15), and the fledging period (June
16—July 30) (G. Hunt and T. Hunt, The Peregrine Fund, oral commun., 2016). On each survey, we
established 14 observation points (OPs) on selected ridges and hilltops to provide complete coverage
of the focal sample plot. A single observer then searched for evidence of occupancy and reproduction by
golden eagle pairs for up to a 4-hour observation period (Pagel and others, 2010 U.S. Fish and Wildlife
Service, 2013) using binoculars and high-powered spotting scopes (12—40x60 mm) to observe territorial
behaviors and nesting activities. When pairs were observed in focal plot boundaries, we obtained more
precise information on their areas of activity by watching from closer OPs, when possible, without
causing disturbance. On each visit we characterized a sample plot as being in one of three possible
observation states: (1) no eagles detected; (2) pair detected but no evidence of nesting observed; or (3)
pair detected with evidence of successful reproduction (>1 young fledged). Thus, sites could only be
attributed to state ‘3’ during the last two sampling periods of the breeding season. Any follow-up
surveys that were required to complete the survey (that is, complete the 4-hour observation period,
confirm suspected observation state, or survey remaining parts of the survey plot) were generally done
in less than 7 days. We considered a sample plot to be occupied by a territorial pair if we observed (1) a
golden eagle pair copulating, undulating, or perching together; (2) an incubating eagle in a nest or a
female with a brood patch; or (3) nestlings or fledglings in or near a nest (Steenhof and Newton, 2007).
Pairs were determined to be nesting if we observed adults or subadults in incubation posture, nests with
eggs/eggshells, or nestlings or fledglings present. Nesting attempts were considered to be successful if
nestlings or fledglings were greater than 80 percent of average fledging age (approximately 51 days old;
Kochert and others, 2002; Steenhof and Newton, 2007).

We ensured territorial pairs were not double-counted by using a combination of methods. In
most cases we attempted to observe adjacent pairs simultaneously to confirm they were distinct and
occupied different sites, and not simply the same pair using multiple survey plots. Most often, this
required that we use OPs between two suspected activity center locations where we could
simultaneously observe pairs undulating in response to one another, or perching in frequently used areas
near nests.



We attempted to classify all golden eagles detected as juveniles, subadults, or adults based on
visible plumage characteristics (see Bloom and Clark, 2001; Good and others, 2004). Generally, we
determined age-class based on a combination of presence/absence of a tawny bar on the upper side of
the wing, conspicuous white patches on the underside of the wing, proportion of white at the base of tail
feathers, and molt patterns. We classified eagles as juveniles if they lacked a tawny bar on the upper
wing, showed conspicuous white patches on the underside of the wing, and had a large proportion of
white at the base of tail feathers. We classified eagles as subadults if the tawny bar was present with
little or no white patches in the wings, and white at the base of at least some tail feathers. We classified
eagles as adults if they had a tawny bar with little to no white in the wings and at the base of tail
feathers. Given the difficulty in classifying golden eagles in flight by age class, especially retained
subadult tail feathers as they transition to adulthood (Liguori, 2004), we attempted to observe plumage
characteristics from multiple angles (that is, tail spread and folded) and during different behaviors (such
as, eagles perching, flying, copulating, or preening). We attempted to determine the sex of subadult pair
members, when possible, through observations of copulations and the relative size difference between
pair members when perching next to one another.

We mapped perches, flight paths, territorial displays, and nest locations observed during surveys
on topographic maps. Using this information, we estimated the approximate center of activity for each
cagle pair we detected using ArcGIS' software (v. 10.1). Activity center locations were considered to
be the approximate location of territorial displays or other areas most often used by territorial birds
during our observations (for example, a nest with young, focal area of copulations, or frequently-used
perches). The activity center is not meant to be a representation of the territory boundaries, but was
simply used to determine the general location of focal behavioral observations relative to the boundary
of the survey plot.

Survey Results

We surveyed 133—136 selected plots across the broader Diablo Range study area each year from
2014 to 2016, 13 of which overlapped with the APWRA (fig. 2). We completed 2—7 surveys at plots
overlapping with the APWRA each year (appendix 1). Seven different observers completed 159 surveys
at these focal survey plots, but most (62.2 percent) were done by one individual; three other observers
each did 9.0-10.5 percent of surveys, and the rest (0.7—6.2 percent) were completed by the remaining
three observers.

We identified 15 territorial pairs of golden eagles with activity centers estimated to be within 3.2
km of historically operational wind turbine locations at the APWRA (fig. 2; appendix 2). Many of the
pairs were detected on numerous occasions, both during different survey occasions in selected focal
plots and during surveys of adjacent plots. An additional adult pair nested each year in one of these
selected survey plots (369), but their center of activity and associated nests were outside the 3.2-km
APWRA buffer. All 15 territories identified in the APWRA buffer were occupied by a pair of golden
eagles from 2014 to 2016 except two—Silva, which was outside our focal survey area and not detected
in 2014, and Vaquero Farms, where we only detected a lone territorial adult in 2014. The center of
activity for two territories, Midway Road and Windy Valley, shifted from our selected plots in 2015 to
just outside these areas in 2016 (appendix 2).
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Figure 2. Map showing activity center locations (estimated as the mean annual location of observed territorial
activities) for golden eagle (Aquila chrysaetos) pairs associated with the Altamont Pass Wind Resource Area,
California, 2014-16. Also displayed are nests with evidence of construction, refurbishment, or nesting activity (that
is, incubating adults, eggs, nestlings, or fledglings) by golden eagles and red-tailed hawks (Buteo jamaicensis).
Survey plots outside of the 3.2-kilometer (km) buffer from wind turbines and golden eagle nest locations on the Los
Vaqueros Watershed are not displayed.



We found evidence of nesting activity at least once at 6 of the 15 identified territories from 2014
to 2016 (table 1), none of which was by pairs with a subadult. Areas outside our selected plots were not
monitored extensively aside from those in the part of the 3.2-km buffer overlapping with the Los
Vaqueros Watershed (fig. 2), which was part of a separate long-term study (The Wildlife Project, 2016;
H. T. Harvey and Associates, 2017). Of the territorial pairs in selected plots, three nested in 2014, of
which one failed, and three young fledged between the other two nests. In 2015, three pairs nested, but
all failed for unknown reasons during incubation or the early nestling stage. In 2016, three pairs nested,
of which two failed during the early incubation or nestling stage, and the other fledged a single young.
Of the pairs identified on the Los Vaqueros Watershed, but with activity centers outside our selected
plots in the 3.2-km buffer, one pair fledged a single young in 2014 and two pairs each fledged one
young in 2016 (The Wildlife Project, 2016; H. T. Harvey and Associates, 2017). We also found one
failed nesting attempt at the Patterson Pass territory outside of our selected plots in 2016. During our
surveys, we documented large stick nests being used by red-tailed hawks (Buteo jamaicensis) and
common ravens (Corvus corax), in addition to several unused large stick nests, all of which could
potentially be suitable for use by golden eagles, given their size and proximity to the activity centers of
territorial pairs in the area (fig. 2).

Occurrence of Subadult Pair Members

We observed a subadult pair member at least once at 5 of the 15 territories identified near the
APWRA (table 1; appendix 1). In four of these cases, we observed changes in the age of territory
holders from both adult pair members to one subadult pair member the following year. Two additional
territories were occupied by an adult and a pair member that could not conclusively be determined to be
an adult or subadult from one survey to the next. Hunt and Hunt (2006) observed that some adults
showed pale areas in the tail feathers, making them sometimes difficult to distinguish from third-year
subadults (also see Bloom and Clark, 2001). In most cases, however, it is likely these eagles were
indeed subadults, but with white bases of outer tail feathers that were concealed by inner adult tail
feathers, making them appear to be adults when their tails were folded (Bloom and Clark, 2001; Liguori,
2004). It is also possible there was some within-season turnover of territorial pair members and these
were different individuals. Nearly all other subadult eagles were consistently aged as such during
different surveys and, in most cases, by different observers.



Table 1. Summary of nesting activity (with number of young fledged in parentheses) and incidence of subadult pair
membership of territorial golden eagles (Aquila chrysaetos) in 13 randomly selected survey plots and within 3.2
kilometers (km) of wind turbines in the Altamont Pass Wind Resource Area, California, 2014-16.

. L Survey Year
Nesting activity

2014 2015 2016
Number of territorial pairs in sample plots' 8 10 8
Number of territorial pairs in 3.2-km radius 13 15 15
Nesting attempts” in sample plots 3(3) 3(0) 3(D)
Total nesting attempts 4(4) 3(0) 6(3)
Maximum number of territorial subadults® 3 4 5
Number of territorial eagles aged 26 30 28
Maximum percentage of territorial pairs with one subadult* 23 27 36

'Excludes one golden eagle pair detected in a selected survey plot, but outside the 3.2-km APWRA buffer.
?Adults in incubation posture, nests with eggs/eggshells, nestlings or fledglings present.
*Includes two territories with individuals that could not consistently be identified as adults or subadults.

*Percentage of territories with one subadult pair member.

Discussion

Territorial Pair Observations at Altamont Pass Wind Resource Area

In contrast to limited historical observations from 1988 to 2013, our annual surveys documented
at least 15 territorial pairs with activity centers located within 3.2 km of wind turbines at the APWRA, 9
of which were not previously detected during the 1994-2000 surveys or only observed intermittently
(Hunt and Hunt, 2006). More recent survey efforts near the APWRA, such as surveys of raptor nests
along transmission lines in 2012—13 (Garcia and Associates, 2013) and concurrent golden eagle surveys
in a 10-mi radius of adjacent Site 300 (Lawrence Livermore Laboratory) in 2014 (Fratanduono, 2014),
also documented some of these same territorial pairs. We found evidence of nesting in four of these
territories overlapping our selected survey plots with apparent productivity in these areas ranging from
0.0 to 0.38 young/pair; three of the pairs in focal survey areas nested each year, but only fledged four
young during our study. Of the other five to seven territories located outside these plots and within 3.2
km of wind turbines annually, two of three nested and fledged two young.

It is not clear if the territorial pairs we observed at the APWRA during our study were missed
during earlier surveys, or were recently established, possibly because breeding habitat is now more
suitable to occupancy by pairs for reasons related to current repowering efforts or increased prey
density. Hunt (2002) suggested that territorial pairs closer to the APWRA would experience higher rates
of mortality than those from farther away because of the increased risk of collisions with wind
collisions. In that scenario, territories near the APWRA would be more likely to be occupied
intermittently from one year to the next, depending upon the availability of floaters as replacements for
dead breeders. In contrast, we detected territorial eagle pairs in nearly the same survey plots every year
of our study, with some eagles also observed by others during 2012 and 2013, suggesting these
territories were likely to be re-occupied from one breeding season to the next. Recent analyses have
suggested that removing older turbines has decreased the number of golden eagle collisions in some
parts of the APWRA (Smallwood and Karas, 2009; ICF International, 2016), potentially allowing



golden eagles to establish territories or maintain stable occupancy of these areas for longer periods
compared with the years prior to repowering. However, it is not clear if these projects are representative
of the entire area so similar reductions in fatalities might not be consistent across the APWRA. Many of
the old-generation wind turbines were still operational throughout the APWRA during 2012—15 when
most of these territories appear to first have been documented as being occupied. In the northern part of
the APWRA, two wind energy projects were repowered prior to the beginning of our study, Buena Vista
in 2007 and Vasco Winds in 2011. Four of six of the territories in this area were already known prior to
repowering, but only those on the Los Vaqueros Reservoir were monitored consistently for occupancy
and reproduction. Diablo Winds, located in the middle of the APWRA, was repowered in 2005 near two
territories not previously documented. However, these turbines were interspersed among numerous old-
generation turbines that were still operational until at least late 2015. Pre-construction raptor nesting
surveys do not appear to have been done for these repowered projects, so it is unclear if all the territories
we documented were occupied beforehand. The remaining additional territories recorded during recent
years were either outside of these repowered areas or in the southern part of the APWRA. All these
territories were determined to be occupied prior to the repowering of the nearby Golden Hills project
area in late 2015 when old-generation turbines were still operational.

Subadults as Pair Members in Golden Eagles

We determined that 23-36 percent of territories identified within 3.2 km of the APWRA had a
subadult pair member. None of the pairs consisted of two subadults, and we found no evidence of
nesting attempts by mixed-age pairs. Thus, of the 26—30 individual pair members observed annually,
12—18 percent of all territory-holders that could be aged were subadults, much greater than earlier
estimates from a larger sample of territories monitored within 30 km of the APWRA during 19962013
(0.0-3.6 percent; Hunt and others, 2017). Whether the high incidence of subadult pair members we
observed at territories near the APWRA reflects a greater-than-average mortality at these sites is
currently unknown, but warrants further investigation. Most breeding raptors include a small proportion
of territorial subadults depending upon favorable conditions (that is, spatial variation in prey
availability) and territory vacancy (Newton, 1979). A high incidence of subadult pair membership could
be an indication that the floating segment of the population is not sufficient to sustain breeder deaths,
that breeding pairs consider these territories lower quality than elsewhere in the area, or that the
population is expanding (Sanchez-Zapata and others, 2000; Hunt, 2002; Balbontin and others, 2003;
Margalida and others, 2008). The percentage of territories with one subadult pair member we
documented near the APWRA is higher than most others reported in the literature (Steenhof and others,
1983; Sanchez-Zapata and others, 2000), but is similar to proportions reported in parts of Scotland and
the French and Italian Alps during high levels of human persecution (Pedrini and Sergio, 2001;
Whitfield and others, 2004). Monitoring the proportion of territories with subadults has been criticized
as a poor choice to assess population stability, but may be useful in areas where adult mortality is a
primary cause of population decline (Katzner and others, 2007) or in areas that appear to be a population
sink (Whitfield and others, 2004), such as the APWRA has been considered (Hunt, 2002; Katzner and
others, 2016; Hunt and others, 2017), and in combination with other demographic parameters.



Subsequent analyses from our surveys in the APWRA and surrounding Diablo Range study area
will provide quantitative information on spatial patterns of occupancy, reproduction, and abundance of a
population of golden eagles exposed to a large wind-energy facility during a period of extreme drought.
These data will be valuable for predicting future trends in the population demography of golden eagles
in relation to current repowering efforts in the APWRA under various climatic scenarios, permitting
land managers and stakeholders to target mitigation efforts on areas or habitats that make
disproportionate contributions to population productivity and persistence. Understanding factors
influencing the spatial distribution and reproductive contributions of territorial pairs in the APWRA and
surrounding lands are important for predicting the potential interactive effects of drought and increased
temperatures related to climate change with the current replacement of old-generation wind turbines
with fewer, larger ones in this region.
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Appendix 1. Number of Completed Individual Surveys for Focal Sample Plots
Overlapping with the Altamont Pass Wind Resource Area, California, 2014-16

[Number of different observers are shown in parentheses]

Focal sample plot No. 2014 2015 2016
281 4 (1) 3(1) 2(1)
306 3(D) 3(1) 3(1)
307 3(2) 3(1) 2(1)
322 3(2) 3(1) 4(1)
323 3(2) 3(1) 4(1)
337 3(2) 3(1) 3(1)
345 3(2) 4 (1) 3(1)
346 3(2) 4 (1) 4 (1)
352 6 (1) 3(1) 2(1)
353 5(3) 5(2) 4(2)
354 3(D) 4(2) 4(1)
369 7(1) 4 (1) 6(1)
370 3(2) 4(2) 3(1)
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Appendix 2. Observations of Territorial and Nesting Activities of Golden Eagles
at the Altamont Pass Wind Resource Area, California, 2014-16

Telsa

The Telsa territory was located outside our selected survey plots, but a pair of eagles has been
detected throughout survey plot 290, northwestern survey plot 281, and in the APWRA boundary in
southern survey plot 307 from 2014 to 2016. This pair was not monitored to determine nesting attempts,
and no historical nests have been located. In 2014, one of the pair members was a subadult; in 2015,
both pair members were adults; and in 2016, we did not obtain sufficient observations to determine the
age of pair members.

Patterson Pass

The activity center for the pair associated with this territory was primarily outside our focal
survey area, but they were determined to be adults and observed perching together, hunting, and
undulating throughout survey plot 298, in western survey plot 307, in eastern survey plot 306, and in
southern survey plot 315 each year of our study. A pair was observed flying with nesting material in
survey plot 298 in 2014, but we were unable to confirm nesting in this area until 2016 when we
obtained landowner permission to access the area. At that time, we found a dead 2—4 week old nestling
in the only known nest; the cause of death was unknown.

Greenville Road

An adult pair has been detected during nearly every survey occasion in northern survey plot 306
and southern survey plot 322, and to the west towards Greenville Road outside these plots. We found
evidence of nesting approximately 1.3 km from the nearest wind turbine during 2 of the 3 years of our
study. Two young fledged from the only known nest in 2014 and the pair attempted to nest, but failed in
2016. In mid-May 2016, we found a dead adult golden eagle below a new-generation wind turbine 1.4
km from the nest, along a ridge frequently used by the Greenville Road and Dyer Road pairs. We
observed two adults perching and hunting together near the Greenville Road nest when we found the
dead adult nearby, suggesting that the dead adult was not from this territory or that it was but had been
replaced during the nearly 2.5 months since the pair was last observed together, during incubation. This
site was unknown to other researchers in the area, but had also been monitored by the California
Department of Water Resources staff since 2014 (D. Tsao, California Department of Water Resources,
oral commun., 2016).
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Dyer Road

During our surveys in 2014 and 2015, the Dyer Road pair consisted of two adults, and they were
primarily observed undulating, perching, and hunting in northwestern survey plot 322, southeastern
survey plot 329, and southern survey plot 337. However, during surveys in 2016, one pair member,
possibly the male, appeared to be a second- or third-year subadult, as evident by the large amount of
white at the base of the tail feathers and they were observed focusing their activity throughout survey
plot 322 and northwestern survey plot 315. We found no evidence of nesting by the pair associated with
this territory, but in 2014 they were observed adding material to an existing nest in a eucalyptus tree that
was later used by common ravens. In 2015, a pair was seen perching on the hillside above the nest and
frequently flying over and defending the area. We observed no other activity near the nest in 2015 aside
from red-tailed hawks possibly adding nesting material. During our surveys in 2016, we found the nest
to be occupied by ravens again, but in May discovered the main branch supporting it had broken and the
nest had fallen along with half of the tree.

Midway Road

During our surveys in 2014 and 2015, we observed a pair most often in survey plot 323,
undulating and soaring together, and frequently perching on the transmission towers in the survey plot
during nearly every survey occasion in which they were detected. We also detected a pair once in
northern survey plot 307 during 2014 which we assumed was the Midway Road pair, but this is also an
area in which we later observed pairs associated with the Patterson Pass and Telsa territories. In early
2016, we found one adult on a frequently-used perch in a transmission tower and located a golden eagle
carcass on the ground nearby, which appeared to be a subadult or adult based on plumage. The cause of
death was unknown because the carcass was desiccated and scavenged, and no operational wind
turbines were located in the area. During subsequent surveys, we observed a pair soaring, hunting, and
perching together nearby, but outside our focal area in southwest survey plot 338 and northeast survey
plot 330. It was unclear if the dead eagle was a member of the territorial pair. In mid-May, while
watching the Midway Road pair on another frequently used perch in southwest survey plot 338, we
simultaneously observed a second adult pair hunting and soaring together close by in survey plot 330. It
was unknown if this pair was associated with any of the known territories nearby, given our limited
observations and search effort outside the focal survey plots nearby. We also found no evidence of
nesting by golden eagles in the area, although we also documented some large stick nests in
transmission towers nearby that would potentially provide suitable nesting substrates for this pair. In
2014, both pair members were confirmed to be adults, but in 2015 and 2016, one of them, possibly the
female, appeared to have white in the outer tail feathers consistent with that of a third-year subadult or
first-year adult with delayed plumage (Bloom and Clark 2002). Raptor surveys along the transmission
line have also documented at least one subadult pair in this area in 2012 and 2013 (Garcia and
Associates, 2013). In spring 2016, another researcher observed an eagle pair flying together near wind
turbines overlapping with the activity center we identified, and found a female near a wind turbine
shortly afterwards with a freshly severed wing (S. Smallwood, independent consultant, written
commun., 2016.).
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Silva

This area was outside our survey plots, but in 2015 and 2016, we frequently observed an adult
pair perching and undulating together on the western side of Vasco while simultaneously watching the
nearby Windy Valley pair during our survey of plot 345. This area roughly aligns with a pair often
observed to the southwest of the Los Vaqueros Watershed that is potentially part of the historical Silva
territory (The Wildlife Project, 2016; H. T. Harvey and Associates, 2017).

Windy Valley, Howden, and Vasco

These historical territories are located on land owned by the Contra Costa Water District and
have been monitored annually since 1994 as part of a separate study on the Los Vaqueros Watershed
(The Wildlife Project, 2016; H. T. Harvey and Associates, 2017). This survey information has been
shared with our study, but nest locations have been censored in figure 2 because of the sensitive nature
of these data near hiking trails. In all 3 years, these pairs were determined to be adults. Generally, a pair
associated with the Windy Valley territory was observed in northern survey plot 336, northwestern
survey plot 345, and southern half of survey plot 353. In all 3 years, they used the same nest located
between survey plots 336 and 352. In 2014 and 2015, they were primarily observed in the area
overlapping with survey plot 352 and failed in their nesting attempts. However, in 2016, they were
nearly always observed outside of our focal survey plot in 336 and fledged one young. The Howden
territory, roughly overlapping outside of our focal area in survey plot 361, has been occupied every year
from 1998 to 2016. Long-term monitoring has determined that the last time a pair nested in this territory
was in 2009 from the only known nest. The Vasco territory has historically, and during our study, been
occupied, but overlapping outside of our focal survey area in northern survey plot 361, western survey
plot 370, and southern survey plot 377. A pair associated with this territory fledged one young each year
in 2014 and 2016 from different nests in plot 377.

Brushy Peak

Each year, we observed a pair perching and undulating together throughout survey plot 345, and
in the northern survey plot 329 and western survey plot 337 on multiple occasions (8 of 10 surveys over
3 years). However, we found that monitoring pair activity was very difficult in this area because it was
not possible for a single observer to maintain visual observations of the pair as they often flew behind
Brushy Peak and out of view. Additionally, we frequently detected five or more subadult and juvenile
golden eagles and occasionally bald eagles (Haliaeetus leucocephalus) near Brushy Peak, a known roost
location for these species, simultaneously. We did not observe the pair responding aggressively to the
younger eagles and instead found them perching together elsewhere on top of the peak and appearing to
undulate only in response to other territorial pairs nearby, such as the Brushy Creek pair to the east. In
2014, both pair members were confirmed to be adults, but in 2015 and 2016, at least one pair member
was a second- or third-year subadult. The subadult was most likely the female based on size difference
when the pair was observed perched together, but we were unable to observe a copulation that could
have provided stronger evidence of the sex for each age-class. The only known nest location for this pair
was last used in 1989 (Howell and DiDonato, 1991), and we found no evidence of nesting activity by
territorial golden eagles in this area during our surveys.
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Brushy Creek

In 2014, the male associated with this territory was observed to be a second- or third-year
subadult every time it was detected, based on the large amount of white at the base of most tail feathers,
and the female an adult. In 2015, a male associated with this territory had some retained outer subadult
rectricies, but by 2016, both individuals were determined to be adults as no white was observed in the
tail feathers at any point during extensive observations. From 2014 to 2016, we detected the pair
undulating together in southern survey plot 353 and the eastern half of survey plot 337, often perching
together on utility poles and old-generation lattice tower turbines on the eastern side of the Brushy
Creek drainage. We also observed them constructing/refurbishing a nest in a eucalyptus tree
approximately 200 m from the nearest newer generation turbine in 353 during all 3 years. The pair was
observed adding a grass lining to this nest in 2016, but we found no evidence they ever laid eggs. Aside
from refurbishing this nest, most of the activity by this pair in 2016 was observed in the adjacent survey
plot 337 (that is, copulating, pair perching, hunting together, and undulating). This pair was also
frequently seen near the many younger conspecifics in the area, but during our observations, only
displayed aggression towards other territorial pairs. In 2015, we discovered the primary Brushy Creek
pair perch area in southern survey plot 353 was near a second eagle roost location where 6—10 subadults
and juvenile golden eagles were seen flying together and at least 6 more were perched in a tree below,
during one survey alone and all simultaneously. In 2016, we observed the pair undulating together in the
same area between survey plots 337 and 353, seemingly in response to the nearby Brushy Peak pair.
They appeared to ignore the 3—4 younger eagles perched on nearby turbines, including a subadult that
chased after them repeatedly while vocalizing with “begging” calls.

Bethany

Determining territory occupancy in this area has been difficult because large numbers of eagles
from all age classes were often observed near the pair simultaneously during surveys. However, on
numerous survey occasions each year from 2014 to 2016, we observed an adult pair or mixed-age pair,
primarily perching on old-generation lattice tower turbines, transmission towers, and utility poles, and
undulating on the western side of Bethany Reservoir in survey plot 346. We found no sign of nesting
activity, although the sparse clusters of large eucalyptus trees and transmission towers would potentially
provide suitable nesting substrates in the area. In 2014, the male was an adult, but the female appeared
to be either a third-year subadult or first-year adult (as in, just prior to the onset of pre-definitive molt;
Bloom and Clark 2002) based on one observation of white at the base of the outer-most tail feathers. In
2015, both pair members were confirmed to be adults, but in 2016, the female again appeared to be a
third-year subadult or first-year adult with delayed plumage. A pair of golden eagles was also observed
in this area during transmission line surveys in 2012 and 2013, but was suspected to be part of the
adjacent Byron territory (Garcia and Associates, 2013).
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Christiansen Road

We detected a territorial adult pair of golden eagles nesting on transmission towers in southern
survey plot 354 each year from 2014 to 2016. In 2014, this pair fledged one young, but failed in their
nesting attempts in the subsequent 2 years. In 2015, we observed the pair in incubation posture, then
later brooding at least one young nestling in a second nest just inside the northern part of survey plot
338; the nest failed for unknown reasons and was taken over by a pair of ravens shortly thereafter. We
observed one of the pair (an adult) in incubation posture on a third nest in 2016, but during our
subsequent check we found the nest to be partially blown out of the transmission tower, having failed
for unknown reasons. A red-tailed hawk pair was seen incubating in this third nest in 2014 and was
observed refurbishing it again in 2016 after failure by the golden eagle pair.

Byron

Beginning in 1996, a territorial pair of golden eagles was suspected to occupy the area southwest
of Byron Airport, an area overlapping with the intersection of our survey plots 353, 362, and 370.
However, the pair was observed only intermittently, partly because of problems accessing the privately
owned land (T. Hunt, The Peregrine Fund, oral commun., 2016), until 2012 (Garcia and Associates,
2013). We detected a pair in the same area during each year of our study. In 2014, they were primarily
observed in survey plot 362. In 2015, they were first observed refurbishing a nest in survey plot 353, but
it was instead used by great horned owls (Bubo virginianus). The eagles later hatched one young in a
nearby nest approximately 710 m from the nearest newer generation wind turbine, but the nestling was
not observed again after sometime between 3 and 7 weeks of age (D. Bell, East Bay Regional Park
District, written commun., 2015). The nest used by the eagle pair in 2015 and 2016 and the alternate
nest used by great-horned owls were both in eucalyptus trees. In 2016, the pair fledged one young from
the 2015 nest. In all 3 years, both pair members were adults.

Vaquero Farms

In 2014, we observed a territorial adult in survey plot 370 and an adult pair to the west nearby on
the Los Vaqueros Watershed lands. We were unsure if the lone adult was occupying a new and
previously unknown territory or if it was paired because this area has long been thought to be part of the
adjacent Vasco and Walnut territories which have historically overlapped with the Los Vaqueros
Watershed land (The Wildlife Project, 2016; H.T. Harvey and Associates, 2017). In 2015 and 2016, we
frequently detected a territorial pair consisting of an adult and a second- or third-year subadult male
perching, hunting, and undulating with his mate throughout survey plot 370. During our 2015 surveys,
this pair was also observed engaged in territorial disputes with the Brushy Creek and Byron pairs to the
south. We did not obtain simultaneous observations of the pair in this territory with those attributed to
the Walnut and Vasco territories to the north and west, aside from our observations of a lone adult and
separate adult pair seen at the same time in 2014. However, the Vasco territory has been occupied by an
adult pair during all 3 years of our study, and the Walnut territory consisted of a subadult female and
adult male in 2014 and 2015. In 2016, a pair attributed to the Walnut territory nested farther to the north
outside of the 3.2 km buffer and consisted of an adult male and female. Additionally, we did observe
pairs associated with Vaquero Farms, Brushy Creek, and Byron at the same time in 2015. Our
observations of a territorial subadult male in Vaquero Farms from 2015 to 2016 suggest this pair is
occupying a different territory, but simultaneous observations of all adjacent territorial pairs, especially
Walnut, may be necessary to provide further confirmation. We have not located any nests associated
with this pair in survey plot 370.
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