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Chapter I 

Ecology and History of the Golden Eagle in the Southern Great Plains 

Ecology 

The golden eagle (Aquila chrysaetos) is one of the world’s largest raptors, with a 

wingspan of up to 2.5m and a body mass of up to 7,000g (Bolen 1975, Watson 2010). 

Synonymous with other raptor species, golden eagles are sexually dimorphic, in that 

females are larger than males (Collopy 1983). Females can have a wingspan of up to 10% 

greater, and a body weight of 40 to 50% greater than males (Bolen 1975, Sanchez-zapata 

et al. 2010, Watson 2010). The golden eagle occupies most of the Northern Hemisphere, 

but is most often found in mountainous regions surrounded by open landscapes that are 

used for hunting (Bolen 1975, Watson 2010). In the United States, golden eagles were 

historically found nationwide (Katzner et al. 2012). However, due to persecution, loss of 

suitable habitat, fire control, and increases in agricultura l infrastructure, golden eagles 

have become nearly absent throughout their historic range east of the Mississippi River 

and have decreased in southern states, such as Texas and New Mexico (Spofford 1964, 

Boeker 1974, Hamerstrom et al. 1975). During the breeding season, adult golden eagle 

home ranges may vary between 1.9 and 83.3km2 (Marzluff et al. 1997). Throughout the 

rest of the year, however, home ranges may range from 13.7 to 1,700km2 (Marzluff et al. 

1997, Watson et al. 2014). Home range size for migratory juvenile golden eagles during 

non-migratory seasons is approximately 75km2 (McIntyre et al. 2008); however, studies 

on non-migratory juvenile golden eagle home range sizes in the continental United States 

are nonexistent.  
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Golden eagles are apex predators and feed on a variety of prey, ranging from 

small mammals, such as lagomorphs, black-tailed prairie dogs (Cynomys ludovicianus), 

ground squirrels (Spermophilus), and marmots (Marmota), various avian species, reptiles, 

and even carrion (Brown and Watson 1963, Mollhagen et al. 1972, Olendorff 1976, 

Kochert et al. 2002, Driscoll 2010). Approximately 80-90% of the golden eagle diet 

consists of small mammals, with their primary prey in the western United States being 

black-tailed jackrabbits (Lepus californicus; Mollhagen et al. 1972, Kochert et al. 2002). 

A study conducted by McGahan (1968) showed that of 980 pellet specimens collected 

and analyzed, 80% of all mammals identified were lagomorphs. A prey remains study 

conducted by Mollhagen et al. (1972) showed that 90% of all prey items identified in 

golden eagle nests were black-tailed jackrabbits, cottontail rabbits (Sylvilagus spp.), rock 

squirrels (Spermophilus variegatus), and black-tailed prairie dogs. Black-tailed 

jackrabbits alone accounted for 50% of all mammal prey and were found in 38 of the 41 

examined nests (Mollhagen et al. 1972). The aforementioned prey remains studies are 

beneficial in knowing what golden eagles feed on, but fail to answer how they hunt and 

their success rate. Collopy (1983) directly observed the foraging behavior and capture 

success of golden eagles and found that pairs would hunt either alone or in tandem 

(Fisher 1893, Willard 1916, and Gordon 1955). When in tandem, golden eagles were 

observed to stalk prey along talus slopes, as well as fly into the wind, which enabled them 

to fly slow and closer to the ground (Collopy 1983). Collopy (1983) found that the total 

capture success for both solo hunts and tandem-hunts was 20% (23 successful hunts out 

of 115 capture attempts).  
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Golden eagles live longer, have delayed maturity, and lower reproduction rates 

compared to other raptor species (Charlesworth 1980, McIntyre et al. 2006). Golden 

eagles reach sexual maturity around five years of age (Brown and Amadon 1968, 

Sanchez-zapata et al. 2010) and reproduce, on average, every other year, depending upon 

resource availability and weather (Smith and Murphy 1979, Tjernberg 1983). Incubation 

lasts approximately 45 days (Palmer 1988, Soutullo et al. 2006) and brood rearing lasts 

approximately 64 days (Steenhof 1987). The average clutch size per nest is 2.1 eggs 

(McGahan 1968, Beechum and Kochert 1975). A study conducted by McGahan (1968) 

found that 45 pairs successfully hatched an average of 1.8 eggs and fledged an average of 

1.6 eaglets (86.4%). Similar results were found in a study conducted by Wellein and Ray 

(1964), where an average of 1.6 eggs hatched and 85.7% eaglets fledged. A four-year 

study conducted by Beecham and Kochert (1975) showed only 65% of nests during the 

study were successful.  

Little is known about the first year of life of golden eagles, and most available 

information only covers the dispersal of migratory golden eagles (McIntyre and Collopy 

2006). A study using satellite telemetry found that the juvenile dependency period, a 

period in which juveniles still depend on their parents, for migratory golden eagles 

depended on the hatch day and lasted 39 to 63 days post-fledging (McIntyre and Collopy 

2006). The first year for golden eagles is often the most dangerous, with a mortality rate 

that is nearly 50% higher than that of adults (Newton 1979). A study conducted in 

California by Hunt et al. (1996) concluded that the yearly survival probability was 0.92. 

Another such study found that only 50% of individuals survived their first 2 full years of 

life (Harmata 2002). Additionally, a study conducted by McIntyre et al. (2006) found that 
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survival probability varied throughout the year; however, it was 0.19 and 0.34 during the 

two 11-month periods of the study, respectively. Several studies on juvenile dispersal 

have found that females typically travel farther than males (Greenwood et a1. 1979, 

Greenwood 1980, Newton and Marquiss 1983, Drilling and Thompson 1988, Soutullo et 

al. 2006). As the year progresses, juveniles travel greater distances away from their natal 

areas (Soutullo et al. 2006). To date, there have not been any dispersal studies conducted 

on non-migratory populations of golden eagles.  

History to Present 

In the late 1930s, reports from ranchers in California and Texas began to surface, 

claiming golden eagles were depredating young sheep and goats, and causing tens to 

hundreds of thousands of dollars’ worth of losses (Glover and Heugly 1970, Mollhagen et 

al. 1972, Phillips and Blom 1988, Avery and Cummings 2004, Boal et al. 2008). Such 

claims resulted in heavy persecution of golden eagles in an effort to reduce livestock 

losses (Glover and Heugly 1970, Schueler 1980). It is estimated that several ranchers in 

Texas, combined, killed more than 1,000 golden eagles in a single year (Gordon 1955, 

Schueler 1980). Naturalists became concerned that the golden eagle population would not 

be able to recover if this trend continued (Glover and Heugly 1970). In October 1962, the 

golden eagle was added to the then Bald Eagle Protection Act of 1940 to provide federal 

protection of the species and facilitate population recovery (Glover and Heugly 1970). 

Subsequent to protection, several food habit studies were conducted to evaluate the 

effects golden eagles were having on sheep and goat herds. However, researchers were 

unable to definitely determine the rate at which golden eagles were depredating sheep 
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and goat herds. Based on prey remains studies and visual observations, golden eagles 

were confirmed to consume sheep and goats, but researchers were unable to determine if 

the eagles killed the prey or if they were simply scavenging carcasses (Wiley and Bolen 

1971, Mollhagan et al. 1972, Bolen 1975, O’Gara et al. 1983, Avery and Cummings 

2004). Studies on current golden eagle populations in the Southern Great Plains have 

been sparse since the 1970s.  

With advancements in the wind energy industry and further development in 

agricultural land, studies on the golden eagle are especially important today. The 

development of irrigation technology, the mechanization of farm equipment, and use of 

fertilizers enabled farmers to increase their agricultural land acreage and produce crops in 

areas where they were not previously grown (Tinkler 2004, Brown et al. 2005). Due to 

these advancements, the Southern Great Plains has incurred high rates of land use and 

land cover change in rural areas (Brown et al. 2005). If proper management practices are 

not used during the cultivation of land, negative impacts — nutrient and prime agricultural 

lands losses, destruction of wetlands, and loss of fish and wildlife habitat — may occur 

(Anderson et al. 1976). Changes in landscape use have resulted in ecosystem 

fragmentation and “islands” of native vegetation (Saunders et al. 1991). Fragmentation 

has been known to cause large changes in biogeographical aspects of the land, such as 

wind, water, and nutrient movements over the landscape (Saunders et al. 1991). 

Additionally, advancements in agriculture have resulted in exurban sprawl that may have 

unknown negative impacts on golden eagle populations (Dennis et al. 1984, Hansen et al. 

2005). Golden eagles tend to remain secluded and away from human disturbance, 
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especially during the breeding season (Dennis et al. 1984). Therefore, human disturbance 

and development, as well as habitat fragmentation, are likely to displace the golden eagle 

population.  

Prairie dogs are one of the primary prey items of golden eagles in the Southern 

Great Plains (Brown and Watson 1963, Mollhagen et al. 1972, Olendorff 1976, Kochert 

et al. 2002, Driscoll 2010). Almost a century ago, Nelson (1919) showed that prairie dog 

populations in the Southern Great Plains had already been drastically reduced (cited in 

Summers and Linder 1978). Prairie dog populations in the Southern Great Plains used to 

occupy 40 million hectares, but eradication programs were put in place to limit 

competition with cattle, causing prairie dog populations to decline to less than two 

percent of the historic size (Nelson 1919). Consequently, the drastic decrease in the 

prairie dog population size could have had negative impacts to the golden eagle 

population.  

Changes in native vegetation have also been known to cause wildlife populations 

to change and decrease over time (Coppedge et al. 2001). The encroachment of juniper 

(Juniperus) in the Southern Great Plains, for example, is partially to blame for the shift in 

small mammal population diversity (Horncastle et al. 2005, Simes et al. 2015). Due to 

fire suppression and an alteration to vegetation via agriculture and heavy cattle grazing, 

juniper has been able to take over area of the Southern Great Plains that had not already 

been established as agricultural areas, effectively pushing native plant species out. 

Changes in land cover have resulted in decreased black-tailed jackrabbit populations, a 

primary food source for golden eagles in the area (Brown and Watson 1963, Mollhagen 
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et al. 1972, Olendorff 1976, Kochert et al. 2002, Horncastle et al. 2005, Driscoll 2010, 

Simes et al. 2015). 

Over the last 20 years, there has been an increase in the development of wind 

energy facilities in the Southern Great Plains, putting golden eagles at a greater risk of 

collision than previously seen (Kuvlesky et al. 2007). As stated earlier, golden eagles 

have no natural predators and they live longer, have delayed maturity, and lower 

reproduction rates than many other raptor species; thus, mortality driven by 

anthropogenic features puts their populations at a higher risk of significant declines and 

longer recuperation time (Drewitt et al. 2006, Kuvlesky et al. 2007). Following reports of 

high mortality rates of raptors at the Altamont Pass Wind Resource Area (APWRA) in 

California, several studies were conducted in an effort to assess the level of impacts the 

turbines were having on raptor species (Hunt 2002, Smallwood and Thelander 2008). 

Such studies brought attention to the importance of considering flight paths and raptor 

abundance in proposed wind farm areas, as well as establishing monitoring programs and 

site evaluations before, during, and after construction of wind energy facilities (Anderson 

et al. 1999, Erickson et al. 2001).  

The aforementioned factors have likely all contributed to the perceived declines 

of the golden eagle population in the Southern Great Plains; however, there are no current 

studies on the golden eagle population in this region to determine current population 

status or how they are using the landscape. Past studies on golden eagles relied primarily 

on the use of very high frequency radio telemetry (VHF) and visual observations to 

gather information (Brodeur et al. 1996, Seegar et al. 1996). Such data were difficult to 
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obtain when working with golden eagles, as the species tends to be reclusive and travel 

great distances (Brodeur et al. 1996, Seegar et al. 1996). When using radio telemetry, 

researchers must be within 100 to 5000 m of the tagged animals to get an accurate 

location (Walls and Kenward 2007), limiting the information that can be gathered from 

long-distance migratory species. Additionally, gathering information via radio telemetry 

is limited by inclement weather, daylight, and access to land (Brodeur et al. 1996). A 

study conducted at a Rocky Mountain wind farm used visual observations and flight 

paths recorded in GIS to determine that migrating golden eagles showed detection and 

avoidance of the wind turbines (Johnston et al. 2014). Another study using radio 

telemetry was able to determine the change in raptor home ranges when breeding 

residents in the area were exposed to increased human activity (Anderson et al. 1990). 

Although the information gathered in these studies is valuable, it fails to inform on where 

the animals travel, how long they stay in a location, or their particular migration routes 

(Brodeur et al. 1996).  

The development of platform terminal transmitters (PTTs) and other satellite 

telemetry technologies have enabled researchers to track long-distance migrants and 

reclusive species anywhere around the world by providing Global Positioning System 

(GPS) locations that are sent directly to a receiving device (Javed et al. 2003, Meyburg 

and Fuller 2007). Researchers are now able to gather invaluable data that would have 

been nearly impossible to obtain without such technology (Seegar et al. 1996). PTTs can 

be programmed to record at various times per day, depending on battery power, which 

enables researchers to gather a specific amount of data needed for their studies (Meyburg 
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and Fuller 2007). Several studies have been conducted using PTTs on raptors and other 

birds to determine migration bottlenecks, migration period and timing, speed and altitude 

during migration, home range size, habitat use, and juvenile dispersal (Brodeur et al. 

1996, Marzluff et al. 2004, Meyburg and Fuller 2007, Seegar et al. 1996). Furthermore, 

Meyburg and Fuller (2007) outlined other information that can be acquired through the 

use of PTTs, such as behavior of nonbreeding adults, the discovery of unknown wintering 

areas, and pair continuity. The use of PTTs will enable researchers to monitor, document, 

and analyze the movements of golden eagles, as well as estimate home ranges and land 

cover types the species associate with.   

In this study, I addressed two main questions regarding golden eagles in the 

southeastern extent of their distribution in western North America. First, I assessed their 

distribution and habitat associations during winter in the Southern Great Plains region. 

The results of this component of my study are presented in Chapter 2. Second, I 

examined the survival, dispersal patterns, home range size, and habitat associations of 

juvenile golden eagles during the first two post-fledging years in the Southern Great 

Plains and Trans Pecos regions. The results of this component of my study are presented 

in Chapter 3. Combined, the results of my study provide new insights into where golden 

eagles are in relation to habitat types and wind energy facilities, how far they travel, and 

their probability of survival during their first two post-fledging years. The resulting 

information can facilitate future plans on wind energy development and regulations in my 

study regions 
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Chapter II 

Distribution, density, and land cover associations of wintering golden eagles in the 

Southern Great Plains 

 

Abstract 

Each winter, the Southern Great Plains experiences an increase in golden eagles 

that migrate through, or settle in, the region for the winter. However, little contemporary 

or quantitative information is available regarding land cover associations, distribution, 

and density of these birds across the region. I conducted golden eagle surveys along 51 

road survey transects, each approximately 50km in length, in the Southern Great Plains of 

eastern New Mexico, and the panhandles of Texas and Oklahoma during two winters. My 

goal was to determine land cover associations of wintering golden eagles in the region to 

assess potential risk from energy development, as well as the estimated density of golden 

eagles in the area. I used ArcMap 10.3 to analyze the land cover associations of golden 

eagles in the study area and Program Distance 6.2 to estimate effective strip width of 

surveys, calculate a detection probability, and estimate population density. I found that 

golden eagles were detected in the shrubland and grassland cover types at greater 

proportion than what was available, and in the agricultural and developed land cover 

types less than what was available. During the December and January surveys in 2014-

2015 and 2015-2016, the estimated winter density of the golden eagle population in the 

study area was 0.2/100km2.   
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Introduction  

The Southern Great Plains region of North America has incurred high rates of 

landscape change due to advancements in agriculture, increased rates of livestock 

grazing, and urban sprawl (Dennis et al. 1984, Hansen et al. 2005, Brown et al. 2005). 

Changes in landscape use have resulted in ecosystem fragmentation and “islands” of 

native vegetation, creating a patchwork of croplands, grassland remnants, and expanding 

woody areas (Saunders et al. 1991, Coppedge et al. 2001). Such islands have also been 

known to cause large changes in biogeographical aspects of the land, such as wind, water, 

and nutrient movements over the landscape (Saunders et al. 1991). Furthermore, such 

changes have had concomitant influences on the composition and distribution of the 

fauna in the region.  

The golden eagle (Aquila chrysaetos) is the apex avian predator of the Southern 

Great Plains (Kochert et al. 2002). In addition to resident eagles, the Southern Great 

Plains is thought to experience an influx of golden eagles during wintering periods; 

however, no quantitative data exists for eagle presence, densities, or landscape use across 

the region during the winter season. It is believed that human disturbance and 

development, as well as habitat fragmentation, may displace the golden eagle population 

in the area, as the species tends to avoid away human disturbance, especially during the 

breeding season (Dennis et al. 1984). There is a contemporary need for a better 

understanding of golden eagle populations in the Southern Great Plains due to the 

landscape level changes that have resulted from continued development in agriculture 

practices and advancements in the wind energy industry. For example, primary prey for 
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golden eagles in the region are black-tailed jackrabbits (Lepus californicus) and black-

tailed prairie dogs (Cynomys ludovicianus) (Brown and Watson 1963, Mollhagen et al. 

1972, Olendorff 1976, Kochert et al. 2002, Driscoll 2010). However, fire suppression in 

conjunction with the further spread of agriculture and heavy grazing has resulted in the 

encroachment of junipers and mesquite in much of the Southern Great Plains, resulting in 

the decline of native grasslands (Coppedge et al. 2001) and the resulting decrease in 

jackrabbit populations (Simes et al. 2015). Agricultural practices have also made 

landscapes unsuitable for prairie dogs, but heavy persecution has contributed to declines 

in the species across the region (Luce 2003).  

In addition to possible reductions of eagle prey across the Southern Great Plains, 

the last 20 years have seen a dramatic increase in the development of wind energy 

facilities. Wind energy is known to disturb and displace wildlife during and following 

construction (Pearce-Higgins et al. 2012), and may cause direct mortality of birds and 

bats due to collision with turbine blades (Hunt 2002, Chamberlain et al. 2006). Golden 

eagles are known to experience some mortality at wind energy centers (Hunt et al. 1999, 

Hunt 2002, Pagel et al. 2013). As an apex predator, golden eagles have no natural 

predators and they live longer, have delayed maturity, and lower reproduction rates than 

many other raptor species; thus, mortality caused by anthropogenic features puts their 

populations at a higher risk of significant declines and longer recuperation time (Drewitt 

et al. 2006, Kuvlesky et al. 2007).  

There are no contemporary studies on the golden eagle population in the Southern 

Great Plains to estimate current population status or how the species uses the landscape. 
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In 2015, I initiated a study to estimate the winter abundance of golden eagles across the 

Southern Great Plains of New Mexico, Texas, and Oklahoma, and to examine their 

association with land cover types. My goal was to develop a better understanding of 

spatial and land cover components that may lead to increased risk due to placement of 

wind energy centers. 

Study Area 

The study area was from approximately 33° to 37° North latitude and 100.5° to 

105.0° West longitude. This is an area of approximately 136,800 km2 extending from the 

northern border of northeastern New Mexico and the Oklahoma Panhandle and 

southward, to approximately the latitude of Lubbock, Texas and Roswell, New Mexico, 

and from the western edge of the plains in New Mexico to the eastern edge in Texas (Fig. 

2.1).  This area encompasses the majority of the Southern Great Plains, including the 

regions known as the Llano Estacado, parts of the Canadian and Pecos River drainages, 

and the Mescalero and Caprock Escarpments, and includes parts of Bird Conservation 

Regions 18 (Shortgrass Prairie) and 19 (Central Mixed-grass Prairie) as designated by the 

North American Bird Conservation Initiative (https://iwjv.org/resource/map-bird-

conservation-regions-nabci-bcr-map).  

Hypothesis 

H1: Golden eagles primarily prey on small mammals, such as black-tailed 

jackrabbits and black-tailed prairie dogs (Mollhagen et al. 1972, Kochert et al. 2002), 

which occupy open areas with available cover, such as grasslands and shrub lands. I 

https://iwjv.org/resource/map-bird-conservation-regions-nabci-bcr-map
https://iwjv.org/resource/map-bird-conservation-regions-nabci-bcr-map
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hypothesize that the observed wintering golden eagles will frequent cover types such as 

those, because the open areas will allow for easier hunting and greater hunting success 

(Mollhagen et al. 1972, Anderson et al. 1976, Loveland et al. 2000, Kochert et al. 2002). I 

further hypothesize that golden eagles will occur less frequently in areas that would not 

normally be considered as suitable habitat for their prey, such as agricultural areas and 

areas with notable human disturbance or development, including areas of wind energy 

development (Dennis et al. 1984). 

Field Methods 

The objectives of my study were to assess relative density of wintering eagles and 

what landscape features they are associated with in the study area. To answer these 

questions, I selected road transect surveys as an efficient method of sampling (Fuller and 

Mosher 1987, Andersen 2007). Road transect surveys have been effectively used to 

assess raptor distributions (Yosef et al. 1999), their association with land-use practices at 

broad spatial scales (Sorley and Andersen 1994, Rohrbaugh and Yahner 1997, Garner 

and Bednarz 2000, Olson and Arsenault 2000), patterns of seasonal (Andersen et al. 

1985, Goldstein and Hibbitts 2004) and spatial occurrence (Sorley and Andersen 1994, 

Belka et al. 1996, Ferguson 2004), and to assess changes in abundance through time 

(Hubbard et al. 1988, Herremans and Herremans-Tonnoeyr 2001, Thiollay 2001). Roads 

transects surveys also allow for efficient surveys of, and convenient access to, large areas, 

especially in open landscape habitats (Fuller and Mosher 1987).  

My survey effort was constrained by a study area of 136,800 km2, issues with 

private land access, availability of public roads, and the main objective of representative 
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sampling of land cover types. Therefore, I located 51 survey routes (i.e., transects) along 

roads spaced systematically across my study area (Fig. 2.1; Andersen 2007). Each 

transect measured approximately 50km in length, varying from 43-71km, by 800m to 

either side of the road.  Roads selected for transects were chosen based on the volume of 

traffic present and speed limit. For safety of survey personnel driving at slow survey 

speeds, I wanted to avoid roads that were heavily trafficked and had higher speed limits. I 

also did not include roads in forested areas along the western edge of the study area, as 

these occur in areas that are transitions from the Southern Great Plains into the San Juan 

and Sacramento Mountain ranges.  

Each route was surveyed in mid-December 2014 and 2015, and early-January 

2015 and 2016 by 2-3 survey teams. Each team consisted of a driver and an observer, 

with the driver acting as a second observer. During surveys, teams recorded all golden 

eagles detected at any distance to each side of the transect. Teams drove along each 

transect at a speed that did not exceed 35km/hr. At the beginning of each transect teams 

recorded the transect number, the date, the starting time, the starting waypoint, the driver 

and the observer names, and weather conditions. At the end of each transect, teams 

recorded the ending time, the ending waypoint, and the end weather conditions. Weather 

included precipitation type if present, and the percentage of cloud cover. Teams used a 

Kestrel 2000, manufactured by Forestry Suppliers, Inc., weather gauge to determine the 

temperature, the wind speed, and the barometric pressure. If there was inclement weather 

present at the start of, or during a particular transect, it was at the surveyors’ discretion to 

skip that transect for the time being or wait for the weather to pass. Inclement weather 
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included the presence of fog, rain, and/or snow which inhibited the surveyors’ vision of at 

least half the survey buffer area. Wind speeds exceeding 27km/hr also precluded surveys, 

as bids are likely to avoid being out in high wind speed conditions. 

When an eagle was detected, the driver stopped the vehicle, the observer marked 

the location with the GPS and filled out the data sheet. Each entry on the data sheet 

consisted of the species code, the observed behavior, the estimated horizontal and 

estimated height to the eagle when it was first detected, the direction from the road the 

eagle was detected on, the age and sex if applicable, and the time the observation 

occurred. Due to the sexually dimorphic nature of golden eagles (Collopy 1983), 

differentiation between males and females is able to be determined when two or more 

individuals are detected in the same area. The age of an individual was determined based 

on the plumage of the eagle’s tail and flight feathers. First year eagles have white 

“windows” on the underside of their wings and primarily white tails, with dark brown 

tips (Bloom and Clark 2001). The amount of white on the flight feathers and tail reduces 

each year until the individual reaches maturity at four years of age (Bent 1937b, 

Tjernberg 1988). Observed behaviors included powered flight, soaring, hunting, and 

perched. I defined powered flight by the presence of wing pumping, moderate to high 

altitude, while flying in one general direction. I defined soaring when there was little to 

no wing pumping, usually high in altitude. I defined hunting as coursing slowly above the 

vegetation, usually flying into the wind (Collopy 1983). If the eagle was “perched”, the 

observer specified what it was perched on (i.e. pole, tree, shrub, and fence). When 

recording the estimated horizontal distance, the observer used a range finder to obtain an 
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accurate distance. However, if the observer was unable to get a reading with the range 

finder of the exact eagle location, s/he used the range finder to determine the distance of a 

larger object and then estimated the distance to the eagle using the larger object for 

reference. When recording the estimated vertical height, the observer used a clinometer to 

obtain the angle of the eagle from the observer, and then coupled with the estimated 

distance, used trigonometry to estimate the height.  

Analyses 

Compositional analysis 

To assess the land cover use by wintering golden eagles, I conducted a 

compositional analysis using the location data obtained during the winter surveys. I 

imported the UTM coordinates obtained for each eagle location into ArcMap 10.3 (Fig. 

2.2). I only included location data for the individuals that were detected within the 800m 

survey buffer. This was to ensure an accurate depiction of the land cover use by wintering 

golden eagles. The locations were originally recorded from the survey vehicle; therefore, 

they had to be relocated to the estimated location of each eagle to assess land cover types 

being used. I used the perpendicular distance and direction to each eagle location from 

the point on the road where the observation was made.  

I also imported the survey transects, county boundaries, and a GAP land cover 

layer into ArcMap 10.3 (USGS GAP land over data set 2011). The land cover layer 

consisted of 9 primary classes: agricultural vegetation, developed and other human use, 

forest and woodland, introduced and semi natural vegetation, nonvascular and sparse 
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vascular rock vegetation, open water, recently disturbed or modified, semi-desert, and 

shrubland and grassland. I combined the forest and woodland, nonvascular and sparse 

vascular rock vegetation, open water, and recently disturbed or modified cover types into 

an “other” category, because they made up <5% of the land cover in the study area. For 

analysis, I only included the portion of the forest and woodland cover type that was found 

within the transects, rather than all forest and woodland areas throughout the study area, 

as this was not a cover type representative of the Southern Great Plains. I also pooled the 

semi-desert cover type with the shrubland and grassland cover type into a new “range” 

category.  

I created an 800m buffer around each eagle point as a reasonable estimation of the 

cover types within the foraging area proximal to each location (Fig. 2.4; Garner and 

Bednarz 2000). I also created a 1.5km buffer around each transect to estimate the 

available land cover types in the sampled area (Fig. 2.4). I used a 1.5km buffer because 

we observed several eagles out to that distance.  

I used the “Extract by Mask” tool in ArcMap 10.3 to isolate the buffered transects 

and eagle points from the entire study area (Figs. 2.3, 2.5, 2.6). I then determined the 

proportion of each land cover type for the combined transects by opening the attribute 

table and documenting in Microsoft Excel the count for each land cover type, as well as 

the total count for the transects. I repeated this process for the eagle sightings and the 

entire study area. To determine if the cover types within the buffers of the systematically-

placed transects adequately represented those which were available in the study area, I 

compared the proportions of each land cover type within the combined transects with the 
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proportions of available land cover types in the entire study area. I assessed land-use 

selection by comparing the land cover use of golden eagles versus the available land 

cover in the combined transects with a chi-squared test, with a significance level set at 

α=0.05 (Neu et al. 1974). Eagles detected outside of the transects and transect buffers 

(aka “incidentals”) were not included in this analysis and were analyzed separately.  

After attaining the observed and expected proportions of each land cover type, I 

ran a chi-square test to investigate difference in the observed and expected values for 

each cover type (Ner et al. 1974). I also obtained an overall chi-square value of all cover 

types to determine overall significance. From there, I determined the 90% confidence 

interval value and the upper and lower 90% confidence intervals of the observed 

proportions. I was then able to test for selection of cover types by comparing the 

confidence intervals with the expected proportions. A cover type was considered as being 

selected if the expected value was lower than the confidence interval. It was considered 

as being avoided if the expected value was higher than the confidence intervals. If the 

expected proportion was within the observed confidence intervals, use of the cover type 

was considered as being in proportion to its availability.   

Wind Turbines 

 I used ArcMap 10.3 and the same UTM data recorded during the winter surveys 

to assess the spatial relationship between eagles and turbines. I downloaded the “onshore 

industrial wind turbine locations for the US to March 2014” data set from the USGS 

website (Table 2.3; 

https://www.sciencebase.gov/catalog/item/55c4aa9be4b033ef52106e2f). For analysis, I 

https://www.sciencebase.gov/catalog/item/55c4aa9be4b033ef52106e2f
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included all golden eagles that were detected during the surveys, including those detected 

between transects. I created buffers of 5km, 25km, and 50km, which served as perceived 

high, moderate, and low risk buffers. I chose the 5km buffer as the high risk buffer 

because golden eagles are highly capable of traveling 5km in a short amount of time. I 

chose the 25km buffer as the moderate risk buffer because the average 95% home range 

size for golden eagles during the non-breeding season (16 August – 15 January) has been 

measured at approximately 87km2 (Watson et al. 2014), meaning it is reasonable to 

assume the eagles would travel within that buffer on a relatively frequent basis during 

that time. I chose 50km as the low risk buffer because it falls within the average 95% 

home range for adult golden eagles during that time, but is large enough to reduce the 

golden eagle - turbine encounter probability. 

 I used the “near” tool in ArcMap to conduct a proximity analysis of detected 

golden eagles to the nearest turbine, as well as proximity to the nearest turbine field. I 

defined a turbine field as having ≥10 turbines in a given area. I determined the density of 

each turbine field to estimate the relative risk and intensity of risk associated with turbine 

field size. For example, a grouping of a few turbines may or may not present a greater 

relative risk to golden eagles than would a field of 100+ turbines. Standalone turbines, or 

fields with few turbines have the potential to pose less of a risk to eagles than fields with 

greater than 10 turbines. Therefore, I repeated the proximity analysis using the turbine 

fields that had ≥10 turbines to see if there was a difference in golden eagle proximity to 

the closest turbine field.  
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Distance Analysis 

I used Program Distance 6.2 to model the detection probability and density of 

golden eagles along the 51 line transects, as well as estimating the effect strip width of 

the surveys (Buckland et al. 2005). For analyses in Program Distance, a larger sample 

size of 60 or more, would be preferred in order to get more accurate results. However, 

since golden eagles occur at low densities, I ran the analysis using the data recorded 

across both years of surveys (54 individual eagle detections). I used the key function + 

series expansion approach to run my analysis (Buckland et al. 2001). I imported the data 

into Program Distance as line transect surveys, conducted by a single observer, with 

perpendicular measurements to each eagle, and considered each observation a single 

object. I chose to import the data as conducted by a single observer, rather than two 

observers, because survey crews communicated with each other when we detected an 

eagle, negating any chance there would be for us to record the same bird twice. To 

account for the small sample size, I used Akaike’s Information Criterion (AICc). To 

select the best fit model, I used ∆AICc values and AIC weights (wi; Anderson et al. 

2000). The model with the lowest AICc value was considered the best fit model. I did not 

need to model average competing models, because no two models had a ΔAICc score of 

<2 separating each other (Conroy and Carroll 2009).  

Results 

Due to poor weather and road conditions during the second winter, we were 

unable to survey all transects in their entirety, reducing the total area surveyed during the 

second year (December 2015 and January 2016) to ~2300 km2. I detected 31 golden 
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eagles during the first year of surveys (18 in December 2014, 7 in January 2015, 6 

incidental) and 23 golden eagles during the second year of surveys (11 in December 

2015, 5 in January 2016, 7 incidentals; Fig. 2.2). A majority of detections during both 

years of surveys occurred in the southeastern part of New Mexico, making up 59% of all 

detections. Very few detections occurred in Texas (7 individuals, 13%) or Oklahoma (4 

individuals, 7%) during the two survey years.  

The range category, which consisted of pooling the semi-desert cover type and the 

shrubland/grassland cover type, accounted for 81.4km2 (59.9%) of the study area within 

the transects. Next, the agriculture category accounted for 31.2km2 (22.8%) of the study 

area within the transects. The introduced/semi-natural vegetation category accounted for 

8.9km2 (6.5%) of the study area within the transects. The developed category accounted 

for 7.5km2 (5.5%) of the study area within the transects. Lastly, the other category, which 

consisted of the forest/woodland, nonvascular/semi-vascular plant species, open water, 

and recently disturbed categories, accounted for 7.2km2 (5.3%) of the study area within 

the transects. I performed a chi-square test to determine if the available land cover within 

the transect buffers adequately represented the available land cover types throughout the 

entire study area. I found that there was no significant difference between the two (p = 

0.245, df = 4; Table 2.1), suggesting the transects adequately represented the available 

land cover types within the study area.  

I used a chi-square test to determine if there was evidence of selection or 

avoidance between the land cover types where eagles were detected, versus the available 

land cover types throughout the transects. Although there was not a significant difference 
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(p = 0.092, df = 4), it appears there may be a biological relevance in that golden eagles 

were found in the range category more than was available and in the agriculture and 

introduced cover types less than was available (Table 2.2). Further support of this is that 

12 of the 13 golden eagles that were detected incidental to survey transects were in the 

range cover type. I ran a compositional analysis to determine which land cover types 

were selected for, avoided, or used in proportion to what was available in the transects 

(Fig. 2.7). I found that range was the only category with evidence of being selected for. 

The agriculture, introduced vegetation, developed, and other categories all appeared to be 

avoidance. 

When analyzing the golden eagles in relation to the wind turbine risk buffers, I 

counted each individual when determining how many individuals were within each risk 

buffer, independent on whether they were in other buffers. I found that four (7.5%) were 

within the high risk buffer, nine (17.0%) were within the moderate risk buffer, 29 

(54.7%) were within the low risk buffer, and 24 (45.3%) were outside of all buffers (Fig. 

2.8). For the proximity analysis of all turbine fields, I found that eagles were detected 2.4 

- 182km away from any given turbine field (Table 2.4 - 2.5). The results of the proximity 

analysis of turbine fields with ≥10 turbines were similar, with eagles ranging from 2.4 - 

195km away from turbines (Table 2.6 - 2.7).   

Detections of golden eagles during each survey period was too low to be 

adequately analyzed separately. To get a more accurate density estimate in Program 

Distance, I pooled all golden eagle detections from both survey years, but coded them to 

differentiate between each survey period (i.e. December 2014, January 2015, December 
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2015, and January 2016). I left truncated the data by 15m to account for detection bias 

that arose when utility poles were present. I right truncated the data at 1000m to account 

for bias that arose when including outlier detections. Based on ΔAICc scores and model 

weights, three models were considered competing, and were therefore model averaged to 

obtain an estimated density of golden eagles across the study area of 0.2/100km2 (95% 

CIs = 0.0008, 0.003; effective survey strip width = 442.6m), with a detection probability 

of 0.44 (95% CIs = 0.28, 0.7; Table 2.8).  

Discussion 

Golden eagles occupy much of the northern hemisphere, which encompasses an 

expansive habitat diversity (Watson 2010). Due to the wide range of distribution of 

golden eagle populations, it is likely that habitat use will vary between populations. 

Golden eagles will likely occupy areas with an abundance of prey, while avoiding areas 

of human disturbance (Brodeur et al. 1996, Domenech et al. 2015). Wintering golden 

eagles detected during this study were primarily observed in the range cover type 

category. The compositional analysis supported these raw observations, which suggested 

the range cover type was being selected for, while all other cover types were being 

avoided. My results differ from those outlined in LeBeau et al. (2015), which found that 

adult golden eagles in the western United States avoided open grasslands, while selecting 

for areas with rugged terrain. Additionally, my results differ from those outlined in 

Domenech et al. (2015), which found that adult wintering golden eagles in the western 

United State avoided grasslands and non-sagebrush shrub, while selecting for coniferous 

forests and riparian areas. The results in LeBeau et al. (2015) and Domenech et al. (2015) 
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differ from those found in my study; however, they are not fair comparisons, as the land 

cover composition in my study area differs from that in the western United States. For 

example, coniferous forests were not found in my study area.  

Across my study area, detections of golden eagles occurred primarily in eastern 

New Mexico and were low in Texas and Oklahoma during both years of surveys. Boeker 

and Ray (1971) found the same trend when conducting aerial wintering golden eagle 

surveys in the same area. The lower golden eagle detections in Texas and Oklahoma can 

likely be attributed to the juniper encroachment and higher densities of agricultural fields 

that are present, comparative to New Mexico land cover composition, both of which are 

not prime hunting habitat for eagles. No eagles were detected in the southeastern 

quadrant of my study area. If future surveys of this area are conducted, sampling efforts 

should be focused in the New Mexico transects.  

Golden eagles are long-lived, have delayed maturity, and lower reproduction rates 

than many other raptor species (Drewitt et al. 2006, Kuvlesky et al. 2007). Thus, 

mortality caused by anthropogenic features, such as wind turbines, places golden eagle 

populations at a higher risk of significant declines with longer recuperation time. 

Determining where golden eagles are, in relation to wind energy facility, is of 

contemporary concern in the Southern Great Plains, as the development of wind energy 

facilities is rapidly increasing. Such developments increase golden eagle susceptibility to 

turbine collisions than previously seen (Kuvlesky et al. 2007). When examining the 

proximity of golden eagles to wind energy facilities with fields of ≥10 turbines, I found 

that only 4 of 53 eagles were detected within my a priori defined high risk zone of 5km 
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from a facility. However, over half of all detections were within 50km of a facility. This 

suggests that a large proportion of wintering eagles in the study area likely encounter 

wind energy facilities during their normal wintering movements. Future analyses should 

look at the land cover composition in and around wind energy facilities to determine if 

there are certain factors that are potentially enticing golden eagle presence. Future 

analyses could also be done to determine if there is a difference between land cover 

composition in and around wind energy facilities where golden eagles were detected, 

compared to those where eagles were not detected. If there are aspects that appear to be 

deterring or attracting eagles, future management and development plans should take 

those factors into account. For example, my data, and other studies suggest wintering 

golden eagles avoid agricultural and developed areas (Brodeur et al. 1996, Marzluff et al. 

1997, LeBeau et al. 2015, Domenech et al. 2015). Therefore, it would be advantageous 

for future wind energy facilities to be built in areas such as those, so as to reduce the 

possible eagle-turbine collisions.  

I estimated golden eagle densities in my study area to be low, with an estimated 

density of 0.2 individuals per 100km2 and an estimated probability of detection at 44%. 

The estimated density translates to approximately 270 individuals in the entire study area. 

I suspect this is an unrealistically low estimation of detection, and is an artifact of the 

modeling approach that was based on a low number of detections across a very large 

sampling area. Although the presence of eagles was undoubtedly low across the study 

area, I believe the survey teams were efficient in detecting eagles when they were 

present, as golden eagles are huge birds and the study area is a very open landscape.  
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Boeker (1974) found that wintering golden eagle densities in New Mexico were 

386-1,100 individuals/100mi2 and <200 in Texas during the course of the study. The 

results of that study are higher than those found in my study, which is likely due to the 

aerial survey method used, as opposed to the road transect surveys used for my study. 

Aerial surveys are not limited by road availability and access, which likely lead to the 

higher detections in the Boeker (1974) study. However, the higher densities of golden 

eagles in New Mexico than in Texas correspond to the results of my study (Boeker 1974). 

Duerr et al. (2015) conducted raptor road transect surveys in Southern California in 

January 2012 and 2013. They detected nine golden eagles during the study, with an 

estimated density of 0.08 individuals per 100km2. While the sample size in Duerr et al. 

(2015) is smaller than in my study, the estimated density is similar to what I estimated. 

Furthermore, Duerr et al. (2015) found that the golden eagle population density in their 

study area had declined over time, which they believe to be attributed to human 

population growth and development. Such findings correspond to the results found in my 

study.      

A majority of golden eagles detected during my surveys were perched on utility 

poles, which corresponds to the results presented in Nielson et al. (2014). The presence of 

utility poles likely biases detectability of a species due to the close proximity of the poles 

to the road, increasing the ease at which individuals are detected. Alternatively, if poles 

are not present, detection of eagles in the area will be much lower, as eagles are less 

likely to be in those areas. Support for this hypothesis is presented by Domenech et al 

(2015), which found that golden eagles in the western United States selected for areas 
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associated with perches and available prey species. I chose to left truncate the data by 

15m in order to eliminate the potential bias of the poles. This resulted in a lower density 

than non-truncated data (D = 0.15239), but a higher estimated strip width (ESW = 35.01). 

When conducting future road surveys, researchers will want to determine a way to 

account for pole presence, detection probability, and perceived density.  

Prior to my study, there had been no contemporary assessments of wintering 

golden eagles in the Southern Great Plains, estimates of their population status, or 

examination of how they are using the landscape, especially in relation to wind energy 

facilities. Most studies on the golden eagle population status in this region were 

conducted in the 1970’s, shortly after their inclusion in the Bald and Golden Eagle 

Protection Act of 1962 (Glover and Heugly 1970). Fifty-five years have passed since 

golden eagles became protected under that act, and the results of this study are the first to 

look into the current wintering golden eagle density and how they are using the 

landscape. However, wintering populations of golden eagles in the study area are likely 

subject to weather conditions and the extent of migratory movement that occurs. 

Although there is no reason to expect this to result in differences in land use, it may 

substantively influence densities. Periodic increases in densities of eagles in a landscape 

that may present high encounter rates with wind energy facilities may warrant 

conservation concern. This may be better assessed through subsequent winter road 

transect surveys to assess annual variation in population densities. However, my study 

suggests the species, even in the very open landscape of the study area, is challenging to 

inventory. 
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Land Cover Types Transects Study Area 

Agriculture 0.227 0.228 

Developed 0.016 0.055 

Introduced 0.096 0.065 

Range 0.625 0.599 

Other 0.037 0.053 

 chi-square = 0.245 

 

 

 

 

 

 

 

Cover Type Transects Eagle Observations Partial chi-square 

Agriculture 0.227 0.158 0.021 

Developed 0.016 0.012 0.001 

Introduced 0.096 0.043 0.029 

Range 0.625 0.768 0.033 

Other 0.037 0.019 0.009 
  overall chi-square = 0.092 

Table 2.1. Proportions of each pooled land cover type within the 51 transects 

in the study area, compared to the land cover types in the entire study area in 
the Southern Great Plains region of New Mexico, Oklahoma, and Texas 

during the 2014-2015 and 2015-2016 winter surveys.  

Table 2.2. Proportions of each pooled land cover type within the 51 transects of the 
study area, compared to the observed golden eagle locations during the 2014-2015 

and 2015-2016 winter surveys in the Southern Great Plains of New Mexico, 
Oklahoma, and Texas.  



 Texas Tech University, Natasia Mitchell, May 2017 

40 
 

 

 

 

Site Name 

Total 

Turbines Year Model 

Total 

Height 

Tower 

Height 

Blade 

Length 

Rotor 

Diameter Latitude Longitude State County 

Aeolus Wind 1 2003 V90_3.0 125 80 44 90 36.472694 -101.32789 TX Hansford 

American 

Windmill Museum 
1 2005 V47 73.5 50 23.5 47 33.580894 -101.82389 TX Lubbock 

Aragonne Mesa 90 2006 
MWT100

0A 
98.7 68 29.5 61.4 34.796494 -105.11749 NM Guadalupe 

Barber Ranch 

Wind 
2 2011 S95 127.5 80 47.5 95 35.749594 -102.27099 TX Hartley 

Brahms Wind 12 2012 V82 121 80 41 82 34.740345 -103.32445 NM Curry 

Brazos Wind 160 2003 
MWT100

0A 
98.7 68 29.5 61.4 32.925694 -101.09329 TX Scurry 

Bull Creek Wind 180 2008 
MWT100

0A 
98.7 68 29.5 61.4 32.892094 -101.58219 TX Borden 

Caprock Wind 80 2004_2005 
MWT100

0A 
98.7 68 29.5 61.4 34.957594 -103.32109 NM Quay 

Cirrus Wind 1 17 2012 unknown 138 80 58 116 33.033094 -101.68109 TX Lynn 

Dempsey Ridge 

Wind Farm 
66 2012 G90 123 78 45 90 35.543894 -99.879292 OK 

Roger 

Mills 

Elk City 1 43 2009 
SWT2.3_

93 
126.5 80 45 93 35.464294 -99.898192 OK 

Roger 

Mills 

Frisco Wind 10 2012 D8.2 120 80 40 80 36.498494 -101.58819 TX Hansford 

Golden Spread 

Panhandle Wind 

Ranch 

34 2011 
SWT2.3_

93 
126.5 80 45 93 35.226594 -102.19449 TX Oldham 

JD Wind 1 8 2006 S64 106.5 74.5 32 64 36.498394 -101.47849 TX Hansford 

JD Wind 10 8 2008 S64 106.5 74.5 32 64 35.961394 -101.80539 TX Moore 

JD Wind 11 8 2008 S64 106.5 74.5 32 64 35.811494 -101.97519 TX Moore 

JD Wind 2 8 2006 S64 106.5 74.5 32 64 36.488694 -101.44489 TX Hansford 

JD Wind 3 8 2006 S64 106.5 74.5 32 64 36.441794 -101.34979 TX Hansford 

JD Wind 4 38 2008 S88 124 80 44 88 36.372694 -101.36869 TX Hansford 

JD Wind 5 8 2006 S64 106.5 74.5 32 64 36.445494 -101.87639 TX Sherman 

JD Wind 6 8 2007 S64 106.5 74.5 32 64 36.466894 -101.81819 TX Sherman 

JD Wind 7 8 2008 S64 106.5 74.5 32 64 35.995494 -101.85169 TX Moore 

Table 2.3. Wind turbine information for the Southern Great Plains obtained from the “onshore industrial wind turbine locations 

for the US to March 2014” layer for ArcMap 10.3. 
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Site Name 

Total 

Turbines Year Model 

Total 

Height 

Tower 

Height 

Blade 

Length 

Rotor 

Diameter Latitude Longitude State County 

JD Wind 8 8 2008 S64 106.5 74.5 32 64 35.808194 -101.98989 TX Moore 

JD Wind 9 8 2008 S64 106.5 74.5 32 64 36.025194 -101.88329 TX Moore 

Little Pringle 1 and 

2 
10 2010 D8.2 120 80 40 80 35.910894 -101.54149 TX 

Hutchinso

n 

Llano Estacado 

Wind 
80 2001 

MWT100

0A 
98.7 68 29.5 61.4 35.448694 -101.23109 TX Carson 

Llano Estacado 

Wind Ranch 
3 1999 V47 88.5 65 23.5 47 34.354694 -103.05699 NM Curry 

Lubbock Wind 

Ranch 
3 2010 2.5MW 125 80 45 90 33.569294 -101.76529 TX Lubbock 

Majestic 1 53 2009 1.5SLE 118.5 80 38.5 77 35.366894 -101.53379 TX Carson 

Majestic 2 51 2012 unknown n/a n/a n/a n/a 35.353994 -101.61379 TX Carson 

McAdoo Wind 100 2008 1.5SLE 118.5 80 38.5 77 33.731894 -100.93049 TX Dickens 

Mozart 12 2012 N100 130 80 48.7 99.8 33.013594 -100.54249 TX Kent 

New Mexico Wind 

Energy Center 
136 2003 1.5S 99.95 64.7 35.25 70.5 34.527994 -104.08719 NM De Baca 

Noble Great Plains 

Wind 1 
76 2009 1.5SLE 118.5 80 38.5 77 36.438694 -101.35539 TX Hansford 

Novus Wind 1 40 2012 D9.2 126 80 46 93 36.534394 -101.38049 OK Texas 

Novus Wind 2 20 2012 D9.2 126 80 46 93 36.535594 -101.50779 OK Texas 

Panhandle Wind 1 118 2014 1.85_87 123.5 80 43.5 87 35.377694 -101.23329 TX Carson 

Pantex Renewable 

Energy Project 
5 2014 unknown -99999 -99999 -99999 -99999 35.322694 -101.53949 TX Carson 

Pleasant Hill 11 2014 SE9320 126.5 80 45.3 93 33.746176 -101.43939 TX Crosby 

Ralls Wind 5 2011 SE8720 123.5 80 42.5 87 33.661294 -101.38159 TX Crosby 

Red Canyon Wind 56 2006 1.5SLE 118.5 80 38.5 77 32.924294 -101.22439 TX Borden 

Reese Wind 1 2011 86 123 80 43 86 33.596394 -102.05129 TX Lubbock 

San Juan Mesa 120 2005 
MWT100

0A 
98.7 68 29.5 61.4 33.923194 -103.80229 NM Roosevelt 

Soaring Wind 

Lubbock 
10 2008 FL1000 95 68 26.7 55 33.549694 -101.79299 TX Lubbock 

Spinning Spur 

Wind 1 
70 2012 

SWT2.3_

101 
130.5 80 49 101 35.333694 -102.48109 TX Oldham 

Table 2.3 Continued 
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Site Name 

Total 

Turbines Year Model 

Total 

Height 

Tower 

Height 

Blade 

Length 

Rotor 

Diameter Latitude Longitude State County 

Spinning Spur 

Wind 2 
87 2013_2014 1.85_87 123.5 80 43.5 87 35.309494 -102.54299 TX Oldham 

Sunray Wind 33 2009 1.5SLE 118.5 80 38.5 77 35.925194 -101.88239 TX Moore 

Wege Wind 8 2008 S64 106.5 74.5 32 64 35.339994 -101.53289 TX Carson 

Whirlwind Energy 

Center 
26 2007 

SWT2.3_

93 
126.5 80 45 93 34.075794 -101.08229 TX Floyd 

Wildcat Wind 

Farm 
13 2012 S97 138.5 90 48.5 97 32.950195 -103.27619 NM Lea 

Wildorado Wind 70 2007 
SWT2.3_

93 
126.5 80 45 93 35.254994 -102.25409 TX Oldham 

Table 2.3 Continued  
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Observation Latitude Longitude 

Est. 

Horiz. 

Dist. Bearing 

Near 

Dist. 

(km) Near X Near Y 

1 36.872139 -101.2705 15 270 33.26 -101.44 36.605194 

2 36.761874 -100.9722 17 180 41.31 -101.3454 36.542394 

3 33.056228 -103.8008 2000 270 35.78 -103.4449 33.001195 

4 33.819385 -103.6662 885 0 15.52 -103.7854 33.925794 

5 33.893525 -103.8575 884 0 4.52 -103.864 33.941894 

6 34.210059 -105.5541 354 225 43.80 -105.947 34.433894 

7 34.445655 -104.5655 390 0 44.72 -104.0883 34.529194 

8 34.351293 -104.6128 500 270 52.55 -104.0883 34.529194 

9 34.307177 -104.7223 1700 90 61.72 -104.0883 34.529194 

10 34.874529 -103.7603 242 90 32.59 -103.4298 34.990194 

11 34.756801 -105.4849 125 90 31.17 -105.148 34.804994 

12 34.756784 -105.4849 125 90 31.17 -105.148 34.804994 

13 34.756784 -105.4849 250 90 31.05 -105.148 34.804994 

14 34.769738 -105.4881 288 90 31.08 -105.148 34.804994 

15 36.271494 -102.786 3 90 74.04 -102.2742 35.749594 

16 36.65535 -103.2004 10 180 120.80 -101.8764 36.445494 

17 36.655364 -103.2005 95 180 120.80 -101.8764 36.445494 

18 34.700132 -103.496 242 270 15.77 -103.3362 34.747194 

19 34.700132 -103.496 242 270 15.77 -103.3362 34.747194 

20 33.885558 -103.5799 60 270 18.40 -103.7671 33.943194 

21 33.714443 -104.1544 10 90 36.66 -103.8687 33.943394 

22 36.791193 -101.9603 1400 270 38.51 -101.8224 36.466994 

23 33.937732 -103.1411 160 0 46.74 -103.057 34.354694 

24 34.096552 -104.5217 78 270 61.36 -103.8746 33.974194 

25 34.358624 -104.6127 5 270 51.78 -104.0883 34.529194 

26 36.563766 -104.3944 350 180 182.07 -106.0693 35.641494 

27 36.655323 -103.1982 774 180 120.47 -101.8764 36.445494 

28 36.819 -102.8051 20 0 92.84 -101.8764 36.445494 

29 34.594202 -103.6926 229 180 31.46 -104.0356 34.595794 

30 36.305731 -104.3462 118 0 168.01 -103.4298 34.990194 

 

Table 2.4. Results of the proximity analysis on the eagle observations from the first year of 

surveys (Dec. 2014 - Jan. 2015) to all wind turbines. Latitude, longitude, estimated horizontal 
distance, and bearing were all recorded during the winter surveys and depict the location of each 
golden eagle observation. The near distance column is the resulting distance from each eagle 

location to the nearest wind turbine. The Near X and Near Y columns are the coordinates of the 
closest wind turbine. 
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Observation Latitude Longitude 

Est. 

Horiz. 

Dist. Bearing 

Near 

Dist. 

(km) Near X Near Y 

1 33.600204 -104.3206 20 135 56.58 -103.8687 33.943394 

2 33.741196 -104.1543 1 90 34.66 -103.8687 33.943394 

3 33.834061 -103.7227 100 315 11.61 -103.7854 33.925794 

4 34.431956 -104.6951 60 0 50.02 -104.976 34.818994 

5 36.524103 -103.495 90 180 139.44 -102.2742 35.749594 

6 33.881552 -103.8377 800 45 4.87 -103.8023 33.923194 

7 34.808888 -103.7748 1000 180 27.49 -104.0524 34.705294 

8 34.808888 -103.7748 1000 180 27.49 -104.0524 34.705294 

9 34.362084 -104.6126 5 270 51.64 -104.0883 34.529194 

10 34.102805 -104.5173 25 270 61.07 -103.8746 33.974194 

11 34.064264 -104.5378 55 90 61.99 -103.8769 33.964194 

12 36.655168 -103.2151 800 180 121.95 -101.8764 36.445494 

13 36.358268 -102.7949 20 90 82.22 -102.2742 35.749594 

14 36.357485 -101.3886 684 180 2.39 -101.3869 36.372794 

15 34.546592 -101.4345 2200 90 51.38 -101.1109 34.155694 

16 34.546592 -101.4345 2200 90 51.38 -101.1109 34.155694 

17 33.942105 -104.592 30 90 66.11 -103.8769 33.964194 

18 36.158912 -103.4503 395 180 114.84 -102.673 35.336994 

19 36.722854 -103.0356 13 270 108.22 -101.8764 36.445494 

20 36.45868 -101.7925 1500 90 2.86 -101.806 36.466994 

21 36.206359 -102.1337 266 270 29.18 -101.8998 36.026894 

22 35.908903 -103.1607 48 270 77.35 -102.673 35.336994 

23 34.687321 -103.6354 10 180 28.20 -103.3362 34.747194 

 

 

 

 

 

Table 2.5. Results of the proximity analysis on eagle observations from the second year of surveys 

(Dec. 2015 - Jan. 2016) to all wind turbines. Latitude, longitude, estimated horizontal distance, and 
bearing were all recorded during the winter surveys and depict the location of each golden eagle 
observation. The near distance column is the resulting distance from each eagle location to the nearest 

wind turbine. The Near X and Near Y columns are the coordinates of the closest wind turbine. 
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Observation Latitude Longitude 

Est. Horiz. 

Dist. Bearing 

Near 

Dist. 

(km) Near X Near Y 

1 36.872139 -101.2705 15 270 33.26 -101.44 36.605194 

2 36.761874 -100.9722 17 180 41.31 -101.3454 36.542394 

3 33.056228 -103.8008 2000 270 50.68 -103.4449 33.001195 

4 33.819385 -103.6662 885 0 15.52 -103.7854 33.925794 

5 33.893525 -103.8575 884 0 4.52 -103.864 33.941894 

6 34.210059 -105.5541 354 225 76.14 -105.947 34.433894 

7 34.445655 -104.5655 390 0 44.72 -104.0883 34.529194 

8 34.351293 -104.6128 500 270 52.55 -104.0883 34.529194 

9 34.307177 -104.7223 1700 90 61.72 -104.0883 34.529194 

10 34.874529 -103.7603 242 90 32.59 -103.4298 34.990194 

11 34.756801 -105.4849 125 90 31.17 -105.148 34.804994 

12 34.756784 -105.4849 125 90 31.17 -105.148 34.804994 

13 34.756784 -105.4849 250 90 31.05 -105.148 34.804994 

14 34.769738 -105.4881 288 90 31.08 -105.148 34.804994 

15 36.271494 -102.786 3 90 83.89 -102.2742 35.749594 

16 36.65535 -103.2004 10 180 120.80 -101.8764 36.445494 

17 36.655364 -103.2005 95 180 120.80 -101.8764 36.445494 

18 34.700132 -103.496 242 270 15.77 -103.3362 34.747194 

19 34.700132 -103.496 242 270 15.77 -103.3362 34.747194 

20 33.885558 -103.5799 60 270 18.40 -103.7671 33.943194 

21 33.714443 -104.1544 10 90 36.66 -103.8687 33.943394 

22 36.791193 -101.9603 1400 270 38.51 -101.8224 36.466994 

23 33.937732 -103.1411 160 0 57.87 -103.057 34.354694 

24 34.096552 -104.5217 78 270 61.36 -103.8746 33.974194 

25 34.358624 -104.6127 5 270 51.78 -104.0883 34.529194 

26 36.563766 -104.3944 350 180 194.85 -106.0693 35.641494 

27 36.655323 -103.1982 774 180 120.47 -101.8764 36.445494 

28 36.819 -102.8051 20 0 92.84 -101.8764 36.445494 

29 34.594202 -103.6926 229 180 31.46 -104.0356 34.595794 

30 36.305731 -104.3462 118 0 168.01 -103.4298 34.990194 

 

Table 2.6. Results of the proximity analysis on the eagle observations from the first year of surveys (Dec. 
2014 - Jan. 2015) to wind turbine fields with ≥10 turbines. Latitude, longitude, estimated horizonta l 

distance, and bearing were all recorded during the winter surveys and depict the location of each golden 
eagle observation. The near distance column is the resulting distance from each eagle location to the 

nearest wind turbine. The Near X and Near Y columns are the coordinates of the closest wind turbine. 
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Observation Latitude Longitude 

Est. 
Horiz. 

Dist. Bearing 

Near 
Dist. 

(km) Near X Near Y 

1 33.600204 -104.3206 20 135 56.58 -103.8687 33.943394 

2 33.741196 -104.1543 1 90 34.66 -103.8687 33.943394 

3 33.834061 -103.7227 100 315 11.61 -103.7854 33.925794 

4 34.431956 -104.6951 60 0 50.02 -104.976 34.818994 

5 36.524103 -103.495 90 180 145.30 -102.2742 35.749594 

6 33.881552 -103.8377 800 45 4.87 -103.8023 33.923194 

7 34.808888 -103.7748 1000 180 27.49 -104.0524 34.705294 

8 34.808888 -103.7748 1000 180 27.49 -104.0524 34.705294 

9 34.362084 -104.6126 5 270 51.64 -104.0883 34.529194 

10 34.102805 -104.5173 25 270 61.07 -103.8746 33.974194 

11 34.064264 -104.5378 55 90 61.99 -103.8769 33.964194 

12 36.655168 -103.2151 800 180 121.95 -101.8764 36.445494 

13 36.358268 -102.7949 20 90 82.94 -102.2742 35.749594 

14 36.357485 -101.3886 684 180 2.39 -101.3869 36.372794 

15 34.546592 -101.4345 2200 90 51.38 -101.1109 34.155694 

16 34.546592 -101.4345 2200 90 51.38 -101.1109 34.155694 

17 33.942105 -104.592 30 90 66.11 -103.8769 33.964194 

18 36.158912 -103.4503 395 180 114.84 -102.673 35.336994 

19 36.722854 -103.0356 13 270 108.22 -101.8764 36.445494 

20 36.45868 -101.7925 1500 90 2.86 -101.806 36.466994 

21 36.206359 -102.1337 266 270 29.18 -101.8998 36.026894 

22 35.908903 -103.1607 48 270 77.35 -102.673 35.336994 

23 34.687321 -103.6354 10 180 28.20 -103.3362 34.747194 

 

 

Table 2.7. Results of the proximity analysis on the golden eagle observations form the second year 
of surveys (Dec. 2015 - Jan. 2016) to wind turbine fields with ≥10 turbines. Latitude, Longitude, 

estimated horizontal distance, and bearing were all recorded during the winter surveys and depict 
the location of each golden eagle observation. The near distance column is the resulting distance 

from each eagle location to the nearest wind turbine. The Near X and Near Y columns are the 
coordinates of the closest wind turbine. 
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ESW Density (D) D UCI 
D 

LCI 
Detection 

Probability (P) 
P 

UCI 
P 

LCI 

442.6 0.002 0.0008 0.003 0.44 0.28 0.7 

 

 

 

 

 
 

 
Figure 2.1. Study area for the wintering golden eagle 
surveys in 2014-2015 and 2015-2016 in the Southern Great 

Plains region of New Mexico, Oklahoma, and Texas.  

 

Table 2.8. Model averaged density analysis results, using Program 

Distance 10.2. The data were recorded during two years of winter road 
transect surveys (December 2014 and 2015 and January 2015 and 
2016).  
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Figure 2.2: Transects within the study area in the Southern 

Great Plains region of New Mexico, Oklahoma, and Texas, 
and the wintering golden eagle observations throughout the 

study area during the 2014-2015 and 2015-2016 surveys. 

Figure 2.3. Extracted transects within the study area of the 

Southern Great Plains region of New Mexico, Oklahoma, 
and Texas.  
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Figure 2.4. 800m buffer around two golden eagle 

observations detected during the winter surveys in 2014-
2015 and 2015-2016 in the Southern Great Plains region of 
New Mexico, Oklahoma, and Texas and the 1.5km buffer 

around of the 51 transects. 
 

Figure 2.5. Extracted land cover within the buffer of one of 

the 51 transects surveyed during the winter of 2014-2015 
and 2015-2016 in the Southern Great Plains region of New 
Mexico, Oklahoma, and Texas. 
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Figure 2.6. Extracted land cover within two golden eagle 

observation buffers detected during the wintering surveys 
in 2014-2015 and 2015-2016 on one of the 51 transects in 
the Southern Great Plains region of New Mexico, 

Oklahoma, and Texas. 
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Figure 2.7. Cover type use by wintering golden eagles during the study (2014-2015 and 

2015-2016), compared to the availability of each cover type in the Southern Great Plains 
region of New Mexico, Oklahoma, and Texas. The 90% confidence intervals are shown 
using error bars to determine if each cover type was selected for, avoided, or used in 

proportion to what was available.  
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Figure 2.8. Proximity buffer assessment map of golden eagle detections during both 

survey years (2014 - 2015 and 2015 - 2016) in relation to wind turbine locations in the 
Southern Great Plains region of New Mexico, Oklahoma, and Texas. Proximity 
buffers include: perceived high risk = 5km, perceived moderate risk = 25km, 

perceived low risk = 50km. 
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Chapter III 

Dispersal patterns of juvenile golden eagles within the first two post-fledging years 

Abstract 

Golden eagles (Aquila chrysaetos) are reclusive in nature, occur at low densities, 

and can travel great distances, making them difficult to study. To date, there have been no 

studies focusing on dispersal patterns, habitat use, survival rates, and home range of 

golden eagles in the Southern Great Plains and Trans Pecos regions. Platform terminal 

transmitters (PTTs) and other satellite telemetry devices make such studies possible by 

providing highly specific global positioning data from anywhere around the world. The 

team attached PTTs to 21 golden eagle nestlings in the Southern Great Plains region of 

New Mexico, Oklahoma, and Texas and the Trans Pecos region of Texas in 2015 and 

2016. Each PTT was programmed to retrieve data for 5-14 location each day. My goal 

was to determine survival rates, dispersal and movement patterns within the first two 

years post-fledging, as well as seasonal and annual home range size and habitat use. I 

used Program MARK to analyze survival rates and ArcGIS 10.3 to analyze dispersal, 

home range, and habitat use. Survival rates were 0.6 for the first year for the 2015 cohort, 

0.8 for the 2015 cohort from time of fledging until 31 December 2015, and 0.72 for the 

2016 cohort from time of fledging until 31 December 2016. The mean 95% kernel home 

range estimates for the 2015 cohort from time of fledging to 31 December of 2015 was 

12,363km2.  The mean 95% kernel home range estimates for the 2016 cohort from time 

of fledging to 31 December of 2016 was 3,070km2.  
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Introduction 

Golden eagles have no natural predators and they live longer, have delayed 

maturity, and lower reproduction rates than many other raptor species; thus, mortality 

driven by anthropogenic actions or features may put their populations at a higher risk of 

declines and longer recuperation time (Drewitt et al. 2006, Kuvlesky et al. 2007). The 

first year for golden eagles is often the most dangerous, with an estimated mortality rate 

of nearly 50% greater than that of adults (Newton 1979). However, little is known about 

the first two post-fledging years of golden eagles. Harmata (2002) found that only 50% of 

individuals survived their first two full years of life. Another study found that survival 

probability had seasonal variation (McIntyre et al. 2006). The same study found that the 

annual survival probability was 34% for the 1997 cohort and 19% for the 1999 cohort 

(McIntyre et al. 2006). Additionally, latitudinal influences on migratory behavior may 

result in different survival rates among post-fledging eagles from different geographical 

regions. 

Following fledging, juvenile eagles travel progressively farther from their natal 

areas and several studies have found that females typically travel farther than males 

(Greenwood et a1. 1979, Greenwood 1980, Newton and Marquiss 1983, Drilling and 

Thompson 1988, Soutullo et al. 2006). To date, however, there have been no studies on 

the dispersal patterns, land cover use, home range size, and survival rates of golden 

eagles in the Southern Great Plains and Trans Pecos regions. The Southern Great Plains 

in particular is an area of contemporary concern, as wind energy development over the 

last 20 years has increased, putting golden eagles at an increasing risk of collision 

(Kuvlesky et al. 2007). Following reports of high mortality rates of raptors at the 
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Altamont Pass Wind Resource Area (APWRA) in California, several studies were 

conducted in an effort to assess the level of impacts wind turbines have on raptor species 

(Hunt 2002, Smallwood and Thelander 2008). Such studies brought attention to the 

importance of considering flight paths and raptor abundance in proposed wind energy 

areas, as well as establishing monitoring programs and site evaluations before, during, 

and after construction of wind energy facilities (Anderson et al. 1999, Erickson et al. 

2001).  Such factors likely have negative impacts on the golden eagle population in the 

region; however, there are no current studies to determine the current population status or 

how they are using the landscape.  

Past studies on golden eagles relied primarily on the use of very high frequency 

(VHF) radio telemetry and visual observations to gather information (Brodeur et al. 1996, 

Seegar et al. 1996). Such data were difficult to obtain when working with golden eagles, 

as the species is reclusive and travel great distances (Brodeur et al. 1996, Seegar et al. 

1996). A study using VHF was able to determine that migrating golden eagles showed 

detection and avoidance of wind turbines (Johnston et al. 2014). Another study verified 

changes in raptor home ranges when breeding residents in the area were exposed to 

increased human activity (Anderson et al. 1990). This is important in regards to golden 

eagles, as they tend to avoid areas of human activity (Domenech et al. 2015). Although 

the information gathered in these studies is valuable, VHF technology is limited in not 

being able to provide high resolution data as to animal movement rates, habitat use, or 

their particular migration routes (Brodeur et al. 1996).  

The development of platform terminal transmitters (PTTs) and other satellite 

telemetry technologies have enabled researchers to track long-distance migrants and 
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reclusive species anywhere around the world by providing highly precise Global 

Positioning Systems (GPS) locations that are sent directly to a receiving device (Javed et 

al. 2003, Meyburg and Fuller 2007). PTTs can be programmed to record at various times 

throughout the day, depending on battery power, which enables researchers to gather 

much more data at higher resolutions than was previously available (Meyburg and Fuller 

2007). Several studies have been conducted using PTTs on raptors and other birds to 

determine migration bottlenecks, migration period and timing, speed and altitude during 

migration, home range size, habitat use, and juvenile dispersal (Brodeur et al. 1996, 

Marzluff et al. 2004, Meyburg and Fuller 2007, Seegar et al. 1996). Furthermore, 

Meyburg and Fuller (2007) outlined other information that can be acquired through the 

use of PTTs, such as behavior of nonbreeding adults, the discovery of unknown wintering 

areas, and pair continuity.  

The use of PTTs on golden eagles will enable us to monitor, document, and 

analyze their movements and survival rates, as well as estimate home ranges and land 

cover use of golden eagles in the Southern Great Plains. My goal was to analyze the 

survival, dispersal patterns, home range size, and land cover use during the first two years 

of juvenile golden eagles tagged in the Southern Great Plains of New Mexico, Oklahoma, 

and Texas. 

Study Area 

 My study area was located throughout the Southern Great Plains regions of New 

Mexico, Oklahoma, and Texas, as well as in the Trans Pecos region of Texas (Fig. 3.1). 

The Southern Great Plains region encompasses the regions known as the Llano Estacado, 

the Canadian and Pecos River drainages, and the Mescalero and Caprock Escarpments, 
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and includes parts of Bird Conservation Region 18 (Shortgrass Prairie) as designated by 

the North American Bird Conservation Initiative (https://iwjv.org/resource/map-bird-

conservation-regions-nabci-bcr-map). Vegetation in the Southern Great Plains is 

primarily short-grass prairie; however, it is also known for the honey mesquite (Prosopis 

glandulosa), juniper, cottonwoods (Populus deltoids), and agricultural fields. The 

average precipitation in the Southern Great Plains varies from 58 – 89cm per year 

(http://texastreeid.tamu.edu/content/texasEcoRegions/HighPlains). The Trans Pecos 

region includes parts of the Bird Conservation Region 35 (Chihuahuan Desert). 

Vegetation in the Trans Pecos is primarily comprised of Chihuahuan Desert species, such 

as the red berry juniper (Juniperus pinchotii), desert willow (Chilopsis), shinnery oak 

(Quercus havardii), and yuccas. The average precipitation in the Trans Pecos varies from 

20 – 38cm per year, with areas higher in elevation receiving more 

(http://texastreeid.tamu.edu/content/texasEcoRegions/Trans-Pecos).  

Hypothesis 

H1: Golden eagles primarily prey on small mammals, such as black-tailed 

jackrabbits (Lepus californicus) and black-tailed prairie dogs (Cynomys ludovicianus) 

(Mollhagen et al. 1972, Kochert et al. 2002), which occupy open areas with available 

cover, such as grasslands and shrub lands. Therefore, the observed wintering golden 

eagles will frequent the grassland and open shrub land cover types around areas adjacent 

to prime jackrabbit and prairie dog habitat (Mollhagen et al. 1972, Anderson et al. 1976, 

Loveland et al. 2000, Kochert et al. 2002). Golden eagles will show patterns of avoidance 

in agricultural areas, as well as human disturbance areas (Dennis et al. 1984). 

https://iwjv.org/resource/map-bird-conservation-regions-nabci-bcr-map
https://iwjv.org/resource/map-bird-conservation-regions-nabci-bcr-map
http://texastreeid.tamu.edu/content/texasEcoRegions/HighPlains
http://texastreeid.tamu.edu/content/texasEcoRegions/Trans-Pecos
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H2: Juvenile golden eagle home range in the first two years will vary as each year 

progresses. Soutullo et al. (2006) used PTTs to track juvenile golden eagle dispersal in 

Spain for the first year and concluded that individuals explored areas further from their 

natal sites as the year progressed, with females exploring a much larger area than males. 

Because of this, I hypothesize that juvenile golden eagles will not have an established 

home range within the first two years of post-fledgling life. Instead, they will have 

smaller, temporary home ranges and “float” between locations until they become closer 

to breeding age. Many factors could be driving juvenile golden eagle movement, such as 

parents’ behavior toward them, natural dispersal patterns, prey availability, and weather 

patterns. 

H3: Based on previous survival studies done on juvenile golden eagles, I 

hypothesize survival rates will be relatively low, with annual survival varying from 19-

34% (McIntyre et al. 2006). I hypothesize that the survival rate will vary on a seasonal 

basis, with winter having the lowest survival probability due to the harsher environmental 

conditions and less available food sources. There will not be a difference in survival 

between males and females. I hypothesize that the survival probability will increase as 

the individuals get older.  

Field Methods 

 Field operations for this project were conducted by personnel from the U.S. Fish 

and Wildlife Service (hereafter, USFWS), U.S. Geological Survey (hereafter, USGS), 

and Texas Tech University (hereafter, TTU), hereafter referred to as the “team”.  Team 

personnel flew over and hiked to suspected and historic golden eagle nesting areas to 
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locate active nests in the Southern Great Plains regions of New Mexico, Oklahoma, and 

Texas, as well as the Trans Pecos region in Texas in the spring of 2015 and 2016. In 

addition, team members conducted on ground visits to suspected and historic nests in the 

panhandle of Texas to locate active nests. When an active nest was located, personnel 

marked the location using a GPS unit and took field notes to describe the location, 

exposure, and height of the nest in relation to the cliff face or tree. Field teams used 

spotting scopes and binoculars to age the nestlings in order to determine an estimated 

timeframe in which the nestlings could be processed. If they were unable to adequately 

determine the age of the nestlings, subsequent trips to the nests were taken in order to 

obtain an accurate age estimation.  

When the nestlings were approximately eight weeks old, team members and 

volunteers visited nests to capture and GPS tag nestlings. A climber rappelled down to 

the nest to retrieve each nestling, while the other team members spread out below the nest 

and above the nest in case the nestling jumped out of the nest. If the nestling jumped from 

the nest, team members on top of the cliff used binoculars to maintain sight on the 

nestling, while a team member below the nest retrieved it. If the nestling stayed in the 

nest, the climber placed it in a bag attached to rappelling rope and lowered it to team 

members below.  

We placed a metal USGS Bird Banding Laboratory issued band around one leg, 

recorded weight and other morphological measurements, and collected blood and feather 

samples for sex determination and genetic analysis. We then attached a Platform 

Terminal Transmitter (PTT) to the nestling’s back via a backpack harness. We then 

returned the nestlings to their nests. The PTTs were programmed to record a GPS 
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location multiple times per day. Programming schedules varied, with most devices 

recording GPS locations 14 times per day, while others recorded 5 and 7 times per day. I 

downloaded data from the Argos website weekly (Kenward 2001), parsed the data using 

MTI GPS Data Parsing Software, and input the data into a spreadsheet for later analysis.    

Analyses 

Data Prep   

I used GPS location data gathered from the PTTs to determine dispersal patterns, 

home range, roosting behavior, habitat associations, and survival of the juvenile golden 

eagles during their first two post-fledging years. I collected data from the day the first 

nestling was tagged (26 May 2015) until 31 December 2016. The amount of data 

collected for each individual varied between the PTT devices (Table 3.1). The PTTs 

recorded the date and time of the GPS fix, latitude and longitude of the individual at the 

time of the fix, and the speed (knots), course, and altitude (m) at which the individual was 

travelling.  

Survival Analysis 

 Using the PTT data, I generated a spreadsheet of the daily survival, using the 

coding system for a known-fate analysis (i.e. 01 = alive; 11 = dead). I ran a known-fate 

analysis in Program MARK (Cooch and White 2006), because the status of each golden 

eagle was known at any given time throughout the study. I ran the analysis as a staggered 

entry survival analysis, where each individual received a coding of 00 for each day until 

it was tagged. Each individual also received a coding of 00 for each day after its death. 

There were 586 encounter histories recorded, two attribute groups (males and females), 
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and no individual covariates. I ran models for the two cohorts (2015 and 2016) separately 

(Table 3.2). For the first cohort, I ran models from the time of fledging until 31 

December 2015, as well as models for the first year of life (fledging – 5 June 2016). I ran 

models for the second cohort from fledging until 31 December 2016. For the 2015 cohort, 

I ran a time constant model, where each day held the same survival probability. I also ran 

a time dependent model, where each day held a different weight on the survival. I did not 

compare survival among males and females in the first cohort, because all tagged 

individuals were males. For the second cohort, I incorporated sex into the same time 

constant and time dependent models to determine if sex held weight to the survival 

probability.   

Compositional Analysis 

I conducted a compositional analysis to determine habitat use based on the PTT 

location data, compared to habitat availability within the minimum convex polygon 

(MCP) home ranges for each individual. I input the PTT location data, excluding roosting 

data, into ArcMap 10.3 to determine the MCP home range size. I used the National Land 

Cover Data set (NLCD land cover data set 2011) to determine which land cover types the 

golden eagles were observed in most frequently. I incorporated an 800m buffer around 

each point to account for the estimated foraging area at the time of data acquisition 

(Garner and Bednarz 2000). To account for overlapping buffers, I used the ‘Split by 

Attributes’ tool in ArcMap 10.3. This ensured that the land cover layer under each buffer 

was counted independently of each other, despite any overlap. The split by attributes tool 

created a new raster file that represented the land cover under each buffer. I used the 

raster clip tool to extract the new rasters from the entire land cover data set; this allowed 
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separation of the land cover that was being used by the eagles from the rest of the study 

area. I converted the clipped files to a .tiff formatting and imported them into 

FRAGSTATS. I selected to calculate the percentage of landscape and total area under the 

Class metrics tab, then imported the results from FRAGSTATS into Microsoft Excel. The 

results of the land cover types were coded for each class number (ex: cls_45), so I used 

the legend on the NLCD website (www.mrlc.gov/nlcd11_leg.php) to change the codes to 

the appropriate cover type. The land cover types included grassland/herbaceous, 

shrub/scrub, barren land (rock/sand/clay), developed open space, developed low 

intensity, developed medium intensity, developed high intensity, emergent herbaceous 

wetlands, woody wetlands, cultivated crops, pasture/hay, evergreen forest, deciduous 

forest, mixed forest, and open water. Many of these categories made up <5% of the 

available land cover. Therefore, I pooled the categories, thereby reducing the original 15 

land cover categories to 8. I pooled developed low, medium, and high intensities into a 

new “developed, built” category. The emergent herbaceous wetlands and woody wetlands 

were pooled into a “wetlands” category. I pooled the deciduous forest, mixed forest, and 

pasture/hay into a “misc. vegetation” category. Developed open space, barren land, and 

open water were pooled into a “misc. open space” category. The imported results had the 

percentage of land cover under each buffer, so I used a pivot table to group and sum up 

the cover types in order to calculate the proportion at which the individuals were using 

each cover type.  

To garner the available land cover, I repeated the aforementioned process with the 

minimum convex polygon (MCP) home range estimates for each individual. I then 

combined the used land cover proportions and the available land cover proportions for 

http://www.mrlc.gov/nlcd11_leg.php
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each respective individual to determine the rate at which each land cover type was being 

used in relation to what is available to each individual. After attaining the observed and 

expected proportions, I ran a chi-square test for each cover type to determine the presence 

of significance between the observed and expected values. I also obtained an overall chi-

square value of all cover types for each eagle to determine overall significance. From 

there, I determined the 90% confidence interval value and the upper and lower 90% 

confidence intervals of the observed proportions. I was then able to test for selection, 

avoidance, or if the individuals were using a particular cover type in proportion with what 

was available by comparing the confidence intervals with the expected proportions. A 

cover type was considered as being selected for if the expected value was lower than the 

lower confidence interval bound. It was considered as being avoided if the expected value 

was higher than the upper confidence interval bound. If the expected proportion was 

within the observed confidence intervals, use of the cover type was considered as being 

in proportion to its availability.   

Wind Turbines 

 I used ArcMap 10.3 and the juvenile PTT data to assess the spatial relationship 

between eagles and turbines. I downloaded the “onshore industrial wind turbine locations 

for the US to March 2014” data set from the USGS website (Table 2.3; 

https://www.sciencebase.gov/catalog/item/55c4aa9be4b033ef52106e2f). For analysis, I 

included all GPS location data recorded during the course of the study. To assess the 

level of risk, I created “proximity buffers” around each turbine and dissolved the buffer 

layer to create one buffer around each group of turbines. I created a buffer of 5km, 25km, 

and 50km, which served as perceived high, moderate, and low risk buffers. I chose the 

https://www.sciencebase.gov/catalog/item/55c4aa9be4b033ef52106e2f
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5km buffer as the high risk buffer because golden eagles are highly capable of traveling 

5km in a short amount of time. I chose the 25km buffer as the moderate risk buffer 

because the average 95% home range size for golden eagles during the non-breeding 

season (16 August – 15 January) has been measured at approximately 87km2 (Watson et 

al. 2014), meaning it is reasonable to assume the eagles would travel within that buffer on 

a relatively frequent basis during that time. I chose 50km as the low risk buffer because it 

falls within the average 95% home range for adult golden eagles during that time, but is 

large enough to reduce the golden eagle - turbine encounter probability. 

 I used the “near” tool in ArcMap to conduct a proximity analysis of juvenile 

golden eagle locations to the nearest turbine, as well as proximity to the nearest turbine 

field. I defined a turbine field as having ≥10 turbines in a given area. A grouping of a few 

turbines may or may not present a greater relative risk to golden eagles than would a field 

of 100+ turbines. Therefore, I repeated the proximity analysis using the turbine fields that 

had ≥10 turbines to see if there was a difference in golden eagle proximity to the closest 

turbine field.   

Home Range 

I calculated the 95% kernel home range for each individual using ArcMap 10.3, 

which shows where each individual is most likely to be 95% of the time. To generate the 

kernel home range, I first created a kernel density estimator (KDE) raster. The KDE 

generated a polygon around the points with a color ramp showing the areas of higher 

density. I then extracted the PTT location data from the KDE raster. When doing so, 

ArcMap produced a “RASTERVALUE” field in the attribute table, which I then sorted 
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by descending order. I took the number of total records and multiplied it by 0.95 to 

determine where 95% of the records were. The “RASTERVALUE” located at the 95% 

mark was then used to reclassify the KDE raster into two classes: “NoData” and “95”. 

Once I reclassified the data, I converted the reclassified raster into a polygon and 

calculated the area to determine the area of the 95% kernel home range. As with the MCP 

analysis, I repeated the for each eagle in the 2015 and 2016 cohorts for the time spanning 

from fledging until 31 December 2015 and 31 December 2016, respectively, to compare 

across the two cohorts. I ran an unpaired t-test to test for significance between the mean 

95% kernel home range estimates for 2015 and 2016 cohorts, as well as between the 

mean 95% kernel home range estimates for males and females.   

Results 

Survival Analysis 

 The team tagged 21 golden eagle nestlings during the two field seasons (5 in 

2015, 16 in 2016, Table 3.1). Nestlings banded in the Southern Great Plains were in 

Briscoe county, Texas, in Cimarron county, Oklahoma, and in Quay and Union counties, 

New Mexico (Table 3.1, Fig. 3.1). The nestlings banded in the Trans Pecos region were 

in Brewster and Presidio counties, Texas (Table 3.1, Fig. 3.1).  

Over the course of the study, eight of the 21 (38%) eagles died. Of those deaths, 

one was caused by starvation, two were caused by electrocution, one was caused by a 

turbine strike, and four were due to unknown causes. Of the four unknown deaths, two 

occurred within 1 - 4 days of tagging and one was within 5 days of fledging. The fourth 

unknown death was a suspected depredation; however, there was not sufficient evidence 
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to prove that the individual was killed by a predator, or if a predator was scavenging the 

carcass. There was a temporal affect in the survival of the juveniles, with 50% of the 

deaths occurring within the first two months of fledging.  

 Of the models I ran in Program MARK, the time dependent models carried the 

most weight, suggesting experience is likely the biggest factor in juvenile survival. 

Among the models for the 2015 cohort, both from time of fledging until 31 December 

2015 and for the entire duration of the study, only one model had a ∆AICc value of <2, so 

I did not need to model average (Table 3.3). The survival probability for the 2015 cohort 

from time of fledging until 31 December 2015 was 80%. The survival decreased to 60% 

when analyzing the first year of the 2015 cohort (fledging in summer 2015 to 5 June 

2016). The models for the 2016 cohort from time of fledging until 31 December 2016 had 

two competing models: time dependent with sex as a factor, and time dependent with sex 

not being a factor. The competing models suggest sex does not affect survival probability 

of the individuals in this study. Model averaging of the two competing models for the 

2016 cohort suggested an estimated 72% survival probability (Table 3.4).    

Compositional Analysis 

 The grassland/herbaceous and shrub/scrub cover types were the most abundant 

available land cover types for each juvenile when calculated from the 95% MCP. I 

summed up the chi-square values obtained from each land cover type to calculate the 

overall chi-square value. Thirteen of the 17 (76%) juveniles had an overall chi-square 

value of more than 0.05, which indicated significant difference in land cover use, 

compared to what is available to them.  
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After calculating the upper and lower 90% confidence intervals, I was able to 

determine in which direction these values were significant (i.e. selection or avoidance, 

Table 3.5-3.6), as well as incorporate error bars into the use versus availability graphs for 

each cover type (Figs. 3.2 - 3.9). I found that the grassland/herbaceous and the 

shrub/scrub cover types were selected for by 55.6% of juveniles and avoided by 44.4% of 

juveniles. The cultivated crops cover type was selected for by 17.6% of juveniles, 

avoided by 70.6% of juveniles, and used in proportion with what was available by 11.8% 

of juveniles. The evergreen forest cover type was selected for by 41.2% of juveniles, 

avoided by 52.9% of juveniles, and used in proportion with what was available by 5.9% 

of juveniles. The wetlands cover type was selected for by 26.7% of juveniles and avoided 

by 64.7% of juveniles. The developed, built cover type was selected for by 11.76% of 

juveniles and avoided by 88.23% of juveniles. The miscellaneous open space cover type 

was selected for by 16.7% of juveniles and avoided by 83.3% of juveniles. The 

deciduous/mixed forest cover type was selected for by 23.5% of juveniles, avoided by 

70.6% of juveniles, and used in proportion to what was available by 5.9% of juveniles.     

Wind Turbines 

 The results from the wind turbine proximity buffers analysis showed that of 18 

eagles, 7 individuals (38.9%) came within 5km of the turbines, 11 (61.1%) came within 

25km, and 13 (72.2%) came within 50km (Table 3.7). Individuals found in multiple 

buffers were counted for each buffer they were detected in. The proximity analysis 

showed the closest an eagle approached to a turbine was 10m (Table 3.7, Figs. 3.11 and 

3.12). Juveniles in the Trans Pecos region, whether banded there or dispersed there, did 

not fall within any risk buffers. The closest turbine near the individuals in the Trans 
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Pecos was 86km away (Table 3.7, Fig. 3.13). The proximity analysis on wind energy 

facilities with ≥10 turbines did not yield significantly different results from the proximity 

analysis of all turbines (Table 3.7). An individual who was banded in 2016 in Quay 

County, New Mexico, seemed to show patterns of avoidance of the turbines out to 25km 

(Fig. 3.14). No other evidence of avoidance was apparent during this analysis.       

Home Range 

All individuals from the 2015 cohort that survived their first 2 post-fledging 

months showed exploratory behavior primarily during September and October of both 

2015 and 2016 (Fig. 3.10). In November, the juveniles tagged in 2015 settled into an area 

for the winter, resulting in a smaller mean monthly home range. Exploratory behavior for 

those individuals began again in April 2016. The 2016 cohort began dispersing in 

September and October and showed signs of decreased mean home range size in 

December. During those exploratory months, each individual would occupy 1-10 “use 

cluster areas,” or dispersal areas.     

When examining the 95% kernel home range of eagles from fledgling until 31 

December of their cohort year, those in the 2015 cohort had substantively larger home 

ranges (12,362km2 ± 8,571km2) than did those from the 2016 cohort (3,070km2 ± 

1,484km2; Table 3.8). Additionally, there was a difference in average 95% kernel home 

ranges between males and females, with males averaging 3,930km2 (± 2,167km2) and 

females averaging only 2,569km2 (±846km2; Table 3.8). When determining the 

significance between cohorts and sexes, I found there to be a significant difference 

between both groups (Tables 3.9 – 3.10).  
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Discussion 

 The tagged juvenile golden eagles had a 0.80 and 0.72 survival rate for the first 5-

6 post-fledging months (post-fledging – 31 December 2015 and 2016, respectively) and a 

0.60 survival rate for the first year for the 2015 cohort (fledging – 5 June 2016). These 

survival rates are similar to those outlined in McIntyre et al. (2006), where they 

calculated annual survival rates for the two cohorts (1997 and 1999) to be 34% and 19%, 

respectively. In my study, 8 of the 21 juveniles (38%) died during the study, with 10% of 

the juveniles dying prior to fledging. Brown and Amadon (1968) and Beecham and 

Kochert (1975) found slightly higher results, with 25 – 35% of nestlings dying prior to 

fledging. The study by Beecham and Kochert (1975) analyzed the mortality rates of 129 

nestling golden eagles, while my study looked at 21 juveniles. The difference in sample 

size likely resulted in the higher pre-fledging mortality rates in the Beecham and Kochert 

(19175) study.  

Of the eight deaths, 50% occurred within the first 2 post-fledging months, 

resulting in a temporal effect on survival. These deaths are likely the result of 

inexperience in hunting and flying, and may be a natural part of the species life history 

(Soutullo et al. 2008). It is likely golden eagle survival rates will increase as individuals 

gain experience as they age. However, accidental deaths via electrocution and wind 

turbine collisions accounted for 37.5% of the deaths. This is important when managing 

for the long-term population goals of golden eagles. Golden eagles reach sexual maturity 

around 4-5 years of age (Brown and Amadon 1968, Sanchez-zapata et al. 2010); 

therefore, any negative impacts to the population before that age could have detrimental 

impacts on the population, as fewer individuals enter into the reproductive population. 
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This issue needs to be addressed when determining how to avoid future eagle deaths, as 

anthropogenic structures continue to expand, increasing the likelihood of impacts on the 

golden eagle population.  

 Golden eagles occupy much of the northern hemisphere, which encompasses an 

expansive diversity in habitat (Watson 2010). Due to the wide range of distribution of 

golden eagle populations, habitat use between populations will vary. Golden eagles tend 

to select for areas with an abundance of prey, while avoiding areas of human disturbance 

(Brodeur et al. 1996, Marzluff et al. 1997, Domenech et al. 2015). The 

grassland/herbaceous and shrub/scrub cover types were each selected for 55.6% of the 

time, while the remaining cover types were avoided a majority of the time. The cultivated 

crops, evergreen forest, and deciduous/mixed forest cover types were used in proportion 

to what was available 11.8% and 5.9% of the time, respectively. A recent study on habitat 

use by adult golden eagles in the western Untied Stated found that areas with rugged 

terrain were selected for, while open grassland habitats were avoided (LeBeau et al. 

2015). Additionally, Domenech et al. (2015) found that adult golden eagles selected for 

coniferous forests and riparian areas. A study by Soutullo et al. (2008) found that juvenile 

golden eagles in Spain utilized coniferous forests, scrub, and complex cultivation 

patterns, while avoiding all other available cover types during their first post-fledging 

year. Such studies are helpful in predicting the likely behavior of individuals in my study 

area. However, they offer differing results than what I found in this study, as the habitat 

composition in my study area is different than that of the western United States and 

Spain.  
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When analyzing the proximity of all eagle locations to turbine fields with ≥10 

turbines, 7 individuals came within 5km of a turbine. Those 7 individuals account for 

53.8% of all individuals in the Southern Great Plains. Turbine locations are important, 

especially during juvenile dispersal periods, as they frequently travel hundreds, even 

thousands of kilometers, leaving them more susceptible to encountering turbines than 

species who travel much shorter distances. The results of the proximity analysis showed 

that one of the juveniles came within 10m of a turbine. However, I did not take altitude of 

the individuals into account when analyzing proximity to the nearest turbine. Altitude is 

an important factor to consider when determining the risk turbine fields may pose to 

eagles. If an eagle is flying higher than turbines, those turbines pose less risk of collision 

to those individuals. An additional proximity analysis will need to be conducted with 

individual altitude considered. Additionally, further analysis will need to be completed to 

determine how many total days each juvenile was found within the proximity buffers. By 

doing so, I will be able to estimate the potential risk the turbines pose to eagles in the 

area. This is because the more an individual is near a turbine, risk of colliding with a 

turbine increases.  

The individuals in this study did not show patterns of having an established home 

range, but utilized 1-10 “use cluster areas,” or dispersal areas. A study conducted in the 

Iberian Peninsula found that juvenile Bonelli’s eagles had a total of 17 dispersal areas 

(Cadahia et al. 2010), which supports the movements and lack of established home 

ranges seen in my study. The juveniles in this study had large mean home range sizes, 

with an estimated 95% kernel home range sizes spanning from 1,349km2 for the females 

of the 2016 cohort, to 15,137km2 for the annual 95% kernel home range for the 2015 
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cohort. I found that males had larger mean 95% kernel home range sizes than females in 

the first few post-fledging months (post-fledging – 31 December 2016). This finding 

differs from a study done in Spain by Soutullo et al. (2006), which determined that males 

traveled farther from their natal area than females. The results of my study differ from 

those found in Soutullo et al. (2006), as that study analyzed distance travelled from the 

natal area, rather than mean home range size. An analysis on the farthest distance traveled 

from the natal site by the juveniles of this study would be beneficial in determining if the 

results correspond to those found in Soutullo et al. (2006).  

Juveniles in this study showed exploratory behavior, which began in September 

and October of both years, and again in April and July-October of 2016. The dispersal 

patterns observed in my study differ from those found in Soutullo et al. (2006), which 

found that there was no significant difference in the distance traveled by juvenile golden 

eagles during the year. However, Soutullo et al. (2006) observed a slight increase in 

March and towards the end of the year. Such differences could be attributed to the 

difference in location and golden eagle populations. The Soutullo et al. (2006) study was 

conducted in Spain, which has different seasonal conditions than in the Southern Great 

Plains and Trans Pecos regions, which could result in the difference seen in exploratory 

months in my study. Such exploratory excursions and large home range sizes are 

important when thinking about management plans and future wind energy site locations. 

Additionally, some individuals showed moderate signs of site fidelity, dispersing to other 

areas, and returning to the general location of their natal sites. Further monitoring of 

movements is required to determine if those patterns of site fidelity continue and if more 

individuals display those same patterns.  
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The juveniles tagged in the Trans Pecos did not disperse from their natal area as 

was seen with the juveniles in the Southern Great Plains. This is likely due to the habitat 

composition of the Trans Pecos, compared to the Southern Great Plains. The Southern 

Great Plains is largely made up of agricultural fields, juniper encroachment, and 

developed land, which are not prime prey habitat for golden eagles. Such factors likely 

entice the individuals in that area to disperse to other locations in order to find better 

hunting areas. Alternatively, the Trans Pecos has more open range and cliff faces, 

offering better prey habitat and roosting/perching locations. Elevation and topography 

might also effect golden eagle selection of one area over another. A land cover and 

elevation/topography analysis comparing the Trans Pecos to the Southern Great Plains 

would be beneficial to determine the extent of the difference in land cover and elevation 

between the two locations.  

Additionally, further home range analyses should be done between the two study 

regions for the 2016 cohort to determine if there is a difference between the regions or if 

the difference is seen between years. With the large mean difference between the years, 

factors other than region are likely effecting the dispersal and home range patterns of the 

juveniles, such as prey availability and weather. Small mammals, the primary prey 

species for golden eagles, have “boom” and “bust” years, which effect predator survival 

and likely have an impact on their movement patterns (Letnic et al. 2011). Boom and bust 

years of small mammals are effected by availability of their food sources (i.e. vegetation), 

which is effected by precipitation. The Southern Great Plains incurred lower than normal 

rainfall rates in 2014 (http://www.twdb.texas.gov/surfacewater/conditions/evaporation/), 

which could result in lower prey availability the following year. However, 2015 had 

http://www.twdb.texas.gov/surfacewater/conditions/evaporation/
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higher than normal rainfall rates, resulting in a boom in prey availability the following 

year. If prey is not abundant in a given area, golden eagles are likely to travel farther in 

an effort to locate more available prey. Alternatively, an abundance of available prey 

could result in reduced dispersal activity and home range means.     

Subsequent survival analyses would be beneficial to determine how the survival 

rates change as the eagles get older and more experienced. I recommend further analyses 

on land cover composition in and around current wind energy facilities to determine if 

they are in habitats where eagles are selecting. Alternatively, a compositional analysis 

that includes turbines as a cover type would be beneficial in determining if eagles are 

selecting for or avoiding those areas. Additionally, comparing the land cover composition 

at turbine sites in areas where eagles were not detected, paired with an analysis on the 

land cover composition in those areas, would be beneficial in determining factors that 

should be taken into account for future wind energy facilities. Further monitoring and 

analyses on juvenile golden eagle movements throughout the year should be conducted in 

order to determine if the home range and exploratory behavior decreases as they reach 

sexual maturity, and if they show continued signs of site fidelity.    
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ID Nickname Sex 

GPS 

Fixes/Day 

Total 

Fixes 

Date 

Tagged 

Date 

Died Cause of Death County 

121734 Windmill 2 M 14 2677 26-May-15 7-Jan-16 Starvation Quay 

121738 Windmill 1 M 14 506 26-May-15 10-Jul-15 Turbine Quay 

133617 Scamper M 14 6951 26-May-15   Quay 

136641 Rafael 1 M 5 1351 5-Jun-15 17-Sep-16 Electrocution Union 

136666 Rafael 2 M 5 3792 5-Jun-15   Union 

113626 Carpenter 1 M 7 1890 12-May-16   Briscoe 

113627 Carpenter 2 M 14 783 12-May-16 25-Sep-16 Electrocution Briscoe 

117657 Corrumpa 16 M 14 2168 7-Jun-16   Quay 

117658 Maple F n/a n/a 30-May-16 1-Jun-16 unk - 1-2 day after tagging Cimarron 

117660 Splash 1 F 14 2090 30-May-16   Cimarron 

117661 Splash 2 F 14 413 30-May-16 21-Aug-16 Depredated Cimarron 

117664 Miller S-1 M 14 1971 29-Apr-16   Presidio 

117666 Miller S-2 M 14 2042 29-Apr-16   Presidio 

121720 Elephant M 14 2112 9-May-16   Brewster 

121725 Cienega F 14 2777 10-May-16   Brewster 

121734S Scamper 16-

1 

M 14 2129 23-May-16   Quay 

121738S Scamper 16-

2 

M 14 2609 23-May-16   Quay 

121730 Miller N F 14 2839 11-May-16   Presidio 

121746 Waterhole F n/a n/a 25-Jun-16 29-Jun-16 unk - 2-4 days after tagging Union 

133620 Snyder F F 7 1800 7-Jun-16   Quay 

133623 Snyder M M n/a n/a 7-Jun-16 20-Jun-16 unk - 5 days after fledging Quay 

Table 3.1. Information obtained from Argos website about each PTT attached to the juvenile golden eagles tagged in the 

Southern Great Plains region of New Mexico, Oklahoma, and Texas, and the Trans Pecos region of Texas in 2015 and 2016.  
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Year Model Description 

2015 – first 6 months Model 1 Time Constant 

 Model 2 Time Dependent 

2015 – first year Model 1 Time Constant  

 Model 2 Time Dependent 

2016 – first 6 months Model 1 Time Constant, sex dependent 

 Model 2 Time Constant, no sex dependency 

 Model 3 Time Dependent, sex dependent 

 Model 4 Time Dependent, no sex dependency 

Table 3.2. Staggered entry, known-fate survival models ran in Program MARK for juvenile 

golden eagles tagged in the Southern Great Plains region of New Mexico, Oklahoma, and 
Texas, and the Trans Pecos region of Texas, 2015 and 2016. 
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Year Model Model Description AICc ∆AICc S (M/F) 
Lower CI 

(M/F) 
Upper CI 

(M/F) SE (M/F) 
2015 – 6 
months 

1 Time Constant 17.6214 10.613 0.78 0.29 0.97 0.19 

 2 Time Dependent 7.0084 0 0.8 0.31 0.97 0.18 

2015 – first 
year 

1 
Time Constant - 

First Year 
32.1583 18.6469 0.58 0.19 0.89 0.22 

 2 
Time Dependent - 

First Year 
13.5114 0 0.6 0.2 0.9 0.22 

2016 – 6 
months 

1 
Time Constant, 
sex dependent 

108.294 47.675 0.76/0.64 0.39/0.37 0.94/0.84 0.15/0.13 

 2 
Time Constant, no 
sex dependency 

106.634 46.0152 0.68 0.47 0.84 0.1 

 3 
Time Dependent, 

sex dependent 
61.5609 0.9423 0.78/0.67 0.42/0.41 0.94/0.85 0.13/0.12 

 4 
Time Dependent, 

no sex dependency 
60.6186 0 0.71 0.5 0.85 0.09 

 

 

 

 

Year S Lower CI Upper CI CV/SE 

2015 0.80 0.31 0.97 0.18 

2015- First year 0.60 0.20 0.90 0.22 

2016 0.72 0.47 0.97 5.56 

Table 3.4. Survival estimate results for the juvenile golden eagles tagged in the Southern 

Great Plains region of New Mexico, Oklahoma, and Texas, and the Trans Pecos region of 
Texas in 2015 and 2016 from the time of fledging – 31 December of each respective 
fledging year, and the first year for the 2015 cohort. Upper and lower confidence intervals, 

and the coefficient of variable/standard error generated from Program MARK and model 
averaging are also shown.  

Table 3.3 Survival models and corresponding results for the juvenile golden eagles tagged in the Southern 

Great Plains region of New Mexico, Oklahoma, and Texas, and the Trans Pecos region of Texas in 2015 
and 2016. Models were run on the first year of the 2015 cohort (26 May 2015 – 5 June 2016) and from the 
time of fledging – 31 December, of each respective cohort year. 
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ID Grassland/Herbaceous Shrub/Scrub Cultivated Crops 

Evergreen 

Forest Wetlands 

Developed, 

Built 

Misc. Open 

Space 

Dec./Mixed 

Forest 

Overall chi-

square 

113626 0.0067 0.0449 0.0275 0.4283 0.0012 0.0071 0.0045 0.0004 0.5205 

113627 0.00005 0.0417 0.0443 0.0003 0.0004 0.0012 0.0093 0.0028 0.1001 

117657 0.1406 0.0236 0.1018 0.2236 0.0020 0.0030 0.0103 0.00005 0.5050 

117660 0.0046 0.0024 0.0429 0.0102 0.3069 0.0002 0.0046 0.0002 0.3721 

117661 0.0005 0.0001 0 0 0.0076 0 0.0013 0 0.0095 

117664 0.0018 0.0004 0.000003 0.000002 0 0.0001 0.0041 0.0002 0.0067 

117666 0.0013 0.0024 0.0001 0.0695 0 0.0002 0.0030 0.0013 0.0778 

121720 0.1343 0.0134 0.0007 0.0019 0.0002 0.0005 0.0115 0.0002 0.1628 

121725 0.0196 0.0008 0.0003 0.0172 0.0003 0.00001 0.0058 0.0001 0.0441 

121734 0.0003 0.1873 0.0263 0.0168 0.00001 0.0049 0.0044 0.000002 0.2400 

121734S 0.0019 0.0014 0.2090 0.1153 0.0027 0.0017 0.0024 0.0035 0.3379 

121738 0.0056 0.0036 0 0 0 0 0 0 0.0092 

121738S 0.00004 0.1036 0.0326 0.00001 0.00003 0.0007 0.0041 0.0002 0.1413 

133617 0.0233 0.0289 0.0576 0.0037 0.0009 0.0022 0.0025 0.0085 0.1275 

133620 0.0202 0.0169 0.0755 0.0085 0.0001 0.0002 0.0033 0.0001 0.1248 

136641 0.0485 0.4709 0.0543 0.0360 0.00002 0.0006 0.0008 0 0.6111 

136666 0.0088 0.0181 0.0401 0.0772 0.0023 0.0032 0.0185 0.0076 0.1758 

Table 3.5. Chi-square test results to determine presence of selection or avoidance of each cover type by the PTT’d juvenile golden eagles 

tagged in the Southern Great Plains region of New Mexico, Oklahoma, and Texas in 2015 and 2016. The overall chi-square value for each 
individual is also presented here.  
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Grassland/Herbaceous Shrub/Scrub 

Cultivated 

Crops 

Evergreen 

Forest Wetlands 

Developed, 

Built 

Misc. 

Open 

Space 

Dec./Mixed 

Forest 

Selected for 55.56 55.56 17.6 41.17 26.67 11.76 16.67 23.53 

Avoided 44.44 44.44 70.6 52.9 64.7 88.23 83.33 70.58 

Used in 

proportion 
0 0 11.8 5.88 0 0 0 5.88 

 

 

 

 

 

 

 

 

 

Table 3.6. Percentages at which each cover type was selected for, avoided, or used in proportion to what was available by all tagged 

juvenile golden eagles in the summers of 2015 and 2016 in the Southern Great Plains region of New Mexico, Oklahoma, and Texas, 
and the Trans Pecos region of Texas.  
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Bird ID 

All Turbines 

(km) 

Turbine Fields with 

≥10 Turbines (km) 

136666 0.11 0.11 

136641 1.68 5.56 

133620 13.35 35.1 

133617 0.08 0.08 

121738S 0.42 0.43 

121738 0.03 0.03 

121734S 0.1 0.1 

121734 0.01 0.01 

121730 86.22 86.22 

121725 76.84 76.84 

121720 53.14 53.14 

117666 81.96 81.96 

117664 82.2 82.2 

117661 47.84 82.1 

117660 11.56 50.54 

117657 10.32 13.89 

113627 30.16 30.16 

113626 5.69 5.69 

 

 

 

 

 

 

 

 

Table 3. Proximity analysis results of PTT’d juvenile 

eagles tagged in the Southern Great Plains region of 
New Mexico, Oklahoma, and Texas, and the Trans 
Pecos region of Texas in 2015 and 2016 to all wind 

turbines and to turbine fields that have ≥10 turbines.  
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  2015 2016 

Mean 12362.787 3069.942 
Variance 293839604 26310505 

Observations 4 12 
Hypothesized Mean 

Difference 

0 
 

df 3 
 

t Stat 1.0684082 
 

P(T<=t) one-tail 0.1818358 
 

t Critical one-tail 2.3533634 
 

P(T<=t) two-tail 0.3636716 
 

t Critical two-tail 3.1824463   

 

 

 

Year N Mean (km2) Standard Error (km2) 

2015 – 6 months 4 15,137 5,198 

2016 – combined 12 3,070 1,481 

2016 – males 8 3,930 2,167 

2016 – females 4 1,349 846 

Table 3.8. 95% kernel home range analysis results from the time of fledging – 31 December 

of juvenile golden eagles tagged 2015 and 2016, respectively, in the Southern Great Plains of 
New Mexico, Oklahoma, and Texas, and the Trans Pecos region of Texas. The 2015 cohort 
only consisted of males; therefore no differentiation was necessary. 

Table 3.9. t-test results, testing the difference 
between 95% kernel home range estimates for 
the 2015 and 2016 juvenile golden eagles from 

time of fledging – 31 December of their 
respective years tagged in the Southern Great 

Plains region of New Mexico, Oklahoma, and 
Texas, and the Trans Pecos region of Texas.  
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  Males Females 

Mean 7666.04 1348.75 
Variance 83838665 2863128 

Observations 12 4 
Hypothesized Mean 
Difference 

0 
 

df 13 
 

t Stat 2.276248 
 

P(T<=t) one-tail 0.020199 
 

t Critical one-tail 1.770933 
 

P(T<=t) two-tail 0.040399 
 

t Critical two-tail 2.160369   

 

 

 

Table 3.10. t-test results, testing the difference 

between 95% kernel home range estimates for 
the male and female juvenile golden eagles 
tagged in 2015 and 2016 in the Southern Great 

Plains region of New Mexico, Oklahoma, and 
Texas, and the Trans Pecos region of Texas.  
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Figure 3.1. Counties in which we banded and tagged golden eagle nestlings in the 

summers of 2015 and 2016. 
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Figure 3.2. Use of the grassland/herbaceous cover type by juvenile 

golden eagles, tagged in the Southern Great Plains region of New 
Mexico, Oklahoma, and Texas, and the Trans Pecos region of Texas 
in 2015 and 2016, versus the availability within the respective MCP 

home ranges. The 90% confidence intervals are depicted using error 
bars to determine if each cover type was selected for, avoided, or 

used in proportion to what is available. 

Figure 3.3. Use of the shrub/scrub cover type by juvenile golden 

eagles, tagged in the Southern Great Plains region of New Mexico, 
Oklahoma, and Texas, and the Trans Pecos region of Texas in 2015 
and 2016, versus the availability within the respective MCP home 

ranges. The 90% confidence intervals are depicted using error bars 
to determine if each cover type was selected for, avoided, or used in 

proportion to what is available. 
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Figure 3.4. Use of the cultivated crops cover type by juvenile 

golden eagles, tagged in the Southern Great Plains region of New 
Mexico, Oklahoma, and Texas, and the Trans Pecos region of 
Texas in 2015 and 2016, versus the availability within the 

respective MCP home ranges. The 90% confidence intervals are 
depicted using error bars to determine if each cover type was 

selected for, avoided, or used in proportion to what is available. 

 

Figure 3.5. Use of the evergreen forest cover type by juvenile 

golden eagles, tagged in the Southern Great Plains region of New 
Mexico, Oklahoma, and Texas, and the Trans Pecos region of 
Texas in 2015 and 2016, versus the availability within the 

respective MCP home ranges. The 90% confidence intervals are 
depicted using error bars to determine if each cover type was 

selected for, avoided, or used in proportion to what is available. 
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Figure 3.6. Use of the wetlands cover type by juvenile golden 

eagles, tagged in the Southern Great Plains region of New Mexico, 
Oklahoma, and Texas, and the Trans Pecos region of Texas in 2015 
and 2016, versus the availability within the respective MCP home 

ranges. The 90% confidence intervals are depicted using error bars 
to determine if each cover type was selected for, avoided, or used 

in proportion to what is available. 

 

Figure 3.7. Use of the developed, built cover type by juvenile 

golden eagles, tagged in the Southern Great Plains region of New 
Mexico, Oklahoma, and Texas, and the Trans Pecos region of 
Texas in 2015 and 2016, versus the availability within the 

respective MCP home ranges. The 90% confidence intervals are 
depicted using error bars to determine if each cover type was 

selected for, avoided, or used in proportion to what is available. 
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Figure 3.8. Use of the misc. open space cover type by juvenile 

golden eagles, tagged in the Southern Great Plains region of New 
Mexico, Oklahoma, and Texas, and the Trans Pecos region of 
Texas in 2015 and 2016, versus the availability within the 

respective MCP home ranges. The 90% confidence intervals are 
depicted using error bars to determine if each cover type was 

selected for, avoided, or used in proportion to what is available. 

 

Figure 3.9. Use of the misc. vegetation cover type by juvenile 

golden eagles tagged in the Southern Great Plains region of New 
Mexico, Oklahoma, and Texas, and the Trans Pecos region of Texas 
in 2015 and 2016, versus the availability within the respective MCP 

home ranges. The 90% confidence intervals are depicted using error 
bars to determine if each cover type was selected for, avoided, or 

used in proportion to what is available. 
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Figure 3.10. Monthly MCP home range area for each PTT’d juvenile golden eagle, from 26 May 2015 - 31 December 

2016 in the Southern Great Plains region of New Mexico, Oklahoma, and Texas, and the Trans Pecos Region of Texas.  
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Figure 3.11. Locations of the juvenile golden eagles tagged in 2015 in relation to wind 

energy facilities with ≥10 turbines in the Southern Great Plains region. 
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Figure 3.12. Locations of the juvenile golden eagles tagged in 2016 in relation to wind 

energy facilities with ≥10 turbines in the Southern Great Plains region. 
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Figure 3.13. Locations of the juvenile golden eagles tagged in 2016 in relation to wind 

energy facilities with ≥10 turbines in the Trans Pecos region. 
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Figure 3.14. Movements of PTT’d juvenile individual 117657 from 15 July 2016 – 31 

December 2016 in relation to 25km buffer around wind turbine field with ≥10 turbines. 
Patterns of avoidance of wind turbines appear possible.  
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Figure 3.15. 95% kernel home range estimates from 26 May 2015 - 31 December 2016 for 

each juvenile golden eagle tagged during this study in the Southern Great Plains regions of 
New Mexico, Oklahoma, and Texas and the Trans Pecos region of Texas.  


