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PREFACE 

The California Energy Commission Energy Research and Development Division supports 
public interest energy research and development that will help improve the quality of life in 
California by bringing environmentally safe, affordable, and reliable energy services and 
products to the marketplace. 

The Energy Research and Development Division conducts public interest research, 
development, and demonstration (RD&D) projects to benefit California. 

The Energy Research and Development Division strives to conduct the most promising public 
interest energy research by partnering with RD&D entities, including individuals, businesses, 
utilities, and public or private research institutions. 

Energy Research and Development Division funding efforts are focused on the following 
RD&D program areas: 

• Buildings End-Use Energy Efficiency 

• Energy Innovations Small Grants 

• Energy-Related Environmental Research 

• Energy Systems Integration 

• Environmentally Preferred Advanced Generation 

• Industrial/Agricultural/Water End-Use Energy Efficiency 

• Renewable Energy Technologies 

• Transportation 

 

Golden Eagle Abundance in the Desert Renewable Energy Conservation Plan Area is the final report 
for the Aerial Line Transect Surveys for Golden Eagles within the Desert Renewable Energy 
Conservation Plan Area project (contract number 500-12-005) conducted by Humboldt State 
University and WEST, Inc. The information from this project contributes to the Energy Research 
and Development Division’s Energy-Related Environmental Research Program. 

 

For more information about the Energy Research and Development Division, please visit the 
Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy 
Commission at 916-327-1551. 
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ABSTRACT 

Golden eagles (Aquila chrysaetos) are a Covered Species in the Draft Desert Renewable Energy 
Conservation Plan because of their low density and potential sensitivity to wind and solar 
energy development. However, planners lack precise estimates of their density and abundance 
in the region. This study examined the feasibility of estimating golden eagle density and 
abundance in the Desert Renewable Energy Conservation Plan Area using methods developed 
for the Western United States Golden Eagle Survey. The researchers flew aerial surveys 
between July 31-August 6 (post-fledging surveys) and December 9-15, 2013 (winter surveys) 
over Desert Renewable Energy Conservation Plan Area, which included National Park Service 
lands and Department of Defense lands. During the post-fledging surveys, two golden eagle 
groups were observed. Three golden eagle groups were observed during the winter surveys. 
Because of the low sample sizes, the researchers combined observations in the DRECP survey 
with observations from the Western-wide Golden Eagle Survey to estimate the probabilities of 
detecting golden eagles during the surveys. Therefore, based on the proportion of the area 
surveyed and estimates of the probability of detecting golden eagles in the sample areas, the 
researchers estimated there were 80 (90 percent confidence interval 31 to 191) and 135 (90 
percent confidence interval 41 to 340) golden eagles in the Desert Renewable Energy 
Conservation Plan Area during the post-fledging and winter surveys, respectively. The Western 
United States Golden Eagle Survey methodology was used to estimate golden eagle abundance 
in the Desert Renewable Energy Conservation Area. It was determined that additional effort or 
a different survey design is needed to obtain a level of precision allowing detection of moderate 
changes in the eagle population over time. Changes to the survey design would require either 
conducting more than one pass over the area, increasing the density of transects or using 
information on golden eagle habitat associations to inform the placement of transect lines across 
the study area. 

 

 
 
 
Keywords:  golden eagle, aerial transects, density, abundance, Desert Renewable Energy 
Conservation Plan 
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EXECUTIVE SUMMARY 

Introduction 
Concern about potential wind and solar development effects on golden eagles (Aquila 
chrysaetos), a protected species under the Bald and Golden Eagle Protection Act, may affect 
California’s future renewable energy development. To understand the potential for such 
interactions, it is necessary to have a reasonable estimate of the number of Golden Eagles in the 
Mojave Desert. The Mojave Desert is one of the focused regions included in the Desert 
Renewable Energy Conservation Plan (DRECP). The DRECP is a comprehensive biological 
mitigation and conservation program providing effective protection and conservation of desert 
ecosystems while allowing for the appropriate development of renewable energy projects. The 
primary DRECP agencies include the Bureau of Land Management, U.S. Fish and Wildlife 
Service, California Energy Commission, and the California Department of Fish and Wildlife 

Golden eagles, an iconic species, occur at low densities throughout their breeding range in the 
western United States and may be sensitive to wind and solar energy development. The golden 
eagle is also a Covered Species under the Draft DRECP. The United States Fish and Wildlife 
Service issued regulations under the Bald and Golden Eagle Protection Act that allow the take 
(defined as “harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect”) of golden 
eagles if the activity does not cause a net decrease in the number of breeding pairs within 
regional geographic management units. Information on the number of breeding and wintering 
golden eagles that currently occur within the DRECP area will provide a benchmark for 
assessing potential long-term changes in eagle abundance. 

Project Purpose 
There has been no systematic survey conducted to estimate eagle (all references to eagles in this 
document refer to golden eagles) densities across the DRECP region so the California Energy 
Commission (a lead DRECP agency) funded an aerial survey of golden eagles across the Plan 
Area using methods developed for the Western-wide Golden Eagle Survey. The researchers 
surveyed 2,518 km and 2,358 km of transects (sample areas) during the post-fledging and 
winter surveys, respectively, recording the sex, age, group size, and distance of golden eagles 
observed within 1 km of the transects. 

Figure 1: Golden Eagle observed from the air. 
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Project Results 
Researchers spotted two golden eagle groups along two transects during the post-fledging 
survey and three golden eagle groups along two transects during the winter survey. Because of 
the low sample sizes, the researchers combined observations in the DRECP survey with 
observations from the Western-wide Golden Eagle Survey to estimate the probabilities of 
detecting golden eagles during the surveys. Based on the proportion of the area surveyed, the 
number of birds observed, and the detection probability of golden eagles on the transects, the 
researchers estimated there were 80 (90 percent confidence interval 31 to 191) and 135 (90 
percent confidence interval 41 to 340) golden eagles in the DRECP area during the post-fledging 
and winter surveys, respectively. 

It is possible that prey densities and eagle numbers were depressed across the DRECP plan area 
in 2013 because of the severe drought relative to what might be expected during periods with 
more normal precipitation. Additional surveys would be necessary to better capture differences 
in population size as they relate to annual and/or multi-year variations in weather patterns. 

Increasing the precision of estimates of eagle abundance using future aerial line transect surveys 
in the DRECP area will likely require changes to the survey design. Changes to the survey 
design would require either conducting more than one pass over the area, increasing the 
density of transects or using information on golden eagle habitat associations to inform the 
placement of transect lines across the study area. 

The United States Fish and Wildlife Service allows take of golden eagles if an activity does not 
cause a net decrease in the number of breeding pairs within regional geographic management 
units (74 FR 46877, Sept. 11, 2009, as amended at 79 FR 73725, Dec. 9, 2013). The aerial surveys 
and the observations from the Western-wide Golden Eagle survey provided initial estimates of 
golden eagle density and abundance, but they are too uncertain to establish take limits for 
golden eagles in the DRECP. The information from the surveys can be used, however, to specify 
the effort that would be needed to achieve explicit targets for confidence intervals or detection 
of population trends.  

Project Benefits 
The pilot study demonstrated the feasibility of estimating golden eagle abundance within the 
DRECP area using aerial line transect surveys. The researchers obtained estimates of golden 
eagle density and abundance in the DRECP area that are comparable with estimates from the 
Western-wide Golden Eagle Survey, which has been conducted throughout most of the western 
United States annually since 2006. The golden eagle observations provide pilot data to design 
future aerial surveys with specific goals for the precision of density estimates or trend analysis. 

The primary purpose of the DRECP is to conserve the species and natural communities covered under the 
DRECP, while streamlining environmental review and permitting processes for renewable energy projects 
in the Mojave and Colorado Desert regions within California. Estimates of golden eagle numbers in 
the DRECP area provide regulatory agencies with important baseline data for making decisions 
regarding permitting renewable energy projects in the region. Greater certainty about the 
number of golden eagles in the region also provides a basis to estimate the potential impacts of 
energy development on golden eagles.  
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CHAPTER 1:  
Introduction 
In 2011, California passed SB X1-2 (Simitian, Chapter 1, Statutes of 2011) requiring the state to 
meet 33 percent of its energy needs with renewable energy by 2020. A key region for developing 
renewable energy is the Mojave and Sonoran Deserts because of their abundant wind and solar 
energy potential and proximity to large population centers and transmission lines. To 
streamline the permitting of large renewable energy projects while conserving the plants and 
wildlife in the California deserts, state and federal agencies have been working together to 
develop the Desert Renewable Energy Conservation Plan (DRECP).  One of the goals of the 
DRECP is to ensure the conservation of important lands that meet the regulatory requirements 
of the California Natural Community Conservation Planning Act, Federal Endangered Species 
Act, and the Federal Land Policy and Management Act. 

Golden eagles (Aquila chrysaetos) occur at low densities throughout their breeding range in the 
western United States (Nielson et al. 2014) and may be sensitive to wind and solar energy 
development. Wind energy projects may disturb nesting sites and cause mortality from 
collisions with wind turbines (Smallwood and Thelander 2008). Large solar projects may cause 
disturbance to breeding sites and reduce prey availability (Holroyd et al. 2010). In addition, 
infrastructure, particularly power transmission lines, associated with both wind and solar 
energy projects can cause significant mortality to golden eagles through collision or 
electrocution (Lehman et al. 2010). Because of their protection under the Bald and Golden Eagle 
Protection Act, iconic status, low densities, and potential sensitivity to wind and solar energy 
development, golden eagles were included for conservation consideration in the DRECP 
(2014). In 2009, the United States Fish and Wildlife Service issued regulations under the Bald 
and Golden Eagle Protection Act (16 United States Code 668–668d) that allow take of golden 
eagles if the activity does not cause a net decrease in the number of breeding pairs within 
regional geographic management units. Information on the number of breeding and wintering 
golden eagles that currently occur within the DRECP area will provide a benchmark for 
assessing potential long-term changes in eagle abundance. 

Golden eagles breed and winter in the DRECP area; however, there has been no systematic 
survey to estimate eagle (all references to eagles in this document refer to golden eagles) 
densities across the region. As a result of this data gap, the Energy Commission (a lead DRECP 
agency) funded that an aerial survey of golden eagles be conducted across the DRECP area 
using methods developed for the Western-wide Golden Eagle Survey (WGES) (Nielson et al. 
2014). This report summarizes the results of aerial surveys conducted in the DRECP area in July 
to August (post-fledging) and December (winter) 2013 and includes estimates of the density and 
abundance of golden eagles within the study area during the two periods.  
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Chapter 2:  
Methods 
2.1 Transects and Aerial Surveys 
Systematic aerial line transect surveys for golden eagles had never been conducted in the 
DRECP region and no specific goals regarding precision of density estimates were identified 
prior to the survey. As a result, this study should be considered a pilot project that could 
provide information for developing sampling targets for future surveys.  

The researchers operated under several constraints during the establishment of the transect 
locations. Because the DRECP area was relatively small and narrow along the east-west axis, the 
researchers used a transect length of 50 km. In addition, a minimum spacing between transects 
of 50 km east-west and 25 km north-south was established to maximize the survey effort given 
the available resources and minimize the possibility of double counting eagles on adjacent 
transects.  Most of the habitat in the DRECP area was low elevation desert with lower prey 
availability than other golden eagle habitat; therefore, it was assumed that eagle density would 
be lower than the densities observed during surveys conducted across much of western North 
America (Nielson et al. 2014). Based on this assumption, the maximum density of transects was 
established given the pre-existing budgetary and logistical constraints.  

Using ArcGIS (ESRI 2011), the researchers selected a random starting point and generated a 
systematic sample of transect locations across the region. Like the WGES, large water bodies 
(>30,000 ha) and urban areas (no-fly zones) were excluded. During the post-fledging surveys, 69 
transects or transect segments were established across the region, totaling 2,649 km (Figure 2). 
Transect segments were 50 km transects that were shortened to adhere to the DRECP area 
boundaries or no-fly zones. The researchers used the same transect lines from the post-fledging 
surveys for the winter surveys, except that a portion of transect 53 that overlapped 
urban/suburban development was dropped and transect 53 was split into two transects 
(Transects 53 and 70, Figure 3) (T. Rintz, personal communication). Thus, for the winter 
surveys, 70 transects or transect segments were established across the region, totaling 2,618 km 
(Figure 3). 
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Figure 2: Location of Post-Fledging Golden Eagle Aerial Transects Within the Desert Renewable 
Energy Conservation Plan Area 
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Figure 3: Location of Winter Golden Eagle Aerial Transects Within the Desert Renewable Energy 
Conservation Plan Area
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Many of the transects overlapped Department of Defense (DOD) or National Park Service (NPS) 
lands, requiring clearance or permits for those areas before surveys could be conducted. After 
the transect locations were generated, Research Permits or Special Use Permits were obtained to 
fly over all of the NPS lands within the survey area (Appendix B). Permission was requested to 
fly over the portions of transects 21, 24, and 28 that overlapped the Marine Air Ground Task 
Force Training Command area near Twenty-nine Palms, CA (also known as the 29 Palms 
Marine Base) but our requests were denied both during the post-fledging and winter surveys. 
The researchers also requested but were denied permission to fly over a small (1.8 km) segment 
of transect 34 (Edwards Air Force Base) during the post-fledging surveys. During the winter 
surveys the researchers were denied permission to fly over portions of transects 47 and 54 over 
Fort Irwin National Training Center and all of transects 50 and 56 over China Lake Naval Air 
Weapons Station. The researchers also did not survey a portion of transect 53 during the winter 
surveys because it had subsequently been determined that a portion of the transect overlapped 
urban/suburban areas. 

Each aerial transect was flown once between July 31 and August 6, 2013 (post-fledging surveys) 
and between December 9 and 15, 2013 (winter surveys) in a Cessna 206 aircraft operated by 
Owyhee Air Research (Nampa, ID). Following the protocol in the WGES survey, for safety 
reasons, transects over flat terrain were flown at 107 m above ground level (AGL) and those 
over rugged terrain were flown at 150 m AGL. Flights started within 15 minutes of local sunrise 
and continued until 11:00 am to 1:00 pm local time. Observations of golden eagles were 
collected following the WGES methodology (Nielson et al. 2013) which involved standard line 
transect methods that account for a decrease in detection probability with distance from the 
transect line (Buckland et al. 2001) combined with a mark-recapture component on the right 
side of the aircraft (Borchers et al. 2006). One observer was in the back-left seat and two 
observers were on the right side (front and rear seats) of the aircraft during most surveys.  

Figure 4: Golden Eagle Sighting During Survey 
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Two students from Humboldt State University (HSU) and one experienced WEST, Inc. 
employee were observers on all transects during the post-fledging survey. One field ecologist 
was hired to fill in during a portion of the winter survey when one of the HSU students was not 
available. Prior to the post-fledging survey, the two HSU students attended ground training on 
July 29 and flew training flights on July 30. One of the students that conducted the post-fledging 
surveys also participated in the winter surveys. Ground training, but no flight training, was 
conducted prior to the winter survey and therefore one HSU student and one field ecologist 
conducted the surveys without prior flight training. Three observers were present for all flights 
except on December 12 when one observer was sick (back right). 

Observers followed the WGES methods when flying surveys (Nielson et al. 2014). When flying 
transects, observers looked for perched and flying eagles (Figure 1 and Figure 4) on the side of 
the aircraft where they were sitting. Binoculars were not used because focusing on distances 
further from the transect line violates assumptions of standard distance sampling protocol 
(Buckland et al. 2001). When an observer saw what they thought was a golden eagle, the 
identity was verified by flying off transect to obtain a closer view. Perched birds were circled at 
low altitudes (50 m AGL) to confirm species identification, to age the individual, and to obtain 
Global Positioning System (GPS) locations that were later used to measure distances of 
observations from the transect line. For birds observed flying, the perpendicular distance from 
the transect line to the bird’s original location (i.e., where it was first observed) was visually 
estimated by the observers. This visual estimate was verified by flying to the point on the 
surface below where the eagle was first detected and recording the location with real time GPS. 
A notebook computer equipped with real time GPS tracking was used to record the actual flight 
path of the airplane. The start and end points of each transect and changes in topography 
(smooth vs rugged) associated with changes in flight altitude were also recorded on the 
notebook computer. The group size, age, sex, location (perched or flying) of each eagle 
observation was recorded on a field data form. Golden eagles spotted while flying off-transect 
were noted, but were not used to estimate population densities.  

Based upon visible plumage characteristics, eagles were classified into one of six age classes: 1) 
adult, 2) unknown adult (adult or older immature), 3) older immature (sub-adult), 4) juvenile, 5) 
unknown immature (juvenile or older immature), and 6) unknown (Clark 2001, Clark and 
Wheeler 2001, Bloom and Clark 2002). 

During the post-fledging surveys, most of the flights originated from Lake Havasu City, 
Arizona; on the last day of the survey, the researchers flew from Inyokern, California. 
Temperatures were high during the survey period (average high: 43o C, average low: 30o C) but 
were close to the long-term averages for high and low temperatures in Lake Havasu City, 
Arizona in August (42o C and 26o C, respectively). Winter survey flights all originated from 
Needles, California. Daytime high temperatures were cool and nighttime lows were warm for 
the region during the winter survey period (average high: 15.0o C, average low: 5.2o C) 
compared to the long-term averages for high and low temperatures in Needles, California in 
December (23.3o C and -1.7 o C, respectively). Visibility was not obstructed by weather, smoke, 
or smog during the surveys. 
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2.2 Statistical Analyses 
Due to low sample sizes (few observed golden eagles), the DRECP observations were combined 
with observations from the WGES conducted during late-summer of 2006 to 2013 (Nielson et al. 
2013) to estimate probabilities of detection. The researchers used Akaike’s Information Criterion 
as a guide to model selection (Nielson et al. 2014: step [2]) based on the mark-recapture data 
(whether one or both observers detected an eagle group) collected on the right-side of the 
aircraft. Mark-recapture trials were used to estimate probability of detection at the distance 
from the transect line where probability of detection was highest (Borchers et al. 2006). At the 
distance where detection rates were greatest, it was assumed that the kernel distance function 
should equal the mark recapture detection probability, and the detection function was scaled so 
that the maximum height of the function was equal to the mark recapture probability at the 
distance where the maximum occurred (Nielson et al. 2014). The scaled detection function was 
then used to estimate the average detection probability for observations of flying golden eagle 
groups and perched groups when surveying from 107 m AGL.  

Density was estimated using the standard line transect (distance) formula (Nielson et al. 2014: 
formula [4]), 
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where n was the number of observed golden eagle groups; si was the size of the ith group; W1 
and W2 were the minimum and maximum sighting distances, respectively; L was the total 
length of transects flown (thus, 2[W2–W1]L was the total area searched); and 𝑃� was the estimated 
average probability of detection within the area searched. Density was estimated separately for 
perched and flying golden eagles in each season and total density was estimated as the sum of 
both types of observations. Abundance (𝑁�) was estimated by multiplying density by the 
DRECP study area (A; 91,723 km2 [22,665,200 ac]), 

ADN *ˆˆ = . 

Individual transects were bootstrapped to calculate 90 percent confidence intervals for golden 
eagle density and abundance within the DRECP study area. The WGES and DRECP 
observations were included in bootstrap process to account for variability in the estimates of 
probabilities of detection (𝑃�). All analyses were performed in R (v3.1.0, R Core Team 2014). 
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CHAPTER 3:  
Results 
The researchers surveyed 2,518 km and 2,358 km of transects during the post-fledging and 
winter surveys, respectively. Two golden eagle groups were observed during post-fledging 
survey along two transects and three golden eagle groups were observed along two transects 
during winter survey (Table 1). All five groups consisted of single individuals, and all 
individuals were within 1,000 m of the transect line (W2 = 1,000 m; Nielson et al. 2014). No 
golden eagles were classified as juveniles; however, a single flying golden eagle was classified 
as an unknown immature (either juvenile or sub-adult) during post-fledging surveys (Table 1) 
using the decision matrix described in Nielson et al. (2014: Figure 4).  

Estimated average probabilities of detection for flying and perched eagles from the right and 
left side of the airplane ranged from 0.385 to 0.590 (Table 2). The researchers estimated there 
were a total of 80 golden eagles (90 percent confidence interval 31 to 191) within the DRECP 
area during the post-fledging survey, and a total of 135 golden eagles (90 percent confidence 
interval 41 to 340) within the area during the winter survey (Table 3). 

Table 1: Golden Eagle Groups Observed During the Desert Renewable Energy Conservation Plan 
Golden Eagle Surveys in 2013 

Survey Transect Observation ID Age class Golden eagle 
activity 

Post-fledging 22 2013-22-1-PF-1 Unknown 
immature 

Flying 

34 2013-34-1-PF-1 Adult Perched 

Winter 69 2013-69-1-W-1 Unknown adult Perched 

42 2013-42-1-W-1 Adult Flying 

42 2013-42-1-W-2 Adult Flying 

 

Table 2: Estimated Average Probabilities of Detection for Four Categories of Observations During 
the Desert Renewable Energy Conservation Plan Golden Eagle Survey 

Observer position(s) Golden eagle 
activity 

Aircraft AGL Average probability 

of detection 

Back-left seat only Perched 107 m 0.467 

Both right-side seats Perched 107 m 0.590 

Back-left seat only Flying – 0.385 

Both right-side seats Flying – 0.476 
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Table 3: Estimated Density (no./km2) and Abundance of Golden Eagles Within the Desert 
Renewable Energy Conservation Plan Study Area and 90 Percent Confidence Intervals (CI) 

Season Density (90 percent CI) Abundance (90 percent CI) 

Post-fledging 0.0009 (0.0003–0.0021) 80 (31–191) 

Winter 0.0015 (0.0004–0.0038) 135 (41–340) 
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CHAPTER 4:  
Discussion 
The estimate of the density of golden eagles in the DRECP area during the post-fledging 
surveys (0.0009 eagles/km2; 90 percent CI 0.0003–0.0021) was lower than the average density 
estimate for the larger Sonoran and Mojave Desert Bird Conservation Region (also known as 
BCR 33), which from 1967 to 2010 was 0.0027 eagles/km2 (Millsap et al. 2013). The density 
estimate in Millsap et al. (2013) is based on an integrated analysis of WGES and Breeding Bird 
Survey data and therefore is not independent of the estimate obtained in this study. In addition, 
though BCR 33 and the DRECP area overlap, the DRECP area occupies approximately 42 
percent of the extreme western portion of the BCR, which is substantially drier and has lower 
primary productivity than the eastern portion of the BCR (Thomey et al. 2014). Therefore, it is 
likely that prey availability for golden eagles is also lower in the DRECP area and as a result 
may support lower eagle densities than the eastern portion of BCR 33.  

Though the estimate of golden eagle density was higher during the winter surveys than the 
post-fledging surveys, the 90 percent confidence intervals of the two estimates substantially 
overlapped; therefore, the researchers found no support for a change in density between the 
two survey periods. Some golden eagles that breed in the western United States stay through 
the winter but others migrate, generally moving south in the winter (Kochert et al. 2002). In 
addition, golden eagles that breed in Alaska generally winter in the southwestern United States 
(McIntyre et al. 2008). Therefore, it is possible that some golden eagles that breed farther north 
move into the DRECP area during the winter. During the period December 1992 to November 
1993, golden eagles were only observed in November and December during weekly raptor 
surveys along highways in the central portion of the DRECP area (Knight et al. 1999). Thus, 
there is some evidence from other studies suggesting that golden eagle densities may increase 
during the winter in the Mojave Desert, but the researchers were unable to detect a statistically 
significant change (alpha = 0.10) in golden eagle density between the post-fledging and winter 
periods in this study. 

The density and population size estimates were largely based on detection probabilities from 
the WGES surveys. Because the researchers did not obtain enough observations to estimate 
detection probabilities of golden eagles within the DRECP study area, the researchers combined 
the five observations with over 1,000 observations from the WEGS surveys conducted during 
late-summer 2006 to 2013. Therefore, the estimates of golden eagle density and abundance 
obtained in this study are based on the assumption that detection probabilities in the DRECP 
area were similar to those on the WGES survey. It is likely that detection probabilities in the 
DRECP surveys are similar to those on the WGES surveys because: 1) the researchers used the 
same protocol as the WGES, 2) one experienced observer from the WGES survey was present on 
all flights and trained the other observers on the DRECP surveys, 3) the researchers used a flight 
contractor (Owyhee Air Research, Inc.) that had flown for the WGES, 4) the terrain was similar 
to areas in the Great Basin and Southern Rockies/Colorado Plateau Bird Conservation Regions 
that were included in the WGES, 5) the statistical analyses were conducted by the individuals 
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that had developed the analytical approach or had extensive experience with analysis of WGES 
data, and 6) detection probabilities on the WGES surveys have been relatively stable across 
years. 

The general topography of the DRECP area, characterized by steep rugged mountains 
surrounded by extensive areas of desert scrub, is generally considered to be favorable habitat 
for golden eagles (Kochert et al. 2002), and therefore densities might be expected to be higher 
than the researchers found. The Mojave Desert, however, is one of the least productive 
ecosystems in the United States (Bamberg et al. 1976) and therefore densities may be limited by 
low prey densities as has been suggested for other eagle populations (Hunt et al. 1995). In 
addition, winter densities of golden eagles in southern Idaho have been found to correlate 
strongly with changes in prey abundance (Kochert 1980, Craig et al. 1984). It is possible that 
prey densities and subsequently, eagle numbers were depressed across the DRECP Plan Area in 
2013 because of the severe drought relative to what might be expected during periods with 
more normal precipitation. Additional surveys are necessary to better capture differences in 
population size as they relate to annual and/or multi-year variations in weather patterns.   

Increasing the precision of estimates of eagle abundance using future aerial line transect surveys 
in the DRECP area will likely require changes to the survey design. Transect lines were placed 
as closely as possible (25 km) north to south and 50 km east to west given budgetary constraints 
for a single pass survey without potentially violating the assumption that eagle observations are 
independent on adjacent transects. Therefore, changes to the survey design would require 
either conducting more than one pass over the area, increasing the density of transects 
(provided more resources are available), or using information on eagle habitat associations to 
inform the placement of transect lines across the study area (i.e., a stratified systematic sample 
with random starts). 

The United States Fish and Wildlife Service allows take of golden eagles if an activity causes no 
net decrease in the number of breeding pairs within regional geographic management units. 
The aerial surveys and the observations from the Western-wide Golden Eagle Survey provided 
initial estimates of golden eagle density and abundance, but they are too uncertain to establish 
take limits for golden eagles in the DRECP. The information from the surveys can be used, 
however, to specify the effort that would be needed to achieve explicit targets for confidence 
intervals or detection of population trends.  
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ACRONYMS 

Term Definition 

AGL Above Ground Level 

BCR Bird Conservation Region 

CI Confidence Interval 

DOD Department of Defense 

DRECP Desert Renewable Energy Conservation Plan 

HSU Humboldt State University  

NPS National Park Service 

WEST, Inc. Western EcoSystems Technologies, Inc. 

WGES Western United States Golden Eagle Survey 
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APPENDIX A:  
Location of Aerial Line Transects 
 
Location of aerial line transects flown during post-fledging (PF) and winter (W) surveys for 
golden eagles in the Desert Renewable Energy Conservation Plan Area. Transects that 
completely overlapped restricted airspace where permission to fly could not be obtained are not 
included. 

 

Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

PF 1 1 start DS 32.7631 -115.9254 49.9 
PF 1 2 stop DS 32.7561 -115.3917 0.0 
PF 2 1 start DS 32.7498 -114.8588 27.1 
PF 2 2 stop DS 32.7420 -114.5689 0.0 
PF 3 1 start DS 32.9056 -116.2455 30.0 
PF 3 2 stop DS 32.9060 -115.9243 0.0 
PF 4 1 start DS 32.8879 -114.8576 50.5 
PF 4 2 stop DS 32.9002 -115.3986 0.0 
PF 5 1 start DS 33.0466 -115.3869 49.9 
PF 5 2 stop DS 33.0509 -115.9226 0.0 
PF 6 1 start DS 33.1940 -115.9204 42.1 
PF 6 2 stop DS 33.1982 -116.3732 0.0 
PF 7 1 start DS 33.1882 -115.3854 11.6 
PF 7 2 NA R 33.1850 -115.2604 28.8 
PF 7 3 NA DS 33.1825 -114.9513 9.5 
PF 7 4 stop DS 33.1809 -114.8495 0.0 
PF 8 1 start DS 33.3300 -115.3817 24.8 
PF 8 2 stop DS 33.3358 -115.6482 0.0 
PF 9 1 start DS 33.3229 -114.7163 3.0 
PF 9 2 NA R 33.3216 -114.7486 9.0 
PF 9 3 stop R 33.3234 -114.8455 0.0 
PF 10 1 start R 33.4679 -114.8409 3.7 
PF 10 2 NA DS 33.4697 -114.8806 26.5 
PF 10 3 NA R 33.4752 -115.1663 9.5 
PF 10 4 NA DS 33.4749 -115.2689 10.3 
PF 10 5 stop DS 33.4772 -115.3802 0.0 
PF 11 1 start R 33.6210 -115.3745 9.9 
PF 11 2 NA DS 33.6202 -115.4810 5.4 
PF 11 3 NA R 33.6233 -115.5393 3.0 
PF 11 4 stop R 33.6235 -115.5721 0.0 
PF 12 1 start DS 33.6137 -114.8370 27.9 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

PF 12 2 stop DS 33.6079 -114.5354 0.0 
PF 13 1 start DS 33.7654 -115.3739 20.1 
PF 13 2 NA R 33.7611 -115.1564 13.5 
PF 13 3 NA DS 33.7600 -115.0105 8.0 
PF 13 4 NA R 33.7563 -114.9243 6.0 
PF 13 5 NA DS 33.7576 -114.8596 2.5 
PF 13 6 stop DS 33.7567 -114.8328 0.0 
PF 14 1 start DS 33.9101 -115.3716 5.7 
PF 14 2 NA R 33.9111 -115.4330 10.4 
PF 14 3 NA DS 33.9126 -115.5455 7.9 
PF 14 4 NA R 33.9137 -115.6310 3.0 
PF 14 5 NA DS 33.9136 -115.6637 23.0 
PF 14 6 stop DS 33.9149 -115.9128 0.0 
PF 15 1 start DS 33.8962 -114.5272 7.0 
PF 15 2 NA R 33.8979 -114.6025 7.6 
PF 15 3 NA DS 33.8994 -114.6853 13.5 
PF 15 4 stop DS 33.9013 -114.8315 0.0 
PF 16 1 start R 34.0609 -115.9081 8.9 
PF 16 2 NA DS 34.0633 -116.0042 3.5 
PF 16 3 NA R 34.0622 -116.0423 11.9 
PF 16 4 NA DS 34.0632 -116.1715 6.8 
PF 16 5 NA R 34.0638 -116.2455 18.8 
PF 16 6 stop R 34.0652 -116.4497 0.0 
PF 17 1 start DS 34.0465 -114.8256 32.4 
PF 17 2 NA R 34.0517 -115.1774 1.0 
PF 17 3 NA DS 34.0523 -115.1880 16.5 
PF 17 4 stop DS 34.0536 -115.3674 0.0 
PF 18 1 start CR 34.2070 -116.6461 10.3 
PF 18 2 NA DS 34.2059 -116.5338 8.1 
PF 18 3 stop DS 34.2068 -116.4456 0.0 
PF 19 1 start DS 34.2008 -115.9072 19.4 
PF 19 2 NA R 34.2047 -115.6961 5.3 
PF 19 3 NA DS 34.2020 -115.6390 10.8 
PF 19 4 NA R 34.2017 -115.5217 6.0 
PF 19 5 NA DS 34.1996 -115.4566 9.0 
PF 19 6 stop DS 34.1979 -115.3586 0.0 
PF 20 1 start R 34.1882 -114.8235 5.0 
PF 20 2 NA DS 34.1880 -114.7693 45.2 
PF 20 3 stop DS 34.1795 -114.2780 0.0 
PF 21 1 start DS 34.3522 -116.3776 6.7 
PF 21 2 stop DS 34.3547 -116.4507 0.0 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

PF 22 1 start DS 34.3424 -115.3632 3.5 
PF 22 2 NA R 34.3407 -115.3253 3.4 
PF 22 3 NA DS 34.3410 -115.2884 7.5 
PF 22 4 NA R 34.3405 -115.2064 6.5 
PF 22 5 NA DS 34.3379 -115.1360 18.9 
PF 22 6 NA R 34.3352 -114.9299 10.2 
PF 22 7 stop R 34.3326 -114.8183 0.0 
PF 23 1 start DS 34.4965 -116.9944 23.8 
PF 23 2 NA R 34.4970 -116.7344 3.3 
PF 23 3 NA DS 34.4975 -116.6982 22.9 
PF 23 4 stop DS 34.4934 -116.4488 0.0 
PF 24 1 start R 34.4872 -115.3630 5.8 
PF 24 2 NA DS 34.4891 -115.4266 29.1 
PF 24 3 stop DS 34.4925 -115.7439 0.0 
PF 25 1 start DS 34.4757 -114.4021 37.9 
PF 25 2 stop DS 34.4784 -114.8161 0.0 
PF 26 1 start CR 34.6328 -118.3686 9.6 
PF 26 2 stop CR 34.6372 -118.2642 0.0 
PF 27 1 start DS 34.6410 -116.9933 49.9 
PF 27 2 stop DS 34.6411 -117.5395 0.0 
PF 28 1 start DS 34.6383 -115.9020 8.3 
PF 28 2 stop DS 34.6384 -115.9923 0.0 
PF 29 1 start DS 34.6234 -114.8109 50.0 
PF 29 2 stop DS 34.6296 -115.3578 0.0 
PF 30 1 start DS 34.7841 -118.0872 49.9 
PF 30 2 stop DS 34.7852 -117.5406 0.0 
PF 31 1 start DS 34.7861 -116.4468 22.4 
PF 31 2 NA R 34.7873 -116.6917 12.6 
PF 31 3 NA DS 34.7868 -116.8296 15.0 
PF 31 4 stop DS 34.7865 -116.9944 0.0 
PF 32 1 start R 34.7748 -115.3527 2.8 
PF 32 2 NA DS 34.7764 -115.3832 26.4 
PF 32 3 NA R 34.7768 -115.6723 9.3 
PF 32 4 NA DS 34.7796 -115.7740 4.2 
PF 32 5 NA R 34.7812 -115.8204 4.3 
PF 32 6 NA DS 34.7809 -115.8679 3.1 
PF 32 7 stop DS 34.7820 -115.9014 0.0 
PF 33 1 start DS 34.7619 -114.5572 14.3 
PF 33 2 NA R 34.7652 -114.7135 6.0 
PF 33 3 NA DS 34.7664 -114.7797 2.6 
PF 33 4 stop DS 34.7673 -114.8083 0.0 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

PF 34 1 start DS 34.9214 -118.4823 33.7 
PF 34 2 stop DS 34.9240 -118.1122 0.0 
PF 35 1 start DS 34.9242 -117.5285 49.0 
PF 35 2 stop DS 34.9296 -116.9903 0.0 
PF 36 1 start DS 34.9252 -115.8986 13.2 
PF 36 2 NA R 34.9273 -116.0438 11.8 
PF 36 3 NA DS 34.9276 -116.1729 8.9 
PF 36 4 NA R 34.9283 -116.2705 4.9 
PF 36 5 NA DS 34.9289 -116.3247 5.5 
PF 36 6 NA R 34.9292 -116.3852 5.0 
PF 36 7 NA DS 34.9309 -116.4405 0.5 
PF 36 8 stop DS 34.9313 -116.4455 0.0 
PF 37 1 start DS 34.9105 -114.8030 50.1 
PF 37 2 stop DS 34.9199 -115.3522 0.0 
PF 38 1 start DS 35.0696 -118.0915 50.1 
PF 38 2 stop DS 35.0724 -117.5404 0.0 
PF 39 1 start DS 35.0763 -116.9937 30.6 
PF 39 2 NA R 35.0740 -116.6577 8.3 
PF 39 3 NA DS 35.0733 -116.5665 11.3 
PF 39 4 stop DS 35.0725 -116.4420 0.0 
PF 40 1 start DS 35.0711 -115.8973 4.7 
PF 40 2 NA R 35.0693 -115.8458 2.9 
PF 40 3 NA DS 35.0695 -115.8138 25.4 
PF 40 4 NA R 35.0664 -115.5350 7.4 
PF 40 5 NA DS 35.0651 -115.4532 6.5 
PF 40 6 NA R 35.0645 -115.3819 3.2 
PF 40 7 stop R 35.0629 -115.3468 0.0 
PF 41 1 start DS 35.0582 -114.8002 3.3 
PF 41 2 NA R 35.0584 -114.7636 4.6 
PF 41 3 NA DS 35.0534 -114.7133 1.2 
PF 41 4 stop DS 35.0519 -114.7006 0.0 
PF 42 1 start R 35.2156 -118.0915 7.5 
PF 42 2 NA CR 35.2130 -118.1741 29.5 
PF 42 3 stop CR 35.2105 -118.4991 0.0 
PF 43 1 start DS 35.2174 -116.9929 50.2 
PF 43 2 stop DS 35.2174 -117.5463 0.0 
PF 44 1 start DS 35.2185 -116.4464 8.4 
PF 44 2 NA R 35.2154 -116.3539 6.2 
PF 44 3 NA DS 35.2149 -116.2858 35.5 
PF 44 4 stop DS 35.2156 -115.8943 0.0 
PF 45 1 start DS 35.2136 -115.3443 29.2 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

PF 45 2 NA R 35.2010 -115.0232 2.8 
PF 45 3 NA DS 35.1974 -114.9931 9.9 
PF 45 4 stop DS 35.2007 -114.8841 0.0 
PF 46 1 start DS 35.3629 -117.5443 1.8 
PF 46 2 NA R 35.3615 -117.5641 3.4 
PF 46 3 NA DS 35.3629 -117.6021 44.5 
PF 46 4 stop DS 35.3581 -118.0929 0.0 
PF 47 1 start DS 35.3654 -116.7060 23.9 
PF 47 2 stop DS 35.3622 -116.4424 0.0 
PF 48 1 start DS 35.3574 -115.8942 50.0 
PF 48 2 stop DS 35.3524 -115.3423 0.0 
PF 49 1 start DS 35.5068 -118.0952 1.0 
PF 49 2 NA DS 35.5022 -118.1043 12.1 
PF 49 3 NA FR 35.5015 -118.2384 2.1 
PF 49 4 stop FR 35.5023 -118.2612 0.0 
PF 50 1 start DS 35.5075 -117.5409 49.7 
PF 50 2 stop DS 35.5071 -116.9919 0.0 
PF 51 1 start DS 35.5033 -115.8934 29.8 
PF 51 2 NA R 35.5058 -116.2227 20.1 
PF 51 3 stop R 35.5070 -116.4447 0.0 
PF 52 1 start DS 35.4956 -115.2496 8.3 
PF 52 2 stop DS 35.4959 -115.3409 0.0 
PF 53 1 start DS 35.6504 -117.5443 43.0 
PF 53 2 stop DS 35.6501 -118.0201 0.0 
PF 54 1 start DS 35.6679 -116.4495 49.5 
PF 54 2 stop DS 35.6523 -116.9979 0.0 
PF 55 1 start DS 35.6439 -115.4361 3.3 
PF 55 2 NA R 35.6424 -115.4728 8.0 
PF 55 3 NA DS 35.6442 -115.5617 4.6 
PF 55 4 NA R 35.6435 -115.6129 3.4 
PF 55 5 NA DS 35.6444 -115.6510 14.5 
PF 55 6 NA R 35.6462 -115.8110 2.8 
PF 55 7 NA DS 35.6464 -115.8420 4.3 
PF 55 8 stop DS 35.6460 -115.8898 0.0 
PF 56 1 start DS 35.7983 -116.9955 15.0 
PF 56 2 NA R 35.8005 -117.1620 9.5 
PF 56 3 NA DS 35.7971 -117.2671 8.7 
PF 56 4 NA R 35.7952 -117.3631 16.6 
PF 56 5 stop R 35.7952 -117.5474 0.0 
PF 57 1 start R 35.7917 -115.8857 8.4 
PF 57 2 NA DS 35.7924 -115.9784 16.9 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

PF 57 3 NA R 35.7928 -116.1663 24.0 
PF 57 4 NA DS 35.7930 -116.4323 0.7 
PF 57 5 stop DS 35.7940 -116.4394 0.0 
PF 58 1 start R 35.9381 -116.4384 2.8 
PF 58 2 NA DS 35.9385 -116.4695 4.1 
PF 58 3 NA R 35.9390 -116.5150 14.7 
PF 58 4 NA DS 35.9418 -116.6787 17.4 
PF 58 5 NA R 35.9399 -116.8725 5.6 
PF 58 6 NA DS 35.9410 -116.9347 5.2 
PF 58 7 stop DS 35.9388 -116.9929 0.0 
PF 59 1 start DS 35.9348 -115.8179 6.2 
PF 59 2 stop DS 35.9361 -115.8864 0.0 
PF 60 1 start DS 36.0947 -117.3850 16.3 
PF 60 2 stop DS 36.0839 -117.2036 0.0 
PF 61 1 start DS 36.0794 -116.0084 6.8 
PF 61 2 NA R 36.0791 -116.0839 6.5 
PF 61 3 NA DS 36.0832 -116.1565 5.0 
PF 61 4 NA R 36.0837 -116.2117 4.9 
PF 61 5 NA DS 36.0829 -116.2667 6.8 
PF 61 6 NA R 36.0825 -116.3419 7.6 
PF 61 7 NA DS 36.0833 -116.4267 1.1 
PF 61 8 stop DS 36.0830 -116.4390 0.0 
PF 62 1 start DS 36.2244 -118.0054 6.0 
PF 62 2 stop DS 36.2253 -117.9382 0.0 
PF 63 1 start DS 36.2320 -116.9492 15.4 
PF 63 2 NA R 36.2265 -116.7775 7.5 
PF 63 3 NA DS 36.2306 -116.6941 8.2 
PF 63 4 NA R 36.2322 -116.6023 4.2 
PF 63 5 NA DS 36.2280 -116.5554 10.8 
PF 63 6 stop DS 36.2284 -116.4346 0.0 
PF 64 1 start DS 36.3797 -116.3832 5.0 
PF 64 2 stop DS 36.3719 -116.4382 0.0 
PF 65 1 start DS 36.5169 -118.0986 21.8 
PF 65 2 stop DS 36.5111 -117.8546 0.0 
PF 66 1 start DS 36.5194 -116.5694 3.8 
PF 66 2 NA R 36.5129 -116.6111 18.6 
PF 66 3 NA DS 36.5160 -116.8191 15.6 
PF 66 4 stop DS 36.5169 -116.9941 0.0 
PF 67 1 start DS 36.6561 -118.2123 9.1 
PF 67 2 stop DS 36.6567 -118.1100 0.0 
PF 68 1 start DS 36.6566 -117.0023 24.1 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

PF 68 2 stop DS 36.6615 -117.2729 0.0 
PF 69 1 start DS 36.9430 -118.1930 6.1 
PF 69 2 stop DS 36.9431 -118.2620 0.0 
W 1 1 start DS 32.7545 -115.3939 49.8 
W 1 2 stop DS 32.7616 -115.9263 0.0 
W 2 1 start DS 32.7411 -114.5697 27.1 
W 2 2 stop DS 32.7489 -114.8597 0.0 
W 3 1 start DS 32.9022 -115.9233 29.9 
W 3 2 stop DS 32.9089 -116.2435 0.0 
W 4 1 start DS 32.8884 -114.8559 49.8 
W 4 2 stop DS 32.9007 -115.3893 0.0 
W 5 1 start DS 33.0470 -115.3865 49.5 
W 5 2 stop DS 33.0526 -115.9180 0.0 
W 6 1 start DS 33.1973 -116.3720 42.0 
W 6 2 stop DS 33.1934 -115.9199 0.0 
W 7 1 start DS 33.1791 -114.8471 50.1 
W 7 2 stop DS 33.1879 -115.3858 0.0 
W 8 1 start DS 33.3360 -115.6495 24.9 
W 8 2 stop DS 33.3329 -115.3808 0.0 
W 9 1 start DS 33.3219 -114.7166 4.8 
W 9 2 NA R 33.3226 -114.7683 5.0 
W 9 3 NA DS 33.3240 -114.8220 2.8 
W 9 4 stop DS 33.3255 -114.8523 0.0 
W 10 1 start DS 33.4757 -115.3768 49.8 
W 10 2 stop DS 33.4694 -114.8397 0.0 
W 11 1 start R 33.6184 -115.3760 7.0 
W 11 2 NA DS 33.6221 -115.4513 7.7 
W 11 3 NA R 33.6237 -115.5350 3.3 
W 11 4 stop R 33.6246 -115.5702 0.0 
W 12 1 start DS 33.6068 -114.6923 13.4 
W 12 2 stop DS 33.6132 -114.8364 0.0 
W 13 1 start DS 33.7538 -114.8349 2.8 
W 13 2 NA R 33.7583 -114.8652 5.4 
W 13 3 NA DS 33.7592 -114.9237 7.9 
W 13 4 NA R 33.7598 -115.0092 13.1 
W 13 5 NA DS 33.7634 -115.1510 20.5 
W 13 6 stop DS 33.7648 -115.3724 0.0 
W 14 1 start DS 33.9179 -115.9145 30.3 
W 14 2 NA R 33.9121 -115.5859 13.3 
W 14 3 NA DS 33.9105 -115.4416 6.5 
W 14 4 stop DS 33.9099 -115.3711 0.0 

A-7 



Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

W 15 1 start DS 33.8952 -114.5267 8.3 
W 15 2 NA R 33.8991 -114.6170 6.2 
W 15 3 NA DS 33.8995 -114.6843 13.5 
W 15 4 stop DS 33.9017 -114.8307 0.0 
W 16 1 start R 34.0636 -116.4532 12.3 
W 16 2 NA DS 34.0634 -116.3195 13.1 
W 16 3 NA R 34.0616 -116.1777 22.4 
W 16 4 NA DS 34.0598 -115.9346 2.2 
W 16 5 stop DS 34.0597 -115.9105 0.0 
W 17 1 start DS 34.0551 -115.3681 49.9 
W 17 2 stop DS 34.0454 -114.8266 0.0 
W 18 1 start FR 34.2110 -116.6425 2.6 
W 18 2 NA DS 34.2089 -116.6142 15.2 
W 18 3 stop DS 34.2086 -116.4490 0.0 
W 19 1 start DS 34.2049 -115.9096 16.7 
W 19 2 NA R 34.2022 -115.7283 8.9 
W 19 3 NA DS 34.2015 -115.6318 9.4 
W 19 4 NA R 34.2000 -115.5292 6.5 
W 19 5 NA DS 34.1992 -115.4588 8.5 
W 19 6 stop DS 34.1983 -115.3659 0.0 
W 20 1 start DS 34.1775 -114.2805 45.4 
W 20 2 NA R 34.1887 -114.7736 5.1 
W 20 3 stop R 34.1911 -114.8289 0.0 
W 21 1 start DS 34.3536 -116.4500 6.8 
W 21 2 stop DS 34.3520 -116.3764 0.0 
W 22 1 start DS 34.3402 -115.3637 3.8 
W 22 2 NA R 34.3414 -115.3223 3.1 
W 22 3 NA DS 34.3408 -115.2884 6.7 
W 22 4 NA R 34.3411 -115.2149 7.1 
W 22 5 NA DS 34.3398 -115.1374 19.1 
W 22 6 NA R 34.3365 -114.9290 10.0 
W 22 7 stop R 34.3348 -114.8199 0.0 
W 23 1 start DS 34.4960 -116.9962 50.2 
W 23 2 stop DS 34.4960 -116.4482 0.0 
W 24 1 start R 34.4865 -115.3575 4.9 
W 24 2 NA DS 34.4880 -115.4110 32.2 
W 24 3 stop DS 34.4932 -115.7630 0.0 
W 25 1 start DS 34.4670 -114.3970 38.6 
W 25 2 stop DS 34.4799 -114.8177 0.0 
W 26 1 start CR 34.6314 -118.2636 9.4 
W 26 2 stop CR 34.6336 -118.3664 0.0 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

W 27 1 start DS 34.6450 -116.9924 4.8 
W 27 2 NA R 34.6409 -117.0446 3.4 
W 27 3 NA DS 34.6421 -117.0813 41.7 
W 27 4 stop DS 34.6405 -117.5369 0.0 
W 28 1 start DS 34.6369 -115.9016 8.4 
W 28 2 stop DS 34.6382 -115.9936 0.0 
W 29 1 start DS 34.6197 -114.8109 49.8 
W 29 2 stop DS 34.6310 -115.3558 0.0 
W 30 1 start DS 34.7855 -117.5384 50.1 
W 30 2 stop DS 34.7816 -118.0873 0.0 
W 31 1 start DS 34.7860 -116.4444 17.8 
W 31 2 NA R 34.7858 -116.6393 18.0 
W 31 3 NA DS 34.7872 -116.8362 14.2 
W 31 4 stop DS 34.7868 -116.9916 0.0 
W 32 1 start DS 34.7781 -115.3552 29.7 
W 32 2 NA R 34.7799 -115.6808 14.1 
W 32 3 NA DS 34.7819 -115.8358 5.8 
W 32 4 stop DS 34.7824 -115.8992 0.0 
W 33 1 start DS 34.7625 -114.5555 22.9 
W 33 2 stop DS 34.7666 -114.8068 0.0 
W 34 1 start DS 34.9260 -118.4835 34.2 
W 34 2 stop DS 34.9254 -118.1087 0.0 
W 35 1 start DS 34.9297 -117.5414 50.1 
W 35 2 stop DS 34.9301 -116.9918 0.0 
W 36 1 start DS 34.9250 -115.8980 13.0 
W 36 2 NA R 34.9298 -116.0407 11.9 
W 36 3 NA DS 34.9289 -116.1713 16.5 
W 36 4 NA R 34.9295 -116.3521 8.5 
W 36 5 stop R 34.9308 -116.4455 0.0 
W 37 1 start DS 34.9059 -114.8031 49.8 
W 37 2 stop DS 34.9182 -115.3493 0.0 
W 38 1 start DS 35.0672 -118.0912 50.0 
W 38 2 stop DS 35.0738 -117.5417 0.0 
W 39 1 start DS 35.0731 -116.4433 12.3 
W 39 2 NA R 35.0746 -116.5781 7.5 
W 39 3 NA DS 35.0756 -116.6607 30.2 
W 39 4 stop DS 35.0754 -116.9931 0.0 
W 40 1 start DS 35.0720 -115.8976 50.0 
W 40 2 stop DS 35.0641 -115.3478 0.0 
W 41 1 start DS 35.0536 -114.6998 9.2 
W 41 2 stop DS 35.0549 -114.8007 0.0 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

W 42 1 start CR 35.2104 -118.4989 36.9 
W 42 2 stop CR 35.2123 -118.0924 0.0 
W 43 1 start DS 35.2203 -116.9920 50.0 
W 43 2 stop DS 35.2193 -117.5428 0.0 
W 44 1 start DS 35.2163 -115.8913 28.6 
W 44 2 NA R 35.2188 -116.2063 8.9 
W 44 3 NA DS 35.2176 -116.3045 12.4 
W 44 4 stop DS 35.2179 -116.4408 0.0 
W 45 1 start DS 35.2073 -115.3445 10.3 
W 45 2 NA DS 35.2059 -115.2306 31.5 
W 45 3 stop DS 35.2009 -114.8838 0.0 
W 46 1 start R 35.3609 -117.5434 5.2 
W 46 2 NA DS 35.3640 -117.6006 29.3 
W 46 3 NA R 35.3577 -117.9242 8.5 
W 46 4 NA DS 35.3589 -118.0179 5.3 
W 46 5 NA R 35.3604 -118.0763 1.5 
W 46 6 stop R 35.3587 -118.0931 0.0 
W 47 1 start DS 35.3625 -116.4510 22.7 
W 47 2 stop DS 35.3570 -116.7016 0.0 
W 48 1 start DS 35.3573 -115.8929 49.9 
W 48 2 stop DS 35.3519 -115.3423 0.0 
W 49 1 start R 35.4985 -118.2604 15.0 
W 49 2 stop R 35.5019 -118.0950 0.0 
W 51 1 start DS 35.5078 -116.4394 9.2 
W 51 2 NA R 35.5046 -116.3380 9.4 
W 51 3 NA DS 35.5057 -116.2342 18.2 
W 51 4 NA R 35.5040 -116.0331 2.4 
W 51 5 NA DS 35.5035 -116.0070 10.6 
W 51 6 stop DS 35.5018 -115.8904 0.0 
W 52 1 start DS 35.4938 -115.2500 8.0 
W 52 2 stop DS 35.4961 -115.3387 0.0 
W 54 1 start DS 35.6537 -116.9155 43.0 
W 54 2 stop DS 35.6500 -116.4391 0.0 
W 55 1 start DS 35.6471 -115.4355 3.4 
W 55 2 NA R 35.6427 -115.4731 16.1 
W 55 3 NA DS 35.6459 -115.6514 21.3 
W 55 4 stop DS 35.6464 -115.8876 0.0 
W 57 1 start DS 35.7911 -115.8846 47.7 
W 57 2 NA R 35.7939 -116.4133 2.3 
W 57 3 stop R 35.7916 -116.4385 0.0 
W 58 1 start DS 35.9376 -116.4386 1.8 
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Season Transect Point Start/Stop Habitat1 Latitude Longitude 
Length 
(km) 

W 58 2 NA R 35.9382 -116.4588 18.2 
W 58 3 NA DS 35.9426 -116.6606 29.8 
W 58 4 stop DS 35.9402 -116.9917 0.0 
W 59 1 start DS 35.9320 -115.8178 5.9 
W 59 2 stop DS 35.9360 -115.8832 0.0 
W 60 1 start DS 36.0818 -117.3946 0.3 
W 60 2 stop DS 36.0842 -117.3929 0.0 
W 61 1 start DS 36.0795 -116.0036 39.0 
W 61 2 stop DS 36.0833 -116.4373 0.0 
W 62 1 start DS 36.2261 -118.0076 6.2 
W 62 2 stop DS 36.2258 -117.9383 0.0 
W 63 1 start DS 36.2280 -116.9496 16.5 
W 63 2 NA R 36.2405 -116.7663 6.3 
W 63 3 NA DS 36.2305 -116.6974 23.6 
W 63 4 stop DS 36.2270 -116.4338 0.0 
W 64 1 start DS 36.3722 -116.3784 5.1 
W 64 2 stop DS 36.3712 -116.4355 0.0 
W 65 1 start DS 36.5138 -117.8515 22.2 
W 65 2 stop DS 36.5142 -118.0998 0.0 
W 66 1 start DS 36.5161 -116.5667 5.5 
W 66 2 NA R 36.5177 -116.6285 3.5 
W 66 3 NA DS 36.5146 -116.6673 29.2 
W 66 4 stop DS 36.5191 -116.9945 0.0 
W 67 1 start DS 36.6555 -118.2144 9.2 
W 67 2 stop DS 36.6569 -118.1114 0.0 
W 68 1 start DS 36.6584 -116.9924 25.0 
W 68 2 stop DS 36.6621 -117.2723 0.0 
W 69 1 start DS 36.9449 -118.1924 6.1 
W 69 2 stop DS 36.9436 -118.2616 0.0 
W 70 1 start R 35.6446 -118.0173 10.6 
W 70 2 NA DS 35.6471 -117.8997 7.2 
W 70 3 stop DS 35.6488 -117.8200 0.0 

  
1 Habitat along transect segment as determined by observers during survey. The researchers 
distinguished four habitat types; chaparral rugged (CR), desert scrub (DS), forested rugged 
(FR), and rugged (R). 
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